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PREFACE 

Indiantown Cogeneration, Limited Partnership (ICL) is an energy company that 

intends to construct, own, and operate a new state-of-the-art, clean coal-burning 

cogeneration facility in the industrial area of Indiantown, Florida. The general 

partners of ICL are indirect subsidiaries of Pacific Gas & Electric Company (PG&E), 

one of the largest utilities in the United States, and Bechtel, Inc., one of the largest 

architect/engineering firms in the world. ICL has access, therefore, to the 

expertise in both of these firms to ensure that the proposed Indiantown plant is 

developed in a timely manner and operated reliably. 

The ICL cogeneration plant will produce steam to support the operations of the 

Caulkins Citrus Processing Plant. The plant will also produce approximately 

330 MW of electricity for sale to Florida Power & Light (FPL). This additional 

capacity will help FPL support Florida's increasing need for reliable and economical 

sources of electricity. The plant also should enhance economic development in 

the Indiantown area. 

ICL is seeking approval for the Indiantown Cogeneration Project under the Florida 

Electrical Power Plant Siting Act, Chapter 403, Part II, Florida Statutes (PPSA). The 

PPSA provides a centralized review process for new electrical generating facilities 

in Florida, involving a balancing of "the increasing demand for electrical power 

plants with the broad interests of the public," including human health, the 

environment, and state waters and wildlife. Under the PPSA, the Florida Public 

Service Commission (PSC) is the sole forum for the determination of "need" for a 

proposed facility. The Florida Department of Environmental Regulation (FDER) 

acts as the coordinator for the remainder of the certification process, with input 

from various state, regional, and local agencies and ultimate disposition by the 

Governor and Cabinet sitting as the Siting Board. 
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ICL submitted jointly with FPL a "Petition to Determine Need for Electrical Power 

/ Plant" to the PSC on August 20, 1990. The Petition, along with supporting 

documentation, addresses the manner in which the Indiantown Cogeneration 

• Project will meet the need for electric system reliability and integrity; meet the need 

for adequate electricity at reasonable cost; and be the most cost-effective 

alternative available. A summary of the Need Petition is presented in Section 1.0 

of this Site Certification Application (SCA). 

This SCA is being filed with the FDER pursuant to Chapter 17-17, Florida 

Administrative Code. It addresses the environmental and socioeconomic aspects 

of the ICl Project by presenting information on the existing natural and human 

environments, on the generating and associated facilities proposed to be 

constructed and operated, and on the impacts of those facilities on those 

environments. 
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1.0 THE NEED FOR POWER AND THE PROPOSED FACILITIES 

A Joint Petition to Determine Need for Electrical Power Plant was submitted to the 

Florida Public Service Commission (PSC) by Indiantown Cogeneration, L. P. (ICL) 

and Florida Power and Light (FPL) on August 21, 1990. This submittal to the PSC 

discussed the DER's requirement for information on (1) internal benefits to the 

cogeneration owners, (2) benefits to the county, region, and state; and (3) an 

assessment of the impact of the proposed facility on the reliability, generation 

planning, unit dispatching, and generation costs of the power purchasing utility, as 

coordinated with the affected utilities. What follows is a brief summary of the need 

determination document submitted to the PSC. 

ICL proposes to construct a cogeneration project near Indiantown, Florida (the 

"Indiantown Cogeneration Project"). This project is a pulverized coal fired steam 

unit that will produce approximately 330 MW of electricity for sale to FPL and 

approximately 225,000 Ib/hour of process steam for sale to the Caulkins 

Indiantown Citrus Company ("Caulkins"). The project is projected to start 

commercial operation between September 1, 1995 and December 1, 1995. 

The document submitted to the PSC demonstrates the need for the new electrical 

generating capacity to be provided by the Indiantown Cogeneration Project, 

consistent with the requirements of the Florida Electrical Power Plant Siting Act, 

Section 403.519,. Florida Statutes, and Section 25-22.081 of the Florida 

Administrative Code. 

Under the policy expressed by the PSC in Order No. 22341 in Docket No. 890004-

EU (the. 1989 annual planning hearing order), the document submitted to the PSC 

also addresses the need for the Indiantown Cogeneration Project's electrical 

generating capacity from the viewpoint of FPL, the purchasing utility. 
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Where possible, the document submitted to the PSC relies on information 

concerning FPL's need that has previously been furnished to the Commission in 

the need determination dockets for FPL's Lauderdale Repowering Project and its 

Martin Units 3 and 4. In doing this, "FPL's Petition to Determine Need for Electrical 

Power Plant 1993-1996 (Revised November 1989)" [hereafter referred to as "FPL's 

1989 Need Study"] was included as an attachment and was cross-referenced 

throughout. 

FPL's 1989 Need Study shows that FPL has a need by 1996 for the 330 MW 

represented by the ICL Indiantown Cogeneration Project, in addition to capacity 

and/or demand reductions available to FPL from other sources. The information 

in the document submitted to the PSC reconfirms FPL's need for capacity and 

shows that the Indiantown Cogeneration Project is a cost-effective and reliable 

method of satisfying the need. 

The PSC hearing on the Joint Need for Power submittal by ICL and FPL was held 

on December 5, 1990. 
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• 2.0 SITE AND VICINITY CHARACTERISTICS 

2.1 SITE AND ASSOCIATED FACILITIES DELINEATION 

The Indiantown Cogeneration, L. P. (lCL) project will be constructed in 

southwestern Martin County, Florida. 

The site and its access facilities occupy Sections 26,27,34, and 35, Township 39 

South, Range 38 East, Martin County, Florida. Figure 2.1.0-1, entitled Site Vicinity 

Plan, Illustrates the general location of the ICL project site. The site, which 

occupies approximately 232 acres, is located 9 miles east of Lake Okeechobee and 

about 3 miles northwest of the unincorporated town of Indiantown. To the north 

of the site are the Caulkins Citrus Processing Facility (Caulkins) and the vacant 

Florida Steel Corporation (FSC) site. Both of these facilities border State Road 710 

and the CSX Railroad. The ICL project site is bounded on the west by Tampa 

• Farm Products and on the south and east by unimproved industrially zoned land. 

• 

The site is currently unimproved and is zoned industrial. There are no existing 

buildings and the only structures on the site are the transmission towers in the FPL 

transmission line right-of-way. 

Approximately 21 acres of the site will be used to construct the power block portion 

of the cogeneration plant. The power block includes the boiler, turbine generator, 

air pollution control equipment, cooling tower, water treatment facilities, lime and 

ash storage, and administration and maintenance buildings. Another 15 acres will 

be used for coal handling and storage facilities. A cooling water storage pond will 

be constructed on approximately 25 acres. A 12-acre area will be used as 

temporary construction storage and laydown. 

Within the site boundary are 23.9 acres of wetlands which will be preserved. 

Around each of the wetlands a 50-foot buffer zone will be maintained, accounting . ~, ....... ~, 

~\ ~ 
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for an additional 8 acres. As required by Martin County, 25 percent of the pine 

flatwoods onsite must be preserved as uplands. Therefore, 50.5 acres have been 

allocated as uplands. 

The remaining 76.6 acres include the rail loop, roads, and other miscellaneous 

non-preserved areas. 

The ICL project will be within Zone B as defined by Flood Insurance Rate Maps 

(FEMA, 1984). Therefore, no portion of the site is within the 1 ~O-year flood zone. 

In addition to the above mentioned site, an intake structure will be constructed on 

the canal at Taylor Creek/Nubbin Slough approximately 19 miles from the power 

plant site. A pipeline will be constructed along the CSX right-of-way (ROW) from 

the canal to the site. Chapter 6.0 further describes the pipeline and intake 

structure. 

An easement also will be obtained from Florida Steel Corporation to connect the 

site to the CSX railroad. A new rail spur will be constructed to bring coal and other 

materials to the site through this easement, which may encompass a maximum of 

75 acres. 
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2.2 SOCIOPOLITICAL ENVIRONMENT 

2.2.1 GOVERNMENTAL JURISDICTIONS 

The proposed Indiantown Cogeneration, L. P. (ICL) project is located in portions 

of Sections 26, 27, 34, and 35 of Range 38 East, Township 39 South, in south­

western unincorporated Martin County. The ICL site is located along State Road 

(SR) 710 and the CSX rail line, and lies west of and adjacent to the existing 

Caulkins Indiantown Citrus Processing Plant and an abandoned Florida Steel 

Corporation (FSC) plant. The location of the associated cooling water pipeline is 

discussed in Section 6.2. 

The project is located within the local jurisdiction of Martin County, and is also 

under the regional jurisdiction of the Treasure Coast Regional Planning Council 

(TCRPC) and the South Florida Water Management District (SFWMD). The study 

area is shown on Figure 2.2.1-1, with 1-, 2-, 3-, 4-, and 5-mile radii delineated from 

the approximate center point of the plant's stack . 

The majority of Martin County's urban development is located to the east of the 

ICL site between the Flonda Turnpike and the Atlantic Ocean, and includes the 

Palm City, Stuart, Port Salerno, and Hutchinson Island communities. The nearest 

community to the proposed project is the unincorporated town of Indiantown, 

located approximately 3 miles southeast of the site along SR 710. 

A review of surrounding areas for land under the jurisdiction of federal, state, or 

regional agencies shows that none of these are located within 5 miles of the ICL 

site. Barley Barber Swamp, a wetland preserve, is located about 5 miles to the 

northwest of the project as shown on Figure 2.2.1-1 . 
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Barley Barber Swamp is a 400-acre preservation area maintained as a private 

landholding by Florida Power & Light Company (FPL). Barley Barber Swamp is 

maintained as a natural preserve, and consists of ecologically valuable wetland and 

upland communities. FPL provides public access to the swamp and its boardwalk, 

restrooms, and parking area, by appointment. 
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2.2.2 ZONING AND LAND USE PLANS 

Martin County has developed its Comprehensive Growth Management Plan 

(CGMP) in accordance with the requirements of the Local Comprehensive Planning 

and Land Development Regulation Act, Chapter 163, Part II, Florida Statutes (FS); 

and Chapter 9J-5, Florida Administrative Code (FAC). Martin County's CGMP was 

adopted by the Martin County Board of County Commissioners on February 20, 

1990 (Martin County CGMP, 1990). 

The location of the proposed ICL plant In relation to the county's future land use 

plan categories is shown on Figure 2.2.2-1. This figure shows that the majority of 

the project site falls within the industrial land use category. A very small portion, 

approximately 1.5 acres or 0.65 percent of the total site area, falls within the 

Agricultural land use category. ThiS area is located in the extreme southeast 

portion of the site and will not be developed. The site is partially located within 

Martin County's Primary Urban Service District. Figure 2.2.2-2 shows the current 

zOning of the site and the surrounding property. Most of the ICL project site is 

currently zoned M-3, Heavy Industrial. A small portion of the site is zoned M-1, 

Industrial. 

The Future Land Use Element of Martin County's CGMP includes a number of 

policies related to industrial development. They can generally be characterized as 

follows: 

1. Policies for the concentration of higher intensities of development within 

Primary Urban Service Districts--Goal G beginning on page 4-39, 

especially Objective 1, Policies band c 

2. Policies providing for adequate and appropriate lands for industrial land 

uses--Goal K beginning on page 4-48, including Objectives 1-4 

3. Policies for land use allocation--Goal M, Objective 1f (Industrial 

Development) and 1 h (Public Utilities - Major Power Generation 

FacIlities) 
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4. Performance standards--Section 4.5B, C, D, F, G, H, I, J, K, and L 

5. Implementation strategies--Section 4.6C and D 

Applicable excerpts from the Martin County CGMP Future Land Use Element are 

Included In Section 10.3. 

The ICL cogeneration facIlity IS designed to provide process steam to the Caulkins 

citrus processing plant. The cogeneration concept involves efficient use of fuel to 

produce electricity and a second form of useful energy, in this case process steam. 

The electricity Will be sold to FPL. Proximity to its steam host is a necessary 

prerequisite to the efficient operation of the cogeneration system. As an integrated 

part of the Caulkins processing plant, the ICL project is appropriately located in the 

industrial land use category and will not require a change in Martin County's future 

land use map. 

The project is undergoing Martin County preliminary development plan review in 

conjunction with a rezoning to Industrial Planned Unit Development [PUD(i)]. The 

rezoning is being sought because of the County's preference that the project be 

developed under a PUD zoning rather than the existing M-3 (Heavy Industrial) and 

M-1 (Industrial) zOning. PUD zoning provides for In-depth development plan 

reView, as well as maximum project design flexibility. Simultaneously with the 

PUD(i) rezoning, ICL is seeking an exemption from Martin County's height 

regulations to accommodate the project's stacks and other facilities which may 

exceed Martin County's 60-foot height restriction. The Martin County Board of 

County Commissioners' (BOCC) approval of the PUD(i) rezoning, preliminary 

development plan, and the height exemption are expected in early 1991. 

Applicable provISions of the Martin County Zoning and Land Development Codes 

are included In Section 10.2. 
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2.2.3 DEMOGRAPHY AND ONGOING LAND USE 

2.2.3.1 Population of the Surrounding Area 

There are no Incorporated towns and Cities within a 5-mile radius of the Indiantown 

site. The unincorporated community of Indiantown lies within the 5-mile radius 

approximately 3 miles southeast of the site. The majority of land surrounding the 

ICL site IS either agricultural or undeveloped in nature. 

The Martin County Community Development Department has divided the county 

into several planning areas for planning and analYSIS purposes. The Indiantown 

project 5-mlle radius study area Includes two of these planning areas: 

(1) Indiantown, and (2) West County, as shown on Figure 2.2.3-1. On this figure, 

the West County planning area Includes all the area within the 5-mile radius, except 

for the shaded area for the Indiantown planning area. The population projections 

for these two planning areas and the entire county are shown in Table 2.2.3-1. 

The Indiantown area has a Significantly higher population and population density 

in comparison to the West County area. The estimated 1990 population for the 

Indiantown planning area is 5,852 persons (Martin County CGMP, 1990) and the 

population density for the 16.5-mi2 area is approximately 355 persons per square 

mile. The estimated 1990 population for the West County area is 3,247 persons. 

ThiS planning area covers approximately 241.3 mi2 ; due to its agricultural and un­

developed character, it has a population density of approximately 13 persons per 

mi2 . 

2.2.3.2 Historic and Future Population Growth 

Between 1970 and 1980, the population of Martin County grew by 128 percent 

(Bureau of Economic and Business Research, 1990). During the period 1980 to 

1989, the total population of Martin County increased 51 percent (Bureau of 

Economic and Business Research, 1990). Comparable historic growth rates for 

20524 010\lndlan1n SCA 2.2.3-1 
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Table 2.2.3-'1 

• POPULATION PROJECTIONS, MARTIN COUNTY, FLORIDA 

MartIn Indiantown West County 
Year County Planning Area Planning Area 

PopulatIon (number of persons) 

1990 107,437 5,852 3,247 

1995 127,527 6,910 4,079 

2000 149,845 8,085 5,004 

2005 172,165 9,260 5,929 

Average Annual Growth Rate % 

1990 - 1995 3.5 3.4 4.7 

1995 - 2000 3.3 3.2 4.2 

• 2000 - 2005 2.8 2.8 3.5 

Source: MartIn County CGMP, 1990. 
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the planning areas are not available because the planning boundaries have 

• changed over time. 

• 

• 

Projected future annual population growth rates for the Indiantown planning area, 

as previously shown in Table 2.2.3-1, will be slightly slower than for the entire 

county, at 3.4 percent per year from 1990 to 1995,3.2 percent per year from 1995 

to 2000, and approximately 2.8 percent per year from 2000 to 2005. The 2005 

population for the Indiantown planning area is projected to be 9,260 permanent 

residents (Martin County CGMP, 1990). 

The projected future annual population growth rates for the West County planning 

area, as previously shown in Table 2.2.3-1, are slightly higher than those for the 

entire county due to the amount of land available for development, and the low 

density of the eXisting population. The average annual growth rates for the period 

1990 to 1995 are projected at 4.7 percent per year, 4.2 percent per year during the 

period 1995 to 2000, and 3.5 percent per year for the years 1995 to 2000. The 

West County planning area population for the year 2005 is projected to be 5,929 

permanent reSidents (Martin County CGMP, 1990). 

2.2.3.3 Land Uses of the Surrounding Area 

The land use analysis of the 5-mile study area was based on 1986 SFWMD land 

use maps prepared as overlays on u.s. Geological Survey (USGS) 7.5 minute 

quadrangle maps. The information contained in these maps is shown in a reduced 

form on Figures 2.2.3-2 and 2.2.3-3 (pages 1 through 11). This information was 

also field venfled. A complete listing of land uses found within the 5-mile radius is 

shown in Table 2.2.3-2. 

The majority of the lands within a 5-mile radius of the project site are undeveloped 

or agnculturalln nature. These undeveloped lands contain grasslands, brush land, 

old fields, pastures, water bodies, and forested, non-forested, and mixed forested 

wetlands. Lands utilized for agriculture within the 5-mile radius are primarily 

20524 016\lnd.anln SCA 2.2.3-2 
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Table 2.2.3-2 
• LAND USES FOUND WITHIN THE 5-MllE STUDY AREA OF THE lel SITE 

• 

• 

Agncultural 

Ummproved pasture 
Citrus groves 
Sugar cane 
Truck crops cropland 

Residential 

Single-family, low density (less than 2 DUjGA) 
Single-family, medium density (2 to 5 DUjGA) 
Multi-family 
Mobile home 

Commercial and services 

Sales and services 
Cultural and entertainment 
Manne commercial 

Industnal 

Institutional 

Educational 

Transportation 

Small grass airports 
Electncal power facIlities 
Major transmission lines 

Open and others 

Golf courses 
Parks 
Cemetenes 
Open and undeveloped Within urban areas 

Sources SFWMD Land Use and Land Cover Classification Code, no date 
ECT,1990 
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categonzed within citrus groves and unimproved land uses A few comparatively 

small agncultural areas within the 5-mlle study area are utilized for cropland land 

uses Including sugar cane and truck crops 

Developed lands classified as urban and bUilt-up land are found In three pnmary 

areas within the 5-mlle radius study area In the eXisting FPL Martin electnc 

generating facIlity located to the northwest, the Caulkins Indiantown Citrus plant, 

the Bay State Milling Company, and an abandoned FSC site adjacent to the ICL 

site, and In the unincorporated community of Indiantown The FPL plant IS 

categonzed broadly under the transportation classification and IS speCifically 

designated as an electncal power facIlity The FPL site also has associated major 

transmisSion lines located within the 5-mlle radius The Caulkins Indiantown Citrus 

Company operates a processing plant directly adjacent to the ICL site, which IS 

categonzed as an Industnalland use by the SFWMD Land Use and Land Cover 

Classification Code FSC also has Industnal property located directly adjacent to 

the ICL site However, though structures currently eXist on the adjacent FSC site, 

the bUildings are abandoned and no steel processing or manufactunng takes 

place 

The maJonty of urban or bUilt-up lands within the 5-mlle radius are located within 

the unincorporated community of Indiantown The general pattern of development 

In Indiantown consists of residential uses formed around a linear stnp of 

commercial services fronting SR 710 The maJonty of land uses adjacent to and 

behind the SR 710 commercial stnp pnmanly conSist of low and medium density 

single family and mobile home residential development A more recent mobile 

home development, not shown on the SFWMD maps, IS located adjacent to the 

Indlanwood Golf and Country Club 

A few other land uses are located In scattered patterns In Indiantown, which 

Include parks, Institutional, and Industnal Several parks are contained In 

Indiantown and most notably Include Big Mound Park and Kiwanis Park Several 

Institutional land uses are scattered among the commercial area and Include the 
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local fire station and several churches A few Industrial parcels are also located 

• among the commercial area, as well as In relatively undeveloped portions and 

along the St Lucie Canal 

• 

• 

2.2.3.4 Land Use Projections 

Current land use designations within 1 mile of the project site boundary, as 

dictated by the Martin County CGMP, were previously shown In Figure 221-1 

With the exception of the unincorporated community of Indiantown, the majority of 

the land within the 5-mlle study area IS planned to remain In agricultural uses 

Though less prevalent, other land use designations are located within the 5-mlle 

study area and Include low density residential (less than two dwelling units per 

acre), an Industrial area from the project site east toward Indiantown, and public 

utilities land use designation for the FPL Martin site located west of the ICL project 

(Martin County Future Land Use Maps, 1990) 

Within Indiantown, a variety of future land use categories are designated, which 

directly correlate to land use patterns previously discussed In Section 2 3 3 3 

Though a variety of future land use designations eXist within Indiantown, these 

projected patterns of land development closely follow the eXisting character and 

will not bring about any substantial change Because of the relatively developed 

nature of Indiantown, future development will primarily consist of the Infilling of 

currently vacant parcels of land 
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2.2.4 EASEMENTS, TITLE, AND AGENCY WORKS 

No easement, title, or crossing approval other than those required for the water 

pipeline are required from any governmental agency For a discussion of the water 

pipeline, see Section 6 2 
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2.2.5 REGIONAL SCENIC, CULTURAL, AND NATURAL LANDMARKS 

As previously discussed In Section 2 2 1, only one area valued for Its natural, 

scemc, or cultural slgmflcance lies within the 5-mlle radius study area for the ICL 

project This natural feature, Barley Barber Swamp, IS a 400-acre freshwater 

cypress swamp located adjacent to the Martin FPL power plant cooling pond This 

natural feature IS managed by FPL as a nature preserve, and IS open to the public 

by appointment 
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2.2.6 ARCHAEOLOGICAL AND HISTORIC SITES 

A comprehensive evaluation of archaeological and hlstonc resources within the ICL 

site was conducted by Piper Archaeological Research, Inc, and IS presented In 

Section 108 

The methodology utilized for the assessment of cultural and archaeological 

resources IS In accordance with gUidelines established In the Hlstonc Preservation 

Compliance Review Procedures of the Flonda Department of State, DIvIsion of 

Hlstoncal Resources, Final Draft, 1990 In addition, the assessment was based on 

a comprehensive, detailed site evaluation of the ICL project site, as opposed to a 

random sample site area review The general methodology, Including the 

comprehensive field review techniques, were discussed and verbally approved by 

a representative of the Flonda Department of State, Department of Hlstoncal 

Resources (DHR) pnor to research and site assessment (Piper, 1990) 

This research found no previously recorded archaeological sites, and a low 

probability of finding additional significant hlstoncal resources on the project site 

No archaeological or hlstonc sites eligible for Inclusion on the National Register of 

Hlstonc Places were found dunng research and assessment (Piper, 1990) 

Prehlstonc earthen embankments were found In the VICInity of the Barley Barber 

Swamp, approximately 5 miles west of the project site However, dunng field 

evaluation, no similar mounds were found on the project site (Piper, 1990) 
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2.2.7 SOCIOECONOMICS AND PUBLIC SERVICES 

2.2.7.1 Study Area Definition 

The study area for the analysIs of eXisting baseline socioeconomiC and public 

services conditions In this section IS Martin County As shown on Figure 2 2 7-1, 

Martin County IS bordered by the AtlantiC Ocean to the east, Lake Okeechobee to 

the west, Palm Beach County to the south, St Lucie County to the north, and 

Okeechobee County to the northwest 

Martin County IS expected to be the primary area to experience potential 

socioeconomic and public services effects resulting from the construction and 

operation of the project As discussed In Section 70, overall, these potential 

effects are expected to be benefiCial to the county's economy, primarily due to 

Increases In employment opportunities and the county's tax base and revenues 

Potential socioeconomiC and public services effects of a proposed power plant In 

an area are related to the expected permanent In-migration and settlement patterns 

of workers who fill the new employment opportunities created by the project and 

their families 

Based on the temporary nature of construction employment and the size of the 

available workforce within a reasonable commuting distance from the Site, only a 

minimal number of persons are expected to relocate to Martin County or adjacent 

counties dUring construction of the ICL project In addition, ICL Will Initiate 

programs to encourage car pooling and, pOSSibly, private busing services to 

further reduce the potential for changes and related effects In workforce In­

migration patterns In Martin County and the region Therefore, Martin County IS 

expected to be the primary area to experience temporary, potential SOCioeconomiC 

effects dUring the construction of the ICL project 

The ICL project Will employ a total operational workforce of 80 persons ThiS 

number of permanent employees, while beneficial In creating new job opportUnities, 
~,..,., 
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IS small compared to the total population and workforce In Martin County ICL will 

actively encourage the hiring of operational workers from the local Indiantown and 

Martin County areas Also, ICL will encourage any workers hired from other areas 

to relocate and live In Martin County Thus, any Identifiable socioeconomic and 

public service effects resulting from the operation of the ICL project are expected 

to occur In Martin County 

Based on these considerations, the study area for the socioeconomic and public 

service baseline characteristic deSCriptions and affect analyses was focused on 

Martin County Any potential effects resulting from the operational employment 

opportunities of the ICL project In other adjacent counties are expected to be 

negligible, although positive on the local economies 

2.2.7.2 Labor Force and Employment 

The most current data regarding the labor force and employment In Martin County 

was obtained from the FlOrida Department of Labor and Employment Security, 

Bureau of Labor Market Information Table 227-1 contains 1989 labor force and 

unemployment Information for Martin County and, for comparison purposes, the 

state of FlOrida The percentage of the population In the labor force In Martin 

County IS lower than the statewide average, which IS partially explained by the 

relatively larger number of retirees liVing In the county The 1989 unemployment 

rate In Martin County IS higher than the statewide rate 

Table 227-2 provides the 1987 baseline estimates for employment by occupation 

In Martin County and projected levels for the year 2000 As shown In thiS table, the 

production, operation, and maintenance occupational category was the largest 

occupational employment group for both 1987 and projected year 2000 levels 

Table 2 2 7-3 provides the estimated and projected employment In Martin County 

by industrial sector In the county, the largest employment group for bot_h 1987 
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Table 2.2.7-1 
LABOR FORCE AND EMPLOYMENT (1989) 

Populatlon* 

Labor force + 

Labor force 
as percent of 
population 

Percent 
unemployment 

Flonda 

12,797,318 

6,193,000 

484 

56 

* Population figures as of Apnl 1989 
+ Labor force represents the annual average 

Martin 
County 

96,636 

41,126 

425 

64 

Sources Flonda Department of Labor and Employment Secunty, 1990 
ECT,1990 
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Table 227-2 

EXISTING AND PROJECTED EMPLOYMENT BY OCCUPATION, MARTIN COUNTY 

OccupatIon 
Code OccupatIon Title 

00000000 Total, all 
occupatIons 

10000001 Managertal and 
management related 

20000000 ProfessIonal, para­
professIonal, 
techntcal 

40000269 Sales and related 

50000293 Clertcal and admin­
IstratIVe support 

60000396 ServIce 

70010494 Agrtculture, 
forestry, fIshing 

80000000 ProductIon, opera­
tIon, maIntenance 

Total 
Employ­
ment 

36,788 

2,806 
(6) 

5,800 
(3) 

4,526 
(5) 

5,749 
(4) 

6,324 
(2) 

2,575 
(7) 

9,008 
(1 ) 

1987 

Percent 
of Total 

10000 

763 

1577 

1230 

1563 

1719 

699 

2449 

Total 
Employ­
ment 

56,558 

4,334 
(6) 

8,700 
(4) 

7,523 
(5) 

8,723 
(3) 

10,414 
(2) 

3,125 
(7) 

13,739 
(1 ) 

2000 

Percent 
of Total 

10000 

766 

1538 

1330 

1542 

1842 

552 

2430 

• Note () = ranking 

Sources FlOrida Department of Labor and Employment Security, Bureau of Labor Market Information, 1990 
ECT,1990 
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Change 
In 
Employ­
ment 

19,770 

1,528 

2,900 

2,997 

2,974 

4,090 

550 

4,731 

• 
Percent 
Change 

5374 

5445 

5000 

6621 

51 73 

6467 

2135 

5252 
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SIC 
Industry 

Code 

01 - 99 

01 - 09 

10 - 14 

15 - 17 

20 - 39 

40 - 49 

~ t ~1(j 
(r;;::I6\. ~ 59 - 59 

~r:"",'\ 1\Wl 
~~'J\\ " 
'>'i ,-

60 - 67 

• 
Table 2.2 7-3 

ESTIMATED AND PROJECTED EMPLOYMENT BY INDUSTRIAL SECTOR 
(PAGE 1 OF 2) 

Martin County 
1987 Annual 
Average Projected Change In 

Industry Employment Employment Employment 

Total allindustnes 36,781 56,558 19,777 

Agnculture, forestry, 2,292 2,778 486 
and fishing (63%) [7] (49%) [7] 

Mining 0 0 0 
(0%) [10] (0%) [10] 

Construction 3,916 5,924 2,008 
(106%) [3] (104%) [3] 

Manufacturing 3,410 5,229 1,819 
(93%) [5] (94%) [5] 

Transportation, 1,428 2,014 586 
commUniCation, (39%) [2] (35%) [9] 
and utilities 

Wholesale and 8,464 14,003 5,539 
retail trade (230%) [2] (247%) [2] 

Finance, Insurance, 2,499 3,847 1,348 
and real estate (67%) [6] (68%) [6] 

20624 01 B\ Indlantn SCA 

• 

Percent 
Change 

5377 

21 20 

0 

51 28 

5354 

4104 

6544 

5394 
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SIC 
Industry 

Code 

70 - 89 

91- 97 

99 

Note ( 
[ 

• 
Table 2.2.7·3 

ESTIMATED AND PROJECTED EMPLOYMENT BY INDUSTRIAL SECTOR 
(PAGE 2 OF 2) 

Martin County 
1987 Annual 
Average Projected Change In 

Industry Employment Employment Employment 

Services 9,237 14,996 5,759 
(251%) [1] (265%) [1] 

Government 1,754 2,491 737 
(48%) [8] (49%) [8] 

Self-employed, 3,781 5,276 1,495 
unpaid family, (103%) [4] (94%) [4] 
workers, private 
households 

) = percentage of total 
] = ranking 

Percent 
Change 

6235 

4202 

3954 

Sources Florida Department of Labor and Employment Security, Bureau of Labor Market Information, 1990 
ECT,1990 
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and projected In 2000 tlmeframes IS within the services sector, the second largest 

sector IS wholesale and retail trade 

2.2.7.3 General Income Characteristics 

A description of general Income characteristics, Including per capita Income, IS 

shown In Table 227-4 As shown In this table, the Martin County per capita 

Income IS 26 percent higher than the statewide average This IS mainly due to the 

relatively high percentage of Income generated by retirement benefits and also 

from dividends, Interest, and rent 

Average wage and salary Information as derived by the FlOrida Department of 

Labor and Employment Security IS shown In Table 2 2 7-5 The average annual 

wages for covered workers for all industries IS approximately 6 percent lower In 

Martin County than the statewide average The two categories of industries With 

the highest average annual wages for Martin County are transportation, communi­

cation, and public utilities, and federal government 

Projected numbers of households by Income group In Martin County for the years 

1995, 2000, and 2005 are shown In Table 227-6 ThiS Information IS based on 

data contained In the Martin County CGMP 

2.2.7.4 EXisting Housing Stock 

Changes In the eXisting Inventory of housing Within Martin County have directly 

reflected the growth patterns In population DUring the period from 1980 to 1987, 

total single-family -and multi-family dwelling Units Increased 45 percent, from 

34,000 units to 49,337 Units In January 1987 ThiS growth represented an 

approximate annual average growth rate of 2,200 Units for the entire county and 

1,900 Units for unincorporated areas of the county (Martin County CGMP, 1990) 
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Table 2.2.7-4 
GENERAL INCOME CHARACTERISTICS, 1988 

State of Martin 
Flonda County 

($) ($) 

Total personal Income 204,855,400 2,150,980 

Per capita Income 16,607 22,450 

Total earnings 130,087,000 958,222 

Transfer payments 32,161,620 283,135 

DIVidends, Interest, 50,483,260 856,109 
and rent 

Sources University of Flonda Bureau of Economic and Business Research, 1990 
U S Department of Commerce, Bureau of Economic AnalysIs, unpub­
lished data 
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Table 2.2.7-5 
AVERAGE ANNUAL WAGES OF WORKERS COVERED BY 

UNEMPLOYMENT COMPENSATION BY 
INDUSTRY AND COUNTY, 1987 

All Industries 

Agriculture 

Mining 

Construction 

Manufacturing 

Transportation, communication, 
and public utilities 

Wholesale 

Retail 

Finance, Insurance, 
and real estate 

Services 

Government 

Federal 

State 

Local 

Martin 
County 

($) 

18,860 

13,369 

22,636 

24,745 

28,693 

24,176 

12,257 

25,653 

20,528 

26,684 

22,031 

18,241 

State of 
Florida 

($) 

20,065 

24,455 

28,314 

20,979 

24,248 

26,477 

27,077 

12,373 

24,936 

19,907 

28,138 

20,174 

22,549 

Sources Florida Department of Labor and Employment Security, Bureau of 
Labor Market Information, 1990 
ECT,1990 
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• 
$5,000 

Under to 
Year $5,000 $9,999 

Martin County 

1995 4,570 6,076 

2000 5,116 6,802 

2005 5,583 7,432 

Source Martin County CGMP, 1990 
ECT,1990 
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Table 227-6 

PROJECTED NUMBER OF HOUSEHOLDS BY INCOME 

$10,000 $15,000 $20,000 $25,000 $35,000 $50,000 
to to to to to to 

$14,999 $19,999 $24,999 $34,999 $49,999 and above 

5,072 5,172 5,172 5,373 5,976 6,578 

5,678 5,790 5,790 6,015 6,690 7,364 

6,196 6,318 6,318 6,564 7,300 8,036 



The Martin County Growth Management Department conducted a windshield 

• survey In July 1987, to determine the amount of substandard housing Units within 

the county At that time, It was found that 0 65 percent of the unincorporated 

county's housing stock, or 321 Units, were found to be substandard (Martin County 

CGMP, 1990) Within the Martin County Comprehensive Plan, the pnorlty of 

resolVing the substandard hOUSing Issue was emphasized Within the Indiantown 

Action Plan, resolVing the presence of substandard hOUSing units was also 

emphasized Within thiS document, It was estimated that 71 percent of the total 

substandard hOUSing units within Martin County were located In southern and 

western portions of the county (Indiantown Action Plan, 1990) In addition, the 

Indiantown Action Plan also estimated that approximately 16 percent of the total 

1,627 hOUSing Units In Indiantown were overcrowded, haVing more than 

1 01 persons per room (Indiantown Action Plan, 1990) The Indiantown Action 

Plan also stated that 56 percent of the total dwelling units within Indiantown were 

constructed prior to 1970, as compared to 38 percent for all of Martin County 

(Indiantown Action Plan, 1990) 

• 

• 

A substantial reSidential element In Indiantown IS the migrant camps, which may 

house as many as 3,500 Guatemalan Indian migrant farm workers The majority 

of these workers live In these camps which Include Blue Camp, White Camp, Goat 

Camp, and Waynesboro (Indiantown Action Plan, 1990) 

The largest residential development In Indiantown IS the planned Unit development 

of the Indlanwood mobile home park ThiS development pnmanly caters to 

retirees, and contains an adjacent 125-acre golf course All of the Units In 

Indlanwood are conSidered to be In good condition, and the development IS 

planned to expand an additional 1 ,465 units on 565 acres (Indiantown Action Plan, 

1990) 
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Housing Costs 

The average seiling prices of homes within Martin County are shown In 

Table 227-7 This table shows that the largest percentage (I e , 243 percent) of 

single-family homes by seiling price Increment were those homes valued over 

$100,000 The second largest grouping of homes by seiling price was the $50,000 

to $74,000 group, which represented 22 9 percent of the total homes For multi­

family units, the largest grouping by seiling price Increment was the $50,000 to 

$74,000 group, which represented 29 4 percent of the total units These values do 

not reflect the overall low to moderate Income economic character of the 

Indiantown community, whose average price for single-family units was $56,000, 

the lowest of all areas In the county (Indiantown Action Plan, 1990) ThiS relatively 

low housing value reflects the high percentage of low Income households Within 

unincorporated Martin County As shown In Table 2 2 7-8, the total percentage of 

households earning less than $15,200 In unincorporated Martin County was 

31 3 percent (Indiantown Action Plan, 1990) 

Building Activity 

BUilding activity In Martin County for the years 1980 to 1986 IS shown In 

Table 227-9 For the year 1989, Martin County experienced an Increase of 

1,501 single-family homes and 659 multifamily homes (Bureau of Economic and 

Business Research, 1990) 

2.2.7.5 Education 

Information regarding public education characteristics for Martin County IS prOVided 

In Table 227-10 Martin County has ItS own board of education With JUrisdiction 

over each public school Although the FlOrida Department of Education has not 

established a minimum ratio for teachers to students, the fall 1989 statewide 

average teacher/student ratio IS 1 to 1718 (Flonda Department of Education, 
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Table 2.2.7-7 

SELLING PRICE OF HOUSING UNITS BY TYPE, MARTIN COUNTY, 1981 TO 1986 

Price Single-Family Multifamily Total 

(In $1,000) No Percent No Percent No Percent 

<25 1,240 194 436 89 1,676 148 

25 - 49 1,268 198 952 195 2,220 197 

50 - 74 1,466 229 1,853 379 3,319 294 

75 - 99 867 136 493 101 1,360 12 1 

100 > 1,561 243 1,155 236 2,716 240 

TOTAL 6,402 100.0 4,889 100.0 11,291 100.0 

Source Martin County CGMP, Martin County Property Appraiser's 1986 Tax Roll, 1990 
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Table 2.2.7-8 
AFFORDABLE RENTS AND HOME PURCHASE PRICES, 

BASED ON INCOME DISTRIBUTION OF PROJECTED 
NEW HOUSEHOLDS FOR UNINCORPORATED MARTIN COUNTY, 1987 

Percent Mld- Monthly Purchase 
Category Households POint Rent Price 

Vert. low Income households 
Under $7,400 121 5,000 $104 $13,500 
7,400 to 11,000 91 9,250 193 24,975 

11,101 to 15,200 101 13,151 274 35,508 

SUBTOTAL 31 3 

Low Income households 
15,201 to 24,390 206 19,796 412 53,449 

Moderate Income households 
24,391 to 29,670 107 27,031 563 72,984 
29,671 to 37,090 11 9 33,381 695 90,129 

SUBTOTAL 226 

MIddle and hIgh Income households 
37,091 to 51,920 134 44,505 927 120,163 
51,921 to 74,180 70 63,050 1,314 170,235 
74181 + .-U 74,101 1,544 200,073 

SUBTOTAL 255 

SUBTOTAL 100.0 

Note The mId-point or average Income In each range was used (WIth the 
exceptIon of the lowest and hIghest ranges) to calculate affordable rent 
or the purchase price of a home for each Income range MedIan home 
for the MartIn County area as of January 1988 IS $27,700 (U S Depart­
ment of Housing and Urban Development) It was assumed that 
90 percent of all households desIred to purchase and that It may be 
practIcal to accommodate thIs demand, except for very low Income 
households, where 100 percent of demand was calculated for rental use 

Source MartIn County CGMP, 1990 

20524 01S\lndlantn SCA 



• • 
Table 2.2.7-9 

BUILDING ACTIVITY, 1980 TO 1986 

Martin County 

Single-family 
Multi-family 
Mobile home 

1980 

937 
1,345 

148 

Note NA = not available 

1981 

777 
1,681 

208 

1982 

597 
783 
159 

1983 

934 
1,203 

228 

Source Bureau of Economic and Business Research, 1990 
ECT,1990 
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1984 

871 
942 
177 

1985 

918 
854 
198 

1986 

1,066 
1,045 

186 

• 
Total 

6,100 
7,933 
1,304 
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Table 2.2.7-10 
PUBLIC EDUCATION SYSTEM CHARACTERISTICS, 1990 

Elementary schools 

Elementary school students 

Middle schools 

Middle school students 

High schools 

High school students 

Teacher/student overall ratio 

Sources Martin County Board of Education, 1990 

Martin 
County 

8 

5,618 

3 

2,571 

3 

3,233 

1 1575 

Flonda Department of Education, Management Information Systems, 
1990 
ECT, 1990 
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1990) Martin County's overall teacher/student ratio IS slightly lower (I e , better) 

at 1 1575 

Martin County has recently completed the construction of one new elementary 

school which opened In the fall of 1990 No additional new schools are planned 

at this time (Martin County Board of Education, 1990) 

2.2.7.6 Transportation 

Existing Transportation Networks 

Major transportation facIlities within Martin County are shown on Figure 2 2 7-2, 

and described In Table 2 2 7-11 

In Martin County, the two major highway transportation corndors are the Florida 

Turnpike and Interstate (I) 95, which proVide north-south movement Both faCIlities 

operate at Level of Service (LOS) A, Indicating a generally free flow of traffic, and 

the least level of congestion on the A to F scale Both of these roadways are multl­

laned, limited access faCIlities Western Martin County's major arterial IS SR 710, 

a two-lane undivided faCIlity, which operates at LOS A 

Additional roadway networks servicing Martin County as shown In Figure 2 2 7-2 

Include the principal arterials of U S Highway (U S ) 1 and SR 714, and the 

collector SR A 1 A Segments of U S 1, SR A 1 A, and SR 714 operate below accep­

table LOS, at either E or F, and these defiCienCies have been Identified within the 

Martin County CGMP Roadway Improvements are planned to upgrade the 

segments' capacities to acceptable LOS (Martin CGMP, 1990) 

Within Martin County, two rail lines are operated by the Florida East Coast (FEC) 

Railway, consisting of a main freight line which roughly parallels the AtlantiC 

coastline, and a secondary track runmng northeasterly from the Palm Beach 

County line across SR 710 Into St LUCie County These two rail, lines pr:ovlde 
I::;/. \ .. 
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Table 2.2.7-11 
MAJOR TRANSPORTATION FACILITIES IN MARTIN COUNTY 

FacIlity 

Major north/south routes 

Major east/west routes 

Proposed or adopted county­
wide LOS 

Mass transit 

Airports 

Average no of aircraft operations 
per day 

Rall--passenger service 

Proposed Flonda High-Speed Rail 

Freight service 

Sources ECT, 1990 
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Martin 
County 

1-95 
Flonda 

Turnpike 

SR 710 
SR 76 

SR 714 

Urban service 
area, LOS 0, 

all others, 
LOSC 

COA shuttle 

Witham Field, 
Indiantown 

Airport 

246 

None 

Yes 

FEC 
CSX 



freight service between Jacksonville, Tampa, and Miami The CSX Railroad and 

• Amtrak share service along a third rail line which parallels SR 710 

• 

• 

The Flonda High Speed Rail Corporation (FHSRC) has proposed a corndor which 

traverses Martin County along SR 710 from the Palm Beach County line through 

Indiantown to a pOint approximately 1 mile past the project site, where It turns 

north Into St Lucie County No stations are planned for Martin County at this time 

(Martin County CGMP, 1990) 

The Council on Aging (COA) provides a shuttle transit service Within Martin County 

Round-trip service from Indiantown to Stuart IS provided each Monday, Wednes­

day, and Fnday excluding holidays, service Within Indiantown IS provided on 

Thursdays The pnmary public transportation service area Within Martin County 

covers an area from the Atlantic coast to approximately 2 miles west of the Flonda 

Turnpike 

The long-range public transportation plans for Martin County Include the expansion 

of service In several different capacities These plans Include the following the 

expansion of local public transit service Within the Stuart urban area, the expansion 

of shuttle service Within Indiantown, the establishment of a fast-link express service 

connection to Palm Beach and St Lucie Counties, the establishment of a 

subsidized public transportation system or comparable pnvate enterpnse system, 

the provIsion of transit links to proposed FHSRC stations planned for Palm Beach 

and St LUCie Counties, and a connection to a potential Martin County station 

which may become part of the FHSRC's ultimate long-range plans (Martin County 

CGMP, 1990) 

In terms of aViation transportation, Martin County IS serviced by two public use 

airports, Witham Field and the Indiantown Airport (formerly the Circle "T" Ranch) 

Witham Field IS located In the Stuart urban area, south of Monterey Road and east 

of DIXie Highway [County Road (CR) A 1 A], and IS a county-owned faCIlity leased 

to Grumman Aircraft Systems Witham Field has 90,000 estimated annual aircraft 
~ l~ 
(RIi • 
~) , 

r;:1 
/i'~ u 
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operations Indiantown Airport IS closer In proximity to the project site, located 

north of CR 726 and east of CR 609, and IS a privately-owned public use airport 

Indiantown Airport has 10,000 estimated annual aircraft operations One prlvately­

owned, private use airport, Cox's Hammock, IS located north of SR 710 and west 

of Fox Brown Road, and IS In relatively close proximity to the project site (Martin 

County CGMP, 1990) 

Programmed Transportation Improvements 

Programmed Improvements to roadways Within Martin County to be Implemented 

by the end of 1995 are shown In Figure 2 2 7-3 A complete listing of all 

transportation Improvements planned for Martin County, as described In the Capital 

Improvements Element of the Martin County CGMP as well as In the FOOT and 

Florida Turnpike Five-Year Work Programs, are found In Section 106 The majority 

of programmed Improvements In terms of road widening or new roadways to 

expand the eXisting capacity and levels of service are located east of 1-95 In the 

urbanized areas of Stuart and Port Salerno 

According to the current FOOT Five-Year Work Program for Martin County, a 

widening Improvement IS planned for a segment of SR 710 Within Indiantown, and 

repaving IS planned for essentially the entire remaining span of SR 710 Within 

Martin County As scheduled for Implementation by the end of Fiscal Year (FY) 

1993/1994, a widening Improvement from two lanes to five lanes (center turn) for 

approximately 2 2 miles of SR 710, from west of 5th Street west of Adams Avenue 

Within Indiantown IS programmed 

The repaving of SR 710 from the St LUCie Canal Bridge to SR 76 juncture, and 

from the SR 76 juncture to the Palm Beach County line IS scheduled for 

FY 1992/1993 and FY 1990/1991, respectively Construction IS planned for 

FY 1992/1993 for the resurfacing and repaving of SR 710 from Hale Oalry 

Road/CR 609 east to the Okeechobee County line (FOOT, 1990) 

r ~ ~, 
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The remainder of programmed Improvements within Martin County are associated 

• with roadways located east of 1-95, and will Improve service within the urbanized 

areas of Stuart and Port Salerno 

• 

• 

The FOOT Five-Year Improvement Plan for Martin County has also Identified 

$4,616,000 worth of Improvements to be made to Witham Field Airport over the 

penod FY 1990/1991 to 1994/1995 

2.2.7.7 Utilities and Public Services 

Medical Services 

The pnmary health care provider In Martin County IS the Martin Memonal Hospital 

As shown In Table 2 2 7-12, this hospital IS licensed for 336 beds, staffed by 

approximately 180 physIcians, and Includes pedlatnc care and a 24-hour 

emergency room (Martin County Medical Society, 1990) The hospital IS 

transfernng 100 beds to a separate satellite facility located on Port Salerno Road 

In Port Salerno This facility will also contain office space and laboratory facilities, 

and IS expected to be completed and occupied by the end of October 1990 (Martin 

County Medical Society, 1990) This transfer will allow an Increase In utilization of 

the facility by enabling the pnvatlzatlon of rooms The Martin Memonal Hospital 

also operates the Coastal Medical Center, a pnvate medical facIlity with full-time 

physIcian and nursing staff Emergency medical services (EMS) are provided by 

emergency medical technicians located at each county fire station The closest 

EMS-equipped fire station IS located In Indiantown Indiantown also has a public 

health clinic staffed one day per month by county health department staff 

The ratio of 214 physIcians to 100,000 population for Martin County, as shown In 

Table 2 2 7-12, IS below the national and state averages of 241 and 225, 

respectively (Martin County Medical Society, 1990) With the exception of the 

transfer of the beds within Martin Memonal Hospital, no expansion of medical 
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facilities is planned for Martin County (Florida Department of Health and Rehabilita­

tive Services Monitoring Department, 1990). 

Firefighting Facilities 

Data regarding flreflghtlng facilities is shown in Table 2.2.7-12. Martin County 

utilizes a combination of full-time firefighters in addition to trained volunteers. 

Within Martin County, the combined number of full-time and volunteer firefighters 

Yields a ratio of 3.6 firefighters per 1,000 residents, which IS above the national 

average of 2.2 (Martin County Fire Department, 1990). 

The nearest full-time fire station to the project site is Station 50, located in 

Indiantown. This station IS manned by 3 full-time firefighters In addition to 

volunteers. Another all-volunteer station manned by approximately 10 volunteers 

is located within the Booker Park area of Indiantown (Martin County Fire 

Department, 1990) . 

Law Enforcement 

Data pertaining to existing law enforcement services for Martin County is shown in 

Table 2.2.7-12. Martin County has an officer-to-population ratio above the national 

standard of 2.2 officers per 1,000 population. The nearest station to the project is 

the Indiantown station, which IS manned by 15 sworn officers (Martin County 

Shenff's Department, 1990). 

Recreational Facilities 

Because of the presence of numerous rivers, Lake Okeechobee, and the Atlantic 

Ocean, many recreational opportunities are available to reSidents of Martin County. 

Martin County contains two regional and urban district parks, Jonathan Dickinson 

State Park and the St. Lucie Inlet Park (Martin County CGMP, 1990). 
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Table 2.2.7-12 
PUBLIC SAFETY FACILITIES IN MARTIN COUNTY 

Medical 

Hospitals 
Hospital beds 
Physicians 
24-Hour physIcian-staffed emergency room 
PhysIcians /100,000 population 

Flreflghting Facilities 

Fire stations 
Firefighters 

Full-time 
Volunteers 

Flreflghters/1,000 population 
Average response time (minutes) 

Developed areas 
Rural areas 

Law Enforcement 

Sheriff's stations 
Sworn officers 
Patrol units 
Offlcers/1,000 population 
AuxIliary /volunteer officers 
Average response time (minutes) 

Sources: Martin County Medical Society, 1990. 
Martin County Shenff's Department, 1990. 
Martin County Fire Department, 1990. 
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Martin 
County 

1 
336 
180 
Yes 
214 

14 

90 
200 

3.6 

5 
10 

2 
241 

21 
2.70 

10-12 
7-10 



Martin County has Identified, within their comprehensive plans, a LOS standard for 

• providing recreational faCIlities Martin County has recommended a recreational 

LOS standard of 2 acres per 1,000 reSidents (Martin CGMP, 1990) Based on thiS 

standard, Martin County has projected the need for 145 acres of parks by the year 

2000 (Martin CGMP, 1990) 

• 

• 

The nearest recreational facIlities to the ICL project site are located within 

Indiantown The total acreage of the five recreational facIlities located within 

Indiantown equals 34 acres, with Big Mound Park accounting for 21 acres, or 

61 7 percent of the total acreage (Martin County CGMP, 1990) Two of these five 

faCIlities are shared at school sites The Indiantown Action Plan has proposed an 

additional 20-acre site for recreation to be located on county school board property 

along Southwest Farm Road across from the Indlanwood Mobile Home Park 

(Indiantown Action Plan, 1990) 

Electricity and Gas 

FPL provides electnclty to Martin County The two major FPL power generation 

faCIlities within the regional area are the Martin Site, and the nuclear powered faCIlity 

located on Hutchinson Island 

Natural gas service to reSidential and commercial users IS supplied by private 

suppliers The pnnclpal suppliers are Tn-County Gas and Troplgas Within 

Indiantown, the Indiantown Gas Company supplies services to reSidential and 

commercial users ICL Will purchase gas from thiS local supplier for the proposed 

project 

Water and Sanitary Sewer Facilities 

Central water and sanrtary sewage faCIlities In Martin County are provided by both 

private and public entities Information regarding average dally flows and deSign 

capacities are shown for potable water and wastewater In Tables 2? 7=13 and 
u ~ 
t-r-i ~ ~ 
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Table 2.2.7-13 

• EXISTING POTABLE WATER FACILITIES IN MARTIN COUNTY, 1989 

Average Design EXisting Size / 
Dally Flow Capacity Population of 
(MGD) (MGD) Service Area 

Martin County 
North Martin County 201 380 17 1 mI2/28,907 

(county) 
14 mI2/29,386 Port Salerno (county) 1 20 300 

Yacht and Country Club+ 050 050 * 
(county) 

5 5 mI2/25,293 City of Stuart (City) 345 600 
Martin Downs Utilities 048 1 00 13 mI2/13,234 

(private) 
12 4 m12

/ 11 ,865 Hydratech Utilities 094 1 70 
(private) 

58 mI2/4,713 Hobe Sound (private) 223 360 
Indiantown Utilities 067 1 30 16 mI2/6,714 

(private) 

• * System IS Interconnected With Port Salerno service area 

Sources Martin County CGMP, 1990 
Martin County Public Utilities Department, 1990 

• 
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2 2 7-14, respectively The nearest potable water and wastewater facIlities to the 

project site IS the Indiantown Company In Indiantown This prrvate supplier serves 

an area slightly larger than the community of Indiantown (Martin County CGMP, 

1990) As shown In Tables 2 2 7-13 and 2 2 7-14, the design capacities of both 

water and wastewater are above average dally flows 

Portions of Martin County are not within the service areas of public or prrvate 

suppliers of potable water and wastewater services In these areas, Individual 

prrvate wells and septic tanks are used 

Solid Waste Facilities 

Solid waste collection In Martin County IS provided prrmarrly by prrvate franchised 

hauling companres However, within the Incorporated area of Stuart, refuse 

collection IS provided by the City 

Solid waste IS deposited at a county-owned and operated landfill The total 

capacity of Martin County's Palm City Landfill Number 2 IS 320 acres, and has 

258 acres of remaining capacity This equates to approximately 80 6 percent avail­

able capacity, and has an anticipated closing In 2003 (Martin County Public Works 

Department, 1990) 

2.2.7.8 County Revenues and Expenditures 

A summary of revenues for Martin County for the fiscal year ending September 30, 

1989 IS provided In Table 227-15 This table Illustrates that the major source of 

revenues are generated from taxes, which Include ad valorem or personal property 

taxes, sales and franchise taxes, and utility services taxes 

A summary of Martin County's expenditures IS shown In Table 227-16, for the 

fiscal year ending September 30, 1989 The greatest demand for expenditures was 

required for providing public safety, which Includes law enforcement, fire control, 
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Table 2.2.7-14 

• EXISTING SANITARY SEWER FACILITIES IN MARTIN COUNTY, 1989 

EXisting 
Dally Design 
Flow Capacity 

(MGD) (MGD) 

North Martin County (county) 1 20 060 

Port Salerno (county) 080 1 00 

City of Stuart (City) 1 56 300 

Martin Downs Utilities (private) 034 050 

Hydratech Utilities (private) 037 060 

Indiantown Utilities (private) 041 1 0 

• Sources Martin County CGMP, 1990 

• 
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Table 2.2.7-15 
SUMMARY OF MARTIN COUNTY REVENUES, 
FISCAL YEAR ENDING SEPTEMBER 30, 1989 

Populatlon* 

Taxes + 

licenses and permits 

Intragovernmental revenue** 

Charges for service 

Fines and forfeitures 

Miscellaneous revenue + + 

Other financing sources*** 

Total Revenues 

Revenue per capita 

Martin 
County 

110,012 

55,956,158 

5,324,802 

26,501,060 

39,938,476 

6,187,336 

47,447,760 

25,199,842 

205,555,434 

1,868 

* Based on Department of Banking and Finance population figures 
+ Includes property, sales, franchise, and utility services taxes 
** Includes federal, state, and local grants and shared/pilot programs 
+ + Includes Interest earnings, rents and royalties, special assessments, sales and 

compensation for assets, and contributions and donations 
*** Includes Interfund transfers, contributions, dept proceeds, and trust fund 

receipt 

Sources Florida Department of Banking and Finance, 1990 
ECT,1990 
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Table 2.2.7-16 
SUMMARY OF MARTIN COUNTY REVENUES, 
FISCAL YEAR ENDING SEPTEMBER 30, 1989 

Martin 
County 

Population 110,012 

General governmental services 18,978,053 

Public safety 37,404,127 

Physical environment 16,582,821 

Transportation 13,734,415 

Economic environment 94,726 

Human services 4,003,667 

Culture and recreation 4,840,878 

Debt service 11,838,863 

Other* 10,789,767 

Total 118,264,320 

Expenditures per capita 1,07501 

*Includes Interfund transfers and capital asset acquIsitions 

Sources Florida Department of Banking and Finance, 1990 
ECT,1990 
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detention or correction facilities, protective Inspections, and ambulance and rescue 

services 
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2.3 BIOPHYSICAL ENVIRONMENT 

2.3.1 GEOHYDROLOGY 

2.3.1.1 Geologic Description of the Site Area 

The Indiantown Cogeneration, l P (ICl) site IS In an area underlain by 

approximately 13,000 feet of sedimentary rock strata (llchtler, 1960) The 

basement complex In this area consists of PaleozoIc age Igneous and 

metamorphic rocks about which little IS known due to their great depth 

OverlYing the basement complex to the ground surface are sedimentary rock strata 

and unconsolidated depOSits that are pnmanly manne In ongln Below a depth of 

about 400 feet these rocks are predominantly limestone and dolomite, while above 

400 feet the depOSits are largely composed of sand, Silt, or clay The deepest 

formation In Martin County on which significant published data are available IS the 

Eocene age Avon ,Park, although limited Information IS available from wells 

penetrating the underlYing lake City Formation (llchtler, 1960) The published 

Information on the sediments compnslng the formations below the Avon Park 

limestone In western Martin County IS based on projections from deep wells In 

Okeechobee, St lUCie, and Palm Beach Counties (Miller, 1986, Pun and Winston, 

1974) Figure 23 1-1 IS a stratigraphic section shOWing the CenozoIc age Units 

present beneath Martin County The combined thickness of these Units IS about 

4,800 feet (Miller, 1986) Bnef descnptlons of the formations shown In thiS section 

are presented below 

Cedar Keys Formation 

The lowermost CenozoIc unit IS the Paleocene age Cedar Keys Formation which 

conformably overlies sediments deposited dunng the late Cretaceous penod. The 

Cedar Keys Formation In south Flonda consists predominantly of dolomite, 

gypsum, and anhydnte, and IS about 1,500 feet thick (Pun and Wlnston-;- 1974) • ~~ 
~ AJ~ 
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• GEOLOGIC AGE FORMATION/GROUP AQUIFER 

Pamllco Sand 

Post·Mlocene Fort Thompson/Anastasia Fma Surficial Aquifer 

Caloosahatchee Marl (90-200' thick) 

Tamlaml Formation 

Hawthorn < Peace River Fm. 
Confining Layers 
(350-600' thick) 

Miocene Group Arcardla Fm. 
Top of Floridan Aquifer System 

(2800-3400' thick) 

Oligocene Suwannee limestone 
Producing Zone 1 

........•.•............ 
Ocala Umestone Seml·permeable zona 

....................... 
Producing Zone 2 

• •................ -- .... 

Seml·permeable zone 
Eocene Avon Park Umestone ................. -- .... 

Producing Zonas 3 and 4 
.. -..... - .. -_._ ... --_.-

Lake City limestone 
Semi-permeable zone 

Oldsmar Formation 
Boulder Zone I----------+-------------l .................... _ .. 

Paleocene Cedar Keys Formation 
Semi-permeable zone 

Figure 2.3.1-1 

GENERALIZED HYDROSTRATIGRAPHY OF MARTIN ~ c~g~~~~~~~N 
• COUNTY (AFTER L1CHTLER, 1960' BROWN AND REB~E, ~ '~ PROJECT 

1979. JOHNSTON AND BUSH, 1988 SCOTT, 1988) ~~ t jlndlantown Cogeneration, L P 

Source FPL. 1989 is., G-l0/90-180B-2 
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The upper third of the Cedar Keys Formation IS generally charactenzed as a gray 

to cream, coarsely crystalline dolomite which IS moderately to highly porous (Miller, 

1986) The pores are commonly filled with gypsum (Stnngfleld, 1966) Inter­

bedded tan to gray, finely crystalline to microcrystalline dolomite and white to clear 

anhydnte compnse the lower two thirds of the Cedar Keys Formation (Miller, 1986) 

As shown on Figure 2 3 1-2, the top of the Paleocene age strata In the site area 

IS at approximately EI -3,250 feet (Miller, 1986) 

Oldsmar Formation 

The Early Eocene age Oldsmar Formation conformably overlies the Cedar Keys 

Formation The Oldsmar Formation IS composed of off-white to light gray, very fine 

grained, pelletal limestone that IS Interbedded with gray, tan, and light brown, fine 

to medium crystalline dolomite which IS commonly vuggy The thickness of the 

limestone and dolomite Interbeds IS qUite vanable within the section The lower 

part of the Oldsmar Formation IS more extensively dolomltlzed than IS the upper 

part (Miller, 1986) Within thiS lower part of the Oldsmar Formation In south Flonda 

IS a zone of extremely high transmissIvity called the "Boulder Zone" due to ItS 

difficult dniling charactenstlcs ThiS zone has developed an extensive cavernous 

permeability, as a result of the paleosolutlonlng of honzontal and vertical fractures, 

that allows It to be used for the underground Injection of treated sewage and other 

Industnal wastes 

The Oldsmar Formation extends throughout the peninsular area of Flonda to the 

southeastern corner of Georgia The top of the Early Eocene age strata, which 

corresponds to the top of the Oldsmar Formation, IS at about EI -2,000 feet In the 

area of the ICL site (Figure 2 3 1-3) As determined from Figure 2 3 1-4, the 

thickness of thiS strata In Martin County vanes from approximately 1,100 feet In the 

eastern part of the county to 1,200 feet In the area of the ICL site In western Martin 

County (Miller, 1986) 
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Lake City and Avon Park limestones 

The Lake City and Avon Park Limestones were Inrtlally named by Applin and Applin 

(1944) to differentiate dolomitic and fosslhferous limestones of Early to Middle 

Eocene age The distinction between the two units was based on the presence 

of a dominant microfauna, Dlctyoconus amencanus (Shaw and Trost, 1984) and 

other foraminifera Based on a larger sampling of deep wells than were available 

to Applin and Applin, Miller (1986) has proposed to combine the Lake City and 

Avon Park Limestones Into one unit to be called the Avon Park Formation The 

premise for this IS the slmllanty of lithologies and the presence of the diagnostic 

fossil assemblages throughout the total thickness of both units For the purposes 

of this discussion, however, the Lake City and Avon Park Limestones will be 

descnbed separately 

Lake City Limestone 

Applin and Applin (1944) named the lower Middle Eocene age Lake City Limestone 

from the descnptlons of alternating beds of dark brown crystalline dolomite and 

dolomitic limestones, and tan to cream, soft to hard, chalky, fossIliferous limestone 

encountered In wells dnlled at Lake CIty, Flonda The sequence also contains peat 

and lignite beds with chert nodules and thin chert layers Dolomitization of the 

limestone IS highly vaned throughout the sequence In areas where the process 

has occurred partially or completely, diagnostic fossil assemblages are difficult or 

Impossible to Identify Pore spaces In the limestone are commonly Impregnated 

with anhydnte and gypsum (Stnngfleld, 1966) 

The Lake City Limestone IS reported to be In dlsconformable contact with the 

Oldsmar Formation because of the presence of manne peats and gypsum and 

anhydnte nodules near the contact (Stewart, 1966) Other investigators (Vernon, 

1951) suggest that the contact may be unconformable 

II 
-

~, 'i 

7 r 
, ) t / 1-r<, 

20524 016\ Indlan!n seA 23 1-3 , 
f 

:::' .. ' - J 

( - , --.-,4' 

I...~ 



Avon Park Limestone 

• The Avon Park limestone of Middle Eocene age IS descnbed as a cream to dark 

brown, hard to medium-soft, nearly pure, chalky, crystalline limestone It IS 

differentiated from the overlYing Ocala Group pnmanly by ItS fossil content It 

exhibits lithologic changes both honzontally and vertically (Llchtler, 1960) with 

numerous thin, porous, granular, sand-like zones (Stewart, 1966) Llchtler (1960) 

Indicates that the thickness of the Avon Park Limestone outside Martin County IS 

estimated to be at least 400 feet However, a regional cross section through the 

VICInity of the ICL site Indicates that ItS thickness In this area may be only about 

200 feet (Figure 231-5) Miller (1986) Indicates that the thickness of Middle 

Eocene age rock strata, Including the Lake City and Avon Park Limestones, IS 

about 1,250 feet In the VICInity of the Indiantown site (Figure 2 3 1-6) The top of 

the Avon Park Limestone, as shown on Figure 23 1-7, IS at about EI -800 feet In 

the site area 

• 

• 

Ocala Limestone 

Unconformably overlYing the Avon Park limestone IS the Late Eocene age Ocala 

limestone The Ocala In Flonda IS commonly referred to as a group which 

Includes the Crystal River, Williston, and Inglis Formations Miller (1986) states that 

the three formations cannot be distinguished IIthoglcally at their type section or In 

the subsurface, and refers to all three Units as the Ocala Limestone In Martin 

County, the group, because of Insufficient matenals for study and classification, 

has not been subdivided (Llchtler, 1960) Therefore, the term Ocala Limestone will 

be used In this diSCUSSion 

The Ocala consists chiefly of limestones that are generally granular, white to cream 

or slightly pink, soft to medium hard, and that contain an abundance of crystalline 

calCite In some areas The Ocala also contains occaSional beds of foraminiferal 

coquina 
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lIchtler (1960) states that the Ocala limestone IS generally less than 100 feet thick 

• In Martin County However, the regional cross section shown on Figure 231-5 

Indicates that the Ocala may be on the order of 400 feet thick In the ICl site area 

Miller (1986) Indicates a thickness for the Ocala limestone of about 200 feet In the 

site area (Figure 2 3 1-8) The log of a deep well that penetrates the entire Ocala 

limestone at the nearby FPl Martin site shows a thickness of 100 feet (FPl, 1982) 

The top of the Ocala, at about EI -700 feet based on the logs of wells In the vIcinity 

of the ICl site, IS an erosional surface that creates an unconformity with the 

overlYing Oligocene age deposits 

• 

• 

Suwannee Limestone 

The only formation known to be of Oligocene age In Martin County IS the 

Suwannee limestone (llchtler, 1960) This formation IS bounded by unconformities 

and IS descnbed as a cream colored, slightly porous, soft, granular mass of limy 

particles, many of which seem to be of organic ongln 

llchtler (1960) states that the thickness of the Suwannee In western Martin County 

ranges from about 20 to 60 feet The regional cross section shown on Figure 

2 3 1-5 Indicates a thickness on the order of 80 feet In the vIcinity of the site Miller 

(1986) suggests that Oligocene age rocks are absent In Martin County except for 

a thin band east of a northwest trending fault which parallels the east coast 

through Martin, St lucie, and Indian River Counties (Figure 2 3 1-9) Although 

Miller does not indicate the presence of Oligocene age rocks west of the coastal 

fault, It IS possible that, due to the contour Interval used for the mapping (100 feet). 

Identification of these rocks was omitted from the area Immediately west of the 

fault Based on a larger sampling of wells throughout Martin County. Knapp (1988) 

Indicates a combined thickness for the Tampa Formation and Suwannee limestone 

of between 75 and 100 feet Erosion of the surface of the Suwannee limestone 

In western Martin County has produced an unconformity with the overlYing 

Miocene sediments 
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Tampa Formation 

Llchtler (1960) Indicates that the presence of the Tampa Formation has not been 

definitely established In Martin County, where It IS only tentatively Identified In 10 

to 15 feet of sandy limestone In one well located about 2 miles south of the City of 

Stuart This Identification IS based on a slmllanty with the type-locality near Tampa 

Scott (1988) proposes to reduce the status of the Tampa Formation to a member 

within the Hawthorn Group due to ItS limited areal extent, faCies changes, and 

apparent gradational contacts with the units above and below It The cross section 

shown on Figure 2 3 1-10 Indicates that the Tampa Member of the Hawthorn 

Group has not been Identified east of DeSoto County In ItS type-locality near 

Tampa, the member IS descnbed as a fairly hard, dense, whlte-to-yellowlsh, 

vanably sandy and clayey limestone (Scott, 1988) 

Hawthorn Formation/Group 

The Hawthorn Formation, as descnbed by Llchtler (1960), conformably overlies the 

Tampa Formation, where present, or unconformably overlies the Suwannee or 

older limestones In Martin County In the site VICinity, the Hawthorn Formation 

consists of beds of dark green to white phosphatic clay containing Silt and quartz 

sand The lower part of the formation vanes from thin layers of sandy phosphatic 

limestone and chert to lenses and thin layers of phosphatic sand and abundant 

shells Due to thiS apparent heterogeneity, It has been proposed by Scott (1988) 

to charactenze the Hawthorn as a group by diViding It, based on clastiC and 

carbonate lithologies, Into two formations the Peace River Formation (clastiC) In 

the upper part, and the Arcadia Formation (carbonate) In the lower part 

The relationship between the Peace River Formation and the Arcadia Formation In 

south Flonda IS shown In the cross section on Figure 2 3 1-10 

The proposed Arcadia Formation In south Flonda unconformably overlies either the 

Ocala limestone or the Suwannee Limestone 
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gray to olive-gray dolostone and white to yellowish-gray limestone Both the 

dolostone and limestone are sandy, clayey, finely crystalline, and phosphatic 

Recrystallization of the limestones IS common Clay and quartz sand beds less 

than 5 feet In thickness occur throughout the formation 

The proposed Peace River Formation IS characterized by seams of Interbedded 

light-gray to olive-gray quartz sands, clays, and carbonates consisting of limestone 

and dolostone The sands are poorly consolidated, very-fine to medium grained, 

clayey, and calcareous to dolomitic With a variable phosphate content The 

yellOWish-gray to olive-gray clays are poorly to moderately Indurated, calcareous 

to dolomitic, and contain quartz sand and Silt The carbonates comprise less than 

one-third of the formation and vary In color from yellOWish-gray to white They are 

variably sandy, clayey, and phosphatic and poorly-to-well cemented 

The top of the Hawthorn Group occurs at approximately EI -105 to -150 feet In the 

vIcinity of the ICL site These elevations are based on the logs of test wells and 

exploratory bOrings drilled In the area, and are In general agreement With Miller 

(1986) and Knapp (1988) Figure 2 3 1-11 shows structure contours on the top of 

the Hawthorn Group In Martin, St LUCie, and Okeechobee Counties The upper 

portion (5 to 20 feet) of the Hawthorn Group In thiS area conSists predominantly 

of greenish-gray clay With subordinate amounts of shell, limestone, Silt, and sand 

The Hawthorn Group IS about 550 to 600 feet thick In the site area (Knapp, 1988, 

Miller, 1986) as shown on Figure 231-12 

Tamiaml Formation 

The Tamlaml Formation In south FlOrida has generally been defined as Including 

all depOSits of Late Miocene age overlYing the Hawthorn Group (llchtler, 1960) 

Where no distinct lithologiC break occurs between Middle and Late Miocene 

sediments, the Tamlaml can be differentiated from the Hawthorn only by fossil 

content Based on lithologiC deSCriptions of materials from exploratory bOrings 
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drilled at the ICL site, the top of the Tamiami Formation is estimated to occur at 

about EI. -85 feet and IS approximately 25 to 30 feet thick. 

Caloosahatchee Marl 

The only Pliocene age formation present in the site area is the Caloosahatchee 

Marl, which IS composed largely of sand and shells (Llchtler, 1960). The top of this 

unit at the ICL site occurs at about EI. -50 feet and is approximately 35 feet thick. 

Anastasia Formation 

The Anastasia Formation is the oldest Pleistocene age formation in Martin County. 

It IS estimated to be over 100 feet thick in the eastern part of the county, but 

presumably thins to the west, where it pinches out or merges with the contem­

poraneously deposited Fort Thompson Formation west of Martin County (Lichtler, 

1960). The Anastasia lies unconformably on the Caloosahatchee Marl or older 

formations and IS, In turn, unconformably overlain by the Pamhco Sand. Although 

from place to place ItS composition varies, ranging from coquina to sand, in Martin 

County it consists pnmanly of sand, shell beds, and thin, discontinuous layers of 

sandy limestone or sandstone. 

The AnastaSia Formation and the overlying Pamlico Sand are the only geologie 

units exposed In Martin County. In those areas where it is not exposed, the 

Anastasia Formation is expected to underlie the surficial Pamlico Sand. At the ICL 

site, the AnastaSia Formation extends from near the ground surface to about EI. 

-50 feet. 

Pamlico Sand 

The Pamlico Sand of Pleistocene age forms a thin veneer, where present, over the 

Anastasia Formation. Although this Unit could not be identified a1 the ICL site, if 

present, it is expected to have a maximum thickness of o!)ly a1ew feet. 
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2.3.1.2 Detailed Site Lithologic Description 

A drilling program to evaluate the ICL site lithology was implemented in July and 

August 1990. The drilling effort consisted of six test borings, designated TB-1 

through TB-6; construction of five monitor wells, MW-1 through MW-5; two 

piezometers, POW-1 and POW-2; and an aquifer test well, PW-1. The six test 

bonng locations (TB-1 through TB-6) are situated at the approximate corners and 

in the middle of the site (Figure 2.3.1-13). The borings were plugged with neat 

cement, and mOnitor wells and piezometers were drilled and installed within 10 feet 

of each bonng. 

A separate but concurrent geotechnical investigation was also performed at the site 

to determine subsurface conditions for preliminary foundation evaluation purposes. 

The logs of two bonngs drilled for that investigation (B-102 and B-105) were used 

to assist in construction of the site geologic cross sections discussed below. 

Summary of Drilling and Sampling Methodology 

The bonngs, mOnitor wells, and piezometers were drilled and constructed by 

Ardaman and Associates, Inc., West Palm Beach, Florida. The aquifer test well 

was installed by Dnlling Services, Inc., Ft. Pierce, Florida. Technical supervision 

of the drilling and well construction actiVities was provided by a hydrogeologist 

from CH2M HILL of Gainesville, Flonda. 

All test borings were drilled using mud rotary drilling techniques. A bentonite mud, 

Quik GeIR
, was used to facilitate dnlling of the soil borings. The drilling rig, tools, 

dnll rods, and bits were steam cleaned before drilling a new borehole. 

The 4-inch-diameter test borings were drilled to approximately 110 to 150 feet in 

depth. The deeper bOrings penetrated the top of the Hawthorn Group sediments 

at the site. During drilling, the sOils were sampled at 5-foot intervals using the 

standard penetration test (SPT) and a split-barrel sampler (ASTM D 1586). Thin-
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walled tube samples (ASTM D 1587) were obtained at selected depths where low 

• "N" values (blow counts) indicated soft material that would allow the tube to be 

pushed into the formation. This technique allowed relatively undisturbed samples 

to be obtained. Both the onslte hydrogeologist and the driller prepared a lithologic 

description as the bonng progressed. The boring logs prepared by CH2M HILL 

are presented In Section 10.5.1. Representative soil samples (up to ten per 

borehole) and thin-wailed tube samples were obtained from the borings and sent 

to Ardaman and Associates geotechnical laboratory for analYSIS. Soil samples 

were not obtained during the drilling of PW-1 because split-barrel samples were 

collected at POW-1, 50 feet away. 

• 

• 

After the test bonngs were dnlled to their final depth, geophysical logs were run on 

five of the borings (TB-1 through TB-5). Logs at these locations were determined 

to be suffiCient to characterize the geology at the site. The logs run included 

mechanical caliper, natural gamma ray, long and short normal (LSN) electric, 

spontaneous potential (SP), and single-point electric. Copies of the geophysical 

logs are presented In Section 10.5.1. Following the geophysical logging, each 

boring was cemented from the bottom of the borehole to the land surface with neat 

cement. New borings were then dnlled uSing mud-rotary techniques within 10 feet 

to facilitate installation of the monitor well or piezometer. 

Results of Investigations 

Boring Logs 

Bonng logs were prepared by the site hydrogeologist based on lithologic 

descriptions of split-barrel samples from each boring. Copies of the boring logs 

are presented in Section 10.5.1. Figures 2.3.1-14 and 2.3.1-15 are geologic cross 

sections through the site using the borings shown on Figure 2.3.1-13. 

In general, a fine-grained, SIlica sand unit was encountered from the land surface 

to a depth of approximately 30 feet below the land surface (bls). A thin "hardpan" 

layer of organically cemented sand was found in some of the borings within this 
~ , 
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sand Unit. Below the sand unit IS a silty sand layer with an average thickness of 

• 5 feet that grades laterally to cemented sand and limestone at TB-1 and TB-3. 

• 

• 

At a depth of approximately 35 feet bls, a very fine-grained, very dense, light olive­

gray sand unit was encountered with a thickness of about 20 feet. Below this unit 

is a fine quartz sand with a significant amount of black phosphorite grains and 

some shell that extends to a depth of about 70 feet bls. This shelly sand layer 

grades laterally and downward to a silty clay zone in the center of the site 

(Figure 2.3.1-15). 

A shelly sand Unit occurs at a depth of approximately 85 feet bls. This shelly sand 

unit increases in shell content radially from the center of the site and has 

alternating silt content throughout. The shelly sand unit grades to a silty sand, 

which extends to a depth of approximately 120 feet bls. Alternating beds of sandy 

clay, clayey sand, and poorly cemented clayey sand were encountered from a 

depth of 120 feet bls to the total depth of the borings (± 150 feet bls) . 

Sieve Analyses 

Sieve analyses were conducted on 47 split-barrel samples from test borings TB-1 

through TB-5. The purpose of these analyses was to evaluate the grain size 

dlstnbution of the geologiC Units at each bonng location. Laboratory test results 

of the sieve analyses are presented In Section 10.5.1. A review of these grain size 

curves confirms the fine, silty sandy nature of the SOils that predominate 

throughout the site as Indicated on the boring logs. 

Porosity and Vertical Hydraulic Conductivity 

Thin-walled tube samples were obtained from TB-2, TB-3, TB-4, and TB-5 at 

depths ranging from 26 to 136 feet bls. The samples were sent to Ardaman and 

Associates geotechnical laboratory for determination of the vertical hydraulic 

conductivity and porosity values of these undisturbed samples . 

20524 016\lndlBn1n SCA 2.3.1-11 

,-- \ 
- j 



Hydraulic conductivity was determined using a triaxial-type testing cell, while final 

• volumetric and dry weight measurements were used to determine the porosity, with 

an assumed specific gravity of 2.70 based on the higher percentage of silica sands 

found at the site. The results of the tests are shown in Table 2.3.1-1. The 

hydraulic conductivity values range from 1.0 X 10-3 cm/sec for fine sands at a 

depth of 36 feet bls to 1.73 X 10-8 cm/sec for silty clay at a depth of 71 feet bls. 

As expected, coarser-grained materials exhibit higher hydraulic conductivities than 

the finer, clayey samples. Porosity values vary from 36.1 percent to 57.4 percent 

and average approximately 40 percent for samples with significant sand content. 

The 57.4 percent porOSity value was obtained from a silty clay sample, which 

generally has higher porosities than coarser-grained sediments. 

• 

• 

Cation Exchange Capacity 

The cation exchange capacity (GEG) of a soil IS defined by Hem (1989) as the 

"total number of negative charge sites at which reversible cation adsorption and 

desorption can occur." This analysIs is usually performed on clay-rich sediments 

and IS expressed as the number of milliequlvalents (mEq) of cations that can be 

exchanged per 100 grams dry weight of sample. 

GEG analyses were performed on two samples: TB-5 at 71 feet bls and TB-4 at 

134 feet bls. Values of 6.6 and 5.95 mEq/100 grams, respectively, were obtained 

for these two samples. The laboratory test results for these analyses are 

presented in Section 10.5.1. In general, these GEG values are considered low, but 

other factors such as pH also control the sorptive capacity of sediments. 

Geophysical Logs 

Natural gamma ray, single-point electric logs, spontaneous potential (SP), LSN 

electric logs, and caliper logs were run in selected boreholes. The natural gamma 

ray and single-point electric geophysical logs were found to be the most useful to 

delineate indiVidual strata In the geologic column at the site . 
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Table 2.3.1-1 • SUMMARY OF GEOTECHNICAL ANALYTICAL DATA 
FOR THE ICL SITE 

Cation 
Hydraulic Exchange 

Boring Interval Lithologic Conductivity Void Porosity Plasticity Capacity 
~ (ft. bls) Description (cm/sec) Ratio (%) (%) (mEg/l00g) 

TB-5 26-29 Very Fine Sand 68 x 10-4 0.688 40.8 NA NA 
Trace Silt 

71-74 Gray Silty Clay 1 73 x 10-8 1.349 57.4 51 6.6 

36-38.5 Gray Fine Sand 1.0 x 10-3 064 39.0 NA NA 

TB-4 96-98.6 Silty Shell Hash 8.0 x 10-8 0.61 37.9 NA NA 

134-136 Gray Silty Sand 9.6 x 10-5 077 435 1 5.95 

TB-3 71-735 Silty Shelly Clay 45 x 10-8 0565 36.1 0 NA 

TB-2 26-29 Gray Silty Sand 9 x 10-8 0.589 37.0 NA NA 

• bls = below land surface 
mEq = milliequivalents 
NA = not applicable 

Note: All analyses performed by Ardaman and Associates. Inc. 

Source CH2M Hill. 1990 

• 0 

-r 
0"''1 
\.-,) 

:on 
~ 

,..,,., 
V>< 

Io!~ is 20524 016\lndlanln SCA ---" 
(;.::> 
to 
Q 



Four major lithologic units can be distinguished based on the gamma ray and 

• electric logs. These units correspond well to lithologic units identified from the 

samples collected during drilling. A shallow unit of relatively clean sands occurs 

to a depth of 30 feet bls, which is distinguished on the gamma ray logs by a 

relatively low gamma count rate, with little vertical variability. At a depth of 30 feet 

bls, a high gamma peak is noted, which corresponds to the silty sand layer 

identified from the samples collected at thiS depth. At TB-3, a high gamma peak 

occurs at a depth of 21 feet bls, correlating to a sandy limestone unit noted on the 

bOring log. 

• 

• 

A distinctive Unit of much higher gamma ray counts occurs over the interval from 

about 30 feet to a depth of about 80 feet bls. The count rate changes sharply over 

short vertical intervals, giving the log a characteristic "jagged" appearance. The 

higher gamma ray activity In thiS interval is attributed to the uranium content of the 

phosphorite grains noted on the boring logs. In TB-1, TB-3, and TB-4, the highest 

gamma ray counts correspond to fine-grained or silty sands, with 20 to 25 percent 

black, very fine grained phosphorite. In TB-5, the gamma peak at 69 feet bls 

correlates With a silty clay unit noted on the boring log. In TB-2, the gamma peak 

correlates with thin clay lenses encountered by the boring at a depth of 60 feet bls. 

The top of the third unit at a depth of about 80 feet bls is marked by a substantial 

decrease in gamma ray activity to a level intermediate between the first two units, 

and by a corresponding lower reSistIVIty on the electric logs. This level of gamma 

ray actiVity continues until a peak IS encountered at the base of each borehole. 

The intermediate gamma ray activity in this interval corresponds to interbedded, 

shelly sand; silty shelly sand; clayey sand; and silty clay layers to depths of about 

140 to 145 feet bls. The amount of phosphorite grains in this interval varies from 

trace quantities to 10 to 20 percent of the sample. Within this third unit, the lowest 

gamma ray count corresponds to a shelly sand bed occurring at a depth of 

approximately 90 to 110 feet bls . 
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The fourth major unit distinguishable on the gamma ray logs is the top of the 

• Hawthorn Group. The sharp increase in gamma ray activity seen at the base of 

each borehole is consistent with the geophysical signature of the top of the 

Hawthorn Group sediments. These sediments are typically rich in clays and 

phosphates, which produce high gamma counts. 

• 

• 

On some of the single-point electric logs, a 5- to 10-foot-thick clay bed is indicated 

by a sharp deflection to the left. The feature is noted in TB-1, TB-3, and TB-5, and 

has a corresponding gamma ray peak at the same depth. The deflection occurs 

in TB-1 at a depth of 74 to 80 feet, and corresponds to a sandy, shelly clay on the 

bonng log. In TB-5, the feature IS a more subdued peak in the Interval between 

65 and 75 feet, and corresponds to a silty clay. The silty, shelly clay in TB-3 

appears as a sharp peak in the interval between 65 and 70 feet bls on the electric 

log. Gamma peaks, In general, correspond to clay layers encountered in the 

bonngs. 

The spontaneous potential log also provided some useful information when 

delineating formation contacts. In TB-2, a gradual increase in resistivity beginning 

at a depth of 113 feet bls correlates with the occurrence of a clayey, shelly sand 

Unit. ThiS Increase In SP response occurs from 113 to 145 feet bls and correlates 

With the Interbedded clayey sands and sandy clays on the boring log of TB-2. In 

TB-3, a gradual decrease in SP response from 75 to 115 feet bls corresponds to 

the shelly sand unit noted on the TB-3 bonng log. In TB-4, a sharp decrease in 

SP response at 30 feet bls delineates the bottom of the fine silica sand unit noted 

on the bonng log. Also, an Increase In SP response at 120 feet bls denotes the 

beginning of interbedded clayey sands and clays. Lastly, a low resistivity spike at 

85 feet bls in TB-5 denotes the beginning of shelly sands. 

Geologic Formations at Bel Site 

The stratigraphic nomenclature discussed below corresponds to that used by 

Llchtler (1960) and Scott (1988). Because lithology varies both laterally ~nd 
l --" r--, 
Q' '-=1 1:":' 
I{;-'j " 
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vertically in shallow manne depositional environments, the formation names 

• assigned to the various site lithologic umts is considered arbitrary. 

• 

• 

Pamlico Sand 

The Pamlico Sand is identified as a thin veneer of fine silica sand that unconfor­

mably overlies the Anastasia Formation. Lichtler (1960) notes that these marine 

terrace sediments may not be present on the Orlando Ridge, a subdivision of the 

Eastern Flatlands physiographic region in which the Indiantown site is located, 

because this land may not have been covered by the sea during Pamlico time. If 

present at the site, this unit is only a few feet thick. 

Anastasia Formation 

At the site, the Anastasia Formation, which extends from near the land surface to 

a depth of about 85 feet, consists mostly of fine silica sand with variable quantities 

of shell and phosphate. Thin, discontinuous layers of silty sand, clay, and sandy 

limestone also are present within this formation . 

Caloosahatchee Marl 

The Caloosahatchee Marl is composed largely of sand and sandy shell beds 

(Nealon et aI., 1987). At the site, this formation extends from approximately 85 to 

120 feet bls, and IS characterized by increasing silt content with depth. 

Tamiami Formation 

The Tamlami Formation consists of alternating layers of silty sand, sandy clay, and 

Indurated clayey sand at the site. This formation is encountered at a depth of 

approximately 120 feet bls and extends to a depth of approximately 145 feet bls. 

The top of the Hawthorn Group sediments occurs at this depth, based on the 

gamma logs . 
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2.3.1.3 Geologic Maps 

The near-surface sediments at the ICL site consist of Pleistocene age deposits of 

the Pamlico Sand and Anastasia Formation. A regional geologic map showing the 

surficial geology of south Florida is presented on Figure 2.3.1-16. The Pamlico 

Sand, where present at the ICL site, is estimated to have a maximum thickness of 

only a few feet. The description of sediments encountered by exploratory borings 

drilled at the site indicates that the Anastasia Formation extends to a depth of 

approximately 85 feet. 

A review of the site surficial soil classification (USDA, 1981) indicates that the 

majority of the northern half of the site consists of Basinger fine sand, while the 

southern half of the site consists mainly of Waveland sand (Figure 2.3.1-17). The 

third largest area, near the center of the site, is covered by the Lawnwood fine 

sand. The remaining minor soil types include Lawnwood fine sand, depressional; 

Waveland sand, depressional; Basinger fine sand, depressional; Placid sand; 

Sanibel muck; and Tequesta Variant muck . 

The three main soil types covering most of the site are all characterized as poorly 

drained, nearly flat-lying soils. The Basinger fine sand is characterized by very high 

permeability values throughout the soil profile, while the Waveland sand and the 

Lawnwood fine sand have high permeability values in the surface and subsurface 

layers, and low to very low permeability values in the subsoil. 

Figure 2.3.1-13 shows the locations of two cross sections through the site. The 

sections are presented on Figures 2.3.1-14 and 2.3.1-15, and are based on 

exploratory drill hole data from a recent site Investigation. They show the materials 

encountered in the borings from the ground surface to a depth of about 150 feet. 

These sections show that the site IS generally underlain by layers of sand, silty 

sand, and shelly sand to the base of the Anastasia Formation. However, 

occasional zones of sandy or silty clay were encountered within this interval by 
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some of the borings, Indicating the presence of discontinuous layers of finer-

• grained material. 

• 

• 

2.3.1.4 Bearing Strength 

For satisfactory performance, the foundation of any structure must meet two 

independent design criteria. First, It must have an acceptable factor of safety 

against beanng failure In the foundation soils. Second, settlements dunng the life 

of the structure must not be of a magnitude that will cause structural damage, 

endanger piping connections, or otherwise impair the operational efficiency of the 

faclhty. In order to assess these two cnteria, a preliminary subsurface exploration 

was conducted. 

The subsurface exploration was made dunng July 1990, by Ardaman & Associates, 

under the technical direction of a Bechtel geotechnical engineer. ThiS exploration 

consisted of eight Standard Penetration Test borings drilled to depths ranging from 

30 to 150 feet, and eight Cone Penetration Test soundings to depths ranging from 

30 to 48 feet. The borings were widely spaced over the site, to generally cover 

areas where structures and faCIlities are proposed. Ardaman dnlled the test 

borings with aCME 45 truck-mounted drilling rig, and made cone soundings with 

a truck-mounted Dutch cone probe. Generally, test borings were drilled to the 

depth of Interest appropnate for the structures proposed in the bonng's vicinity 

(Le., 150-foot depth bonngs In the vicinity of heavily loaded proposed structures, 

usually power block structures, and 50-foot depth borings near lightly loaded 

structures). Cone soundings were made to refusal depth, the depth at which the 

equipment could no longer advance the test probe. Boring logs and cone test 

data are presented In Section 10.5.1. 

The results of the subsurface exploration Indicate a soil profile consisting 

predominantly of sands. The sands are generally loose near the surface 

(approximately the top 5 feet), With density increasing with depth, as shown in 

Figure 2.3.1-18. AnalYSIS and expenence Indicate that bearing capacity or strength 
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is almost never a controlling design criterion when foundations are placed on 

• sands. Rather, foundation settlement usually governs foundation design. For the 

cogeneration plant and related facilities planned, light to medium foundation loads 

will be accommodated uSing shallow, spread foundations. Heavily loaded 

structures will be placed on either a thick mat foundation (after removing the loose 

upper soils, and replacing them with compacted backfill), or on deep foundations, 

bypassing the upper, loose sOils . 

• 

---.. 

• 
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2.3.2 SUBSURFACE HYDROLOGY 

2.3.2.1 Subsurface Hydrologic Data for the Site 

The hydrogeologic framework beneath the Indiantown, Florida, site can be divided 

into three main parts. From shallow to deep, they are: the Surficial aquifer 

system; the relatively impermeable sediments of the Hawthorn Group; and the 

Floridan aquifer system. 

A field testing effort was performed to characterize the hydrogeologic conditions 

within the Surficial aquifer system at the site. This field effort Included drilling and 

split-barrel sampling of five 150-foot SOil borings. Thin-walled tube samples were 

obtained at various depths in four of the borings and were analyzed for vertical 

hydraulic conductivity and porosity by Ardaman and Associates, Inc. Four 30-foot 

monitor wells and one aquifer test well were constructed near the soil boring 

locations. Two deep piezometers and one shallow monitor well were constructed 

to obtain water levels during a 72-hour pumping test that was conducted to 

determine aquifer characteristics at the site. 

Summary of Drilling and Sampling Methodology 

Eight wells were constructed to characterize the hydrogeology of the ICL site. An 

8-lnch-dlameter test well (PW-1) was completed to a depth of 120 feet by Drilling 

Services, Inc., Ft. Pierce, Florida. Two 110-foot-deep piezometers (POW-1 and 

POW-2) were Installed Within 50 and 200 feet of PW-1. A shallow (16-foot deep) 

monitor well, MW-5, was constructed approximately 200 feet from PW-1 to monitor 

the water level in the upper portion of the Surficial aquifer. The remaining four 

monitor wells (MW-1 through MW-4) are located at the approximate corners of the 

site (Figure 2.3.2-1). The purpose of the monitor wells is to determine the 

direction of groundwater flow and to characterize groundwater quality in the 

Surficial aquifer system at the site . 

20524 016\lndlan1n SCA 2.3.2-1 
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All wells were constructed using mud rotary drilling techniques. A bentonite mud, 

Quik GeIR
, was used on PW-1, and either Vari-FloR or Poly-SaIR

, both bio­

degradable muds, were used to drill the other well borings. The drilling rig and all 

tools, drill rods, and bits were steam-cleaned before drilling each borehole. 

All wells were constructed with Schedule 40 polyvinylchloride (PVC) casing. Except 

for a 40-foot length of 0.030-inch slot, PVC wire-wrapped screen at PW-1, all wells 

were completed with a Schedule 40 PVC, 0.020-inch slot screen. Well construction 

diagrams are provided in Section 10.5.3. 

Screens were sand packed with 8/20 silica sand in all wells except PW-1. PW-1 

was packed with 6/20 silica sand. The monitor wells (MW-1 through MW-5) had 

a 2-foot cap of bentonite pellets emplaced above the sand pack. 

The tremie method was used to fill the annulus above either the sand pack or the 

bentonite cap with Portland Type" neat cement, with variable amounts of bentonite 

added. The cement top was tagged, and the cement brought to the land surface . 

A steel protective casing and cement pad were emplaced around the well casings 

to complete the well installation. 

PW-1 was developed using the air lift method, but all other wells were developed 

by pumping. The development time varied from about 1/2 hour at MW-5 to 

approximately 8 hours over a 2-day period at PW-1. Wells were developed until 

the water produced was reasonably sediment-free. 

Characterization of the Surficial Aquifer System 

Relationship of Aquifer to Local Geology 

The results of the field investigation Indicate that the Surficial aquifer system is 

comprised of two zones of relatively high permeability separated by a unit of lower 

permeability. The upper zone is unconfined and bounded above by the water table 

20524 016\lndlantn SCA 2.3.2-2 



• 

• 

• 

and below by a thin, somewhat discontinuous, silty layer at a depth of approxi­

mately 30 feet below the land surface (bls). Monitor wells MW-1 through MW-4 are 

screened from approximately 20 to 30 feet bls. Lithologically, the upper zone 

consists of flne-to-medlum sands, with a discontinuous hardpan layer near the land 

surface (Figure 2.3.2-2). 

Below the silty layer is approximately 55 feet of very dense, very fine grained sand, 

with interbedded clay lenses that provide additional confinement of the lower zone. 

At a depth of approximately 85 feet bls, a sandy shell layer with a thickness of 

approximately 30 to 40 feet is encountered (Figure 2.3.2-2). This is the lower zone 

of the Surficial aquifer system, within which the aquifer test well (PW-1) and deep 

piezometers (POW-1 and POW-2) are completed. The lower zone is generally 

regarded as the most productive of the two zones of the Surficial aquifer system. 

Lichtler (1960) notes that a shell bed at a depth of 95 feet bls is the principal 

production zone in the Indiantown area . 

At a depth of approximately 120 feet bls, a light olive-gray, silty clay formation 

thought to be the Tamiami Formation is encountered, which forms the base of the 

Surficial aquifer system. 

Water Table 

The water table configuration at the site was determined from water level 

measurements obtained from recently installed monitor wells and piezometers. 

Table 2.3.2-1 summarizes the well construction details and groundwater elevations 

in the Surficial aquifer system at the site. In general, the depth to water from the 

land surface is only a few feet. The groundwater contours based on water level 

measurements obtained on August 17, 1990, are shown on Figure 2.3.2-3. 

In addition to water level measurements obtained at the site, Figures 2.3.2-4 and 

2.3.2-5 show wet and dry season water table contours throughout Martin County 

during 1974 (Miller, 1978). These figures indicate that the water table can be 
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Well 
Number 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

PW-1 

POW-1 

POW-2 

Table 2.3.2-1 
SUMMARY OF GROUNDWATER ELEVATIONS AND WEll 

CONSTRUCTION DETAilS AT THE ICl SITE 
AUGUST 1990 

Top of Water 
Screened Well Casing Depth Level 
Interval Diameter Elevation to Water Elevation 
(feet) (inches) (feet) (feet) (feet) 

20 - 30 4 37.72 5.36 32.36 

15 - 25 4 34.02 3.58 30.44 

20 - 30 4 33.69 4.73 28.96 

20 - 30 4 38.21 5.60 32.61 

10 - 15 2 35.86 4.56 31.30 

80 - 120 8 35.38 5.45 29.93 

92 - 112 2 35.41 5.53 29.88 

90 - 110 2 35.87 6.31 29.56 

Notes: • Top-of-casing and water level elevations referenced to National 
Geodetic Vertical Datum (NGVD). 

• Water level measurements obtained on August 17, 1990. 
• Screened interval referenced in feet below land surface. 
• Depth to water referenced from top-of-casing. 
• All wells installed by Ardaman and Associates, except PW-1, 

installed by Drilling Services, Inc. 

Source: CH2M Hill, 1990 
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expected to fluctuate a few feet between the wet and dry seasons. Also, the shape 

of the water table appears to mimic the topography, in that topographic highs 

correspond to higher water levels 

Groundwater Flow 

In general, the water table slopes gently to the south-southwest with a horizontal 

hydraulic gradient of approximately 1.0 X 10.3 feet per foot (ft/ft). ThIs gradient is 

similar to that obtained from wells completed in the lower producing zone (PW-1, 

POW-1, and POW-2) of the Surficial aquifer system. The groundwater flows 

southwesterly and discharges to the St. LucIe Canal, located approximately 2 miles 

south of the site (Figure 2.3.2-4). 

VertIcal hydraulic gradients between the upper and lower zones of the Surficial 

aquifer system were determined by comparing water level elevations from wells 

completed in these two zones. The vertical hydraulic gradIent between these 

zones is probably affected by the thIckness and areal continuity of the semi­

confining unit between them. The water levels summarized in Table 2.3.2-1 

indicate that, where wells are completed in both zones around the test well, the 

upper aquifer has a head about 1.7 feet higher than the lower aquifer. This is a 

0.03-ft/ft downward gradIent across the 55 feet of low permeability material from 

approximately 30 feet to 85 feet in depth. 

Aquifer Characteristics 

A 72-hour pumping test was conducted to determine aquifer characteristics at the 

site. The pumping test began on August 13, 1990, at 10:15 a.m. A submersible 

pump was installed in PW-1 and connected to a 4-inch-diameter discharge line 

emptying into a nearby drainage ditch. The well was pumped at a constant rate 

of 150 gallons per minute (gpm). Flow measurements were obtained with a 

manometer tube and a 4-inch by 3-lnch onflce plate at the end of the discharge 

piping . 
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PW-1 was pumped and POW-1, POW-2, and MW-5 were used as observation wells 

from which water levels were obtained throughout the test. Water level readings 

were also obtained at perimeter monitor wells MW-2, MW-3, and MW-4, and at 

observation wells OW-1 01, OW-102, and OW-115. The observation wells, installed 

as part of the preliminary foundation evaluation at the site, are screened from ap­

proximately 20 feet to 30 feet bls. A data logger was used to obtain water level 

data at regular, timed intervals in POW-1 and POW-2. Two pressure transducers 

(30 and 10 pounds per square inch [psi]) were used in POW-1 and POW-2, 

respectively. The data logger was programmed to record water levels at 

logarithmic intervals so that readings were obtained frequently at the beginning of 

the test and less frequently as the test progressed. Manual water level measure­

ments also were taken with an electncal water level indicator (M-scope) or steel 

tape as backup data. Field data sheets and data logger output for the pumping 

test are contained in Section 10.5.1. 

Following 72 hours of operation, the pump was shut off, and the water levels were 

allowed to recover. Water levels were measured during recovery at PW-1, POW-1, 

POW-2, and MW-5. 

Two days of background water level data were obtained prior to the test by using 

the data logger on POW-2. Water level data also were obtained at POW-2 

following the 72-hour pumping test. These data show that the naturally occunng 

water level in POW-2 was essentially the same before and after the pumping test. 

Therefore, adjustments to the drawdown data were not required. 

The data were evaluated using the following three techniques: 

• Walton (1962) 

• Cooper-Jacob (1946) 

• Theis recovery method 

c.iJ 
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The drawdown data from POW-1 and POW-2 were evaluated using the Walton 

method, which applies to unsteady state flow in semi-confined (leaky) aquifers and 

assumes no storage within the semi-confining bed. Transmissivity (T), storativity 

(S), and leakance (K'/b') were estimated for the aquifer at POW-1 and POW-2 by 

plotting drawdown versus time on log-log paper and by supenmposing type 

curves. The calculations to determine these parameters are presented in Section 

10.5.1. 

Second, the data were evaluated using the Cooper and Jacob (1946) "straight-line" 

method. For this analysis, a semi-log graph of drawdown versus time was 

developed for POW-1 and POW-2. These graphs are also contained in Section 

10.5.1. Finally, recovery data from PW-1, POW-1, and POW-2 were evaluated 

using the Theis recovery method to determine transmissivity. Graphs of residual 

drawdown versus a time ratio (tjt') were plotted on semi-log paper to determine 

T values. StoratlVlty was not determined because of Inherent limitations of the 

Theis recovery method . 

The Surficial aquifer system in Martin County is regionally regarded as being 

unconfined (Llchtler, 1960). However, analysis of the pumping test data at the 

project site indicates semi-confined (leaky) conditions. A summary of aquifer 

coefficients determined from the pumping test analyses is provided in 

Table 2.3.2-2. The Walton method assumes unsteady state flow in leaky aquifers. 

However, the straight-line method (Cooper and Jacob, 1946) and the Theis 

recovery method both assume perfectly confined aquifers; this limiting assumption 

tends to yield slightly higher T values for these methods because leakance is not 

taken into account. Data at POW-2 illustrate this concept (e.g., the Walton method 

yielded a T value of 4,775 gpd/ft, while Cooper-Jacob and Theis recovery methods 

Yielded T values of 6,286 and 6,397 gpd/ft, respectively). Thus, the Walton 

method, which assumes leaky aquifer conditions, appears to yield results most 

representative of the field conditions . 
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Table 2.3.2-2 
AQUIFER COEFFICIENTS DERIVED FROM 

72-HOUR PUMPING TEST 
AUGUST 1990 

Well Transmissivity Storativity 
No. Method (gpd/ft) (Dimensionless) 

POW-1 Walton 5,372 1.40 x 10-4 
Cooper-Jacob 5,657 1.32 x 10-4 
Theis-Recovery 5,306 NA 

POW-2 Walton 4,775 1.33 x 10-4 
Cooper-Jacob 6,286 1.11 x 10-4 
Theis-Recovery 6,397 NA 

PW-1 Theis-Recovery 5,236 NA 

Average 5,600 1.3 x 10-4 

Note: NA = Not applicable 

Source: CM2M Hill, 1990 
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As stated previously, water level data also were obtained in perimeter monitor wells 

and observation wells completed in the upper 30 feet of the Surficial aquifer system 

at the site (Section 10.5.1). Water levels In these wells varied randomly, with no 

apparent response to pumping the aquifer at PW-1. 

Groundwater velocity beneath the site was calculated according to the following 

equation: 

v = Kijn 

where: 

v = average groundwater velocity in feet per day (ft/ day) 

K = hydraulic conductivity (ft/day) 

= hydraulic gradient (ft/ft) 

n = effective porosity (dimensionless) 

(Heath, 1983) 

Using an average T value of 5,600 gpd/ft, an aquifer thickness of 40 feet for the 

lower producing zone, and the relation T = Kb, a K value of 140 gpd/ft2 (18.7 

ft/day) was calculated. Assuming an effective porosity of 0.35 (based on the 

laboratory test result on a sample collected from the pumping zone), and the 

calculated hydraulic gradient of 1 X 10-3 ft/ft, a groundwater velocity of 5.3 X 

10-2 ft/day was determined. 

Water Quality 

Water quality samples were obtained from PW-1 at the end of the pumping test 

and from MW-1 through MW-4 to determine backg~ound water quality. Water 

quality samples were obtained directly from the pump discharge piping at the end 

of the pumping test at PW-1. Before sampling the monitor wells, a minimum of 

three well volumes were purged from each well to ensure that native formation 

water was obtained. Once the temperature, conductivity, and pH of the water had 

stabilized, a clean Teflon® bailer was lowered into each well to collect the 
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groundwater sample. The pump and intake hose used to purge the well and bailer 

were cleaned between wells with an isopropanol rinse, followed by rinsing with 

deionized water to avoid cross-contamination. Quality assurance samples (travel 

blanks) also were submitted to the laboratory for analysis. 

Water quality samples were analyzed for general inorganic parameters, metals, 

ethylene dibromide (EDB), pesticides, herbicides, and Environmental Protection 

Agency (EPA) Methods 601/602 parameters. Laboratory analytical data for the 

water quality samples are contained in Section 10.5.1 and represent the first of four 

quarterly sampling events to be performed at the site. Additional sampling will be 

performed to determine if any seasonal fluctuations In water quality occur. The 

results of selected inorganic parameter analyses are summarized in Table 2.3.2-3. 

For EPA Methods 601/602, EDB, pestiCides, and herbides analyses, no 

parameters had values reported above the detection limit. Samples from MW-1 

through MW-4 exceeded dnnking water standards for three parameters -- color, 

turbidity, and iron (Section 10.5.1). Samples from MW-1, MW-2, and MW-4 

exceeded the pH standard as well. Also, MW-3 slightly exceeded drinking water 

standards for total dissolved solids (TDS) with a value of 562 mg/I. 

The metals analyses were essentially below the detection limit except for two 

metals in MW-3 and MW-4. Copper was noted in MW-3 at 0.02 mg/I and at 0.03 

mg/iin MW-4, while lead was detected In MW-4 at 0.003 mg/I. However, it should 

be noted that lead was present in the travel blank at 0.011 mg/I. Boron was 

detected in all samples and ranged from 0.025 mg/I to 0.039 mg/I. The highest 

value was reported In MW-3. 

The selected inorganic parameters presented in Table 2.3.2-3 are grouped to show 

the differences and similarities in water quality. The range of values for MW-1, 

MW-2, and MW-4 is presented In one column because the results were so similar. 

This water is slightly acidic, moderately colored with some turbidity, and c..0ntains 

moderate concentrations of chlonde and sulfate. e? ~'!' r··n 
C) 

;03 ( 
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Table 2.3.2-3 
SUMMARY OF BACKGROUND WATER QUALITY 

AUGUST 17,1990 

Parametera MCLb MW-l, -2, & -4 

pH (standard units) 6.5 - 8.5 4.85 - 6.40 

Alkalinity, Total (as CaC03) <1.0 - 88.0 

Color (APHA) 15 50 - 90 

Conductivity (pmhosjcm) 125 - 370 

Hardness, Total (as CaC03) 30 - 122 

Turbidity (NTU) 1 5.7 - 16.3 

TDS 500 168 - 334 

Calcium 1.9 - 35.0 

Copper 1 <0.02 - 0.03 

Iron 0.3 0.96 - 2.0 

Lead 0.05 < 0.002 - 0.003 

Potassium 0.31 - 1.30 

Silica 8.2 - 9.1 

Sodium 160 15.8 - 23.4 

Boron 0.025 - 0.029 

Chloride 250 29.1 - 32.1 

Fluoride 4.0 003 - 0.05 

Sulfate 250 3.9 - 5.3 

Ammonia 0.19 - 086 

Total Phosphorus 0.09 - 0.18 

aValues are mg/I as substance unless otherwise stated. 
bMCL = Maximum Contaminant Level per Ch 17-550 F.A.C. 

Source. CH2M Hill, 1990 
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By contrast, the data from MW-3 and PW-1 are more similar to each other than to 

the other mOnitor wells. These samples have higher values for pH, alkalinity, 

conductivity, hardness, TDS, calcium, and fluoride. Differences in water quality 

between MW-3 and the other Surficial monitor wells may be due to the lithology 

screened by the well. Inspection of the boring logs (Section 10.5.1) indicates that 

MW-1, MW-2, and MW-4 are screened within fine sands, but MW-3 is screened 

within a sandy limestone unit. 

Other Potentially Impacted Aquifers 

The lower Floridan aquifer (Boulder Zone of the Floridan aquifer system) will be 

utilized for wastewater disposal, and the upper Floridan aquifer will be used as the 

alternative water supply purposes by the ICL facility. The Floridan aquifer system 

is a regional carbonate aquifer underlying Florida, south Georgia, and portions of 

Alabama and South Carolina. The rock units comprising the aquifer system range 

in age from Paleocene to early Miocene (Miller, 1986). A description of the 

geologic units in the study area is provided in Section 2.3.1.1 . 

The limestones and dolomites comprising the aquifer system vary from highly 

permeable zones to moderately permeable zones. Meyer (1989) divides the 

Floridan aquifer system into three hydrogeologic units based on geology, 

hydrochemistry, and hydraulics. The upper Floridan aquifer and middle confining 

Unit contain brackish water, and the lower Floridan aquifer contains water similar 

to seawater (Meyer, 1989). Based on field data in the vicinity of the site, the upper 

Floridan aquifer may be further divided into an upper and lower unit (CH2M HILL, 

1985 and 1989; Florida Power and Light, 1990). 

The upper Floridan aquifer will be impacted by the operation of the ICL facility 

because it is proposed to be used as an alternative source of cooling tower 

makeup water and plant process water. Production wells constructed in the lower 

portion of the upper Floridan aquifer are expected to withdraw a maximum of 

6.2 million gallons per day (mgd) for up to 90 days during years of severe drought. 
~ 
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The wellfleld will consist of two wells constructed into the upper unit of the upper 

• Floridan aquifer and four wells constructed into the lower unit. The proposed 

locations of these wells, essentially at the four corners of the site, are shown on 

Figure 3.1.1-1 In Section 3.1. Each of the two wells in the upper unit will be 

deSigned to supply 300 gpm of water for plant process use, with one well used for 

backup purposes. The four wells Into the lower Unit will be designed to supply 

1,000 gpm each for coohng tower makeup water. 

• 

• 

Upper Floridan Aquifer 

The upper Floridan aquifer is defined according to ItS permeability characteristics 

(Miller, 1986). In general, the upper Floridan aquifer in south Florida is composed 

of permeable portions of the Tampa, Suwannee, and Ocala Limestones and per­

meable portions of the upper part of the Avon Park Formation (Meyer, 1989), 

which range in age from Oligocene to Middle Eocene. According to Brown and 

Reece (1979), the elevation of the top of the Floridan aquifer system in Martin and 

St. Lucie Counties ranges from approximately 600 to 800 feet below mean sea 

level. Figure 2.3.2-6 shows the configuration of the top of the upper Floridan 

aquifer. 

A discrepancy exists between the hydrogeologic section that Miller (1986) 

describes (Plates 25 through 33) in his report, in terms of the water-transmitting 

characteristics of various Intervals, and the results of aquifer testing at sites in the 

vicinity of the proposed ICL facility. Miller indicates in Plate 30 that the interval 

between approximately 1,000 and 1,500 feet in depth is assigned to the middle 

confining Unit I. However, aquifer testing data from the Lake Okeechobee Aquifer 

Storage Recovery (ASR) site (CH2M HILL, 1989), Pratt and Whitney (CH2M HILL, 

1985), and Florida Power and Light's (FPL) Martin plant (FPL, 1990) indicate that 

approximately the lower 200 feet of this interval is highly transmissive. 

An ASR demonstration project was performed by CH2M HILL (1989) for the South 

Florida Water Management District at a site located about 23 miles northwest of the 

ICL facility. The ASR test well was completed to a depth of 1,700 feet, with the 
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final casing set to 1,268 feet in depth. The well is completed in a fractured, 

dolomitic unit with calculated transmissivity values ranging from about 4.4 to 

5.7 X 106 gpd/ft. 

A similar zone of high transmissivity was identified at the Pratt and Whitney plant 

(CH2M HILL, 1985), located about 9 miles from the ICL facility. Beginning at about 

1 ,390 feet bls, Middle Eocene age strata consisting of highly sucrosic and honey­

combed dolomite persist to a depth of approximately 1,750 feet. This zone was 

found to be highly permeable and was difficult to drill through because of extensive 

fractures and solution cavities. 

A high transmissivity value was determined for the lower zone of a Floridan aquifer 

well (LFM-1) located approximately 3.5 miles northwest of the ICL facility at the FPL 

Martin site. A transmissivity of 2.5 X 106 gpd/ft was determined for the interval 

from about 1,350 to 1,450 feet (FPL, 1990). A log of this well indicates that this 

zone contains a "somewhat vesicular dolostone with high to moderate visible 

porosity" . 

Potentiometric Surface - In general, the potentiometric surface of the Floridan 

aquifer system in Martin County is above the water table surface, but has 

undergone a gradual lowering in the last three decades (Nealon et. aI., 1987). 

Except for some topographically high sandhills in the eastern part of the county, 

the potentiometric surface is above the land surface in Martin County (Lichtler, 

1960). 

The most recent published map available showing the potentiometric surface of the 

Floridan aquifer system is found In Nealon et. al. (1987), and provides a dry 

season potentiometric surface from May 1984. The most recent published wet 

season potentiometric map available is found in Brown and Reece (1979), and 

shows the potentiometric surface from September 1977. Both these maps are 

reproduced here as Figures 2.3.2-7 and 2.3.2-8 . 
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Lichtler (1960) reports that In December 1957 the potentiometric surface ranged 

from 48 to 53 feet above mean sea level, and that it sloped in an east-southeast 

direction in Martin County. By May 1984, the gradient had changed to a north­

northeast direction, and the surface elevations ranged from 41 feet above mean 

sea level in the northeast part of the county to 48 feet in the southwest part 

(Nealon et. aI., 1987). The general configuration of the potentiometric contours is 

the same at the end of the wet season for September 1977, but the elevations are 

up to 2 feet higher. Nealon et. al. (1987) attributes the lowering of the 

potentiometric surface and the change in groundwater flow direction to irrigation 

withdrawals from the aquifer system. 

Groundwater Flow - The regional direction of groundwater flow is Illustrated on 

Figure 2.3.2-9, as adopted from Meyer (1989). Meyer indicates that groundwater 

movement is generally southward from the Polk County potentiometric surface high 

shown on Figure 2.3.2-9. Groundwater then flows from the groundwater divide to 

the AtlantiC Ocean and the Gulf of Mexico. Flow in Martin County, as Indicated by 

lines perpendicular to the potentiometric contours, is generally to the northeast. 

Meyer (1989) attempted to assess the rate of flow in the upper FlOridan aquifer 

from the Polk County high southward by calculating velOCities and transit times 

along segments of the flow lines shown on Figure 2.3.2-9 from estimated pre­

development (late 1800s to early 1900s) hydraulic gradients. The velocities ranged 

from a minimum of 0.5 feet per year to a maximum of 93.0 feet per year along the 

selected flow segments. 

HydrauliC gradients were measured in Martin County from the May 1984 potentiO­

metric map, and averaged 0.42 feet per mile. Meyer (1989) reports that the 

predevelopment potentiometric surface in south Florida was probably 5 to 10 feet 

higher than it is now. Water use practices north of Lake Okeechobee may have 

lowered the potentiometric surface high, resulting in reduced hydraulic gradients 

in south Florida . 
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All of south Florida IS a discharge area for the upper Floridan aquifer. Lichtler 

(1960) indicates that there are no known spnngs in Martin County. Johnston and 

Bush (1988) estimate that discharge from the upper Flondan aquifer in south 

Florida was entirely from diffuse upward leakage under predevelopment conditions. 

Aucott (1988) indicates that this diffuse upward leakage is less than 1 inch per 

year. All other water flowing through the aquifer system in Martin County is 

eventually discharged into the ocean (Nealon et. aI., 1987). 

Aquifer Characteristics - Plate 28 of Miller (1986) shows the thickness of the 

upper Floridan aquifer throughout the state. In Martin County, the thickness varies 

from approximately 400 feet in the western part of the county to 700 feet in the 

eastern part, and is estimated to be about 500 feet at the site. 

Values of transmissivity contained in the literature on the upper Floridan aquifer 

indicate that the western half of the county has a higher transmissivity than the 

eastern half. Nealon et. al. (1987) report a transmissivity ranging from less than 

50,000 to over 150,000 gpdjft, with a distribution as shown on Figure 2.3.2-10 . 

Johnston and Bush (1988) provide a range in the storage coefficient of the upper 

Floridan aquifer from 1.0 X 10-5 to 2.0 X 10-2
, With the most common values in the 

10-3 to 10-4 range. 

A deep well at the FPL Martin site (MF-23) is completed within the upper unit of the 

upper Floridan aquifer. Aquifer testing in thiS well Yielded a transmissivity of 

100,000 gpdjft, which is consistent With published data for irrigation wells in the 

area (FPL, 1990). 

Water Quality and Utilization - Water from the upper Floridan aquifer is generally 

suitable only for irrigation and other non-potable purposes. Irngation use occurs 

principally in the west and north parts of the county. Johnston and Bush (1988) 

estimate that 5 to 20 mgd of water is withdrawn from the Floridan aquifer system 

in Martin County. Brown and Reece (1979) report chloride values in the Floridan 

aquifer system ranging from 200 to 1,400 milligrams per liter (mgjl) in 
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September 1977, with the contoured distribution as shown on Figure 2.3.2-11 . 

Sprinkle (1989) reports chloride values from 250 to 1,000 mg/lln the western one­

fourth of the county, and less than 1,000 mg/I in the eastern three-fourths of the 

county. Groundwater samples from LFM-1, representing the highly transmissive 

zone of the upper Floridan aquifer, yielded a chloride concentration of 2,488 mg/I 

and a TDS value of 4,735 mg/I (FPL, 1990). Comparison of this data with that 

from MF-23 Indicates that the highly transmissive zone has higher chloride 

concentrations than that of the upper part of the lower transmissivity zone. 

Brown and Reece (1979) report TDS concentrations ranging from 500 to over 

3,000 mg/I for September 1977 (Figure 2.3.2-12). By comparing the TDS values 

from three wells that were sampled by Lichtler in 1957, Brown and Reece 

concluded that the TDS of the Floridan aquifer in Martin County has not 

significantly changed in the last 20 years. Meyer (1989) provides a contour map 

of the dissolved solids In the upper Floridan aquifer that shows a similar range in 

concentrations from 1,000 to over 3,000 mg/I of TDS . 

Water samples obtained from reverse-air drilling and packer pumping tests at the 

ASR well (CH2M HILL, 1989) were analyzed in the field and laboratory. A water 

quality change was noted at approximately 1,300 feet bls. Above 1,300 feet, water 

quality analyses identified concentrations of 564 mg/I of TDS, 115 mg/I of 

chlorrdes, and 920 J1mhos/cm of conductivity. Below 1,300 feet, these concen­

trations increased progressively to 6,040 mg/I of TDS; 2,920 mg/I of chlorides; and 

10,360 J1mhos/cm of conductivity at 1,619 feet in depth. 

Four reverse osmosis plants currently exist in Martin County (Nealon et. aI., 1987) 

that use the Floridan aquifer as a raw water source. These plants provide potable 

public water supplies on the barrier islands. The upper Floridan aquifer was 

identified In that report as a potential alternative supply that could augment the 

Surficial aquifer supply . 
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Lower Floridan Aquifer Boulder Zone 

The lower Floridan aquifer consists of the Oldsmar Formation of Early Eocene age 

and may include the upper part of the Late Paleocene age Cedar Keys Formation 

(Meyer, 1989). The Lower Floridan contains sub-zones of low and high perme­

ability that have a subregional extent (Miller, 1986). The Boulder Zone of south 

Florida IS such a sub-zone with a high transmissivity. The Boulder Zone is the 

portion of the lower Floridan aqUifer that may be impacted by the operation of the 

ICL facility because it will receive injected wastewater. 

Potentiometric Surface - No potentiometric surface map of the lower Floridan 

aquifer was found in the literature. 

Groundwater Flow - Meyer (1989) calculated hydraulic gradients and velocity for 

the Boulder Zone in south Florida based on water level measurements and 

radiocarbon dating. His findings are duplicated In Table 2.3.2-4. Meyer's Site 9 

is in Fort Lauderdale and Site 10 is 44.5 miles west of Site 9. Meyer calculates an 

inland hydraulic gradient of 8.5 X 10-7 feet per foot, compared with a gradient of 

3.8 X 10-7 based on transit time from radiocarbon dating. The velocities between 

the two sites range from 59.7 to 29.8 feet per year based on calculations and 

assumptions (such as porosity ranging from 0.2 to 0.4), compared with 17 feet per 

year based on radiocarbon dating. 

Aquifer CharacteristiCS - The thickness of the lower Floridan aquifer is mapped 

for the state on Plate 32 of Miller (1986). For Martin County, the thickness ranges 

from less than 1 ,900 feet in the northwest corner of the county to greater than 

2,500 feet in the south-southeast portion of the county. 

Transmissivity values for the Boulder Zone of the lower Floridan aquifer range from 

3.2 X 10-6 ft2/day to 2.4 X 10-7 ft2/day (Meyer, 1989). Meyer (1989) used a trans­

miSSivity value of 2.5 X 1 0-7 fe/day for the calculations found in Table 2.3.2-4. No 

storage coefficient values for the lower Floridan aquifer were found in the literature . 
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Measurement 
No 

2 

3 

4 

Table 2.3.2-4 
ESTIMATED HYDRAULIC GRADIENTS AND RELATED HYDRAULIC DATA 
BASED ON MEASURED WATER LEVELS AND RADIOCARBON DATING 

BOULDER ZONE OF THE LOWER FLORIDAN AQUIFER 

Head Hydraulic Average 
Referenced Distance Difference Gradient Velocity 

Segment (miles) (feet) (feet ger foot) (feet ger ~ear) 

Site 9 to Site 10& 445 0.20 8.5 X 10.7 39.0 

Site 9 to Site 10b 445 0.28 1.2 X 10-6 54.6 

Subsea outcrop to 10.5 0.21 3.8 X 10.7 17.3 
Site 9b 

Subsea outcrop to 55.0 0.24 84 X 10.7 38.7 
Site 10b 

Note Based on transmissIVity of 2 46 X 107 tr /day, thickness of 650 feet, and porosity of 0.30. 

Transit 
Time 
(~ears) 

6,025 

4,300 

3,200 

7,500 

&Calculatlon based on fluid density, water-level measurements, and assumed aquifer characteristics. 

bCalculation based on radiocarbon age and assumed aquifer characteristics . 

Source: Adapted from Meyer, 1989 
CH2M Hill, 1990 
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Water Quality - The water quality of the Boulder Zone is similar in chemical 

composition to that of sea water. Background water quality analyses are 

presented in Table 2.3.2-5 for an injection well completed into the Boulder Zone 

and located about 24 miles southeast of the ICL facility. Background water quality 

is also available from several other injection wells within a 25-mile radius, but the 

water quality IS so similar that results from one site are considered to be 

representative of the water quality in this zone. 

Spnnkle (1989) indicates that the chloride and dissolved solids concentrations of 

the waters from the lower Floridan aquifer in south Flonda exceed 10,000 mg/1. 

Thus, the most beneficial use of thiS zone is for waste disposal because it has no 

potential for water supply. 

Confining Unit Between the Surficial and Upper Floridan Aquifers 

Llchtler (1960) describes the Hawthorn Formation in Martin County as consisting 

of low-permeability strata of Miocene age, primarily consisting of phosphatic clay 

with silt and quartz sand, and thin layers of sandy, phosphatic limestone and chert . 

The Hawthorn Group (Scott, 1988) provides confinement between the Surficial 

aquifer system and the upper Floridan aquifer. 

Lichtler (1960) reports that the Hawthorn Formation is 350 to 550 feet thick in 

Martin County. Nealon et. al. (1987) report that a thickness of 450 to 650 feet of 

phosphatic clay, dolosilts, and quartz sand are attributable to the Hawthorn Group. 

Miller (1986) identifies the confining unit between the Surficial aquifer system and 

the upper Floridan aquifer as the "upper confining unit." Miller (1986) in Plate 25 

shows that the upper confining unit ranges from less than 500 feet to greater than 

650 feet in thickness in Martin County. Scott (1988) shows an isopach map of the 

Hawthorn Group, with the thickness ranging from less than 550 feet in the 

northwest corner of the county to greater than 600 feet in the southeast corner of 

the county . 

hi -,) 
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Table 2.3.2-5 
TYPICAL WATER QUALITY LOWER FLORIDAN AQUIFER 

(BOULDER ZONE) 

Parameter Value 

pH (Laboratory) 7.35 

Conductivity (pmhos/cm @ 25°C) 45,200 

Total Dissolved Solids (@ 180°C) 38,200 mg/I 

Chloride 19,400 mg/I 

Fluonde 0.62 mg/I 

Iron 0.76 mg/la 

Calcium 2,800 mg/I 

Magnesium 3,670 mg/I 

Sulfate 2,680 mg/I 

Carbon Dioxide 8.7 mg/I 

Alkalinity, Total 100 mg/I 

Bicarbonates 122 mg/I 

Carbonates <0.1 mg/I 

Total Hardness 6,470 mg/I 

Carbonate Hardness 100 mg/I 

Hydroxides <0.1 mg/I 

aBy Method of Standard Addition 

Note: Analysis from 3,320-foot-deep injection well at 
Pratt and Whitney, approximately 24 miles from 
ICL facility . 

Source: CH2M Hill, 1990 
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Miller (1986) attributes a lack of knowledge about the hydraulic characteristics of 

the upper confining unit to the variability in its lithology, interbedding of the unit, 

and its generally low permeability. He identifies a range of vertical hydraulic 

conductivity values for the clays within the Hawthorn Group ranging from 

1.5 X 10-2 feet per day (ft/d) to 7.8 X 10-7 ft/d. The upper confining unit at the site 

is expected to be at the lower end of this range. 

The hydraulic head at the top of the confining unit is the same as the water level 

in the Surficial aquifer system. Some variation in this level exists between the wet 

and dry seasons, with the levels ranging from approximately 25 to 30 feet National 

Geodetic Vertical Datum (NGVD). The hydraulic head at the base of the confining 

unit is the potentiometric surface of the upper Floridan aquifer, or about 48 feet 

NGVD. The upward hydraulic gradient across the thickness of the confining unit 

(approximately 550 feet) is calculated to be 0.042 ft/ft dunng the dry season. 

The upward leakage rate across the confining Unit may be approximated by using 

the hydrauliC gradient of 0.042 ft/ft and the vertical hydraulic conductivity values 

that Miller (1986) provided. The leakage rates range from 6.2 X 10-4 ft/day to 

3.2 X 10-8 ft/day. 

The continuity of the confining unit throughout the site and the general area is well 

documented in numerous literature sources. The statewide isopach map of the 

Hawthorn Group that Scott (1988) presents clearly shows that, for at least the 

southern half of the state, the Hawthorn Group is continuous and thickens to the 

south. 

Confining Unit Between Upper and Lower Floridan Aquifers 

Miller (1986) identifies the confining unit between the upper and lower Floridan 

aquifers as the middle confining Unit I. The thickness of the middle confining Unit I 

is generally 400 feet throughout Martin County, but approaches 500 feet in 

thickness in the southeast and northwest portions of the county. Miller (1986) 

C,.'j ~ rr1 
t;') 
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reports that the lithologies of the middle confining umt and the permeable units 

above and below are relatively similar. 

Some data are available from the injection well drilling and testing in adjacent Palm 

Beach County. Geraghty & Miller (1986) report that the vertical hydraulic con­

ductivity of the confining zone, as defined by the lithologic cores taken in the 

interval between 2,300 and 2,900 feet bls, ranged from 7.52 X 10-7 to 

4.87 X 10-5 centimeters per second (cm/sec). For the Pratt and Whitney injection 

well, CH2M HILL (1985) reports permeability results from cores in the 2,000- to 

2,400-foot interval of approximately 1.7 X 10-6 cm/sec. 

Information on the hydraulic head at the top and bottom of the middle confining 

Unit I is not available. Miller (1986) states that limited hydraulic data show a range 

of head differences between the upper and lower Floridan aquifers, with larger 

differences associated with greater confinement. 

The middle confining Unit I occurs throughout the eastern half of Florida to South 

Carolina (Miller, 1986; Figure 11). In Florida, it thickens from the central axis of the 

state eastward to a maximum of 600 feet along the coast. 

2.3.2.2 Karst Hydrogeology 

The ICL site lies outside that portion of Flonda where extensive historical 

subsidence has occurred due to the solution of carbonate and other rocks which 

results In the formation of karst terrain (Davies, et aI., 1984). The site area is 

underlain by unconsolidated sediments of suffiCient thickness above soluble rock 

strata so as to virtually preclude the development of karst conditions that would 

impact operation of the proposed plant. The exploratory borings drilled at the site 

did not encounter any sigmficant shallow rock strata that could be subjected to 

solutioning as a result of the movement of groundwater or lowering of the water 

table. Therefore, evidence for the movement of shallow groundwater through 

r='-j 
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sinkholes, caves, springs, and fractures or jOints, characteristic of karst terrain, is 

not present In the Indiantown area. 

As further evidence for the lack of potential karst development at the site, data 

were reviewed related to a regional screening study conducted by FPL (1979) of 

a 25-county area in central and south Florida that addressed the presence of 

karstic (solution cavity/sinkhole) features. The FPL study, which included Martin 

County, was based on a review of topographic maps of the area, published reports 

on the local geology and groundwater resources, analYSIS of satellite imagery, and 

regional reports of sinkhole occurrence. It concluded that favorable conditions for 

karst development were not present in Martin County. Studies conducted by 

others (NSS, 1973, 1974) of local depressions at the nearby FPL Martin site, 

however, presented eVidence for the existence of buried karst in the limestone 

layers of the Pliocene age Caloosahatchee Marl. 

For the regional screening study (FPL, 1979), criteria were developed to delineate 

areas of karstic conditions or conditions that could be favorable for karst 

development. On a regional basis, the development of karstic features in Florida 

is most common in areas where: 

• Pre-Miocene age carbonate rocks are at or near the ground surface 

• Recharge occurs to the Floridan aquifer 

• There is a high density of lakes per unit area 

• Reports of sinkhole occurrences are persistent 

With respect to the near-surface occurrence of carbonate rocks, local experience 

generally shows that post-Miocene (Pleistocene) age carbonates do not pose the 

same potential for karstlc development as do older carbonates in Florida, nor do 

they show the same correlation of occurrence with a high density of lakes, as do 
! :---) 
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the pre-Miocene carbonates. Figure 2.3.2-13 shows the extent of near-surface pre­

Miocene age limestones in central and south Florida, and indicates that none exist 

from Lake Okeechobee southward. The closest pre-Miocene limestones in the 

near-surface are approximately 140 miles northwest of the site. Major pre-Miocene 

age limestone formations that experience solutioning and cavity development occur 

at a depth of over 740 feet at the ICL site and are overlain by thick, impervious 

strata. The solutionlng of these limestones has resulted in the development of the 

highly transmissive zones of the Floridan aquifer. 

Recharge to the Floridan aqUifer system in central Florida occurs through 

sinkholes, sinkhole-related lakes, or precipitation that is transmitted directly to the 

aquifer from Polk County northward where the pre-Miocene limestones are near 

the surface. Figure 2.3.2-14 shows the southern portion of the recharge area for 

the Floridan aqUifer system. 

The qualitative interpretation of a false-color Infrared satellite image of Florida by 

Dames and Moore, as part of the 1979 FPL regional screening study, is the basis 

for Figure 2.3.2-15. This figure shows areas containing a high density of lakes 

relative to surrounding areas. The interpretation is based upon the sensitivity of 

the imagery to areas containing greater or lesser amounts of moisture. 

Areas that have exhibited persistent collapse because of sinkholes are shown on 

Figure 2.3.2-16, based upon a map of Florida published by the U.S. Geological 

Survey. 

A correlation of the features shown on Figures 2.3.2-13 through 2.3.2-16 resulted 

in the development of Figure 2.3.2-17 (FPL, 1979) showing the potential for the 

development of karst in portions of central and south Florida. 

The FPL Siting Study (1979) relied on published information and the lack of surficial 

expressions of karst development to identify areas not susceptible to the formation 

of karst. No subsurface investigations to identify buried karst conditions 

20524 016\lndlanln SCA 2.3.2-20 

~ J. 
C"') ::0 ~ 
~ mm 
~ tn< 
to is 
~ 



Image Quality 

As you review the next group of images, 

Please note that the original documents 

were of poor quality. 



• 

• 

• 

LEGEND 

EXTENT OF NEAR-SURFACE 
PRE-MIOCENE LIMESTONES IN 
CENTRAL AND SOUTH FLORIDA 

.& INDIANTOWN SITE 

REFERENCE: VERNON AND PURl, 1964 
Source" FPL, 1989 

Figure 2.3.2-13. 

LOCATION OF NEAR-SURFACE PRE-MIOCENE 
LIMESTONES 

INDIANTOWN 
COGENERATION 

-.... PROJECT 

Indiantown Cogeneration, L.P. 

G-10190-1808-16 



• 

• 

• 

o IS 20 MILES 

o 10 20 30 KILOMETERS 

LEGEND 

~ RECHARGE AREA 

.. INDIANTOWN SITE 

REFERENCE: COOPER, ET. AL. 1953 
Source: FPL, 1989 

Figure 2.3.2-14. 

FLORIDAN AQUIFER RECHARGE AREA 

\ 
'\' 

\ 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration, L.P. 

0-10/90-1608-17 



• 

• 

• 

o 15 20 MILES 

o 10 20 30 KILOMETERS 

LEGEND 

AREAS SHOWING A HIGH 
DENSITY OF LAKES 

A INDIANTOWN SITE 

REFERENCE: FPL, 1979 
Source: FPL, 1989 

Figure 2.3.2-15. 

AREAS WITH A HIGH DENSITY OF LAKES ~ ~..,. 
C? ~, 

(TI fT, 

~ Vll 
,t: 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration, L.P. 

G-10190-1808-1e 



• 

• 

• 

o 15 20 MILES 

o 10 20 30 KILOMETERS 

LEGEND 

SINKHOLE DEVELOPMENT 
IS PERSISTENT 

• INDIANTOWN SITE 
REFERENCE: USGS, MAP SHOWING THE EXTENT OF SINKHOLE 
AND/OR KARST DEVELOPMENT IN FLORIDA, 1967. 
Source: FPL, 1989 

Figure 2.3.2-16. 
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(paleokarst) were performed as part of the study. However, previous investigations 

conducted at the nearby FPL Martin site by NSS (1973, 1974) did include studies 

to determine the ongin of numerous shallow, closed depressions occurring 

throughout the area. 

Based on the studies of these shallow depressions, including drill hole information, 

It was concluded by NSS that they were caused by the solutioning of calcite and 

aragonite in the shallow Pleistocene age Pamlico and Anastasia sands and 

possibly in the upper zones of a lenticular limestone of the Pliocene age 

Caloosahatchee Marl. 

These studies indicated that development of the paleokarst features occurred 

during the Pleistocene epoch when the sea level was lower than it is now. Lower 

groundwater levels and increased rates of vertical and lateral percolation dunng the 

Pleistocene resulted In Increased solution actiVity. NSS (1974) therefore concluded 

that current solution activity IS negligible because of shallow groundwater levels 

and low rates of infiltration . 

20524 016\lndlantn SCA 2.3.2-21 

C-' 



• 

• 

• 

2.3.3 SITE WATER BUDGET AND AREA USES 

This section presents a summary of the sources and characteristics of surface 

water In the vIcinity of the ICL site. The information is based on historical data 

collected at several gauging stations near the site by federal, state, and local 

agencies. These data encompass surface water flow, precipitation, evaporation, 

and other meteorological Information. 

This section also presents a summary of the groundwater resources and users of 

both surface and groundwater In the vicinity of the Indiantown site. The SFWMD 

water use permit allocations presented herein reflect the maximum total amounts 

of both surface and groundwater available for use by each permitted user. No 

Information IS available to account for the exact amounts of water actually 

withdrawn from the IndiVidual wells and/or surface water sources covered by each 

permit. 

2.3.3.1 Site Water Budget 

ClimatiC Condition 

The ICL site IS located in the east central segment of Flonda, which has a mild 

subtropical climate. The nearest Class I weather station is West Palm Beach, 

Florida. Historical data shows an average monthly temperature of 65.6 OF in 

January and 82.7 OF in August. The dally maximum and minimum, and monthly 

mean averages for the penod of 1939 to 1987 are shown in Table 2.3.3-1. During 

this penod, the extreme high temperature of 101°F was recorded in July and 

extreme minimum of 27 OF was recorded In January. 

The mean monthly precipitation was measured at Port Mayaca, Florida, which is 

about 10 miles southwest of the ICL site. Based on these historic data, the 

average annual rainfall IS 47.2 Inches. Maximum and mimmum recorded annual 
---

rainfall were 60.65 Inches and 26.03 inches, respectively.-~bleJ.3.3-2 presents 
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Month 

January 

February 

March 

Apnl 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

*Locatlon: 

Source: 

Table 2.3.3-1 
NORMAL MEAN AND EXTREME TEMPERATURES (OF) 

AT 
WEST PALM BEACH*, FLORIDA 1939 - 1987 

Mean 
Extreme Maximum Extreme MInimum Monthly 

89 27 65.6 

90 32 66.7 

94 30 70.1 

99 43 73.8 

96 53 77.7 

98 61 80.8 

101 66 82.4 

98 65 82.7 

97 66 81.5 

95 46 77.7 

91 36 72.1 

90 30 67.8 

74.9 

West Palm Beach IS approximately 30 miles SE of the ICL site. 

NOAA, Local Climatological Data, Annual Summaries, 1987, Part II 
Southern Region 
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Month 

January 

February 

March 

Apnl 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

Table 2.3.3-2 
MONTHLY PRECIPITATION (INCHES) 

AT 
PORT MAYACA, FLORIDA 1951 - 1982 

Maximum Monthly Minimum Average 

7.06 0.00 1.70 

5.79 0.14 2.04 

14.65 0.09 2.59 

6.88 0.03 2.19 

10.27 0.45 4.99 

14.75 1.95 7.14 

13.48 0.98 6.52 

10.22 1.65 5.93 

10.36 1.15 6.52 

11.15 0.84 4.83 

5.33 0.06 1.24 

5.69 0.02 1.52 

47.21 

Note: Port Mayaca is approximately 10 miles west of the ICL site. 

Source: NOAA, Environmental Services, Monthly Precipitation Data of Florida, 
1951-1982 
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monthly precIpitation data at Port Mayaca (U.S. Department of Commerce, 1951-

1982). 

The main source for the plant cooling water makeup is from Taylor Creek/Nubbin 

Slough at a location 1.1 miles upstream of the S-191 control structure. This 

location is about 19 miles northwest of the ICL site. 

PrecIpitation data were measured at Raulerson-3 Station in Okeechobee County. 

This station IS located in the Taylor Creek watershed about 32 miles northwest of 

the ICL site. For the period from 1957 to 1984, the mean annual precipitation is 

48.8 Inches, and maximum and minimum annual precipitation are 66.63 and 28.49 

inches, respectively. Table 2.3.3-3 shows maximum, minimum, and monthly 

average precipitation at this station. Comparison of the precipitation data in Tables 

2.3.3-2 and 2.3.3-3 shows nearly Identical distribution at both stations. 

Pan evaporation was measured at Raulerson-3 Station in Okeechobee County. 

These data showed mean annual pan evaporation of 59.4 inches. Pan evaporation 

IS converted to lake evaporation through the use of the pan coefficient for the area. 

USing a pan coefficient of 0.73, (NOAA, 1982) and the pan evaporation of 59.4 

inches, the estimated mean annual lake evaporation is approximately 43.4 inches. 

Pan evaporation in Belle Glade, Florida from 1940 to 1979 (NOAA, 1982) showed 

an annual mean of 62.2 Inches. The corresponding lake evaporation is 

454 Inches. 

The South Florida Water Management District estimated monthly evapotranspira­

tion rates for various land uses (SFWMD, 1987). The annual values are shown in 

the follOWing table. 

Land Use 

Urban 
Agricultural 
Swamp 
Vacant Land 

20524 016\lndoantn SCA 2.3.3-2 
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Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

Table 2.3.3-3 
MONTHLY PRECIPITATION (INCHES) 

AT 
RAULERSON-3 STATION 1957 - 1984 

MaxImum Monthly MInimum Monthly 

6.83 0.11 

7.08 0.53 

9.27 0.05 

5.78 0.00 

11.25 000 

17.73 1.23 

13.21 1.61 

11.13 2.06 

20.00 0.58 

10.94 0.40 

4.40 0.07 

4.14 0.10 

Average 

1.84 

2.58 

3.30 

1.98 

4.41 

7.80 

6.78 

6.56 

6.60 

3.71 

1.61 

~ 

48.80 

Note. Raulerson - 3 IS in Okeechobee County, about 32 miles northwest of the 
plant and 12 mIles northwest of S-191 structure. 

Source: South Florida Water Management District, Data Management Division, 
Department of Research and Evaluation 
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The maximum evapotranspiration occurs during April through September . 

For the ICL Project, a mean annual evaporation of 45.4 inches is estimated from 

the above data for use in the water budget of the storage pond on the site. 

Surface Water Resources 

The cooling water and process water for the plant will be obtained from the 

proposed intake structure to be located on the Taylor Creek/Nubbin Slough at the 

intersection of C-59, L-63N, and L-63S Canals. Additional makeup water to meet 

the plant water reqUirements during drought periods (when water from the Taylor 

Creek/Nubbin Slough is not adequate) will be withdrawn from wells withdrawing 

water from the Floridian aquifer located on the plant site. 

Groundwater Resources 

The two major sources of groundwater (aquifers) in Martin County are recharged 

from different areas and are separated by a thick layer of sand and clay of low 

permeability known as the Hawthorn Formation (LJchtler, 1960). The Surficial (non­

artesian) aquifer, extending from the water table to a depth of approximately 

120 feet below the ground surface, is recharged by rainfall within Martin County. 

A small amount of recharge to the Surficial aquifer also results from the downward 

percolation of water used for agricultural irrigation. Recharge rates to the Surficial 

aquifer of 6 to 9 Inches/year have been estimated as being "typical" (Ruskauff 

et aI., 1989). 

The upper Floridan (arteSian) aquifer, extending from a depth of about 740 feet to 

an estimated depth of 1 ,450 feet below the ICL site, is recharged by rainfall 

occurring to the north and northwest In areas where the aquifer is in an unconfined 

or semiconflned condition (Bush and Johnston, 1988). These areas are generally 

found as topographically high outcrops and central inland regions occurring from 

Polk County northward. In those areas where the aquifer is unconfined or 

b ~"Z-tL'r'l 
CJ 
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semiconflned, recharge IS estimated to average 10 to 20 inches/year. However, 

recharge to the regional Floridan Aquifer system has been estimated to average 

about 5 Inches/year over the long term. No recharge to the upper Floridan Aquifer 

occurs within Martin County due to the thickness of the overlying strata. Natural 

discharge from the aquifer in Martin County occurs almost exclusively as diffuse 

upward leakage through the overlYing strata at less than 1 inch per year (Aucott, 

1988). 

2.3.3.2 Area Water Users 

Surface and groundwater use in the vicinity of the ICL site is regulated by the 

SFWMD. Water use permits have been issued by SFWMD for many years. 

However, a program of well construction permitting was only established by 

SFWMD in 1985. Information obtained from SFWMD (1989), USGS, and local 

users (CH2M Hill, 1990) was used to prepare this summary of water uses near the 

site. It should be noted that there is a possibility of some additional (unpermitted, 

but legal) potable water wells in the vicinity of the site, but their presence has not 

been confirmed because they have not been permitted or otherwise reported to 

SFWMD. 

The list of all surface and groundwater users in the 5-mile radius of the plant site 

IS summanzed on Table 2.3.3-4 and their location is shown on Figure 2.3.3-1. As 

shown on Table 2.3.3-4, most of the surface water and groundwater used within 

5 miles of the plant site is for Industrial purposes, agricultural irrigation, and potable 

water use. Sources of water used for these purposes include St. Lucie Canal 

(C-44), the shallow water aqUifer, and the Flondan aquifer. 

Taylor Creek/Nubbin Slough Water Users 

The Taylor Creek/Nubbin Slough water IS basically used for agriculture use. The 

eXisting surface water users are from Taylor Creek and are summarized on 
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Figure 2.3.3-1. 
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Table 2.3.3-4 • EXISTING WATER USERS WITHIN A 5-MllE RADIUS OF THE lel SITE 
Page 1 of 8 

ANNUAL WATER 
IDENTIFICATION PERMIT/ ALLOCATION DESCRIPTION OF USER AND 

NO* REF NO (mil gals) WATER SOURCE 

1 43-00022 300 Florida Power & Light Corporation, 
GW1 use 
6-wells of 175 gpm capacity 

2 43-00025 11052 MetropOlitan Life Insurance Co., SW2 

use 
18,000 gpm capacity and 14,000 gpm 
from C-44 canal 

3 43-00028 2852 Byron Grant/Grant Citrus Grove, GW 
use 
One well of 1,000 gpm capacity 

4 43,00034 11854 Thomas M. Chastain, SW use 
Via culvert from C-44 canal 

5 43-00038 2,99217 Mayaca Land Corp., SW use 
25,000 gpm and 17,000 gpm capacity 

• withdrawal from C-44 canal 

6 43-00047 16,290 Florida Power & Light Corporation, 
SWuse 
4-pumps of 90,000 gpm capacity 
Withdrawal from C-44 canal 

7 43-00071 5749 Joseph D. Farish, GW use 
One well 

8 43-00072 4,64135 St LUCie River Company, SW use. 
2 withdrawals, one of 10,000 gpm 
capacity and other of 14,000 gpm 
capacity from C-44 canal 

9 43-00084 43229 Indiantown Water Control DistriCt, SW 
use. 
11,000 gpm from C-44 canal 

10 43-00094 4,23071 Coca Cola Company, SW use. 
12 withdraws of 18,000 gpm capacity, 8 
Withdraws of 2,400 gpm and 2 
withdraws of 1,200 gpm capacity from 
Troup - Indiantown Canal 

~ ~~ • fC ) 
~~ 
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Table 2.3.3-4 (Cont'd) 

Page 2 of 8 

ANNUAL WATER 
IDENTIFICATION PERMIT/ ALLOCATION DESCRIPTION OF USER AND 

NO* REF NO (mil gals) WATER SOURCE 

11 43-00095 7,033 Troup Indiantown WCD, SW use 
4 withdraws, 2 - of 25,000 gpm, one of 
35,000 gpm and one of 20,000 gpm 
from C-44 canal 

12 43-00112 62554 Talquln Corp, SW use. 
2 Withdraws, one of 10,000 gpm and 
one of 6,000 gpm from C-44 canal 

13 43-00122 3,09997 Caulkms Land, SW & GW use 
4 surface water Withdraws, 2 of 20,000 
gpm capacity and 2 of 25,000 gpm from 
C-44 
8 wells with 1-800 gpm, 2-850 gpm, 1-
975 gpm, 1-1,050 gpm, 1-1,275 gpm, 1-
1 ,450 gpm and 1-1 ,500 gpm 

14 43-00159 4921 Sullivan & Huffman, GW use. 

• One well of 720 gpm 

15 43-00172 7359 T & T Enterpnses, GW use 
One wells of 800 gpm capacity 

16 43-00206 184 Blood's Hammock Groves, Inc., GW 
use 
One well of 300 gpm capacity 

17 43-00217 120 Caulkms Indiantown Citrus 
(Wastewater), GW use 
One well 200 gpm uSing reclaimed 
water from citrus processing 

18 43-00229 1564 Greene, Mccarthy, Abbot & WhittIer 
(Shanalh Groves), GW use 
One well of 60 gpm capacity 

19 43-00231 1564 Greene, Mccarthy, Abbot & WhittIer 
(Shanalh Groves), GW use. 
One well of 60 gpm capacity 

20 43-00247 345 Agn + Lan, SW use. 
One Withdrawal of 800 gpm capacity 

• 
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• Table 2.3.3-4 (Cont'd) 
Page 3 of 8 

ANNUAL WATER 
IDENTIFICATION PERMIT/ ALLOCATION DESCRIPTION OF USER AND 

NO· REF NO (mil gals) WATER SOURCE 

21 43-00260 8989 Indlanwood Assoc , Inc, SW & GW 
use 
3 SW withdraws from on site lakes, two 
of 400 gpm capacity and one of 200 
gpm capacity 
One GW withdrawal of 800 gpm 
capacity 

22 43-00351 6357 Walter J Hatcher, GW use. 
Two wells of 525 gpm capacity 

23 43-00362 500 Caulkins IndIantown Citrus Company, 
GWuse 
3 wells, two of 60 gpm and one of 300 
gpm capacity 

24 43-00418 3542 S.N & Stephen Knight & 
S. Carpenter, GW use. 

• One well of 500 gpm capacity 

25 43-00424 74521 Norman F. Hales, GW use. 
5 wells of 600 gpm capacity 

26 43-00436 2,4464 Armstrong PropertIes, SW use. 
One 10,000 gpm surface water 
withdrawal capacity from C-44 canal 

27 43-00445 874 F. Ray Damels (Damels Grove), GW 
use. 
One well of 300 gpm capacity 

28 43-00501 1527 Fennel 43 Acre Grove, GW use. 
One well of 310 gpm capacity 

29 43-00503 11 29 Fennel 35 Acre Grove, GW use. 
One well of 230 gpm capacity 

30 43-00516 3503 J. Bargas (Go For Broke, Inc.), GW 
use. 
2 Wells of 55 gpm capacity 

31 43-00522 3,162 Indlanwood (Golf Course Facility), 
GW use. 
2 wells of 14 gpm capacity 

32 43-00540 55,140 V B.Q. Tree Farm, GW use. 

• One well of 120 gpm capacity 
f("-~ el' t r1 
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Table 2.3.3-4 (Cont'd) 

Page 4 of 8 

ANNUAL WATER 
IDENTIFICATION PERMIT/ ALLOCATION DESCRIPTION OF USER AND 

NO* REF NO (mil gals) WATER SOURCE 

33 43-00541 5519 C B. Myers III, GW use. 
Two wells, 275 gpm capacity 

34 43-00544 1,000 Stuart Hatteras, GW use 
One well of 20 gpm capacity 

35 82-393 100,0003 J Phares (Block l8A Farm), GW use. 
gpd One well of 45 gpm capacity 

36 82-394 100,000 gpd Harry Green (Block l6A Farm), GW 
use 
One well of 45 gpm capacity 

37 83-55 10,000 gpd Indlanwood (Pro Shop & Malnt 
Bldg), GW use 
One well 50 gpm capacity 

38 87-185 500 gpd VFW Post 6023, GW use 

• One well 15 gpm capacity 

39 87-372 90,875 gpd Indiantown Egg Prod. FaCIlity, GW 
use 
4 wells of 150 gpm capacity each 

40 43-00270 Bay State Milling Company, GW use 
One well, 3" dla, casing 105' depth 

41 87-451 50,000 gpd FlOrida Steel (Indiantown Mill), GW 
use 
3 wells, two of 50 gpm capacity and 
one of 600 gpm capacity 

42 USGS M-191 4 Norman Hales, GW use 
One well, 125 gpm capacity 
Location SW 1/4 NE 1/4 Sec 36, T39S 
R38E 

43 USGS M-1924 Norman Hales, GW use. 
One well, 220 gpm capacity 
Location NE 1/4 NW 1/4 Sec 36, T39S 
R38E 

44 USGS M-9234 Norman Hales, GW use 
One well, 300 gpm capacity 
Location NW 1/4 SW 1/4 Sec 25, T39S 
R38E 

• ( '-" Ir; hI 
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IDENTIFICATION 
NO* 

45 

46 

47 

48 

49 

50 

51 

52 

53 
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PERMIT/ 
REF NO 

USGS M-304 

USGS M-314 

USGS M-324 

USGS M-334 

USGS M-344 

USGS M-1724 

USGS M-9154 

USGS M-20304 

Table 2.3.3-4 (Cont'd) 
Page 5 of 8 

ANNUAL WATER 
ALLOCATION 
(mil gals) 

DESCRIPTION OF USER AND 
WATER SOURCE 

Norman Hales, GW use 
One well, 75 gpm capacity 
Location NW 1/4 SE 1/4 Sec 26, T39S 
R38E 

Norman Hales, GW use 
One well, 200 gpm capacity 
Location NE 1/4 SE 1/4 Sec 36, T39S 
R38E 

Norman Hales, GW use 
One well, 70 gpm capacity 
Location NE 1/4 SE 1/4 Sec 26, T39S 
R38E 

Norman Hales, GW use 
One well, 45 gpm capaCity 
Location SE 1/4 NE 1/4 Sec 26, T39S 
R38E 

Norman Hales, GW use 
One well, 400 gpm capacity 
Location NW 1 /4 NW 1 /4 Sec 36, T39S 
R38E 

Mr. QUinn, GW use. 
One well, 400 gpm capacity 
Location SE 1/4 SW 1/4 Sec 23, T39S 
R38E 

Mr QUinn, GW use. 
One well, 160 gpm capacity 
location NE 1/4 NW 1/4 Sec 26, T39S 
R38E 

Palmer Tudhlll, GW Use. 
One well, 6" Dla Casing 1220' depth 
Location NE 1/4 NW 1/4 Sec 33, T39S 
R38E 

USGS M-20364 Holdbrook, GW use 
One well, 2" Dla Casing 105' depth 
Location SE 1/4 SW 1/4 Sec 22, T39S 
R38E 
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IDENTIFICATION 
NO* 

54 

55 

56 

57 

58 

59 

60 

61 

62 
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PERMIT/ 
REF NO 

Table 2.3.3-4 (Cont'd) 
Page 6 of 8 

ANNUAL WATER 
ALLOCATION 
(mil gals) 

DESCRIPTION OF USER AND 
WATER SOURCE 

Tropical Fruits, GW use. 
One well, 3" Dla Casing 50' depth 
Location SW 1/4 NW 1 /4 Sec 2, T 40S 
R38E 

Bud Slay, GW use. 
One Well, 2" Dla Casing 105' depth 
Location NE 1/4 NE 1/4 Sec 2, T40S 
R38E 

Chick Gaskin, GW use. 
One well, 2" Dla Casing 105' depth 
Location NE 1/4 NE 1/4 Sec 2, T40S 
R38E 

Wilda Copeland, GW use 
One well, 2" Dla Casing 105' depth 
Location NE 1/4 NE 1/4 Sec 2, T40S 
R38E 

Holdbrook, GW use. 
One well, 2" Dla Casing 105' depth 
Location NW 1/4 NE 1/4 Sec 4, T40S 
R38E 

Owner unknown, GW use. 
One well, 2" Dla Casing 105' depth 
Location NW 1/4 SE 1/4 Sec 27, T39S 
R38E 

Jim Roberts, GW use 
One well, 2" Dla Casing 105' depth 
Location NE 1/4 NE 1/4 Sec 2, T40S 
R38E 

Bar-Nel Tree Farm, GW use. 
One well, 2" Dla Casing 105' depth 
Location NW 1/4 NW 1/4 Sec 26, T39S 
R38E 

Roland Cope, GW use. 
One well, 30' depth 
Location SW 1/4 SW 1/4 Sec 35, T39S 
R38E 
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Table 2.3.3-4 (Cont'd) 

Page 7 of 8 

ANNUAL WATER 
IDENTIFICATION PERMIT/ ALLOCATION DESCRIPTION OF USER AND 

NO* REF NO (mil gals) WATER SOURCE 

63 James Slay, GW use. 
One well, 100' depth 
Location SE 1/4 SW 1/4 Sec 35, T39S 
R38E 

64 BTW-1, 2, 3, 4 Florida Power and Light Corp, GW 
use 
4 aquifer test wells, depth 145-168 ft 

65 Florida Power and Light Corp., GW 
use 
Water supply well 

66 MF-235 Florida Power & Light Corp., GW use. 
SFWMD monitoring well, depth 1,119 ft 
Location SW 1/4, SW 1/4 Sec 17, 739S, 
R38E 

67 LFM-1 Florida Power & Light Corp, GW use. • Aquifer test well, depth 1,648 ft 
Location NW 1/4, NW 1/4 Sec 20, 
T39S, R38E 

68 MF-255 FlOrida Power & Light Corp., GW use. 
SFWMD monitOring well, depth 1,220 ft 
Location NW 1/4, SW 1/4, NW 1/4, 
Sec 33, T39S, R38E 

69 MF-375 Caulkins Indiantown Groves, GW use. 
SFWMD monltormg well, depth 1,260 
Location SW 1/4, NW 1/4, NW 1/4, 
Sec 35, T39S, R38E 

70 43-00233 Jack Phares, GW use. 
One well In Surficial aquifer for 
agricultural use 

71 43-00232 J&R, GW use 
One well In Surficial aquifer for 
agricultural use 

*See Figure 2 3 3-1 for location of corresponding number 

• 
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Table 2.3.3-4 (Cont'd) 
Page 8 of 8 

IDENTIFICATION 
NO* 

PERMIT/ 
REF NO 

ANNUAL WATER 
ALLOCATION 
(mil gals) 

DESCRIPTION OF USER AND 
WATER SOURCE 

1 GW - Groundwater Use 
2 SW - Surface Water Use 
3 Maximum Dally Allowance for General Use Permits 
4 U S Geological Survey Well Number 
5 SFWMD Well Number 

Source Bechtel, 1990 
SFMMD 
USGS 
FPL, 1989 

20524 016\lndlanln SCA 
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Table 233-5 The Information shown on the table IS based on the permit 

summary pnntout obtained from the SFWMD (1989b) 

As seen from the table, two of the users are on the old section of Taylor Creek 

which IS connected to Lake Okeechobee One potential user IS on Canal L-63N 

(see Section 531 4) Pnmary water use from the Taylor Creek/Nubbin Slough IS 

for agnculture use and no public water supply IS obtained from this source 

Groundwater Users 

A total of 31 wells are located within approximately 1 mile of the site, and are 

descnbed In more detail In Table 223-6 A well canvas was performed to venfy 

and supplement the Information available on public record regarding these wells 

This canvas consisted of an attempt to contact the appropnate well owner, both 

by telephone and by a site VISit If the owner could not be contacted after several 

attempts, the term "no access" IS shown In the comments column on Table 2 3 3-6 

A local well dnller responsible for dniling many of the wells In the area was able to 

provide Information on some of the wells 

Twelve of the wells nearest the site were Identified as potable water wells These 

wells are reported to be typically 2 Inches In diameter and 105 feet deep Fourteen 

of the remaining wells are Flondan Aquifer wells that extend to depths of 1 ,000 to 

1,400 feet and are pnmanly used for agnculturallrngatlon Two Industnal wells and 

one test well were also Identified 
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IDENTIFICATION 
NO 

2 

3 

Table 2.3.3-5 
TAYLOR CREEK/NUBBIN SLOUGH WATER USERS 

Page 1 of 1 

PERMIT/ 
REF NO 

47-00020-W 

47-00024-W 

47-Q0042-W 

ANNUAL WATER 
ALLOCATION 
(mil gals) 

460 

9375 

48208 

DESCRIPTION OF USER AND 
WATER SOURCE 

Q.J HazelheffjCitrus Grove, SW & 
GW use. 
Agriculture use 
Location T37S R3SE Sec 24 & 2S 

Martin Brown & Donald Brown, SW 
use 
Agriculture use 
Location T37S R3SE Sec 27 

Norman Stokes, SW use. 
Agriculture use 
Location T37S R3SE Sec 23 

Source SFWMD, 1989b 

20524 016\ind,antn SCA 
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Table 2.3.3-4 

I·MILE RADIUS WEU- INVENTORY 
Page 1 of 2 

Pemut/ Castng Casmg Well Casmg ProductIon 
Wen No!l) LocatIon Ref No Owner Use DIameter Deeth Deeth Matenal Rate ActlVC Comments 

49 NW 1/4 NW 1/4 Sec 36 USGS M·34· Norman Agncultural 6' 1,100' 400 gpm No Access, property 
1'395 R38E Hales betng sold to Indlanwood 

ResIdentIal & Golf Course 
Development 

46 NE 1/4 SE 1/4 Sec 36 USGS M·31· Norman Agncultural 6' 1,100' 200 gpm No Access, property 
1'39S R38E Hales belDg sold to indlanwood 

ResIdentIal &. Golf Course 
Development 

47 NE 1/4 SE 1/4 Sec 26 USGS M·32· Norman Agncultural 4' 1,100 70gpm No Access property 
1'39S R38E Hales betng sold to Indlanwood 

ResIdentIal & Golf Course 
Development 

33 N 1/4 SW 1/4 SE 1/4 43-00541 C B Agncultural 6 100 27S gpm Yes 2 wells 
Sec 33 1'39S R38E Myers 

4S NW 1/4 SE 1/4 Sec 26 USGS M·30· .... orman Agncultural 6' 4SO' 1,100 7S gpm No Access, property 
1'395 R38E Hales belDg sold to Indlanwood 

ResIdential & Golf Course 
Development 

SI NE 1/4 NW 1/4 Sec 26 USGS M·91S· Mr Oumn Agncultural 8' 1120' 160 gpm Yes 
1'39S R38E 

23 SE 1/4 SW 1/4 Sec 26 43-00362 CaulkIns Industnal 8' 129' 17S' 60gpm Yes Caulktns Plant 
1'39S R38E CItrus 2 wells 

23 SW 1/4 SW 1/4 Sec 26 43-00362 Caullans Industnal 10' 400' 1,000' 300 gpm Yes Caullans Plant 
1'39S R38E CItrus 

40 SE 1/4 SE 1/4 Sec 27 43-00270 Bay State Potable 3' lOS' lOS' Steel Yes Screened Well 
1'39S R38E Mtlltng Company 

r , -7 _1 "..~ -"-1 

8' e ( );)~ ~ 22J 11 SE 1/4 NE 1/4 Sec 27 43-00351 Hatcher Agncultura! 100' 160' 525 gpm Not Found 'v ~ 1'395 R38E CItrus 

l rrm~J .~;:; ,64 NE 1/4 NE 1/4 Sec 33 FPL Test 8' 168' 168' 250 gpm No Screened Well " 1'395 R38E 
11"-

54 SW 1/4 NW 1/4 Sec 2 TropIcal Potable 3' SO' 50' Steel Yes Could be 2 Wells at SIte 
T40S R38E FruIts Screened Well 



• • • 
Table 2.3.3-' 
Page 2 012 

Permlt/ Casing Casing Well Casing Production 
Well No (I) Locanon Ref No Owner Use Diameter Deelh Deelh Malenal Rate Acttve Comments 

55 NE 1/4 NE 1/4 Sec 2 Bud Slay Potable 2" lOS' lOS' Steel Yes Screened Well 
T40S R38E 

56 NE 1/4 NE 1/4 Sec 2 Chick Gaslun Potable 2" lOS' lOS' Steel Yes Screened Well 
T40S R38E 

57 NE 1/4 NE 1/4 Sec 2 Wtlda Copeland Potable 2" lOS' lOS' Steel Yes Screened Well 
T40S R38E 

59 NW 1/4 SE 1/4 Sec 27 Potable 2" lOS' lOS' Steel Yes Owner Unknown 
TI9S R38E 

60 NE 1/4 NE 1/4 Sec 2 Jim Roberts Potable 2" lOS' lOS' Steel Yes Screened Well 
T40S R38E 

61 NW 1/4 NW 1/4 Sec 26 Bar-Nel Potable 2" lOS' lOS' Steel Yes Screened Well 
TI9S R38E Tree Farm 

62 SW 1/4 SW 1/4 Sec 35 Roland Cope Potable 30' Well lnvenloned In 
TI9S R38E Flonda Steel Report -

No Access 

63 SE 1/4 SW 1/4 Sec 35 James Slay Potable 100' No Access 
TI9S R38E 

39 NE 1/4 SE 1/4 'iW 1/4 87-372 Indiantown Agncultural 4 100' lOS' Yes 4 wells 
Sec 27 T38N R39E Egg 

41 SW 1/4, NW 1/4 NE 1/4 87451 Flonda lndustnal/ 6/2 130/105 600/50 No 3 wells, 1-6" 
Sec 3S T39N R38E Steel Potable 2-2" 

69 SW 1/4, NW 1/4 NW 1/4, MF-37 Caulluns Monltonng 10 391' 1,260' Steel No SFWMD 
Sec 3S TI9S R38W Citrus Well Monttonng Well 

(I)See Figure 2.3 3-1 for locanon of corresponding number 

'U S Geologtcal Survey Well Number 

"SFWMD WeD Number 

Source CH2M HtII, 1990 
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2.3.4 SURFICIAL HYDROLOGY 

This section discusses the major water bodies In the VICInity of the site that may 

be affected by plant construction and operation These effects Include water 

withdrawal, storm water discharge, and changes In local runoff Descriptions of the 

historical hydrologic characteristics of each water body Including water level 

Variation, flows, water quality, and water budget are Included The water bodies 

near the site which may be affected by the plant construction and operation are 

Lake Okeechobee, St Lucie Canal, and Taylor Creek/Nubbin Slough 

The primary source of the plant water IS Taylor Creek/Nubbin Slough about a mile 

upstream of the S-191 control structure The release of the water from this source 

IS Into Lake Okeechobee through the S-191 control structure 

St Lucie Canal conveys the water out of Lake Okeechobee to the Atlantic Ocean 

through two control structures This canal passes about 2 miles south of the ICL 

site Local runoff from the site and the surrounding areas may reach the St Lucie 

Canal through drainage ditches 

2.3.4.1 Hydrologic Characterization 

Lake Okeechobee 

Description 

The pnnclpal source of surface water In southeast Florida IS Lake Okeechobee, 

which IS approximately 10 miles west of the project site The lake receives Inflow 

from several streams from the northeast, north, and west sides of the lake, In 

addition to direct rainfall The estimated lake surface area IS approximately 680 ml2 

at a water level of EI 14 feet MSL, and the total watershed IS approximately 

5,650 ml2 (USGS, 1981) Figure 234-1 shows the watershed boundary 

contributing to the lake 

20524 016\lndoantn SCA 234-1 
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The lake IS diked to form a reservoir, and IS regulated by control structure gates 

at several outlets The U S Army Corps of Engineers regulates the stages In the 

lake for navigation, municipal water supply, Irngatlon, and flood control The 

present regulation schedule, established In 1978, vanes from 15 5 feet MSL dunng 

the wet season to 17 5 feet MSL dunng the dry season Figure 2 3 4-2 IS a 

presentation of the regulation schedule When the lake stage exceeds the 

maximum regulation schedule at any time, regulating releases are made In order 

to bnng the lake stage down to the maximum level When the lake level IS In 

Zone C (see Figure 234-2), no regulating releases are made Lake levels In 

Zone B are lowered by releases at three major outflows (North New River, 

Hillsboro, and Miami Canals) If additional releases are stili needed they are made 

through the Caloosahatchee River and the St Lucie Canal 

Water Levels and Storage 

Hlstonc water levels In Lake Okeechobee have been collected by the U S 

Geological Survey from October 1931 to the present time However, because of 

the modifications made on the outlets which affected the regulation schedule, only 

hlstonc data after the May 1978 Implementation of the current regulation schedule 

(Figure 234-2) are presented and discussed In thiS section These data are 

analyzed and presented In Table 234-1 as mean monthly, and maximum and 

minimum mean monthly water levels All the minimum mean monthly water levels 

occurred In 1981 With the exception of Apnl which occurred In 1982 

The lake IS approximately Circular In shape With an almost flat bottom The 

maximum vanatlon In the surface area between EI 13 and 16 feet MSL IS 

approximately 12 percent The elevatlon-area-storage curves are shown on 

Figure 2 3 4-3 

Water Budget 

Lake Okeechobee receives ItS runoff from the surrounding drainage basins and 

from direct precIpitation The lake has nine major Inflow streams and five major 

20524 016\indlantn SCA 234-2 
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Table 2.3.4-1 
LAKE OKEECHOBEE WATER LEVELS, FT MSL (1978-1989*) 

Maximum Minimum 
Month Average Mean Monthly Mean Monthly 

Oct 1538 1749 11 85 

Nov 1534 1746 11 55 

Dec 1521 1746 11 14 

Jan 1518 1735 1087 

Feb 1509 1765 10.82 

Mar 1494 1798 1098 

Apr 1453 1706 11 12 

May 1400 1877 1089 

June 1373 1547 1039 

July 1390 1593 991 

Aug 1427 1624 1027 

Sept 1478 1654 11 64 

*These water levels are since the recent regulation started In May 1978 and are shown 
on Figure 2 3 4-2 

Source USGS Water Supply Papers for Station 02-2764 
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outflow canals (Figure 234-4) Inflows and outflows pass through control 

structures 

The largest source of water to the lake IS direct rainfall For an average annual 

precIpitation of 48 Inches, this volume amounts to about 1,900,000 acre-feet per 

year 

A significant portion of the Inflow occurs dunng the high rainfall season (June­

October) The KIssimmee River IS the largest surface Inflow contnbutor to the lake 

The mean annual Inflow from the KIssimmee River Into the lake IS approximately 

1,600,000 acre-feet per year 

A water budget study performed by SFWMD for the penod 1973-1979 (SFWMD, 

May 1981), showed a mean annual Inflow, Including direct rainfall on the lake, of 

approximately 3,500,000 acre-feet per year Dunng this penod, direct rainfall 

contnbutlon was 1,350,000 acre-feet per year The lake discharges Into several 

canals through control structures The water budget study performed (SFWMD, 

May 1981) showed a mean annual outflow volume from the study penod of 

approximately 3,100,000 acre-feet per year About 65 percent of the outflow IS lost 

by evaporation from the lake 

Lake Water Quality 

A water sampling program was conducted by SFWMD at 40 stations In Lake 

Okeechobee between 1973 and 1979 These samples were collected to determine 

dissolved nutnents, anions, dissolved oxygen, temperature, specific conductor, and 

pH ThiS program was Implemented to determine the matenal budget Into and out 

of the lake Inflows from major surface tnbutanes were monitored also The 

summary of the lake's water quality developed by SFWMD IS presented In thiS 

report as Table 2 3 4-2 

The Inflow load to the lake vanes considerably from one stream to another. The 

KIssimmee River and Taylor Creek/Nubbin Slough (at S-191) Introduce the highest 

20524 0lB\indlantn SCA 234-3 
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Table 2.3.4-2 
SELECTED WATER QUALITY PARAMETERS OF LAKE OKEECHOBEE 

(1973-1979) 

Parameter1 

Ortho-Phosphate 
Total Phosphate 
Inorganic N 
Organic N 
Total N 
Conductance (mhos/cm) 
CI 
Na 
K 
Ca 
Mg 
Hardness(CaCOa) 
S04 
SI02 
Alkalinity (meq/1) 
Total Fe 
Dissolved oxygen 
Turbidity (JTU) 
Color (Pt Units) 
Secchl DISC (M) 
Cholorophyll § ( giL) 

1Unlts In mg/L unless otherwise noted 

Avg 1973-1979 

0018 
0063 
016 
1 57 
1 73 

589 
874 
563 
44 

451 
173 

184 
546 
65 
25 
044 
86 

180 
43 
06 

257 

Source South Florida Water Management District (SFWMD, May 1981) 
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loads of total phosphate, total nitrogen, and chlonde The rainfall contnbutlon to 

the total nitrogen was 24 3 percent of the total Inflow to the lake 

In connection with the Martin Project, Flonda Power and light performed a water 

quality monltonng program Including Lake Okeechobee (FPL, December 1989) 

Data In the lake were collected at one station near the St Lucie Canal Inlet 

Temperature data at this location for 1978 to 1987 are presented In Figure 2 3 4-5 

st. Lucie Canal 

Description 

The St Lucie Canal (Figure 2 3 4-1) IS a major outflow canal from Lake 

Okeechobee that receives water at the east side of the lake The canal (C-44) 

extends from the lake, west of Port Mayaca, to the South Fork of the St Lucie 

River, for a total length of approximately 30 miles The canalis manmade with a 

trapezoidal cross section, ranging In bed width from 150 feet at Port Mayaca to 200 

feet at the lock near Stuart (S-80) (FPL, December 1989) The bed level also vanes 

from + 4 feet MSL at Port Mayaca to -3 feet MSL at the lock near Stuart (S-80) 

Both locks are used to control the water level In the canal to facIlitate navigation, 

flood control, or water supply 

Water Levels 

The design water depth for navigation In the canal IS 8 feet (USGS, 1983) To 

maintain the depth, the optimum water level IS maintained between EI 14 and 145 

feet MSL (Venl, 1990) When the lake level drops below EI 14 feet MSL, the canal 

level IS set to fluctuate with the lake 

Dunng severe drought, such as the condition dunng 1989 and 1990, the canal IS 

maintained between 0 2 and 1 0 feet below the lake level These levels are for zero 

flow conditions In the canal When the two locks are open, the water level slopes 

from about EI 15 feet MSL near Port Mayaca to about El 4 feet MSL at Lock S-80 

near Stuart 
CJ 

~~ [r'r1 
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Discharge 

The St Lucie Canal receives Its water from direct Inflow from the watershed 

between Port Mayaca (S-308) and Its outlet at Lock S-80 near Stuart, and from 

releases from Lake Okeechobee The estimated watershed area of the canal IS 

140,772 acres (220 m12) (SFWMD, May 1987) Under a normal year, releases from 

the lake are made for 1 month and, In 10-year drought, for 3 months to 

supplement the Inflow to meet water users' demand from the canal Correlation 

studies (SFWMD, May 1987) between the rainfall and the basin Inflow Into the canal 

showed that monthly Inflow runoff to the canal IS about 30 percent of the rainfall 

over the canal basin Thus, for a mean annual rainfall of about 46 13 Inches over 

the canal basin, the average annual runoff IS 163,000 acre-feet which IS equivalent 

to 223 cfs 

The flow In the St Lucie Canal IS completely regulated by the locks at ItS upstream 

end at Port Mayaca and the downstream end near Stuart at ItS outlet The USGS 

maintains flow records at each lock A summary of these records for the penod 

1983-1989 IS presented In Table 234-3 

Water Quality 

The St Lucie Canal (C-44) IS classified as a Class III surface water body as per the 

Water Quality Cntena In FA C 17-302 This cntena are presented In Table 2 3 4-4 

Water quality samples have been collected and analyzed by SFWMD from January 

1973 until the present time These data are collected at Port Mayaca station (C44 

S308) For the purpose of this application, these data are evaluated to determine 

seasonal and long-term trends Particular emphasIs IS given to the years after 

1981 to determine If there IS a lowenng trend In phosphorus level due to the 

Implementation of Lake Okeechobee water quality management developed by 

SFWMD (SWIM Plan, SFWMD, January 1989) Data for the penod of records are 

analyzed and summanzed In Table 234-5 Figure 2 3 4-6 presents the maximum 

and minimum values of total phosphate, and Figure 2 3 4-7 presents speCifiC 

conductance for the penod 1981-1989 The data shown on these figures Indicate 
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S-308, 1981-1989 

Source Data from SFWMD 
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AT S308, 1981-1989 

Source Data from SFWMD 
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Table 2.3.4-3 
ST. LUCIE CANAL MEAN MONTHLY DISCHARGE <IN CFS), PERIOD 1983 - 1989 

At Lake Okeechobee At Lock Nr Stuart 
Station 02-276870 Station 02-02770 

Mean Max-Mean Min-Mean Mean Max-Mean Min-Mean 
Month Monthly Monthly Monthly Monthly Monthly Monthly 

Oct -147 228 -1101 247 770 20 

Nov 57 232 -120 290 789 30 

Dec 74 144 -139 152 303 20 

Jan 112 274 -130 187 300 20 

Feb 666 3264 123 703 3777 20 

Mar 562 7246 -647 1414 7453 20 

• Apr 1138 4620 -246 1127 4784 20 

May 377 1131 71 318 878 20 

June 150 653 -420 307 574 12 

July 23 549 -618 277 906 12 

Aug 37 1032 -247 469 1169 12 

Sept -252 82 -1036 265 490 12 

Source USGS Water Supply Papers 

• 
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Table 2.3.4-4 
APPLICABLE WATER QUALITY CRITERIA 

(UNITS ARE MG/l UNLESS OTHERWISE NOTED) 

Parameter 
Lake Okeechobee (Class I) 
and St Lucie Canal (Class III) 

Alkalinity 
AmmOnia 
ArseniC 
Bacteria (Fecal Col) 
Beryllium 
Boron 
Cadmium 
Chlorine 
Chromium 
Copper 
Cyanide 
Detergent 
D 0 (minimum) 
Fluoride 
Iron 
Lead 
Mercury 
Nickle 
Nutrients 
011 and Grease 

Dissolved 
Free 

Pesticides 
pH (standard Units) 
Phenols 
Phthalate Esters 
PCBs 
Radioactive Substances 

Radium (pc/I) 
Alpha (pc/I) 

Selenium 
Silver 
Specific Conductance (mlcromho/cm) 
Total Dissolved Gases 
Turbidity (NTU) 
Zinc 

(1) Not to exceed 50 percent above background 
(2) Dependent on hardness 

20 (minimum) 
002 
005 
various limits 
o 011 or 1 10(2) 
--

00008 or 00012(2) 
01 
05 
003 
00005 
05 
5 
5 
1 0 
003 
0002 
01 
non-numeric limits 

50 
o 
extensive list 
6-8 5 and.±. 1 
00001 
00003 
0000001 

5 
15 
0025 
000007 
1275(1) 
110% Saturation 
29 
003 

Source F.A C 17-302, Part III, Water Quality Criteria - Surface Water 
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• Table 2.3.4-5 
WATER QUALITY OIF ST. LUCIE CANAL AT PORT MAYACA S-308 (1973-1989) 

Parameter Units Average MInimum Maximum 

Temperature °C 247 148 328 

DO mg/I 74 1 8 12 1 

Sp Conductance pmhos 6000 3300 9260 

pH units 788 695 909 

N02 mg/I 0012 0002 o 131 

NH4 mg/I 006 001 044 

Ortho-Phosphate mg/I 0058 0002 0345 

Total Phosphate mg/I 0141 001 0444 

• CI mg/I 842 3650 19810 

Alkalinity Meq/I 251 040 450 

Source SFWMD 

t-'~ w' • .' i 
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e) 
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that the average phosphorus concentration and specific conductance (a measure 

of TDS) are nearly the same for the long-term data 

In addition to the measurements made at Port Mayaca by SFWMD, since 1978 FPL 

(FPL, December 1989) has maintained a water quality sampling program at various 

locations along the St Lucie Canal, Including a station at the Port Mayaca Lock 

and another station near Indiantown A summary of water temperature 

measurements at these two locations for maximum, average, and minimum values 

are presented In Figures 234-8 and 234-9, respectively 

Taylor Creek/Nubbin Slough 

Taylor Creek/Nubbin Slough (Class III) IS the name commonly given to the basin 

that drains Into Lake Okeechobee through a gated water control structure, Spillway 

Structure S-191, on the northeast shore of the Lake Okeechobee (Figure 2 3 4-10) 

In 1973, the discharge from 1045 square miles (upper Taylor Creek) was diverted 

Into L-63N and L-63S, the new 10-mlle long SFWMD canals that Intercept Nubbin 

Slough and other tributaries (Mosquito Creek, Lettuce Creek, and Henry Creek) 

The L-63N and L-63S canal flows are then discharged Into the Lake Okeechobee 

through a 1 1-mlle canal (C-59) and the Structure S-191 (SFWMD, June 1986) 

The basin formed by this diversion, the current Taylor Creek/Nubbin Slough basin, 

encompasses 188 square miles The upper Taylor Creek portion of the basin IS 

composed of four major tributaries Williamson Main, Northwest Taylor Creek, 

little Bimini Creek, and Otter Creek Land uses In the basin, based on 1980 

estimates, are primarily Improved pasture (68 percent), forest and rangeland (223 

percent), urban (3 2 percent), and citrus and miscellaneous (6 5 percent) (SFWMD, 

January 1989) 
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Canal Cross Sections 

Canal C-59 IS about 1 1 miles long, connecting L-63 N&S to the S-191 structure 

The design canal bed width IS about 150 feet with Invert at -4 feet MSL and side 

sloped 2 1 This general Information IS obtained from design drawings developed 

by the U S Army Corps of Engineers and Garris Engineers, Inc of 1971 

Canal L-63S (Nubbin Slough) IS about 5 5 miles long With a varrable bed Width and 

level The bed Width ranges from 100 feet at ItS downstream end to about 10 feet 

at ItS upstream end near State Road 158 The bed level changes from -4 to + 20 

feet MSL With Side slopes of 2 1 

A bathymetrrc survey was performed at the Junction of the three canals In 

connection With the base work for locating the plant water Intake to supply water 

to the ICL site The area surveyed IS shown In Figure 2 3 4-11 The surveyed 

cross sections of Canals L-63N&S and C-59 are shown In Figure 2 3 4-12 

Water Levels 

The water level In Canal C-59 IS controlled by the operation of control structure S-

191 ThiS structure IS a reinforced concrete, gated spillway With discharge 

controlled by three cable operated vertical 11ft gates Operation of the gates IS 

automatically controlled so that the gate hydraulic operating system opens or 

closes the gates In accordance With the seasonal operational crrterra (SFWMD, 

June 1986) 

ThiS structure maintains optimum water control stages In the upstream agrrcultural 

area It passes the 1 a-year design flood Without exceeding upstream flood design 

stage, and restrrcts downstream flood stages and discharge velOCities to non­

damaging levels, It prevents flooding from hUrricane tides on Lake Okeechobee, 

and It permits backflow up to 330 cfs to the north to meet agrrcultural water 

requirements 
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This structure IS operated to maintain, Insofar as IS possible, headwater elevations 

within 0 2 feet above design water level and 0 2 feet below the 19 O-foot optimum 

water level (SFWMD, June 1986) Four manually operated gates on overflow slots 

In the main gate control small discharges without raising the upstream stage 

When the discharge exceeds the capacity of these gates, the automatic controls 

function as follows 

• When the headwater elevation nses to 19 7 feet, the gates will open at 

6 Inches per minute, but the gate opening will be governed by the 

Differential Head versus Gate Position Curve, and It will not exceed the 

maximum allowable opening position 

• When the headwater elevation nses or falls to 19 5 feet, the gates will 

become stationary 

• When the headwater elevation falls to 19 3 feet, the gates will close at 

6 Inches per minute 

Hlstoncal dally water levels at S-191 have been collected by SFWMD since 1973 

The water level data are summanzed to show monthly and maximum and minimum 

monthly averages, as presented In Table 2 3 4-6 

Discharges 

Flow records at S-191 Since July 1973 showed that the flow IS not continuous and 

responds largely to the rainfall Dunng any given month, the flow can vary from 

several hundred cubiC feet per second to zero within a few days In general, the 

rainy season (Apnl to October) exhibits large flow, both In magnitude and In 

duration The winter months generally have very low discharge as a result of the 

low rainfall In the water budget study performed by SFWMD for Lake Okeechobee 

for the penod from 1973 to 1979 (SFWMD, May 1981), the mean annual discharge 

from S-191 Into the lake amounted to about 154,000 acre feet per year, which 

I ' 
~, 
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Table 2.3.4-6 
HISTORIC WATER LEVELS OF TAYLOR CREEK/NUBBIN SLOUGH 

AT S-191 (1974-1989) 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Source 

Monthly Avg, ft Dally Min, ft Dally Max, ft 

1910 1855 1958 

19 11 1857 1993 

19 11 1876 1958 

1907 1827 1970 

1902 1850 1955 

1905 1814 1958 

1912 1834 2065 

1914 18 11 1957 

1910 1801 2034 

1910 1770 1959 

1914 1880 1959 

1912 1837 1958 

South Florida Water Management District, Data Management DIvIsion, 
Department of Research and Evaluation 

20524 016\lndlan1n SCA 
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represents about 4 to 5 percent of the total Inflow to the lake of about 3,500,000 

acre feet 

The dally flow records at S-191 obtained from the SFWMD were analyzed to 

determine seasonal and long-term vanability Table 234-7 presents the mean 

maximum and minimum monthly average discharges for each month for the penod 

1974 to 1989 Based on these data, the long-term mean annual flow at S-191 IS 

106,000 acre feet per year ThiS rate of Inflow to the lake reflects the below 

average precIpitation In 1981, 1986, and 1989 

Water Quality 

The Taylor Creek/Nubbin Slough basin was singled out by the 1986 Lake 

Okeechobee Technical AdVISOry Committee as a pnonty basin In which to apply 

phosphorus controls Approximately 143 tons of phosphorus are discharged from 

the basin to the Lake Okeechobee each year ThiS basin ranks as the number one 

phosphorus contnbutor to the lake with an annual flow-weighted concentration of 

0947 mg/I (USGS, 1981) Over the penod of 1973 through 1987, the Taylor 

Creek/Nubbin Slough watersheds annually contnbuted about 21 2 percent of the 

phosphorus Input Into Lake Okeechobee, yet contnbuted only 3 7 percent of the 

lakes Inflow water (SFWMD, January 1989) 

Water quality samples have been collected and analyzed at S-191 by South Flonda 

Water Management Dlstnct since 1973 These data are presented In thiS section 

for two pen ods The Initial penod covers 1973 to 1980 and the recent penod, 

1980 to 1989 ThiS divIsion IS selected to show the effect of the water quality 

management and Improvement program established by SFWMD Table 234-8 

presents a summary of the data collected by SFWMD (SFWMD, May 1981) In 

connection with Lake Okeechobee Water Quality Studies These studies showed 

that Taylor Creek/Nubbin Slough at S-191 was the largest contnbutor of 

phosphorus (28 5 percent) with minor contnbutlon to total nitrogen and chlonde 
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Table 2.3.4-7 
HISTORIC MEAN DISCHARGES (csf) FROM TAYLOR CREEK/NUBBIN 

SLOUGH AT S-191 (1974-1989) 

Month Average Minimum Maximum 

January 1035 82 5973 

February 1050 31 5839 

March 91 9 34 3792 

Apnl 443 0 2261 

May 627 0 3390 

June 151 2 0 8786 

July 181 5 47 7449 

August 2753 72 6937 

September 3969 66 18495 

October 1598 157 5169 

November 952 81 5123 

December 892 80 5185 

Source South Flonda Water Management Dlstnct, Data Management DIvIsion, 
Department of Research and Evaluation 

Q i3-.! frl 
<1:;'1 

20524 01B\ind.antn SCA fN;, , 
~, ~~ 
r:" J fi :s.._~/ ,-.. 
-.!.~: ) 



• 

• 

• 

Table 2.3.4-8 
SELECTED WATER QUALITY PARAMETERS AT 5-191 

(APRIL 1973 - MARCH 1980) 

Parameter Concentration 
Mean Range 

TOC 2050 89-359 

TSS 96 1 0-1364 

Sp Conductance 603 130-1300 

pH 706 57-851 

Na 6194 700-151 20 

K 766 217-1346 

Ca 3556 700-7447 

Mg 11 72 280-2500 

Total Fe 048 002-1 37 

S04 384 95-755 

CI 111 1 156-3558 

Slhca 65 05-480 

Alkahmty 138 034-422 

Hardness 1370 290-276 1 

Ortho-Phosphate 0749 0577-0992 

Total Phosphate 0906 0737-1 106 

Total Weighted 
Nitrogen 229* 1 95-274 

*Welghted mean annual average values 1973-1979 

Source South Flonda Water Management Dlstnct (SFWMD, May '1981)~ 
~ I 1 
1[-- ) 

" ~ 
'" ,> 

Umts 

mg/I 

mg/I 

~mhos/cm 

mg/I 

mg/I 
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The data In Table 234-9 present the 1980 to 1989 average water quality data 

Comparison of these tables shows a clear lower concentration of nitrate and 

phosphate In the most recent years Other parameters remain approximately the 

same 

2.3.4.2 Measurement Programs 

No Independent measurement programs were undertaken for the SCA Water 

quality data were obtained from historical sources 

I, J ~ 
;~~ 
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Table 2.3.4-9 
WATER QUALITY OF TAYLOR CREEK/NUBBIN SLOUGH 

AT S-191 (1980-1989) 

Parameter Concentration 

pH 7.1 
Alkalinity (Meq/I) 64 
Total Dlsolved Sohds 380 
Total Hardness (as CaC03) 130 
Silica 7.8 
Ammonia 

Calcium 34 
Magnesium 11 
Sodium 61 
Potassium 81 
Iron 0.50 
Copper 
Manganese 

Sulfate 33 
Chloride 110 
Fluoride 
Nitrate 046 
Phosphate 081 

NOTE Concentrations are In mg/I of the Ion 

Source South Florida Water Management District Water Quality Computer Printout 
Data Sheets 
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2.3.5 VEGETATION/LAND USE 

2.3.5.1 Site Descraptlon 

The proposed ICl facIlity will be located south of SR 710, approximately 4 miles 

south-southeast of FPl's Martin plant site, and approximately 3 miles west­

northwest of Indiantown, the nearest community The site adjoins a highly 

developed area consisting of eXisting and former Industrial facIlities along SR 710 

The ICl facIlity will also Include an approximately 19-mlle-long cooling water 

pipeline right-of-way between the site and a proposed cooling water Intake located 

along Taylor Creek/Nubbin Slough 

The ICl site IS located on level, undeveloped terrain bounded by an eXisting FPl 

transmission line, the Caulkins Indiantown Citrus Processing facIlity, and the FSC 

facIlity to the north, and by pine flatwoods habitat to the east, west, and south 

The surrounding land uses are primarily Industrial and agricultural, and Include 

citrus, Improved pasture, rangeland, truck crops, and sugarcane land categories 

The predominant natural vegetation of the site consists of pine flatwoods with 

scattered shallow wet prairie wetlands containing herbaceous and shrub 

vegetation Figure 2 2 3-1 IS a land cover/land use map of the project area 

(project site and a 5-mlle radius) as previously shown In Section 2233. 

Figure 2 3 5-1 shows a more detailed vegetation and land use map of the approxI­

mately 232-acre project site 

The vegetation and land use components of the project site and the surrounding 

land located Within a 5-mlle radius were categorized uSing the level III SFWMD 

land Use and land Cover Classification System Since FDER approved mapping 

of land use and land cover classifications uSing the more detailed and regionally 

adapted SFWMD land use and land cover classification system for another recent 

power plant site certification application, this SFWMD system of classification was 
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also used In this application Instead of the Flonda Land Use and Cover Classifi­

cation System (FLUCCS) (1976) A copy of SFWMD's Land Use and Land Cover 

Classification System IS provided In Chapter 10 

The following vegetation community types were Identified on and within a 5-mlle 

radius of the ICL project site 

• Agriculture (A) 
Improved pasture (APIM) 
Citrus (AMCT) 
Sugarcane (ACSC) 
Truck crops (ACTC) 

• Rangeland (R) 

• 

Grassland (RG) 
Brushland (RSSB) 
Palmetto pralnes (RSPP) 

Forested uplands (F) 
Pine flatwoods (FEPF) 
Pine/cabbage palm (FMPC) 
Cabbage palms/oaks (FMCO) 
Forested old field (FMOF) 
Mixed forested (FM) 

• Wetlands (W) 
Non-forested freshwater (WN) 
Pine and wet pralnes (WXPP) 
Cypress swamp (WFCY) 
Mixed forested (WFMX) 

Acreages of each vegetation type on the project site are shown In Table 2 3 5-1 

In addition to these acreage determinations, a qualitative evaluation of ecological 

quality IS also provided for each community type, together with information on the 

level and pnnclpal source of eXisting ecological disturbances (see Table 2 3 5-1) 

The "/ow" quality designation IS proVided to reflect a highly altered and/or Impacted 

condition Vegetation assigned a "moderate" level of ecological quality display 

eVidence of some phYSical disturbance, but stili retain a phYSiognomy associated 

with the representative natural community type A "hIgh" quality classification refers 

to community types with little or no disturbances that a~pear to be In a relatively 
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Table 235-1 

SUMMARY OF VEGETATION COMMUNITIES AT THE INDIANTOWN COGENERATION PROJECT SITE, 1990 

Relative Level of Principal 
Acreage Ecological Ecological Source of 

Vegetation Commumty Type* (acres) Quality + Disturbance Disturbance 

Pine and wet prairie 232 Moderate to high Moderate Penodlc wildfires 

Pine flatwoods--FEPF** (200) Moderate to high Low Cattle grazing, road 
construction 

Wet pralrle--WP (24) Moderate to high Moderate Drainage 

Ruderal land--UTTL (8) Low High Construction and 
clearing operations 

Total uplands 208 

Total wetlands 24 

Total area 232 

'~C6t t G ~31l * Letters that represent the Level III SFWMD Land Use and Land Cover Classification Code and Vegetation Community 
> Types shown on Figure 2 3 5-1 
~ 'S"! ~ ~ + High = displays little or no physical disturbance, of a pristine quahty 

&aI' III • Moderate = eVidence of physical disturbance present, but stili retains representative structure and species 
composition 

Low = poor quality, highly altered condition 
**Vegetatlon types that reflect subcommumty designations used to further describe and delineate pine and wet prairie on 

the project site 

Source EeT, 1990 
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undisturbed state Mapped data and descriptive accounts which follow reflect site 

conditions within 6 months of the filing date of this application 

2.3.5.2 Vegetation Commumty Quality and Condition 

The most significant alterations to the vegetation commUnities on the proposed lel 

site are those related to drainage and use of the site as cattle rangeland Historical 

drainage patterns have been altered by the construction of a deep drainage ditch 

traversing the plant site In a north-south direction, by construction of a 

transmission line right-of-way along the northern boundary of the site, and by 

several off-road vehicle trails and access roads throughout the site 

The effects of drainage alteration are most apparent In the wet prairieS, changes 

to the pine flatwoods of the site are less apparent The changes In wetlands are 

manifested In the Increase In upland plant species In the outer transition zone 

This IS most obvIous In wetlands adjacent to the ditch Even though species 

changes are obvIous In all wet prairieS, the functional values remain moderate to 

high 

The pine flatwoods are relatively undisturbed except for road construction and 

minor effects of cattle grazing The greatest change observed IS due to past 

Wildfires (within the last 5 to 10 years) which destroyed extensive areas of the 

canopy and groundcover In some areas, areas of former canopy composed of 

mature south Florida slash pine were killed 

The greatest effect of periodic fires IS the destruction of invading oaks and other 

hardwoods Within the pine flatwoods community Fire, a natural factor In the 

maintenance of flatwoods throughout Florida, IS necessary to maintain the struc­

tural and functional Integrity of pineland commUnities In general, the quality and 

condition of pine flatwoods on the site remains moderate to high due to such 

periodic burning 
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2.3.5.3 Dominant Indicator Vegetation 

South Florida plant commUnities (I e , wildlife habitats) exhibit characteristics of 

subtropical and temperate vegetation depending upon various edaphlc, climatic, 

and topographic features The classification of these uplands, wetlands, and 

aquatic systems IS usually accomplished by the vegetative structure, plant species 

dominance and diversity, sOil substrate, topographic relief, and hydroperlod 

The vegetation communities of the site and within a 5-mlle radius of the ICL project 

site were qualitatively surveyed by plant ecologists/taxonomists In the spring (dry 

season) and summer-fall (wet season) of 1990 Natural vegetation commUnities 

on and within a 5-mlle radius of the proposed project site consist of pine and wet 

pralne (WXPP) , pine flatwoods (FEPF), pine/cabbage palms (FMPC), cabbage 

palm/oaks (FMCO), mixed-forested uplands (FM), non-forested freshwater 

wetlands (WN), cypress swamp (WFCY) , mixed-forested swamp (WFMX) , and 

palmetto prairie (RSPP) Slightly altered plant commUnities Include forested old 

fields (FMOF), brushland (RSSB), and grassland (RG) Agnculturallands In which 

the onglnal vegetation has been replaced with a cultlvar(s) for the purpose of 

farming, Includes Improved pasture (APIM), citrus (AMCT) , truck crops (ACTC), 

and sugarcane (ACSC) Pine and wet prairie IS the dominant natural community 

type within the undeveloped portions of the project area 

As Indicated previously, 16 natural, slightly altered, or agricultural plant community 

types have been Identified as eXisting on or within 5 miles from the ICL site All of 

these vegetation commUnities were divided Into uplands and wetlands, and 

described In terms of vegetation, physical structure, and ecology 

A plant species Inventory of the ICL site IS provided In Table 235-2 The plant 

species are listed by three plant community types From a vegetation perspective, 

the entire 232-acre plant site IS designated as pine and wet pralne However, to 

provide a more detailed species listing by plant association, three sub-community 

20524 016\lndlantn seA 235-4 



• Table 235-2 
Plant Species Inventory of the lel Project Site 

(Page 1 of 6) 

Plant 
Commumty 

Type 
(WXPP) * 

SCientific Name Common Name PF WP RL 

Trees 

Acer rubrum Red maple X 
lIex casslne Dahoon holly X 
Magnolia vlrglnlana Sweetbay magnolia X 
Melaleuca qUinquenervla Punk tree X 
Persea palustns Swampbay X 
Pinus eiliottil var densa South Flonda slash pine X 
Quercus mgra Water oak X 
Quercus vlrglnlana Live oak X 
Quercus launfolla Laurel oak X 
Sabal palmetto Cabbage palm X 

• Shrubs and Small Trees 

Annona glabra Pond apple X 
ASlmlna retlculata Pawpaw X 
Bacchans hallmlfolla Groundsel bush X 
Befana racemosa Tarflower X 
Cailicarpa amencana Beautybush X 
Cephalanthus occldentalls Buttonbush X 
Gaylussacla dumosa Dwarf huckleberry X 
Hypencum fasclculatum St John's-wort X 
Hypencum hypencoldes St Andrew's-cross X 
Hypencum tetrapetalum St John's-wort X 
Hypencum reductum St John's-wort X 
lIex glabra Gallberry X 
Ludwigia peruvlana Pnmrose willow X X 
Lyonla frutlcosa Staggerbush X 
Lyonla luclda Fetterbush X 
Mynca cenfera Wax myrtle X X X 
Quercus minima Dwarf live oak X 
Rhus copailina Winged sumac X X 
Salix carollnlana Carolina Willow X 
Schlnus tereblnthlfollus BraZIlian pepper X X 
Serenoa repens Saw palmetto r- X __ 
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Table 235-2 
Plant Species Inventory of the ICL Project Site 

• (Page 2 of 6) 

Plant 
Communrty 

Type 
(WXPP) * 

SCientific Name Common Name PF WP RL 

Shrubs and Small Trees (Continued) 

Stllhngla aquatlca Corkwood X 
Vacclnlum myrslnrtes Shiny blueberry X 

Herbs 

Aletns lutea Yellow cohc-root X 
Ambrosia artemls"foha Common ragweed X 
Amphlcarpum muhlenberglanum Blue maldencane X 
Andropogon brachystachyus Shortsplke bluestem X X 
Andropogon vlrglnrcus Broomsedge X X 
Andropogon vlrglmcus Chalky bluestem X X 

• var glaucus 
Anstlda lanosa Longleaf threeawn X 
Anstlda stncta Wlregrass X 
Anstlda splclformls Bottlebrush threeawn X 
Asclepias pedlcellata Milkweed X 
Axonopus afflnls Common carpetgrass X X 
Axonopus furcatus Big carpetgrass X 
Azalia carohmana Mosquito fern X 
Bacopa man men Hyssop X 
BaldUina angustlfoha Yellow buttons X 
Bldens alba Beggar-ticks X 
Blechnum serrulatum Saw-toothed fern X X 
Boehmena cyhndnca False nettle X X 
Cassia chamaecnsta Partndge-pea X 
Centella aSiatica COlnwort X X 
Cladlum Jamalcense Sawgrass X 
Commehna dlffusa Day-flower X X 
Conyza canadensIs Dwarf horseweed X 
Cuphea carthagenensls Cuphea X 
Cynodon dactylon Bermudagrass X 
Cyperus haspan Sedge X 
Cyperus polystachyos Sedge X 
Cyperus hgulans Sedge X 
Dlchanthehum spp Dlchanthehum grasses ..-- X X 
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Table 235-2 
Plant Species Inventory of the lel Project Site 

• (Page 3 of 6) 

Plant 
Community 

Type 
(WXPP) * 

SCientific Name Common Name PF WP RL 

Herbs (Continued) 

Dlchanthehum dlchotomum Dlchanthehum 
var enslfohum 

Dlchanthehum erectlfohum Dlchanthehum grass X 
Dlgltana decumbens Pangolagrass X 
Dlodla vlrglnlana Buttonweed X 
Echpta alba Echpta X X 
Elchhornla crasslpes Water hyacinth X 
Eleochans baldwlnll Clubrush X X 
Elephantopus elatus Flonda elephant's-foot X 
Emlha fosbergll Cupid's shavlngbrush X 
Eragrostls spectablhs Purple lovegrass X 

• Erechtltes hleraclfoha Flreweed X 
Enanthus glganteus Sugarcane plumegrass X 
Enocaulon compressum Plpewort X 
Eulophla alta Wild coco X 
Eupatonum capllhfohum Dog fennel X X X 
Eupatorium composltlfohum Dog fennel X X 
Eupatonum mohrll Dog fennel X 
Euthamla minor Bushy goldenrod X 
FUirena sClrpoldea Umbrellagrass X 
Gnaphahum obtuslfohum Rabbit's tobacco X X 
Gratlola ramosa Gratlola X X 
Hydrocotyle umbellata Marsh pennywort X X 
Juncus effusus Soft rush X 
Lachnanthes carohnlana Redroot X 
Lachnocaulon anceps Bog-buttons X X 
Llmnoblum spongla Frog's-blt X 
Llppla nodlflora Carpetweed X 
Ludwigia mantlma Ludwigia X 
Ludwigia mlcrocarpa Ludwigia X 
Ludwigia suffrutlcosa Ludwigia X 
Osmunda regahs Royal fern X 
Oxahs cornlculata Lady's sorrel X 
Oxypohs flhformls Water dropwort X 
Panlcum hemltomon Maldencane X 

• Panlcum repens Torpedograss X 
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Table 235-2 
Plant Species Inventory of the tel Project Site 

(Page 4 of 6) 

SCientifiC Name Common Name 

Herbs (Continued) 

Panlcum ngldulum Redtop panrcum 
Paspalum notatum Bahlagrass 
Paspalum phcatulum Brownseed paspalum 
Paspalum setaceum Thin paspalum 
Peltandra vlrglnlca Green arum 
Phytolacca amencana Pokeberry 
Plloblephls nglda Savory pennyroyal 
Pistia stratlotes Water lettuce 
PltYOPSIS gramlnlfoha PltyOPSIS 
Pluchea rose a Marsh fleabane 
Polygala rugelll Yellow batchelor's button 
Polygala setacea Mllkwort 
Polygala cymosa Mllkwort 
Polygala ramosa Mllkwort 
Polygonum hydroplperoldes Smartweed 
Polypremum procumbens Rustweed 
Pontedena cordata Pickerelweed 
Proserplnaca pectlnata Mermaid-weed 
Ptendlum aqulhnlum Bracken fern 
Pterocaulon vlrgatum Blackroot 
Ptlhmnlum capillaceum Mock blshop's-weed 
Rhexla cubensls Meadow beauty 
Rhexla manana Meadow beauty 
Rhexla nuttalill Meadow beauty 
Rhynchospora fasclculans Beak rush 
Rhynchospora Inundata Beak rush 
Rhynchospora mlcrocarpa Beak rush 
Rhynchospora tracyl Beak rush 
Rlchardla scabra Rlchardla 
Sabatla grandlflora Marsh pink 
Saccioiepis stnata Amencan cupscale 
Saglttana lanclfoha Arrowhead 
Schoenohnon alblflorum Sunnybells 
Scopana duicis Sweetbroom 

'::.:J 
Setana genlculata Knotroot foxtail ' "I 

Sida rhomblfoha Indian hemp 
, -) 
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Table 235-2 
Plant Species Inventory of the ICL Project Site 

(Page 5 of 6) 

SCientific Name Common Name 

Herbs (Continued) 

Solidago flstulosa Goldenrod 
Spartlna baken Sand cordgrass 
Spermacoce vertlcillata Spermacoce 
Sporobolus flondanus Flonda dropseed 
Sporobolus domlngensls Coral dropseed 
Syngonanthus flavldulus Bantam-buttons 
Thalia genlculata Flag 
Thelyptens palustns Marsh fern 
Thelyptens kunthll Marsh fern 
Typha latlfolla Common cattail 
Woodwardla vlrglnlca Virginia chain fern 
Xanthlum strumanum Cocklebur 
Xyns carollnlana Yellow-eyed grass 
Xyns cf amblgua Yellow-eyed grass 

Vines 

Campsis radlcans Trumpet-vine 
Cynanchum scopanum Cynanchum 
Galactla volubilis Milk Pea 
Galactla eiliottil Milk Pea 
Lygodlum Jap0nlcum Japanese Climbing Fern 
Mlkanla scandens Climbing Hempvlne 
Momordlca charantla Wild Balsam Apple 
Sarcostemma clausum White-Vine 
Smilax aunculata Greenbner 
Smilax bona-nox Catbner 
TOXicodendron radlcans POison Ivy 
Vigna luteola Cow Pea 
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SCientific Name 

Vines (Continued) 

VltlS munsonlana 

Epiphytes 

Phlebodlum aureum 
Tiliandsia recurvata 
Tiliandsia usneoldes 

Table 235-2 
Plant Species Inventory of the ICL Project Site 

(Page 6 of 6) 

Common Name 

Southern Fox Grape 

Golden polypody 
Ball moss 
Spanish moss 

Plant 
Community 

Type 
(WXPP) * 

PF WP RL 

x 

x 
X 
X 

x 

X 
X 
X 

*WXPP Pine and Wet Pralnes-PF and WP designations used for the natural upland and 
wetland components of pine and wet pralne, (I e , pine flatwoods and wet pralne, 
respectively) The RL designation IS used to descnbe the species composition of ruderal 
land on the site, Including roadsides, ditches, and the eXisting transmission line nght-ot­
way 

Source ECT, 1990 
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types have been Included under the pine and wet prairie designation [I e , pine 

flatwoods (PF), wet prairie (WP), and ruderalland (RL)] 

To further evaluate vegetation species composition and structure within the project 

site, a quantitative sampling of vegetation was conducted within the relatively 

undisturbed areas of pine and wet prairie In September 1990 Two hydrologlcally­

Isolated wet prairies and three separate locations within the pine flatwoods were 

surveyed uSing the quadrat method along five transects as described In Sec­

tion 2 3 6 3 Data summaries of values generated from the sampling (I e , 

dominance, frequency, relative dominance, relative frequency, and Importance 

value and rank) are provided In Tables 235-3 through 235-6 Narratives of the 

sampling results are also presented In the pine and wet prairie community 

description provided In the following paragraphs 

Uplands 

Agricultural Areas 

Improved Pasture. Citrus. Sugarcane. and Truck Crops Agricultural lands do 

not eXist on the proposed plant Site, but occur within a 5-mlle radius The most 

commonly encountered agricultural land IS pasture These areas have been 

cleared of native vegetation and planted with native or Introduced grasses (bahla 

grass, winter rye, etc) In the absence of maintenance or cattle grazing, these 

areas become dominated by old field vegetation such as dog fennel, broomsedge, 

and various legumes The citrus groves are planted primarily with sweet orange 

and grapefruit Truck crops baSically consist of vegetables that vary with the 

season as well as market demand Because of specialized growing needs, areas 

deSignated as sugarcane are almost always planted as such, except for small plots 

of rice and/or sod, which are sometimes substituted 

20524 0lB\indlantn SCA 235-5 



• • • Table 235-3 
QUANTITATIVE VEGETATION DATA ON THE HERBACEOUS LAYER OF WET PRAIRIE NO.1 

SCientific Relative Relative Project IV 
Name Frequency Dominance Frequency Dominance IV Rank 

Amghlcorgum muhlenberglanum 05625 02000 849 2000 2849 1 
Axonogus furcatus 06250 01606 943 1606 2549 2 
Androgogon brachystachyus 05625 01281 849 1281 2130 3 
Panlcum hemltomon 03750 01156 566 11 56 1722 4 
Water 03750 00825 566 825 1391 5 
Rhynchosgora tracYI 02500 00713 377 713 1090 6 
Rhynchosgora mlcrocarga 04375 00250 660 250 910 7 
Pluchea rosea 03750 00163 566 1 63 729 8 
Dlchanthehum erectlfohum 03125 00175 472 1 75 647 9 
Hygencum fasclculatum 03125 00113 472 1 13 585 10 
Anstlda lanosa 02500 00181 377 1 81 558 11 
Centella aSiatica 03125 00075 472 075 547 12 
Llmnoblum sgongla 01875 00188 283 188 471 13 
Pontedena cordata 00625 00375 094 375 469 14 
Eleochans baldwlnll 01250 00188 189 188 377 15 
Euthemla minor 01875 00081 283 081 364 16 
Androgogon vlrglnlcus var 01250 00156 189 156 345 17 

glaucus 
Rhynchosgora fasclculans 01250 00125 189 1 25 314 18 
Ludwigia mlcrocorga 01250 00056 189 056 245 19 
Mynca cenfera 01250 00038 189 038 227 20 
Proserglnaca gectlnata 01250 00038 189 038 227 20 

-. c- ........ - """'),. - ( Bare ground 00625 00031 004 031 125 22 
I r\J -~! \- ,",itJ Sacclolegls stnata 00625 00031 094 031 125 22 

~~'d ~S3~~ 
Xyns amblgua 00625 00031 094 031 1 25 22 

~1:J1. Xyns carohnlana 00625 00031 094 031 1 25 22 
,Gratlola ramosa 00625 00025 094 025 119 23 
PsJlocarga nltens 00625 00025 094 025 119 23 
Rhexla manana 00625 00013 094 013 107 24 
Eugatonum comgosltlfohum 00625 00006 094 006 100 25 
Ludwigia suffrutlcosa 00625 00006 094 006 100 25 

TOTAL 6.6250 1.0001 99.98 100.01 199.99 

Source ECT,1990 



• • • 
Table 235-4 

QUANTITATIVE VEGETATION DATA ON THE HERBACEOUS LAYER OF WET PRAIRIE NO.2 

SCientific Relative Relative Project IV 
Name Frequency Dominance Frequency Dominance IV Rank 

Axonopus furcatus 10000 04558 1846 4558 6404 1 
Amphlcarpum muhlenberglanum 08333 01308 1539 1308 2847 2 
Euthamla minor 09167 01000 1692 1000 2692 3 
Bare ground 05000 01250 923 1250 21 73 4 
Andropogon vlrglnlcus var 04167 00750 769 750 1519 5 

glaucus 
Rhynchospora mlcrocarpa 05000 00267 923 267 11 90 6 
Hypencum fasclculatum 04167 002417 769 242 1011 7 
Rhexla manana 03333 00100 615 100 715 8 
Xyns carollnlana 01667 00250 308 250 558 9 
Eragrostls spectabilis 01667 00025 308 025 333 10 
Anstlda splclformls 00833 00167 1 54 1 67 321 11 
Saccioiepis stnata 00833 00083 1 54 083 237 12 

TOTAL 5.4167 1.000 100.00 100.00 200.00 

Source ECT,1990 
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Table 235-5 
QUANTITATIVE VEGETATION DATA ON THE HERBACEOUS LAYER OF PINE FLATWOODS 

(Page 1 of 2) 

SCientific Relative Relative Project IV 
Name Frequency Dominance Frequency Dominance IV Rank 

Anstlda stncta 06000 03105 11 01 3105 4206 1 
Andropogon vlrglnJcus 04500 01095 826 1095 1921 2 
Open 04500 00845 826 845 1671 3 
Anstlda splclformls 04000 00695 734 695 1429 4 
Dlchanthellum dlchotomus 04000 00495 734 495 1229 5 
Hypencum reductum 03500 00450 642 450 1092 6 
lIex glabra 03000 00310 550 310 860 7 
Shrubs 01000 00620 183 620 803 8 
Rhynchospora sp 01000 00515 183 515 698 9 
Euthemla minor 02500 00130 459 130 589 10 
Pine needles/shrubs 00500 00490 092 490 582 11 
Bare ground 01000 00205 183 205 388 12 
Andropogon vlrglnJcus var 01500 00090 275 090 365 13 

glaucus 
VacclnJum myrslnJtes 01500 00070 275 070 345 14 
Open/shrub 00500 00245 092 245 337 15 
LyonJa luclda 01000 00125 183 1 25 308 16 
Dlchanthellum sabularum 01500 00020 275 020 295 17 
Hypencum tetrapetalum 01500 00020 275 020 295 17 
Rlchardra scabra 01500 00020 275 020 295 17 
Axonopus afflnls 01000 00055 183 055 238 18 
Lyonra frutlcosa 01000 00035 183 035 218 19 
Solidago chapmanll 01000 00010 183 010 193 20 
VltlS munsonlana 01000 00010 183 010 193 20 
Xyns carollnlana 00500 00100 092 100 1 92 21 
Pterocanlon vlrgatum 00500 00075 092 075 1 67 22 
Pinus eiliottll 00500 00050 092 050 1 42 23 
Panlcum ngrdulum 00500 00025 092 025 1 17 24 
Solidago flstulosa 00500 00025 092 025 1 17 24 
Trunk 00500 00025 092 025 1 17 24 
Aster retlculatus 00500 00010 092 010 1 02 25 



• • • Table 235-5 
QUANTITATIVE VEGETATION DATA ON THE HERBACEOUS LAYER OF PINE FLATWOODS 

(Page 2 of 2) 

SCientific Relative Relative Project IV 
Name Frequency Dominance Frequency Dominance IV Rank 

Eleochans baldwlnn 00500 00010 092 010 102 25 
Gratlola dumosa 00500 00010 092 010 1 02 25 
Polygala rugeln 00500 00005 092 005 097 26 
Rhexla manana 00500 00005 092 005 097 26 
Rhexla nuttalln 00500 00005 0092 005 097 26 

TOTAL 5.450 1.0000 99.99 100.00 199.99 

Source ECT,1990 



• • • Table 235-6 
QUANTITATIVE VEGETATION DATA ON THE SHRUB AND CANOPY LAYERS OF PINE FLATWOODS 

SCientific Relative Relative Project IV 
Name Frequency Dominance Frequency Dominance IV Rank 

SHRUB 

Serenoa repens 1000 04750 2381 4750 71 31 1 
Open 08000 02720 1905 2720 4625 2 
Hex glabra 07000 01725 1667 1725 3392 3 
Lyonla trutlcosa 04500 00175 1071 1 75 1246 4 
Quercus minima 03500 00295 833 295 11 28 5 
Lyonla luclda 02500 00145 595 145 740 6 
Mynca centera 02000 00050 476 050 526 7 
ASlmlna retlculata 01000 00015 238 015 253 8 
8etana racemosa 01000 00010 238 010 248 9 
VaCClnium myrslnltes 01000 00010 238 010 248 9 
Pine needles 00500 00075 119 075 194 10 
Pinus eiliottil 00500 00025 1 19 025 144 11 
Gaylussacla dumosa 00500 00005 1 19 005 1 24 12 

TOTAL SHRUB LAYER 4.200 1.0000 99.99 100.00 199.99 

CANOPY 

Pinus eiliottil 05500 00476 100 100 300 1 
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Rangeland 

Grassland/Brushland/Palmetto Prairies For convenience, grasslands, 

brush lands, and palmetto pralnes are grouped together under rangeland reflecting 

the general usage of these areas for cattle grazing without maintenance proce­

dures used for Improved pasture 

Grasslands occur on areas In which the native vegetation has been cleared With 

no further maintenance, these areas have become vegetated by opportUnistiC, 

weedy species Charactenstlc plants Include broomsedge, goldenrods, several 

species of legumes, and sedges 

Brushlands probably were grasslands which have become overgrown with woody 

shrubs In the absence of fire or Intense grazing Common shrubs Include wax 

myrtle, groundsel tree, oak saplings, and occasionally, saw palmetto Herbs are 

abundant and similar In composition to those found In grasslands 

Palmetto pralne IS the least disturbed of all rangeland categones They are 

generally single-tiered communities dominated by saw palmetto and other shrubs 

charactenstlc of pine flatwoods In some Instances, a sparse canopy compnsed 

of slash pine and cabbage palm IS discernible All rangeland associations were 

pine flatwoods communities pnor to cleanng or clear cutting In most Instances 

Forested Uplands 

Pine Flatwoods Pine flatwoods IS the dominant plant community type within 

Flonda The flatwoods In the project study area are dominated by south Flonda 

slash pine In the overstory and saw palmetto In the shrub layer Other woody 

components of the understory stratum Include trees (e g , laurel oak, cabbage 

palm, live oak, and water oak) and shrubs (pawpaw, tarflower, dwarf huckleberry, 

gallberry, staggerbush, fetterbush, shiny blueberry, and dwarf live oak) 
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The herb stratum IS dominated by a variety of wlregrasses and other associated 

forbs, Including yellow colic-root, milkweed, yellow buttons, partridge-pea, Florida 

elephant's-foot, purple lovegrass, bushy goldenrod, and rabbit's tobacco These 

open woodlands are a fire-maintained association, characterized by a flat terrain 

supported by a sandy sOil substrate 

Pane/Cabbage Palms Low areas of pine flatwoods that retain water for slightly 

longer periods of time create a somewhat mesIc to hydric condition Over time, 

non-flatwood plants become established, causing a shift or succession In 

community species composition and structure Cabbage palms are one of the first 

species that Invade wet plnelands These pine/cabbage palm commUnities are 

typically small areas Within slight depressions or along the lowland fringes of larger 

pine flatwoods Other pine/cabbage palm associates Include laurel oak, dahoon 

holly, wax myrtle, water oak, and bay trees 

Cabbage Palms/Oaks Another pOSSible seral stage In a succession of flatwoods 

IS the cabbage palm/oak aSSOCiation This mesIc to hydric community type has 

also been referred to as hammock and IS typically thought to be a climax or 

precllmax stage of flatwood, resulting from the absence of fire The cabbage 

palm/oak aSSOCiation IS typically a closed-canopy forest type dominated by a 

diverse assortment of broad-leaved evergreen trees, Including tropical trees and 

shrubs These associations are typically small, Circular In shape, and situated 

along swamp strands or Within pine and wet prairies 

Forested Old FIeld After a native forest has been cleared and planted for 

agricultural purposes and then abandoned for a long penod or time, forested old 

fields develop These forests generally contain a diverse species composition of 

naturalized weedy opportunistic herbs, shrubs and trees, as well as native plants 

Common old field associates Include wax myrtle, groundsel tree, Brazilian pepper, 

punk tree, laurel oak, and Carolina willow 
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Mixed Forested Upland Mixed forested refers to any generic, forested upland 

community that supports a mixture of upland trees TYPically, lower categories 

within the mixed forested designation define the community types by the presence 

of two or more dominant tree species The mixed forested deSignation alone IS 

provided when a community type does not fit within the nine subcategOries 

prOVided In the SFWMD land use/land cover claSSification system or the dominant 

species are simply unknown 

Wetlands 

Non-forested Freshwater Wetland 

The non-forested freshwater wetland deSignation encompasses a rather 

heterogenous group of herbaceous marshes whose structure and composition IS 

based on the frequency of burning as well as the degree of flooding In the rainy 

season These wetlands support a diverse herbaceous vegetation dominated by 

emergents such as sawgrass, sand cordgrass, maldencane, smartweed, spike 

rushes, pickerelweed, duck potato, and yellow-eyed grasses Shrubs which may 

be found Include primrose Willow, buttonbush, St John's wort, and corkwood The 

predominance of shrubs IS often correlated with frequency of fire 

These freshwater marshes usually exhibit zonation based upon elevatlonal and 

environmental gradients TYPically, a diverse transitional area eXists between the 

normal low-water stage and a high water contour that IS delineated by upland 

species such as saw palmetto and wax myrtle 

Pine and Wet Prairie 

ThiS wetland/upland mosaic community type IS one of the most dominant In south 

FlOrida Pine and wet prairie are the predominant natural vegetation commUnities 

within the 5-mlle radiUS of the site and completely dominate the plant site proper 

Pine and wet prairies consist of upland plnelands Interspersed with wet prairie 

wetlands The plnelands are Similar to the pine flatwoods deSCription, e:xeept that 
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In some wetter areas saw 'palmetto and other flatwoods shrubs and herbs are 

replaced with wetland species Wet prairies are seasonallY-Inundated systems, 

typically dependent upon seasonal rainfall and surface runoff for hydroperlod The 

prairie basically consists of open lowlands dominated by a variety of water-tolerant 

grasses and other aquatic macrophytes TYPical herbaceous species associated 

With wet prairies Include maldencane, dlchanthellum grasses, blue maldencane, 

chalky and shortsplke bluestem, longleaf threeawn, hyssop, arrowhead, saw­

toothed fern, sedges, clubrush, plpewort, and redroot 

Wet prairies differ from freshwater marshes In hydroperlod, SOils, and plant species 

composition TYPically, wet prairies exhibit a more shallow topographic rehef, are 

underlain by poorly-drained sandy SOils, and are dominated by transitional to hydriC 

grasses, While freshwater marshes are relatively deep depressions that are 

Inundated for a longer duration, have a well-developed organic layer, and support 

a diverSity of obligate to facultative wet aquatic macrophytes 

Approximately 200 acres of pine flatwoods and 24 acres of wet prairie and ditch 

are present on the 232-acre site An additional 8 acres of ruderal or disturbed land 

also occur Within the proposed site as an eXisting transmission hne right-of-way, 

clearings, roads, and trails The ruderal land component of the project site 

contains a diverse array of oPPOrtUniStiC weedy plants, such as common ragweed, 

bahla grass, beggar's-tlcks, and dropseeds 

The wet prairies wetlands on the project site vary slightly In Size, configuration, 

topographic relief, and hydroperlod These natural features tend to regulate 

species composition and structure, together With other environmental factors such 

as drainage, rainfall, cattle/hog perturbations, edaphlc conditions, and exotic 

species Invasion For comparative purposes, two hydrologically Isolated wet 

prairies were sampled a 0 45-acre, shallow depreSSion located In the northeastern 

corner of the site CNP No 6) and an 8 16-acre, deeper wetland located In the 

center of the property CNP No 4) 
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Both of the wet pralnes sampled were relatively undisturbed The smaller wet 

pralne was dominated by big carpetweed, blue maldencane, and bushy goldenrod, 

In order of magnrtude These three species are Indicative of a transitional 

hydropenod (I e, dry most of the year with saturated to Inundated conditions 

seasonally) The surface sOil of the wet pralne within the depression was dry at the 

ground surface dunng the sampling penod Species composition was unrform 

across the relatively flat system 

Dunng the September 1990 surveys, the larger wetland was wet at the 

upland/wetland Interface (saw palmetto edge) and contained 6 to 14 Inches of 

water In the center Transitional wetland species dunng this stage of the wet or 

rainy season occurred In a somewhat homogeneous fashion along the more 

landward reaches of the wetland However, the ponded center of the wetland 

supported more obligate hydrophytes such as pickerelweed, maldencane, frog's­

bit, and mermaid's weed 

The zonation of obligate and facultative wetland species within the wetland 

conformed to the hydropenod and sOil types The center of the wetland IS ponded 

for 2 to 6 months In the rainy season and has a poorly drained, organic surface 

layer (Sanibel muck), while the wetland fnnge IS dner and IS supported by a more 

sandy, poorly drained hydnc sOil (Lawnwood fine sand depressional) 

The dominant wetland species of the wet pralrre Included blue maldencane, big 

carpetweed, shortsplke bluestem, and maldencane, In order of magnitude 

The physiognomy of the pine flatwoods was rather homogeneous throughout The 

herbaceous layer was dominated by wlregrass and other typical flatwoods species 

such as broomsedge, bottlebrush threeawn, dlchanthelrum grass, St John's wort, 

and gallberry seedlings 

The shrub strata was dominated by the consp'cuous saw palmetto Woody 

components of the shrub layer In order of magnitude Include gallberry, 
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staggerbush, dwarf IIveoak, pawpaw, and tarflower The canopy was open and 

consisted solely of south Flonda slash pine The south Flonda slash pine sampled 

ranged In dlameter-at-breast-helght (dbh) from 4 to 165 Inches 

The pine flatwoods onslte are underlain by three nearly level, poorly drained sandy 

sOils Including Lawnwood fine sand, Waveland sand, and Basinger fine sand 

Under normal conditions, the water table IS typically at a depth of less than 

10 Inches for 2 to 6 months and anywhere from 10 to 40 Inches deep for 6 or 

more months 

Cypress Swamp 

Cypress swamp IS a closed-canopy wetland forest type dominated by cypress 

This wetland association occurs as Isolated, somewhat circular configurations with 

dome-like profiles or as strands along major dralnageways Other aquatic arboreal 

and shrubby associates of the cypress swamp Include red maple, tupelo, sweetbay 

magnolia, swampbay, wax myrtle, Carolina willow, popash, and elm Aquatic 

macrophytes that are typically associated with this seasonallY-Inundated wetland 

Include pickerelweed, lizard's tall, water hyacinth, arrowhead, royal fern and 

smartweed 

Mixed Forested Swamp 

The mixed forested designation Includes all swamps that contain a mixture of 

hardwood trees and cypress Hardwood species associated with the mixed 

forested swamp Include red maple, tupelo, sweetbay magnolia, swampbay, 

hackberry, and Carolina willow Barley Barber Swamp, located next to the FPL 

Martin power plant cooling ponds, IS a good example of mixed forested swamp 

within a 5-I'TlIle radius of the proposed ICL site 
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2.3.5.4 Summary 

The plant community types present within and adjacent to the proposed ICL site 

are regionally common The wet pralnes and pine flatwoods commUnities on the 

site have not, for the most part, been severely Impacted by human-related 

activities The wet pralnes exhibit a shift to more upland plant species In the 

transition zones due to alterations to hlstoncal drainage patterns, yet retain basIc 

wetland functional values The pine flatwoods show some effects from cattle 

grazing and road/trail construction, but retain a natural aspect with regard to 

structure and function The exceptions are several small disposal areas previously 

used for disposal of organic milling by-products In contrast, surrounding areas 

have been greatly Impacted by Industnal and agncultural activities 
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2.3.6 ECOLOGY 

This section discusses species that are officially designated as endangered, 

threatened, or species of special or regional concern by the US Fish and Wildlife 

Service (USFWS), Flonda Game and Fresh Water Fish Commission (FGFWFC), 

Flonda Department of Agnculture and Consumer Services (FDACS) ,Treasure Coast 

Regional Planning Council (TCRPC), and/or Ftonda Committee on Rare and 

Endangered Plants and Animals (FCREPA) and that, based on a literature survey, 

onslte habitat analysIs, and consultations with state, regional, and local agencies, 

may reasonably be expected to occur In the vIcinity of or on the ICL site This 

assessment also addresses the status of such species within a surrounding study 

area Including sections of southwestern St LUCie, western Martin, and southern 

Okeechobee Counties 

The TCRPC staff previously prepared a listing of plant and animal species of 

regional concern for review and comment for Similar studies conducted In the 

project area USing the TCRPC species list as a base, project ecologists 

supplemented thiS list of species of regional concern with additional protected 

species from USFWS, FGFWFC, FCREPA, and FDACS lists The resulting list of 

species of regional concern IS shown In Table 2 3 6-1 for vegetation, and 

Table 236-2 for Wildlife species 

For each listed speCies, the selection cntena which determined their Inclusion In 

thiS application Included their known or expected occurrence on the project site 

and surrounding study area as reSidents, migrants, or tranSients, their potential for 

occurrence In western Martin or southern Okeechobee and southwestern St LUCie 

Counties, potential for Impacts due to site cleanng and preparation, construction, 

and faCIlity operation and maintenance, and other agency concerns such as the 

presence of unique or SUitable habitat 

The follOWing sections Include both Individual diSCUSSions for endangered and 

threatened species and selected species of speCial or regional concern which 
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Table 2.3.6-1 
IMPORTANT PLANT SPECIES KNOWN OR SUSPECTED TO OCCUR IN MARTIN, 

ST. LUCIE, AND OKEECHOBEE COUNTIES 
(Page 1 of 2) 

Common Name SCientific Name 
Deslqnated Status* 
FWS FDACS** FCREPA++ 

Giant leather fern Acrostlchum danaelfohum T 
Venus-hair fern Adiantum capillus-venens T R 
CurtiSS milkweed Ascelplas CurtlSSIl E T 
Four-petal pawpaw ASlmlna tetramera E E E 
Wild blrdnest fern Asplenium serratum E E 
Unnamed spleenwort fern Asplenium tnchomanes-dentatum T T 
Black mangrove AVlcennia germlnans SSC 
Silver palm Coccothnnax argentata C T 
Chmblng dayflower Commehna~ UR1 T T 
Large-flowered rosemary Conradlna grandlflora UR2 E 
Lakela's mint Dlcerandra Immaculata E E 
Butterfly orchid Encycha tampensls T 
Beach creeper Ernodea httorahs T T 
Rein orchid Habenana odontopetala T 
Nodding plnweed Lechea cernua UR2 E 
Catesby Illy Llhum catesbael T 
Sea lavender Mallotonla gnaphalodes E T 
Scrub Indian pipes Monotropa bnttonll UR2 
Boston fern Nephroiepis blserrata T 
DanCing-lady orchid Oncldlum bahamense E T 

(0 vanegatum) 
Hand fern Ophloglossum palmatum UR5 E E 
Paper -like nallwort Paronychia chartacea T E 
Golden polypody Phlebodlum aureum T 
Star -scale fern Pleopeltls revoluta T E 
Tiny polygala Polygala smalill E E E 
Wlsk fern PSllotum nudum T 
Beach star Remlrea mantlma E E 
Red mangrove Rhlzophora mangle SSC 
Dwarf palmetto Sabal minor T 
Scrub palmetto Sabal etonla T 
Curly-grass fern Schlzaea germanll UR2 E R 
Sand splkemoss Selaglnella arenlcola T 
Aspidium fern (unnamed) Thelyptens Interrupta T 
Marsh fern Thelyptens palustns T 
Aspidium fern (unnamed) Thelyptens kunthll c-.) T~ L~!I-l 
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Table 2.3.6-1 
IMPORTANT PLANT SPECIES KNOWN OR SUSPECTED TO OCCUR IN MARTIN, 

ST. LUCIE, AND OKEECHOBEE COUNTIES 

Common Name 

Wild pine, air plant 
Wild pine, air plant 
Wild pine, air plant 
TWisted air plant 
Vanilla orchid (unnamed) 
Shoestnng fern 
Carter's mustard 
Flonda coontle 

* T = Threatened 
R = Rare 

(Page 2 of 2) 

SCientific Name 

Tiliandsia pauclfolla 
Tiliandsia balblslana 
Tiliandsia setacea 
Tiliandsia flexuosa 
Vanilla mexlcana 
Vlttana IIneata 
Warea carten 
Zamla pumlla 
(Z flondana, Z Integnfolla) 

SSC = Species of special concern 
E = Endangered 
C = CommerCially exploited 

Deslqnated Status* 
FWS FDACS** FCREPA + + 

E 
UR5 

T 
T 
T 
T 
T 
T 
E 
C 

T 

T 

UR1 = Under review for federal listing, with substantial eVidence In eXistence indicating at 
least some degree of biological vulnerability and/or threat 

UR2 = Under review for listing, but substantial eVidence of the biological vulnerability and/or 
threat IS lacking 

UR5 = Stili formally under review for testing, but no longer considered for listing because 
recent Information Indicates species IS more widespread or abundant than previously 
believed 

+ USFWS (list published In List of Endangered and Threatened Wildlife and Plants, 
50 CFR 17 11-12) 

** DACS (list published In Preservation of Native Flora of Flonda Act, Section 581 185-187, 
Flonda Statutes) 

+ + FCREPA (1979) 

Source ECT, 1990 
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Table 2.3.6-2 
ENDANGERED AND THREATENED FISH AND WILDLIFE SPECIES AND SPECIES OF 
SPECIAL CONCERN KNOWN OR SUSPECTED TO OCCUR IN MARTIN, ST. LUCIE, 

AND OKEECHOBEE COUNTIES 

Common Name 

Invertebrates 

Scarab beetle 
Scarab beetle 
Mangrove tree crab 
Colorful mangrove crab 
Red widow spider 

Fishes 

Opossum pipefish 
Common snook 

Amphibians 

Gopher frog 

Reptiles 

Atlantic leatherback 
Gopher tortoise 
Atlantic green turtle 
Atlantic hawksblll 
Atlantic loggerhead 
Flonda scrub lizard 
Eastern Indigo snake 
Flonda pine snake 
Amencan alligator 

Brown pelican 
fngateblrd 
Least bittern 
Great white heron 
Great egret 

(Page 1 of 3) 

SCientific Name 

Ataenlus saraman 
Peltotrupes profundus 
Aratus plsonll 
GOniOPSIS cruentata 
Latrodectus bishopi 

Oostethus IIneatus 
Centropomus undeclmalls 

Rana areolata aesopus 

Dermochelys conacea conacea 
Gopherus polyphemus 
Chelonia mydas mydas 
Eretmochelys Imbncata 
Caretta caretta caretta 
Sceloporus woodl 
Drymarchon corals coupen 
Pltuophls melanoleucus mugltus 
Alligator mlsslsslpplensls 

Pelecanus occldentalls 
Fregata magnlflcens 
Ixobrychus eXllis 
Ardea herodlas occldentalls 
Casmerodlus albus 

FCREPA FGFWFC USFWS 

RSU 
RSU 
T 
T 
SSC 

R 

T 

R 
T 
E 
E 
T 
R 
SSC 

SSC 

T 
T 
SSC 
SSC 
SSC 

SSC 

SSC 

E 
SSC 
E 
E 
T 

T 
sse 
sse 

UR2 

E 
UR2 
E 
E 
T 

T 
UR2 
TSA 

sse Magnificent 



• 

• 

• 

Table 2.3.6-2 
ENDANGERED AND THREATENED FISH AND WILDLIFE SPECIES AND SPECIES OF 
SPECIAL CONCERN KNOWN OR SUSPECTED TO OCCUR IN MARTIN, ST. LUCIE, 

AND OKEECHOBEE COUNTIES 
(Page 2 of 3) 

Common Name SCientific Name FCREPA FGFWFC USFWS 

Birds (contd ) 

Snowy egret Egretta thula SSC SSC 
Little blue heron Egretta caerulea SSC SSC 
Tncolored heron Egretta tncolor SSC SSC 
Reddish egret Egretta rufescens R SSC UR2 
Black-crowned night Nyctlcorax nyctlcorax SSC 

heron 
Yellow-crowned night Nyctlcorax vlolaceus SSC 

heron 
White Ibis Eudoclmus albus SSC 
Glossy IbiS Plegadls falclnellus SSC 
Roseate spoonbill AJaJa aJaJa R SSC 
Woodstork Myctena amencana E E E 
Osprey Pandlon hahaeetus T SSC 
Amencan swallow-tailed Elanoldes forflcatus UR2 

kite 
Snail kite Rostrhamus soclablhs E E E 
Southern bald eagle Hahaeetus leucocephalus T T E 
Cooper's hawk AccIpiter cooper" SSC 
Short-tailed hawk Buteo brachyurus R 
Crested caracara Polyborus plancus T T UR2 
Southeastern Amencan Falco sparvenus paulus T T UR2 

kestrel 
Merlin Falco columbanus SU 
Peregnne falcon Falco peregnnus E E T 
Flonda clapper rail Rallus longlrostns scotti SU 
Limpkin Aramus guarauna SSC SSC 
Flonda sandhill crane Grus canadensIs pratensls T T 
PIping plover Charadnus melodus SSC T T 
Amencan oystercatcher Haematopus paillatus T SSC 
Caspian tern Sterna caspla SSC 
Royal tern Sterna maxima SSC 
SandWich tern Sterna sandvlcensls SSC 
Least tern Sterna alblfrons T T 
Black skimmer Rhynchops niger sse 
Burrowing owl Athene cunlculana flondana sse sse 
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Table 2.3.6-2 
ENDANGERED AND THREATENED FISH AND WiLDLIFE SPECIES AND SPECIES OF 
SPECIAL CONCERN KNOWN OR SUSPECTED TO OCCUR IN MARTIN, ST. LUCIE, 

AND OKEECHOBEE COUNTIES 
(Page 3 of 3) 

Common Name SCientific Name 

Birds (contd ) 

Hairy woodpecker Plcoldes villosus audubonl 
Red-cockaded 

woodpecker Plcoldes borealis 
Flonda scrub Jay Aphelocoma coerulescens 
Migrant loggerhead Lanius Iydovlclanus mlgrans 

shnke 
Black-whiskered vireo Vireo altlloguus 
Bachman's warbler Vermlvora bachmanl 
Kirtland's warbler Dendrolca kirtland" 
Pralne warbler Dendrolca discolor paludlcola 
Bachman's sparrow Almophlla aestlvalls 

Mammals 

Sherman's fox squirrel SCIUruS niger sherman I 
Flonda mouse Peromyscus flondanus 
Round-tailed muskrat Neoflber alieni 
West Indian manatee Tnchechus manatus latlrostns 

Note E = Endangered 
T = Threatened 

TSA = Threatened by slmllanty of appearance 
SSC = Species of special concern 

R = Rare 
RSU = Rare or status undetermined 

C = Commercially explOited 

FCREPA* FGFWFC+ USFWS** 

SSC 

E T E 
T T UR2 

UR2 

R 
E E E 
E E E 
SSC 

UR2 

T SSC UR2 
T SCC UR2 
SSC 
T E E 

UR2 = Under review for listing, but substantial eVidence of the biological vulnerability 
and/or threat IS lacking 

* FCREPA, 1979 
+ FGFWFC, 1990 
** USFWS (list published In list of Endangered and Threatened Wildlife and Plants, 

50 CFR 17 11-12) 

Source ECT, 1990 
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occur or may be expected to occur In the study area, and general discussions for 

the remaining species which either share specific habitat types (e g , wetlands, pine 

flatwoods) or, for plants, are afforded collective protective status by FDACS due 

to their taxonomic affinities (e g , ferns and fern allies, palms, orchids, hiles, and 

bromellads) FollOWing the endangered species analYSIS, thiS section also 

addresses those species considered to be species of recreational or commercial 

Importance, or fishery resources 

The probability of occurrence for endangered and threatened species Within the 

proposed ICL project site was based on field surveys, known locations for such 

species (e g, eagle nests, wading bird colonies), Information provided by 

regulatory agency staff, recent and historical reports of occurrence In the sCientific 

literature, and on the presence of sUitable habitat as shown on the SFWMD land 

use and land cover maps (at 1 24,000 scale) and aerial photographs Results 

showed that no federally deSignated Critical Habitat or other habitat features 

Important to endangered and threatened species eXist In the vIcinity of the 

proposed plant site For those vertebrates, particularly birds, which have extensive 

ranges and show significant dally and/or seasonal movement and distribution 

patterns between different habitat types, the probability of occurrence of these 

species was primarily based on the presence or absence of sUitable habitat 

Similarly, the specific areas of occurrence of many plant species hsted In 

Table 236-1 are not known or mapped for south FlOrida, and their probablhty of 

occurrence IS based on habitat SUitability and range of distribution 

ThiS ecology section IS presented In four parts beginning With a review and 

diSCUSSion of species-environmental relationships The presence of pre-existing 

stress and ItS effect on area biota are subsequently discussed Methodologies 

used to obtain the baseline site characterization data are deSCribed Finally, the 

aquatic biology at the proposed Intake In TC/NS IS presented 
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2.3 6.1 Species-Environmental Relationships 

Description of Site and Vicinity Habitat Types 

Detailed descnptlons of the project site and adjacent property (5-mlle radius) 

vegetation community types, structure, and species composition were prOVided In 

Section 2 3 5 Two vegetative cOmmUnities, Ie, wildlife habitat types, cover most 

of the project site's uplands and wetlands, and also compnse the dominant habitat 

types In areas surrounding the site 

Pine flatwoods cover most of the site's uplands The flatwoods In the project study 

area are dominated by south Flonda slash pine In the overstory and saw palmetto 

In the shrub layer Other woody species of the understory Include dahoon holly, 

laurel oak, cabbage palm, live oak, water oak, sweetbay magnOlia, and swampbay, 

as well as shrubs such as pawpaw, tarflower, dwarf huckleberry, gallberry, 

staggerbush, fetterbush, shiny blueberry, and dwarf live oak The associated 

herbaceous species are dominated by a vanety of wlregrasses and associated forb 

species 

Pine flatwoods compnse approximately 200 acres on the project site An additional 

8 acres of ruderal or disturbed upland, also formerly pine flatwoods, occurs within 

the proposed site as eXisting transmission corndor, nght-of-way cleanngs, and 

graded areas The ruderal land component of the project site contains a diverse 

array of opportunistic weedy plants WhiCh, along with the pine flatwoods habitat, 

provides a diverse number of feeding and nesting niches for numerous vertebrate 

species charactenstlc of pine flatwoods, edge, and shrub habitats 

With the exception of a man-made drainage ditch traversing the center of the site 

In a north-south direction, open wet pralnes compnse the pnnclpal wetland and 

aquatic habitats of the site The site's wet pralne habitats are charactenstlc of wet 

prairie communities common In south Flonda The wet prairie associations 
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basically consist of open lowlands, dominated by a vanety of water-tolerant 

grasses and other aquatic macrophytes 

Wet pralnes are seasonallY-Inundated systems, typically dependent upon seasonal 

rainfall and surface runoff for hydropenod As a result, no fish or wading birds 

were located within the onslte wetlands dunng the May and July 1990 surveys 

Only a few common species of fish occurred within the drainage ditch channeling 

effluent from the Caulkins' Indiantown Citrus Processing Plant's wastewater 

treatment facIlity across the project site This ditch, which channels some effluent 

dunng the penod of Caulkins' process operations, represents the pnnclpal aquatic 

habitat on the site 

Important Species 

Protected species Importance IS based on species lists prepared by USFWS 

[50 Code of Federal Regulations (CFR) 17 11-12], FGFWFC (Section 39-27 003-005 

FAC) , FDACS (Preservation of Native Flora of Flonda Act, Section 581 185-187, 

Flonda Statutes), and TCRPC and Martin County species lists Although not 

backed by federal law, state statute, or local ordinance, those plants, Invertebrates, 

and vertebrates listed by FCREPA as endangered, threatened, speCial concern, or 

rare were also considered In this analysIs 

Plant Species 

Forty-three species of endangered, threatened, speCial concern, rare, or 

commercially exploited plants, or plants under federal review for Inclusion on the 

endangered or threatened species list were determined to either occur or have a 

probability of occurrence within Martin, St LUCie, and Okeechobee Counties The 

43 Important plant species listed In Table 2 3 6-1 were evaluated for their potential 

of occurrence on the ICL site, and within a 5-mlle radius of the project site Field 

surveys for listed plant species were conducted on the project site In the spnng 

and summer-fall of 1990 Individual diScussions are provided for 11 plant species, 

while collective diSCUSSions are given for halophytes, ferns anQ. fern_ allies, palms, 
--~-
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bromellads, lilies, and orchids The sCientific nomenclature of plant species listed 

In Table 236-1 follows Wunderlin (1982) 

Halophytes Five species of halophytes or salt-tolerant plants were Identified as 

species of regional concern In coastal Martin County These species Include red 

and black mangrove, beach star, sea lavender, and beach creeper Red and black 

mangroves form forests along the coastal shorelines of Martin and St Lucie 

Counties Beach star, sea lavender, and beach creeper are herbaceous 

halophytes that are restricted to the dunes and coastal strands also situated along 

coastal Martin and St Lucie Counties Due to the Inland location of the site and 

adjacent lands, and the lack of saline habitat, no halophytic vegetation, as 

described above, would be expected 

Ferns and Fern Allies Fifteen species of ferns, or fern allies, were Identified as 

species of regional concern In Martin, St Lucie, and Okeechobee Counties Of the 

15 species, only SIX were found to be listed by agencies other than FDACS These 

were hand fern, curly-grass fern, venus-hair fern, Wild blrdnest fern, star-scale fern, 

and an unnamed spleenwort fern The hand fern and Wild blrdnest fern are both 

listed as endangered by both FDACS and FCREPA The hand fern IS also under 

federal review for listing Both species are found In tropical hammocks or deep 

swamps While hand fern ranges Into the study area, Wild blrdnest has only been 

reported for Monroe, Dade, Broward, and Collier Counties (FCREPA, 1979) 

Due to the lack of SUitable habitat and/or range, neither hand fern nor Wild bird nest 

fern would be expected to occur on or within 5 miles of the site Curly-grass fern 

and venus-hair fern are both listed as rare by FCREPA Venus-hair fern and curly­

grass fern are also listed as threatened and endangered by FDACS, respectively 

In addition, curly-grass fern IS under review for federal listing Curly-grass fern IS 

an extremely rare tropical fern that has been found In Pinellas, Palm Beach, and 

Dade Counties within wet plnelands, bay swamp Islands, and hammock Venus­

hair fern IS restricted to calcareous sOil along sinks, ravines, and streams Venus­

hair fern has been found growing In Martin and Dade County Neither of these 
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ferns would be expected to occur on or within 5 miles of the ICL project site due 

to unsuitable habitat and/or reported range of dlstnbutlon Star-scale fern IS listed 

as endangered by FCREPA and threatened by FDACS Since only a single station 

has been discovered In northeastern Broward County within a tropical hammock, 

star-scale fern IS not expected to occur either on or In the vlclnrty of the ICL project 

site Finally, an unnamed spleenwort fern, Asplenium tnchomanes-dentatum, IS 

listed as threatened by both FCREPA and FDACS This fern species IS one of the 

smallest terrestnal ferns In Flonda It occurs along limestone outcropplngs and 

rocks within sinks and tropical hammocks within Broward and Dade Counties Due 

to ItS extremely limited range and specific habitat requirements, the unnamed 

spleenwort would not be expected to occur on or within 5 miles of the site 

The remaining nine species of ferns and fern allies are listed as threatened by 

FDACS pnmanly to protect them from commercial exploitation As such, the 

threatened designation does not reflect the true status (I e , population levels or 

dlstnbutlon) of the majonty of these species throughout Flonda In fact, many of 

the fern species listed as threatened by FDACS are common throughout Flonda 

Several of the FDACS-listed fern and fern ally species either occur (Phlebodlum 

aureum, Thelyptens kunthll, and T palustns), or are expected to occur within the 

wetlands on the ICL project site and within 5 miles of the project on adjacent lands 

However, local populations of these species Will not be slgnrflcantly affected by 

construction of the power plant 

Palms Three species of palm are listed In Table 2 3 6-1 Two of the palm species 

are listed as threatened only by FDACS The third palm species, the Silver palm, 

IS listed as threatened by FCREPA and as commercially exploited by FDACS 

Currently, the Silver palm IS considered to be limited to the rocky plnelands found 

In the Flonda Keys and south Dade County (Wunderlin, 1990) However, 

hlstoncally the Silver palm ranged In Flonda from southeastern Palm Beach County 

to Key West Because of ItS reported range, thiS species IS unlikely to occur on 

or within 5 miles of the ICL site The scrub palmetto does occur In Palm Beach, 

Martin, and St LUCie Counties In sand pine scrub habitat, however, It IS unlikely 
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that any disturbance to this species will occur as a result of this project because 

of the absence of scrub habitat on or within 5 miles of the site The third species, 

dwarf palmetto, may occur In the study area However, this species would be 

reaching ItS southernmost habitat boundary In Martin County, therefore, large 

populations of dwarf palmetto are not expected to occur on or within 5 miles of the 

ICl project site 

Bromellads, lilies, and Orchids Nine species of the listed plants are brome­

hads, lilies, or orchids Of these species, only the dancing-lady orchid (Oncldlum 

bahamense, with 0 vanegatum a common synonym) IS not expected to occur on 

or within 5 miles of the site This species IS commonly found In a sand pine scrub 

habitat, none of which has been found within the project VICInity The remaining 

species are generally found In mOist to wet hammocks, swamps, or wet pine 

flatwoods Many are epiphytic, with the exception of the catesby Illy, which IS also 

found In wet savannas, and the rein orChid, which IS found growing within the 

ground cover of hammocks However, none of the remaining eight species of 

bromehads, hiles, or orchids were discovered within the project VIcinity dunng site 

walkovers In the spnng and summer-fall of 1990 

Individual Species 

The following 11 plant species, listed as threatened, endangered, rare, or species 

of special concern by FCREPA, FGFWFC, FDACS, and USFWS are descnbed 

Individually based on their status and/or potential for occurrence In the project 

area 

The CurtiSS milkweed (Asclepias CUrtISSIl) IS an endemic species In central 

peninsular Flonda ThiS species IS listed as threatened by FCREPA and 

endangered by FDACS It IS commonly found In upland areas haVing well drained 

sOils, and ItS habitat Includes sand pine scrub and mixed hardwood hammocks 

ThiS species IS not expected to occur within 5 miles of the ICl project site due to 

the lack of sUitable habitat 
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The four-petal pawpaw (Aslmlna tetramera) IS a small shrub endemic to Martin and 

northern Palm Beach Counties It IS listed as endangered by FCREPA, USFWS, 

and FDACS The preferred habitat of the four-petal pawpaw Includes old coastal 

dunes and open stands of sand pine The species presence In Martin County has 

been verified, however, the four-petal pawpaw IS not expected to occur on or within 

5 miles of the ICl project site due to the lack of required habitat 

The large-flowered rosemary (Conradlna grandlflora) IS a shrub found along the 

east coast of Florida from Volusla County to Dade County This species, listed as 

endangered by FDACS, IS currently under review by USFWS for Inclusion on ItS 

protected plants list This species prefers the sandy, well-drained sOils commonly 

found associated with sand pine scrub habitat The presence of the large-flowered 

rosemary on or within 5 miles from the ICl site IS unlikely because of the lack of 

sUitable habitat 

Nodding plnweed (lechea cernua) IS listed as endangered by FDACS It IS also 

under review by USFWS for Inclusion on their protected plant species list This 

species prefers a white sand scrub habitat located along the central Florida ridge 

and along the east and west coasts The primary reason for this species' decline 

IS the alteration of ItS preferred habitat for agriculture and development The 

nodding plnweed IS not expected to occur on the ICl site or within 5 miles of the 

site because of the lack of sUitable sand pine scrub habitat 

Scrub Indian pipes (Monotropa brlttonll) IS currently under federal review for listing 

on the protected plant species list This species IS commonly found as a parasite 

on various trees In rich woodlands and scrub habitat of north and central Florida 

The scrub Indian pipe IS not expected to occur on or within 5 miles adjacent to the 

ICl site due to the lack of hardwood hammocks or scrub In these areas 

Paper-like nallwort (Paronychia chartacea) IS a species endemic to central Florida 

It IS currently listed by USFWS as threatened and as endangered by FDACS This 

species IS found In sand pine scrub habitat It IS unlikely ~tlat this species will 
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occur on or within 5 miles of the ICL site because the required habitat IS not 

present and ItS occurrence In the study area was not verified In the literature 

Tiny polygala (Polygala smallll) IS listed as endangered by FDACS, FCREPA and 

USFWS This small, blenmal mllkwort resembles and IS clearly related to Polygala 

nana (Mlchx ) DC, which IS a common mllkwort In mOist plnelands Within northern 

and central peninsular Florida However, tiny polygala IS a distinctly separate 

species In terms of morphology and population location Tiny polygala IS an 

endemic to the rocky plnelands of south Florida, primarily eastern Broward and 

Dade Counties Due to ItS very restrictive range and habitat requirements, It IS not 

expected that tiny polygala occurs Within the ICL site boundaries 

Carter's mustard (Warea carterl) IS listed as endangered by both USFWS and 

FDACS This endangered mustard Inhabits sand hills and sand pine scrub and 

ranges as far south as Broward County and north to Brevard County on the 

eastern coast of Florida Due to unsuitable habitat, Carter's mustard IS not 

expected either on or Within 5 miles from the ICL site 

Lakela's mint (Dlcerandra Immaculata) IS listed as endangered by USFWS and 

FDACS Lakela's mint IS a rare endemiC of sand pine scrub It has only been 

found In St Lucie and Indian River Counties Due to range and sUitability of 

habitat, Lakela's mint would not be expected to occur Within 5 miles of the ICL 

project site 

The climbing dayflower (Commellna 9!ill§) IS a climbing herb With soft stems, 

fleshy, almost succulent leaves, and small, three-petalled blue flowers Climbing 

dayflower IS listed as threatened by both FCREPA and FDACS and under review 

for federal listing This species IS endemiC to the area surrounding Lake 

Okeechobee Climbing dayflower Inhabits open swamp, wet hammocks, and 

banks associated With large open-water bodies Climbing dayflower IS not 

expected Within the ICL site due to the absence of such habitats 
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The Flonda coontle (Zamla pumlla, with Z. flondana, Z. Integnfolla, and Z. umbrosa 

as synonyms) was once very abundant throughout Flonda from Taylor County 

south to the Flonda Keys It IS listed by FCREPA as threatened and by FDACS as 

a commercially exploited plant The coontle Inhabits areas with well-drained sOils 

which Include the high plnelands and Indian mound commUnities This species 

may potentially occur on or within 5 miles from the proposed site In areas of 

sUitable upland habitat, however, this conspicuous perennial species was not 

observed dunng systematic site walkovers In the spnng and summer-fall of 1990 

Invertebrate, FiSh, and Wildlife Species 

The presence, or potential for occurrence, of wildlife species listed In Table 2 3 6-2 

on the ICL project site and surrounding study area IS pnmanly related to the 

presence of sUitable habitat for cover, feeding, and reproduction In general, the 

type and quality of wildlife habitats vary with vegetation type and structure, 

surrounding land use, and hydrology 

USing the SFWMD vegetation community claSSification (see Section 235), the 

pnnclpal community systems Identified on and adjacent to the project site which 

serve as the pnnclpal Wildlife habitat types Include pine flatwoods and wet pralnes 

Ruderal areas and a ditch compnse minor habitat types and are of InsuffiCient 

acreage to support distinct and separate Wildlife compositions Habitats such as 

grassland, Improved pasture, agnculturallands (truck crops, sugarcane fields, and 

citrus groves), transportation nghts-of-way, and Industnal faCIlities In the Immediate 

VICInity of the site are of relatively lower value to Wildlife due to the limited diverSity 

of niches, which IS reflected In the lower Wildlife species diverSities In such habitats 

Surface waters on the site (e g , seasonally Inundated marshes and the drainage 

ditch) were also examined to determine their potential habitat SUitability for the two 

fish species under speCial conSideration 

Five Invertebrate and 62 vertebrate speCies, Including 4 mammal, 46 bird, 10 reptile 

and amphibian, and 2 fish species were Identified as Important species occurnng 

or pOSSibly occurnng In the study area (Table 2 3 6-2) The status and potential 
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for occurrence of these animal species on and In the vIcinity of the project site are 

discussed In the following paragraphs It IS Important to note that a number of 

these species have different sized ranges of occurrence Some species may be 

found In only a few Isolated areas In specific habitats (e g , bald eagle, snail kite), 

while others may occur throughout Martin County area as residents or migrants 

(e g , wading birds) 

The following sections Include Individual discussions for endangered and 

threatened species which occur, or potentially occur, on the ICL project site, and 

selected species of special or regional concern which occur or may be expected 

to occur In the surrounding study area (western Martin, southern Okeechobee, and 

southwestern St Lucie Counties) General discussions are provided for the 

remaining species that either share speCifiC habitat types (e g , wetlands, pine 

flatwoods) or are not expected to occur onslte or near the site 

Invertebrate Species Martin County lists five species of Invertebrates as threat­

ened, rare, or status undetermined None of these species IS expected to occur 

on or In the VICInity of the project site Both scarab beetles occur In scrub or 

sandhill commUnities either along the coast or the central ridge, while the red 

widow spider has been found only In sand pine scrub In central and southeastern 

Florida The two species of mangrove crabs are restricted to estuarine mangrove 

commUnities No scrub, sandhill, or estuarine commUnities occur on or In the 

vIcinity of the project site, and none of these species IS expected to occur on or 

In the VICInity of the site 

Fish Species Two fish speCies, Including common snook and opossum pipefish, 

are listed by Martin County Although both species Invade freshwater, their 

principal habitat consists of salt and estuarine waters Since the site lacks 

perennial lakes, natural streams, or drainages and canals of sufficient volume, 

neither of these species would be expected to occur onslte Sampling of the on 

site drainage ditch did not result In the capture of either of these species 
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The common snook (Centropomus undeclmalls) IS listed by FGFWFC as a species 

of special concern Snook have specific habitat needs and prefer saline and 

estuanne mangrove shorelines and swamps Potentially sUitable habitat In the 

vIcinity of the project site consists of manmade canals and spillways associated 

with St Lucie Canal and Lake Okeechobee However, aquatic communities In the 

western Martin, southwestern St Lucie, and southeastern Okeechobee Counties 

study area do not Include mangrove swamp systems or estuanne areas which 

serve as Important spawning and nursery areas for snook 

Opossum pipefish (Oostethus IIneatus) IS listed as rare by FCREPA, but IS not 

listed by other federal, state, or local agencies Opossum pipefish Inhabit shallow 

coastal areas and Invade freshwater systems This small pipefish IS not a major 

forage or prey species, and IS not expected to occur on or In canals and ditches 

In the vIcinity of the site 

Amphibian Species Gopher frog (Rana areolata), the only amphibian listed by 

Martin County, IS designated as a species of special concern by FGFWFC, listed 

as threatened by FCREPA, and under review by USFWS The pnmary cause for 

concern IS habitat loss resulting from cleanng for residential, commercial, and 

Industnal development SUitable habitat for gopher frogs Includes xenc uplands 

such as sandhill and sand pine scrub communities Although occasionally found 

In mouse burrows, crayfish holes, and stump holes, the gopher frog IS most often 

associated with gopher tortoise burrows The occurrence of the gopher frog within 

the study area IS limited to sUitable xenc habitat The pnnclpal onslte habitats have 

high water-table conditions which do not support xenc habitat preferred by this 

species For this reason, no populations of gopher frogs are expected to occur 

within or adjacent to the ICL project site, and none were found dunng two seasonal 

biological surveys 

Reptile Species Nine reptile species are listed by Martin County Four of these 

are manne turtles which do not occur In creeks and drainages of western Martin 

County Three other species, Including gopher tortoise, Flonda scrub lizard, and 
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Flonda pine snake, occur pnmanly In xenc habitats such as scrub or sandhill 

habitat As such, scrub lizards and pine snakes are not expected to occur In 

western Martin County Only two Inactive gopher tortoise burrows were located 

along raised nghts-of-way on the eastern portion of the project site dunng the 

Wildlife surveys However, two gopher tortoises were observed at the southeastern 

corner of the site and just outside and near the center of the eastern property 

boundary These two Individuals may actually have their burrows located off site , 

since the high water table throughout the wet pralne and flatwoods habitats, and 

the flat topography of the site, make the majonty of the ICL site unsuitable for this 

species 

The two remaining speCies, alligator and Indigo snake, are expected to occur In 

sUitable habitat of the project site Amencan alligator (Alligator mlsslsslpplensls), 

federally classified as threatened through ItS slmllanty In appearance [T(S/ A)] to 

the Amencan crocodile (Crocodylus acutus) and a species of special concern In 

Flonda, eXists throughout the state, and IS found In nearly all wetland and aquatic 

habitat types In southern Flonda Potential habitat for thiS species In the site area 

ranges from seasonally Inundated marshes to the drainage ditch Alligators were 

observed dunng both seasonal surveys In a drainage ditch along the northern 

boundary of Caulkins Indiantown Citrus processing plant property 

The eastern Indigo snake (Drymarchon corals coupen), classified as threatened by 

Flonda and USFWS, IS generally found In Flonda and southeastern Georgia 

Preferred habitat Includes dry sandy areas, as well as mOist vegetation communi­

ties The Indigo snake frequently uses gopher tortoise burrows as shelter In xenc 

habitats Potential onslte habitat for the Indigo snake conSists of pine flatwoods 

and wet pralnes No Indigo snakes were observed at the Site, but IndiViduals are 

expected to occur onslte and In Similar habitats In the vIcinity of the site 

Bird Species 

Forty-five species of endangered, threatened, rare, or speCial concern species of 

birds are listed by Martin County Brown pelican, magnificent fngateblrd, great 
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white heron, reddish egret, roseate spoonbill, Flonda clapper rail, piping plover, 

Amencan oystercatcher, Caspian tern, royal tern, sandwich tern, least tern, black 

skimmer, black-whiskered Vireo, Flonda pralne warbler, migratory Bachman's 

warbler, and Kirtland's warbler represent listed bird species restncted to, or 

pnmanly occurnng In, manne, coastal, and estuanne habitats of Martin County As 

such, none of these 17 speCJes resides or nests on, or IS expected to occur, on 

the ICL project site or In surrounding areas Similarly, no bald eagles, ospreys, or 

snail kites are expected to nest or reside onslte due to the absence of sUitable 

open water habitat on or In the Immediate vIcinity of the site and based on a lack 

of hlstoncal records maintained by FGFWFC and USFWS However, such species 

may occur as occasional transients In the- VICInity of the site 

The southern bald eagle (Hahaeetus 1 /eucocepha/us) IS listed as endangered by 

USFWS and as threatened by FCREPA and FGFWFC Eagles occurnng In 

peninsular Flonda Include permanent residents and seasonally occurnng migrants 

The dlstnbutlon, population, status, nest locations, and reproductive success of 

resident Flonda eagles are closely mOnitored by FGFWFC and the National 

Audubon Society (NAS) through annual counts and aenal nest surveys Based on 

two seasonal surveys of the study area and a review of known nest locations and 

agency data, no bald eagle nests are known to occur In the vIcinity of the site 

Most eagle nests are located In tall pines or cypress high above the surrounding 

forest, are large and conspIcuoUS, and can be detected dunng ecological surveys 

The closest bald eagle nests are located northwest and west of FPL's Martin power 

plant site and In Jonathan Dickinson State Park, located within 5 miles and 30 miles 

to the northwest and east, respectively 

The osprey (Pandlon hallaeetus) IS deSignated as threatened by FCREPA and as 

a species of special concern by FGFWFC The osprey Inhabits primarily wooded 

edges of open water bodies such as lakes, nvers, and bays Nesting occurs In 

pine and cypress trees In addition to utility poles and navigation channel markers 

Habitat loss and nest disturbance are the pnmary cause for recent population 

declines In Flonda Since the project site contains no SUitable nesting and feeding 
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areas, ospreys are not expected to occur on or In the VICInity of the site No 

ospreys were recorded dunng the two seasonal biological surveys conducted May 

and July 1990 Ospreys, however, are common at Lake Okeechobee and the 

St lucie Canal 

Although the snail kite (Rostrhamus soclabills) occurs In Martin County, It IS 

restncted to very specific habitats and ranges Habitat requirements Include 

extensive areas of shallow open waters with Interspersed sawgrass This raptor 

IS listed as endangered by USFWS, FCREPA, and FGFWFC The Cntlcal Habitat 

for the snail kite designated by USFWS lies outside of Martin County, and Includes 

all of Conservation Areas 1 (the Arthur R Marshall loxahatchee National Wildlife 

Reserve) and 2A and a portion of Conservation Area 3A The ICl project site or 

surrounding areas do not Include sUitable snail kite habitat and are situated far 

away from the major kite use areas located to the south and west As such, kites 

are not expected to occur on or to cross the project site, as land use types 

Immediately east or west of this area provide no areas of potential, high quality kite 

habitat The nearest snail kite populations occur along lake Okeechobee and 

within the Arthur R Marshall loxahatchee National Wildlife Refuge 

Twelve species of protected wading birds are known or expected to occur In the 

VICInity of the ICl project site These species Include woodstork, sandhill crane, 

limpkin, great egret, little blue heron, snowy egret, tncolored heron, white IbiS, least 

bittern, black-crowned night heron, yellow-crowned night heron, and glossy Ibis 

All of these wading birds are designated as species of special concern by FCREPA 

with the exception of the woodstork which IS considered endangered, and the 

Flonda sandhill crane which IS considered threatened 

The habitat requirements of these wading birds are generally similar In that they 

require wetlands such as marshes and shallow open water for feeding, and shrub 

swamp or cypress swamp habitats for roosting and nesting Wetland habitats on 

the ICl site Include non-forested freshwater wetlands and a man-made drainage 

ditch only, and are unSUitable for nesting or roosting Individuals of all these 
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species of wading birds may, however, be expected to seasonally occur In sUitable 

wetlands durrng perrods of Inundation As a result of the current drought 

conditions, only a few little blue herons and snowy egrets were recorded along the 

northern boundary drainage ditches durrng the July wet season survey, no wading 

birds were observed In wetlands of the site A record search of USFWS and 

FGFWFC files showed that no nesting colonies are located on or In the vIcinity of 

the ICL project site 

Wood storks (Mycterra amerrcana) are Irsted as endangered by USFWS, FCREPA, 

and FGFWFC due to their continued population declrne caused by the progressive 

loss of sUitable feeding and nesting areas (Ogden and Nesbitt, 1979, Ogden et al , 

1980) As a result, their population status, colony locations, and reproductive 

success are closely monitored by FGFWFC and NAS through annual counts and 

ground and aerral colony surveys 

A review of FGFWFC colony data compiled durrng annual aerral surveys Indicates 

that no known wood stork colonies are located In the vIcinity of the project site 

Individual storks or small flocks may feed or occur as transients throughout the 

study area that IS sUitable feeding habitat Such areas may Include wet pralne 

onslte and In the vIcinity of the site 

The Flonda sandhill crane (Crus canadensIs pratensls) IS a nonmigratory resident 

and IS listed as threatened by FGFWFC and FCREPA Florrda sandhill cranes nest 

and teed In shallow freshwater marshes and wet pralrres throughout central and 

south Florrda Feeding also occurs In low-lying pastures, shallow marshes, and 

prairies The pnmary reasons for their population decline are habitat loss and 

human encroachment on nesting and feeding areas The range of the Flonda 

sandhill crane Includes the study area, and It may occur as transient over the site 

However, It IS not expected to nest onslte due to lack of sUitable nesting habitat, 

and this species was not recorded durrng the 1990 biological surveys of the ICL 

site 

~ ~ e"') :::oc 
N' I'T1rr 

Yl< 
20524 016\lndlantn seA 236-16 ~ a,a. 

i 



• 

• 

• 

The limpkin (Aramus guarauna) Inhabits slow-moving freshwater habitats such as 

rrvers, streams, marshes, and lake shores of Florrda Due to Its dependence on 

wetland systems and the gradual loss of such wetlands, the hmpkln IS considered 

a species of special concern by FCREPA and FGFWFC In the study area, 

hmpklns may be expected to occur In sUitable wetland systems In the vIcinity of 

Lake Okeechobee and the water management areas This species IS not expected 

to feed or reside on the ICL project site due to the absence of sUitable habitat, and 

bo Irmpklns were recorded durrng the May and July 1990 site surveys 

Bird species such as Florrda scrub jay, burrowing owl, and red-cockaded 

woodpecker have specific habitat requirements which determine their dlstrrbutlon 

and occurrence In Florrda These habitat requirements, and their probablhty of 

occurrence on the ICL project site, are discussed In the follOWing sections 

Florrda scrub jays (Aphelocoma Q coerulescens), listed as threatened by FGFWFC, 

FCREPA, and USFWS, occur In xerrc scrub habitats In scattered locations along 

the central Florrda rrdge and along coastal rrdges Florrda scrub jays have specific 

habitat requirements and prefer oak scrub with saw palmetto, scattered sandplne, 

and rosemary, they avoid wetlands and forested communrtles such as pine 

flatwoods The decline of Florrda scrub jays IS apparently caused by the loss of 

scrub habitat which has been converted to residential developments, citrus groves, , 

and pastureland Based on a review of range maps, aerral photographs, and slte­

specific Information collected durrng seasonal site surveys, no habitat sUitable for 

scrub jays occurs onslte or within the study area, and no scrub jays are expected 

to occur onslte or In the vIcinity of the site 

The burrowing owl (Athene cunlcularra) Inhabits pralrres, sandhills, pastures, and 

maintained grasslands with sandy ground with sparse growth Durrng the breeding 

season, the burrowing owl requires sOil that IS fairly well drained Durrng the 

remainder of the year, xerrc conditions are less crrtlcal Due to habitat loss 

throughout ItS range, the burrowing owl IS listed as a species of special concern 
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by FCREPA and FGFWFC The sIte lacks suffIcIent areas of xeric or well-draIned 

sOIls, and burrowIng owls were not recorded onslte dUring the 1990 sIte surveys 

The red-cockaded woodpecker (Plcoldes borealis) IS desIgnated as endangered 

by USFWS and FCREPA and as threatened by FGFWFC The red-cockaded 

woodpecker IS usually restricted to pIne flatwoods contaIning overmature longleaf 

and/or slash pIne stands where It nests In trees affected by red heart dIsease 

Although thIs habItat extends throughout the southeastern states, early harvestIng 

of southern pIne specIes has reduced the numbers of old, dIseased trees preferred 

by these bIrds As such, the remaIning populatIons are restricted to relatIvely few, 

well-monItored specIfIc locatIons On the basIs of these records and sIte surveys, 

red-cockaded woodpeckers are not known or expected to occur on or In the 

VICInity of the ICl sIte due to the absence of sUItable nestIng trees and colony 

sItes 

Although listed specIes such as caracara, least tern, short-taIled hawk, and 

swallow-taIled kIte may occur as occasIonal transIents over the project SIte, they 

are not expected to occur onslte sInce the IndIantown CogeneratIon Project sIte 

lies outsIde theIr primary range and/or lacks sUItable nestIng habItat 

The crested caracara (Polyborus plancus) IS listed as threatened by FGFWFC, 

FCREPA, and USFWS Caracaras occur over dry praIrieS, palmetto rangelands, 

and, to a lesser degree, Improved pastures of south-central FlOrida Reasons for 

thIS specIes' decline are not conclUSIvely known, although habItat loss and 

encroachment by reSIdentIal and agricultural developments appears to be the maIn 

cause The FlOrida breedIng range of caracaras decreased dUring the 1970s, WIth 

the present center of dIstributIon located to the north and west of Lake Okeecho­

bee As such, crested caracaras may occur as occasIonal transIents In the VICInity 

of the sIte Caracaras were not recorded dUring the May and July 1990 sIte 

surveys 
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The least tern (Sterna antillarum) IS a coastal bird of the southeastern Florida coast 

and Inhabits open sandy beaches The least tern IS listed as threatened by 

FCREPA and FGFWFC Natural nesting sites occur between the shoreline and 

vegetated areas on beaches and, to a lesser extent, landfills, parking lots, 

construction sites, and tar/stone roof tops The reasons for the decline of this 

species have been nesting disturbances and destruction of beach habitat due to 

development The least tern can range Inland to Lake Okeechobee, and may be 

expected to occur as an occasional transient In the VICInity of the project site 

However, the latter does not provide sUitable nesting areas or feeding areas No 

least terns were recorded on the ICL project site dUring the May and July 1990 

surveys 

The Florida range of the short-tailed hawk (Buteo brachyurus), which IS listed as 

rare by FCREPA, Includes the southeastern two-thirds of the state dUring the 

breeding season and the southern one-third dUring the winter months Preferred 

habitat consists of an association of mixed woodland and savannah systems which 

Include mature cypress stands, riparian hardwoods, mangrove swamp, and stands 

of pines which are adjacent to open prairie marshland Marginally sUitable habitat 

Within the study area Includes expansive pine and wet prairie With Interspersed 

cypress domes and strands, and forested drainages Since no preferred habitat 

occurs onslte and no IndiViduals were recorded dUring onSlte surveys, this hawk 

IS not expected to occur Within or adjacent to the project site 

The American swallow-tailed kite (Elanoldes forflcatus) IS not listed by FGFWFC, 

but IS currently under review by USFWS Its preferred habitat IS similar to that of 

the short-tailed hawk Since the site lacks mixed hardwood swamp or riparian 

hardwood forest, this species IS not expected to reside onslte It was not recorded 

dUring the May and July 1990 biological surveys of the ICL project site 

Several listed species of birds are expected to occur In the study area Within the 

pine flatwood and surrounding rangeland habitats either as migrants, transients, 

or residents For example, peregrine falcons may occur as accldentals dUring 
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migratory seasons, but generally are more common along the coast The site 

does not offer significant feeding habitat for this species, which does not nest In 

Florida 

Other species are oPPOrtUniStiC and range Into a variety of habitats such as 

forested old field, rangeland, grasslands, rights-of-way, and agricultural lands 

Such species Include Cooper's hawk, Bachman's sparrow, merlin, southeastern 

kestrel, loggerhead shrike, and hairy woodpecker Habitat features that make 

flatwoods, rangeland, and a number of other habitats valuable for these bird 

species are their relatively open stands of trees and shrubs which provide roosting, 

nesting, and feeding resources The decline of several of these species IS partially 

attributable to loss and alteration of pine flatwoods habitats, primarily for agricul­

tural purposes Because of the presence of flatwood and rangeland habitat In the 

project area, all SIX of these species may occur Loggerhead shrike were 

commonly observed throughout the site dUring the July 1990 surveys, and Bach­

man's sparrows occurred In the pine flatwoods None of these species are listed 

as endangered 

Mammal Species 

Four species of mammals are listed by Martin County These species Include 

Sherman fox squirrel, FlOrida mouse, round-tailed muskrat, and West Indian 

manatee Due to their endangered population status and public recognition, 

FlOrida panthers are also addressed 

Currently, FlOrida panthers (Fells concolor QQIY!) occur primarily In large tracts of 

undisturbed lands to the west and southwest of the SR 710 COrridor The only 

recent reports of panthers In the vIcinity of the study area IS from the areas west 

of FPL's Martin site and from Corbett WMA, both InvolVing specimens which were 

kl"ed In the mld-1980s (FGFWFC, 1988) 

FlOrida panthers are listed as endangered by USFWS, FGFWFC, and FCREPA 

The majority of verified panther slghtlngs are from Big Cypress Sytamp, located far 
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west of the study area A revIew of Its status In the area to the ImmedIate 

northwest of the ICl project sIte showed that FGFWFC does not expect th,s 

specIes to occur In the VICInity of the sIte (FGFWFC, 1990) ConsIdering the low 

panther populatIon estImates, the hIgh degree of urban Industrial and agricultural 

development In the Immediate VICInity and to the north, south, and east of the sIte, 

the likelihood of panther occurrence on the sIte IS consIdered unlikely 

The Florida mouse (Peromyscus florldanus) IS listed as threatened by FGFWFC, 

as a species of specIal concern by FCREPA, and IS currently under revIew for 

listing by USFWS ThIs burrowIng specIes IS confIned to xeric scrub habItats of 

penInsular Florida, and the princIpal habItat of thIs Florida endemIc IS sand p,ne 

scrub In an early successIonal stage It also occurs In xeric longleaf pIne-turkey 

oak and scrubby flatwood assocIatIons Because no xeric habItat IS found In or 

adjacent to the project sIte, no Florida mIce are expected to occur No Florida 

mIce were captured dUring a systematIc small mammal trappIng program 

conducted as part of the July 1990 biological survey of the IndIantown Cogenera­

tion project site 

Sherman's fox squirrel (Sclurus niger shermanl), which IS desIgnated as threatened 

by FCREPA, as a specIes of specIal concern by FGFWFC, and under revIew for 

listIng by USFWS, InhabIts much of peninsular Florida where sUItable habItat such 

as sandhIll and scrub oak commUnities eXIst AlteratIon of ItS habItat IS the major 

reason for the decline of Sherman's fox squIrrel populatIons Because of the 

absence of sUItable xeric habItat on or near the project SIte, Sherman's fox 

squirrels are not expected to occur, and none were observed dUring the 1990 

bIologIcal surveys 

The West IndIan manatee ITrichechus manatus latlrostrls) IS desIgnated as 

endangered by USFWS and FGFWFC and threatened by FCREPA Manatees may 

occur wIthIn streams and canals of Martin County Areas of potentIal occurrence 

Include the St lucIe Canal, and seaward of dammed sectIons of canals connectIng 
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Lake Okeechobee with the Atlantic Ocean This species does not occur on or near 

the ICL project site 

Round-tailed muskrats (Neoflber alieni) live In and around freshwater marshes 

composed of dense maldencane stands and pickerelweed Although thiS species 

IS found throughout much of Flonda and southeastern Georgia, the round-tailed 

muskrat IS deSignated a species of special concern by FCREPA and IS currently 

under review for listing by USFWS Because the muskrat IS nocturnal and ItS 

presence IS sporadiC even In SUitable habitat, accurate population estimates are 

difficult to obtain Due to the presence of wet pralnes onslte, these wetlands were 

searched for muskrat nests and Individuals No nests were found, and no 

muskrats were trapped or located dunng the May and July 1990 surveys of the 

site 

Species of Recreational and Commercial Importance 

Numerous species of potential recreational and commercial Importance occur on 

and In the vIcinity of the ICL project site Such species Include white-tailed deer, 

eastern cottontail, gray sqUirrel, feral hog, Wild turkey, bobwhite, mourning dove, 

white-winged dove, and several species of waterfowl as species of recreational 

Importance, and raccoon, nver otter, Virginia opossum, gray fox, stnped skunk, 

and bobcat as species of commercial Importance 

Although onslte population levels for these species have not been quantified, 

common pine flatwoods species such as white-tailed deer, raccoon, opossum, 

bobcat, eastern cottontail, gray sqUirrel, gray fox, feral hog, bobwhite, and 

mourning dove appear to be common based on tracks, calls, and direct slghtlngs 

In contrast, species such as nver otter, waterfowl, white-winged dove, and wild 

turkey are not expected to reSide onslte due to the absence of SUitable habitat or 

eXisting Impacts 
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Indicator and EndemIc Vertebrate Species 

No vertebrate specIes endemIc to Flonda were observed on or In the vIcInIty of the 

ICL project sIte dunng the 1990 bIologIcal surveys IndIcator specIes recorded 

dunng these surveys Included nce rat, southern leopard frog, southern cncket frog, 

and water moccasIn In the freshwater marsh, and Bachman's sparrow, rufous­

sIded towhee, p,ne warbler, nuthatch, yellow-shafted flicker, bobwhIte, oak toad, 

plnewoods treefrog, box turtle, eastern fence lizard, and eastern glass lizard In the 

p,ne flatwoods LIttle green heron, mosqUIto fISh, and flagfln molly compnsed the 

domInant IndIcator specIes along the effluent draInage dItch 

2.3.6.2 Pre-Existing Stresses 

The pre-exIstIng stresses on the plant communItIes/wIldlife habItats sItuated wIthIn 

the proposed sIte are d,scussed under SectIon 2 3 5 2 To summanze, the 

followIng conditions compnse the eXisting sources of stress to terrestnal habitats 

• Cattle grazing 

• Fire 

• Reduced hydropenod due to local and regional drainage alterations 

• Human activity (construction or roads, trails, and power line) 

2.3.6.3 Measurement Program 

The aquatic, wetland, and terrestnal resources w,th,n the project site and 

ImmedIate VICInity were studied through field mOnltonng programs as part of the 

licensing effort 
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Data Search/Literature Survey 

Prior to conducting the field studies, pertinent literature was obtained to review the 

ecological Information available for use In developing the database required to 

assess the potential effects resulting from the construction and operation of the 

proposed project 

A description of eXisting ecological and biological resources at the proposed ICL 

project site and along with associated facIlities was developed from this database 

as well as from available literature Such Information sources also Included 

extensive In-house data files compiled from prior ecological Investigations In the 

area 

The Information Identified dUring the literature review Included the follOWing 

subjects 

• Regional vegetation descriptions, Including successional patterns 

• Plant species lists for the area of the proposed site 

• lists of birds, mammals, reptiles, amphibians, fiSh, and select Inverte­

brates common to the proposed site 

• Species checklists, reports of slghtlngs, and abundance estimates 

• Locations of rare, threatened, or endangered species or critical habitats 

for these species 

• Occurrence of pre-existing stresses or perturbations such as fires, 

construction/clearing operations, overgrazing, drainage alterations, and 

exotic species Invasions 

- I ~1 
tJ l ~;; 
'? , 

I'.",) 
f 

20524 0lB\lndlBntn SCA 236-24 ~~ 
" I~ , ,_:I 

lC-J 



• 

• 

• 

Terrestrial and Wetlands Ecology 

The objective of the field sampling program was to Investigate the major vegetation 

commUnities and wildlife habitats within the proposed project site to quantitatively 

and qualitatively document Important ecological features and biological resources, 

such as the presence of rare, threatened, or endangered biota or the potential for 

habitats to support significant wildlife populations The terrestrial and wetlands 

ecology field studies were limited to two season samplings The two seasons 

selected for sampling correspond to the spring dry season (May 1990) and the 

summer-fall wet season (July and September 1990) The field characterization 

programs for vegetation and wildlife are presented In Tables 2 3 6-3 and 2 3 6-4, 

respectively 

Sample locations were established In representative wildlife habitats or vegetation 

community types (Figure 2 3 6-1) Vegetation data were recorded from sampling 

areas located In representative commUnities selected on the baSIS of the following 

• Community size 

• Community or species Importance (wetlands, uniqueness, habitat for 

threatened or endangered species) 

• Degree of habitat disturbance 

• Potential effects from project development 

Major natural vegetation types were delineated and mapped Vegetation was 

sampled In the fall (September 1990) for all strata A land cover map was prepared 

of the project site and for an area within a 5-mlle radius of the project site uSing 

SFWMD land use and land cover maps, aerial photographs, and ground surveys 

DUring the surveys, estimates of eXisting stress levels were made for commUnities 
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Table 2.3 6-3 

TERRESTRIAL AND WETLAND VEGETATION MONITORING PROGRAM 

Sampling Sampling 
Stratum Method Schedule Frequency Equipment Data AnalysIs 

Tree Quadrat Fall Once Tape measure, Frequency, density, basal area, dominance, 
(100 m2

) DBH tape Importance value 

Shrub Quadrat Fall Once Tape measure Percent cover, dominance, frequency, 
(25 m) Importance value 

Herb/ground Quadrat Fall Once 1 m2 quadrat Percent cover, dominance, frequency, 
(1 m2

) (PVC frame) Importance value 

Source ECT, 1990 



• • • 
Table 2.3.6-4 

TERRESTRIAL AND WETLAND WILDLIFE MONITORING PROGRAM 

Sampling Sampling 
Taxa Method Schedule Frequency Data AnalysIs 

Large mammals Direct Slghtlngs, Sprlng/ Dally for Onslte status, distribution, 
tracks along tran- summer 5 days relative abundance 
sects, ground sur-
veys across entire 
site 

Small mammals live-trapping along Summer Dally for Onslte status, distribution, 
transects 5 days relative abundance 

Birds Transects, ground Summer Dally for Onslte status, distribution, 
surveys across 5 days relative abundance 
entire site 

Reptlles/ Incidental obser- Sprlng/ Dally for Onslte status, distribution, 
amphibians vatlons along summer 5 days relative abundance 

mammal and bird 

066t V G 330; 
transects 

Summer 2 days Fish Dip-netting Species composition 
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located onslte Specifically, eVidence of fire, land clearing, cattle grazing, road 

construction, and drainage were recorded 

Wetland hmlts within the project site were dehneated uSing JOint apphcatlon of 

USACE, FDER, and SFWMD wetland JUrisdictional boundary determination 

methods Wetland JUrisdictional boundaries were then flagged and surveyed The 

surveyed wetlands were then overlaid on the project site plan to ensure that the 

plant layout would avoid any possible encroachment Natural upland buffers of 

50 feet or greater were also Identified along the wetland boundaries to ensure 

setback areas from project construction Wlldhfe data were recorded from the 

same or nearby areas sampled for vegetation uSing quantitative techmques as 

shown on Table 2 3 6-4 Wlldhfe samphng areas were also selected based on the 

same criteria as Indicated for vegetation The terrestrial and wetlands field 

program 

• Described plant commumtles/wlldhfe habitats onslte 

• Identified major plant species and wlldhfe populations associated with 

habitats onslte 

• Determined the presence or absence of state and federally protected 

ammal and plant species that would potentially occur In the site area 

• Estimated the size and occurrence status of dominant wlldhfe popula­

tions for the area 

SurveYing and samphng terrestrial and wetland habitats for wlldhfe and vegetation 

species began In May 1990, and were concluded In September 1990 
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Vegetation Community Field Studies 

Vegetation mapping was based on updating eXisting SFWMD land cover and land 

use maps uSing current aerial photography, Including color Infrared of the site area, 

and ground reconnaissance The Identified natural plant community types located 

onslte (I e, pine flatwoods and wet prairie) were then further Investigated by 

conducting qualitative systematic walkovers to generate comprehensive plant 

species InventOries, determine the presence or absence of listed plant speCies, and 

Investigate the degree of disturbance to plant community structure and integrity 

based on such factors as fire, cattle grazing, clearing and construction activities, 

drainage alterations, and exotic species Invasion After the thorough qualitative 

surveys were Included, representative habitat areas were selected for quantitative 

sampling Five separate vegetation transects were established In the vegetation 

commUnities potentially affected or adjacent to project development Transect 

locations are Indicated on Figure 2 3 6-1 Quantitative Information on plant 

community species composition were obtained uSing the follOWing methodology 

linear transects were established within three areas of pine flatwoods (165 to 

330 feet In length) and In two separate wet prairie sites (110 and 450 feet In 

length) In the flatwoods, the canopy or tree quadrats were each 10 meters long 

by 10 meters Wide and placed every 10 meters to proVide contiguous 10 by 10m2 

sampling plots along a belt transect Trees greater than or equal to 4 Inches 

dlameter-at-breast-helght (dbh) were sampled Within each 10-m-by-10-m quadrat 

The shrub layer was sampled In 5-m-by-5-m quadrats nested Within and located 

at the bottom right corner of each tree plot The shrub layer was Identified as any 

palm species or woody vegetation With a dbh less than 4 Inches and/or greater 

than or equal to 3 3 feet (1 meter) In height Herbaceous or other ground layer 

vegetation, such as woody vines and shrub or tree seedlings/saplings, less than 

3 3 feet or 1 meter In height was sampled In a 1-m2 quadrat nested Within each 

shrub quadrat at the bottom right corner Within the shrub and herb quadrats, the 

percent cover by species was estimated and recorded to determine species 
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dominance Since no tree or shrub layers occurred within the wet prairieS, only 

herb quadrats were used In the wetland vegetation sampling effort 

The herb quadrats were situated every 10 feet within the small wet prairie 0NP 
No 6) and every 30 feet In the larger wetland ryvp No 4) along each respective 

sampling transect Only one transect was established In each of the two wet 

pralne sites sampled The wetland transects crossed from one wetland/ upland 

Interface boundary to the other through the center of each wet prairie The 

number of sampling stations/quadrats In a transect/community depended on a 

species area curve and the extent of the community type 

Species dominance and frequency were calculated for canopy, shrub, and 

herbaceous strata of the pine flatwoods and for the ground layer In the wet prairie 

sites 

Tree density was also calculated for the pine flatwoods overstory Relative values 

were then determined and summed to evaluate species Importance values and 

rank within each community/site 

Vegetation/Land Use 

The SFWMD Level III land use and land cover maps were modified where 

appropnate to reflect current land use and vegetation changes uSing aerial 

photography and ground truthlng All major vegetation community types greater 

than 5 acres In size were mapped DUring site reconnaissance for the mapping 

effort, other data were collected to assess the relative quality of plant commUnities 

EVidence considered dunng site surveys of relative quality Included 

• Natural disturbances such as wildfires and severe storms 

• Man-made or Induced disturbances such as feral hog rooting, cattle 

grazing and trampling, ditching, draining, and controlled burning 
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• Invasion by exotic plant species such as punk tree, Brazilian pepper, 

and Australian pine 

• Uniqueness and/or size 

• Stage In ecological succession 

Information obtained dUring the field efforts was used to Identify dominant plant 

species and plant community structure and ecology 

2.3.6.4 Aquatic Biology at Proposed Intake 

The northern end of the proposed pipeline corndor ends at the south bank of 

Taylor Creek/Nubbin Slough 

Infaunal and epifaunal macrolnvertebrate communities were sampled along Taylor 

Creek/Nubbin Slough at three stations dUring May 1990 The epifaunal 

commUnities were sampled by allowing them to colonize Hester Dendy artifiCial 

substrate samplers At each station, three samplers were suspended In the water 

column at mid-depth and allowed to Incubate for 4 weeks Infaunal communities 

were sampled with a petite Ponar grab Ponar samples were collected along a 

transect to Identify the populations Inhabiting different substrate types Four 

samples were analyzed from each of three stations 

Ninety-one taxa were Identified dUring the present study Sixty-twO taxa were 

Identified from artificial substrate samples, and 46 taxa were Identified from the 

Ponar grab samples (Table 2 3 6-5) Individual species collected In each sample 

and their counts are shown In Section 107, Tables 1071-1 through 1071-6 

Different species groups dominated the two sample types the artificial substrate 

collected mostly Insects while the Ponar collected tublflcld worms (Tables 236-5 

and 2 3 6-6) Insects were dominated by the family Chlronomldae which IS 

comprised of non-biting midge flies Artificial substrate samplers collected species 

that typically Inhabit vegetation In fact, the dominant species collected In thiS 
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Table 2.3.6-5 
PHYLOGENETIC LISTING OF ALL TAXA IDENTIFIED FROM 

TAYLOR CREEK, MAY/JUNE 1990 

Phylum 
Class 

Order 
Family 

Genus species 

Coelenterata 
Hydrozoa 

Hydrolda 
Clavldae 

Cordylophora lacustns 
Hydndae 

Hydra sp 

Platyhelminthes 
Turbellana 

Tncladlda 
Dugesla sp 

Bryozoa 
Phylactolaemata 

Plumatelhdae 
Hyahnella punctata 

Nemertea 
Prostoma rubrum 

Nematoda 

Annehda 
Ohgochaeta 

Haplotaxlda 
Naldldae 

(Page 1 of 5) 

Allonals paraguayensls 
Bratlslavla bllongata 
Chaetogaster dlaphanum 
Dero nlvea 
D pectlnata 
Nals vanablhs 
Pnstlna aeqUiseta 
.E leldYI 
.E synchtes 

Sample Type 
Hester 
Dendy Ponar 

x 

x 

x 

x 
X 

X 
X 
X 
X 
X 
X 
X 
X 

x 

X 

X 
X 
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Table 2.3.6-5 
PHYLOGENETIC LISTING OF ALL TAXA IDENTIFIED FROM 

TAYLOR CREEK, MAY/JUNE 1990 

Phylum 
Class 

Order 
FamIly 

Genus specIes 

Pnstlnella Jenklnae 
Siavena appendlculata 

Tublflcldae 

(Page 2 of 5) 

Aulodnlus plguetl 
Branchyuna sowerbYI 
Llmnodnlus hoffmelsten 
Immature wIth Capll Setae 
Immature wIthout Capll Setae 

HIrudInea 
Rhynchobdeillda 

Glosslphonlldae 
Batracobdella phalera 
Helobdella elongata 
H stagnalis 
Placobdella pedlculata 
e translucens 

Arthropoda 
Crustacea 

Ostracoda 
Amphlpoda 

Talltndae 
Hyalella azteca 

Mysldacea 
Taphromysls bowman I 

Insecta 
Collembola 
Ephemeroptera 

Baetldae 
Baetls sp 

Caentdae 
Caenls dlmlnuta 

~ 
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Sample~ 
Hester 
Dendy Ponar 

X 

X 

X 

X 

X 

X 

X 

x 
X 

X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 

X 
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Phylum 
Class 

Table 2.3.6-5 
PHYLOGENETIC LISTING OF ALL TAXA IDENTIFIED FROM 

TAYLOR CREEK, MAY/JUNE 1990 
(Page 3 of 5) 

Order Sample~ 
Family Hester 

Genus species Dendy Ponar 

Odonata 
Zygoptera 

Coenagrlldae 
Enallagma sp X 
Ischnura sp X 

Homoptera 
Tnchoptera 

Hydroptlhdae 
Hydroptlla sp X 
Orthotnchla sp X X 

Leptocendae 
Oecetls sp X X 

Psychomlldae 
Cyrnellus sp X 
Polycentropus sp X 

Lepidoptera X 
Coleoptera 

Dytlscldae X 
Dlptera 

Ceratopogonldae X X 
Chaobondae 

Chaoborus punctlpennls X 
Chlronomldae 
Tanypodlnae 

AblabesmYla rhamphe X X 
Coelotanypus conclnnus X 
Labrundlnla neopllosella X X 
Procladlus sp X 
Tanypus sp X 

Orthocladlnae 
Cncotopus blclnctus group X X 
C sylvestns group X 
Nanocladlus nr dlstlnctus X X 
Orthocladlus sp X 
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Table 2.3.6-5 
PHYLOGENETIC LISTING OF All TAXA IDENTIFIED FROM 

TAYLOR CREEK, MAY/JUNE 1990 

Phylum 
Class 

Order 
Family 

Genus species 

Chlronomlnae 

(Page 4 of 5) 

Asheum beckae 
Chlronomlnl sp A Beck 
Chlronomus sp 
Cladotanytarsus sp 
Cryptochlronomus fulvus gr 
Dlcrotendlpes sp 
D modestus 
D nervosus 
D neomodestus 
D simpsoni 
Endochlronomus nlgncans 
Glyptotendlpes sp 
Goeldlchlronomus sp 
G carus 
Parachlronomus sp 
.E dlrectus 
.E pectlnatellae 
Phaenopsectra sp 
Polypedllum Ilhnoense 
.E scalaenum 
.E slmulans 
Pseudochlronomus nr pseudovlndls 
Tanytarsus glabrescens gr 
I sp X Rutter 
I sp XII Rutter 
I sp XIII Rutter 

Mollusca 
Gastropoda 

Ancyhdae 
Hebetancylus excentncus 
Laevlpex fuscus 

Sample~ 
Hester 
Dendy Ponar 

X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 
X 

X 
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Phylum 
Class 

Table 2.3.6-5 
PHYLOGENETIC LISTING OF ALL TAXA IDENTIFIED FROM 

TAYLOR CREEK, MAY/JUNE 1990 
(Page 5 of 5) 

Order Sample~ 
Family Hester 

Genus sgecles Dendy Ponar 

Hydroblldae 
Pyrogoghorus glatyrachls X 

Planorbldae 
Gyraulus garvus X X 
Planorbella scalans X 

Physldae 
Physella hendersonl X 

Vlvlpandae 
Vivigarus georglanus X X 

Plecypoda 
Corblcuhdae 

Corblcula flumlnea X 
Unlonldae 

Anodonta cougenana X 
Elhgtlo buckleYI X 

TOTAL 62 47 

TOTAL TAXA IN STUDY; 91 

Source ECT, 1990 
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Table 2.3 6-6 

PERCENT COMPOSITION OF THE MACROINVERTEBRATE POPULATIONS 
COLLECTED FROM TAYLOR CREEK/NUBBIN SLOUGH, MAY/JUNE 1990 

Ohgochaeta Crustacea Insecta Other 
Stations Naldldae Tublflcldae Amphlpoda Chlronomldae Other Molusca Invertebrates 

Artificial Substrates 

Station 1 18 18 40 12 9 3 

Station M 13 10 65 9 1 1 

Station 2 ~ 13 71 ...8 <1 1 

Mean (all 12 14 59 10 3 2 
stations) 

Ponar grab 

'J:,r~,tatlon 1 7 31 7 35 7 12 
~ ">f 

",r I,!\ ~ \Is '-' 

J,-,,;J, 
Station M 2 60 7 2 27 

""C:~;l :;..~" ) 

~~\ ' 
, 

Station 2 14 48 2 19 13 

Mean (all 8 46 4 20 3 17 
stations) 

Source ECT, 1990 
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study closely corresponded to those collected by Rudolph and Strom (1990) 

associated with macrophytes In Lake Okeechobee The Ponar grab collected 

organisms that live on or In the substrate, In this case, deep layers of highly 

organic silt 

Although macrolnvertebrate populations In the present study corresponded well 

With those collected by Rudolph and Strom (1990) from Lake Okeechobee, they 

did not reflect the composition of the benthos In the St LUCie Canal as reported 

by FPL (1989) The organisms from the St LUCie Canal were collected by the 

Ponar and no data were reported from artifiCial substrate samplers The sediment 

of the St LUCie Canal was different from that of Taylor Creek/Nubbin Slough canal 

FPL (1989) reported the canal bottom to be a mixture of clays, slits, sands, and 

shell fragments Although fine sand was the predominate substrate type, the 

second most predominate substrate was coarse gravel, primarily composed of 

shell fragments These shell fragments obViously came from endemiC populations, 

since mollusks comprised 67 percent of the benthiC fauna The substrate In Taylor 

Creek/Nubbin Slough was comprised of deep layers of Silts and some detritus 

Coarse sand and shell fragments were not observed ThiS sediment IS more like 

that of Lake Okeechobee than the sediment In the St LUCie Canal The dissolved 

oxygen of the sediment was probably low In Taylor Creek/Nubbin Slough because 

of the low flow and highly organic sediment Rudolph and Strom also reported low 

dissolved oxygen values at several stations In Lake Okeechobee dUring their spring 

and summer sampling As typical for such a system, lower values occurred at the 

bottom of the water column 

Chlronomldae comprised 59 percent of the Invertebrates collected on all artifiCial 

substrate samplers (Table 2 3 6-6) Twenty chlronomld taxa were collected 

Dlcrotendlpes spp , Goeldlchlronomus spp , Glyptotendlpes spp , Parachlronomus 

spp , and Asheum beckae dominated the chlronomlds and have been reported to 

tolerate high organics and associated low dissolved oxygen regimes (Beck, 1977, 

Simpson and Bode, 1980, Roback, 1974, and Rudolph and Strom, 1990) Rudolph 

and Strom (1990) found that most of the chlronomlds mentioned above also 
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dominated the fauna In the lake and were common at all stations Most 

chlronomlds feed on algae, penphyton, or detntus that IS scraped from the 

substrate or filtered from the water (Oliver, 1971) Therefore, the Hester Dendy 

artificial substrate suspended In the water column provides excellent habitat for 

these Invertebrates Penphyton grows well on the samplers and proVides a ready 

food source for scrapers Other species that construct tubes to catch detntus and 

microorganisms find these samplers proVide a stable substrate for attachment 

Thus, In the presence of high organics these organisms proliferate 

The second most numerous Invertebrate group on artificial substrate was the 

Crustacea ThiS group was compnsed exclusively of the amphlpod Hyalella azteca 

ThiS species also dominated many of the samples of Rudolph and Strom (1990) 

Naldld worms compnsed 12 percent of the fauna of artificial substrate and other 

Insects compnsed 10 percent Dominant naldlds were species of Dero and 

Pnstlna, other Insects were dominated by the mayfly Caenls dlmlnuta Again these 

species are known to tolerate low dissolved oxygen (below 5 ppm) and were 

common In Lake Okeechobee 

The freshwater bryozoan, Hyallnella punctata, was collected on artificial substrate 

and recorded as one Individual found or 8 organisms per square meter (hereafter 

80rganlsms/m2
) ThiS IS a colonial organism, occurnng In a colony of hundreds 

to thousands of IndiViduals sometimes growing In several layers Enumerating 

these organisms In thiS manner grossly underestimated the Significance of these 

Invertebrates to the epifaunal populations In some cases, the colony covered 16 

to 20 percent of the artificial substrate sampler Another colOnial organism, the 

hydnd Cordylophora lacustns, was also collected ThiS species was not as 

common or abundant as the bryozoan Dunng sample processing, the colOnies 

broke up Into pieces that were Similar In size and each piece was enumerated 

The dominant group of benthiC organisms collected by the Ponar grab was tublflcld 

worms (46 percent) Five tublflcld taxa were collected from the canal and four 
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(Llmnodnlus hoffmelsten, Aulodnlus pl9uelt, Branchuna sowerbYI, and Immature 

tublflclds without caplillform setae) occurred In large numbers These tublflclds are 

well-known for their tolerance to low dissolved oxygen associated with organic 

pollution (Bnnkhurst and Cook, 1974) 

Olptern families, Chlronomldae, Chaobondae, and Ceratpogonldae, compnsed 20 

percent of the benthos and were represented by 17 taxa The dlptera on artificial 

substrate consisted exclusively of Chlronomldae, however, In Ponar samples, two 

related families of midges (Ceratopogonldae and Chaobondae) were also collected 

and grouped In with the Chlronomldae (Table 2 3 6-6) The phantom midge 

Chaoborus punctlpennls dominated thiS group These organisms can tolerate 

sediments of low oxygen concentrations They live In the sediments dunng the day 

and migrate Into the water column at night to feed They are able to survive anoxIc 

sediments by moving Into water with higher oxygen concentrations at night 

Mollusca compnsed 17 percent of Ponar samples The dominant species was the 

ASiatiC clam Corblcula flumlnea ThiS IS an Introduced species which often 

becomes a biotiC and economic problem ThiS species frequently occurs In 

extremely high denSIties out-competing the native fauna, It IS also a well-known 

blofoullng organism Corblcula was particularly abundant at Station 2, occurring 

In all samples collected at that station It was only found In one of the four Ponars 

collected from Station 1, but occurred In high denSities In that sample Freshwater 

mussels, Eillptio buckleYI and Anodonta coupenana were also collected In Ponar 

grab samples Each station had at least one of these mussels present These 

mussels do not live In severely stressed systems and their presence Indicate 

conditions may be ennched but are not polluted (Fuller, 1974) In fact, a certain 

amount of eutrophication has been reported to be of service to mussels, by 

Increasing the amount of available food E buckleYI had the bnght green 

background coloration that they only get when In clean water (F G Thompson, 

Personal Communication) 

~ 
(' - ~ \ - \ ~ 
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Naldld worms compnsed 8 percent of the benthos and pnmanly consisted of ~ 

and Pnstlna Naldlds are reported to Inhabit aquatic vegetation, but these genera 

are often associated with sediments As with other Invertebrate groups, the same 

genera dominated naldlds In Lake Okeechobee 

Crustacea and other Insects were rarely collected In Ponar samples as they only 

compnsed 4 percent and 3 percent of the Infauna, respectively 

Densities of Invertebrates collected dunng the study ranged from 431 to 11,727 

organlsms/m2 (Table 236-7 and Section 105, Tables 1051 6-1 through 

105 1 6-6) Greatest Invertebrate densities were found on artificial substrate 

samplers At Stations 2 and M, these samplers contained densities of 11,727 and 

1,152organlsms/m2
, respectively, whereas, densities averaged 5,016 organ­

Isms/m2 at Station 1 High densities on these samplers reflect the ennched 

conditions In the system 

Since the samplers were suspended In the water column where oxygen was 

greatest, the populations were able to proliferate In the presence of high quantities 

of food Macrolnvertebrate densities were lower In Ponar samples, ranging from 

431 organlsms/m2 at Station M to 5,016 organlsms/m2 at Station 2 Infaunal 

samples averaged 1,755 organlsms/m2 at Station 1 

The Shannon Weaver diversity Index as descnbed by Wllhm and Dorns (1968) was 
-

used to calculate the species diversity (d) on each sample and at each station 

(Table 236-7) Mean diversity at the stations ranged from 267 to 4 42 Diversity 

IS Influenced both by the number of taxa collected and the dlstnbutlon of 

organisms among the taxa The number of taxa collected at the stations ranged 

from 11 to 51 The lowest mean diversity (267) and lowest number of taxa (11) 

were found at In Ponar samples at Station M, thus, Indicating more stress In the 

sediments at thiS station than at other sites 

'-
I -
( J 
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Table 2.3 6·7 

DENSITY AND DIVERSITY FOR MACROINVERTEBRATES 
COLLECTED FROM TAYLOR CREEK/NUBBIN SLOUGH, MAY/JUNE 1990 

Artificial Substrates 
Mean Mean 

Station Denslty* Taxa + Dlverslty** Density 

1 4,863 51 421 1,755 

M 11,153 38 329 431 

2 11,727 33 388 5,016 

*Mean density reported In number of organisms per square meter 
+ Taxa represent the total number of taxa collected In all samples 

**Shannon Weaver diversity calculation uSing the following formula 

- S ni ni 
d = - E (--) log (--) n 2 n 

1 

where nI = number of IndiViduals In the I'th species (s), and 
n = total number of Individuals collected 

~~~ \ 

Source ECT, 1990 

Ponar Grab 

Taxa Diversity 

34 442 

11 267 

33 372 

• 



• 

• 

• 

Except for Station M, mean diversity values were high, equaling 3 29 or greater at 
-

the stations Wllhm and Dorns (1968) proposed a relationship between d and the 

pollutlonal status of the sampling stations They rate stations with diversity values 

above 3 as having clean water, values from 1 to 3 as moderately polluted, and 

values less than 1 as heavily polluted These gUidelines were based on data from 

a vanety of clean-water and polluted streams 

Based on the diversities, these stations (except for Station M) are considered to 

have clean water Based on species composition and densities along with the 

diversities, the stations are assessed as undergOing vanous degrees of ennchment, 

but not enough to produce considerable stress on the macrolnvertebrate 

commUnities 
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2.3.7 METEOROLOGY AND AMBIENT AIR QUALITY 

2.3.7.1 Meteorology 

Climatology 

The proposed ICL site IS located approximately 4 8 km (3 miles) northwest of the 

community of Indiantown and 144 km (9 miles) east of Lake Okeechobee, Flonda 

Meteorological data used In this climatological evaluation were obtained from 

National Weather Service (NWS) stations In Belle Glade (located 43 km [27 miles] 

south southwest of the Site), Okeechobee (located 37 km [23 miles] northwest), 

Port Mayaca (located 15 km [about 10 miles] west-southwest), and West Palm 

Beach (located 42 km [about 26 miles] south-southeast) (see Figure 237-1) 

Temperature and precIpitation are measured at both the Belle Glade and 

Okeechobee stations, whereas only precIpitation IS measured at the Port Mayaca 

station Due to the proximity of these stations to the ICL Site, temperature and 

precIpitation data collected at these stations are generally representative of the 

conditions observed at the proposed site 

West Palm Beach IS a "first-order" weather station With a full range of surface and 

upper air observations Terrain features between the West Palm Beach site and 

the ICL site are typified by low elevation and broad areas of flat relief Based on 

slmllanty In terrain features, meteorological data collected at West Palm Beach are 

also conSidered representative for the disperSion conditions at the ICL site 

Thirty-year precIpitation and temperature normals are available from both 

Okeechobee and Belle Glade Temperature extremes are available from Belle 

Glade for the 49-year penod from 1924 to 1972 Temperature data from these 

stations are summanzed In Table 237-1 Monthly average temperatures dunng 

the winter are In the low sixties and dunng the summer are In the low eighties The 

average annual ambient temperature of about 73 OF reflects the subtropical climate 

of the area The highest temperature recorded for the area IS 100 OF and the 

lowest IS 24 OF 
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Table 2.3.7-1 

MONTHLY TEMPERATURE MEANS AND EXTREMES COF) REPRESENTATIVE OF THE ICL SITE 

Dally Dally Monthly Average l2) Highest Lowest 

Month Maxlmum(1) Mlnlmum(1) Belle Glade Okeechobee Recorded(1) Recorded(1) 

January 755 542 628 623 89 24 

February 769 538 637 633 92 27 

March 795 563 673 674 93 27 

Apnl 829 603 71 3 724 95 33 

May 865 647 751 766 95 44 

June 885 701 788 799 98 54 

July 905 721 803 81 2 100 62 

August 905 728 807 816 99 61 

September 853 694 797 805 96 60 

October 844 685 751 757 94 40 
i J!Qvember 787 606 686 690 91 32 \V;-~\ \, :, 

" "v 
556 640 636 ,Qecember 760 89 25 

~J 'S3~ ~~ 
~f.\j:J~nnual 829 632 723 728 100 24 

(1) 49-year of data, 1924-1972, Belle Glade, Flonda 
(2) 30-year of data, 1941-1970 

Sources National Oceanic and AtmospheriC Administration, Environmental Data and Information Service, National 
ClimatiC Center, "Climatological Data for FlOrida, 1924-1978," Asheville, North Carolina 
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Table 237-2 presents relative humidity data from the West Palm Beach weather 

station The day and night relative humidities show little vanatlon throughout the 

year, with a mid-day reading close to 60 percent and an annual predawn maximum 

of 80 percent The least humid month of the year IS Apnl, while the highest 

humidity occurs dunng mid-summer Heavy fogs occur approximately 10 days per 

year, mostly In the cooler months, however, this condition rarely persists long after 

sunnse on any given day 

Port Mayaca IS the nearest NWS weather observation station measunng precIpita­

tion Table 237-3 presents a summary of precIpitation data for Belle Glade and 

Port Mayaca The data Indicate the occurrence of a significant precIpitation 

maximum In the area In summer This phenomena IS caused by heavy, short­

duration convective showers and thundershowers Sixty percent of the total annual 

average rainfall occurs from June through September 

Mesoscale Influences of Lake Okeechobee can add to the convective Instability at 

the ICL site In the summer Over the lake, Sinking air suppresses the convective 

action of the lowest layers, creating a higher air density The diverging lowest layer 

of lake air Induces the warmer air over the land to be lifted as It moves ashore, and 

cumulus cloud formation begins The local effects from the lake Increase the 

rainfall of the region as well as generating mid-afternoon Winds onglnatlng from 

Lake Okeechobee The lake breeze may extend for several miles Inland on a 

warm summer day 

Thunderstorms occur With great frequency In the area and can be locally Intense 

They cause high Winds, heavy rain, occasional hall, and frequent lightning The 

site area expenences 80 to 90 thunderstorms per year, 65 percent of which occur 

In the summer season 

Hurncanes are tropical cyclones In which Winds reach speeds of 74 miles per hour 

(mph) or more Near the center (eye), hurncane Winds may gust to more than 200 

mph, and the entire storm dominates the ocean surface and lower atmosphere 

over tens of thousands of square miles The fastest Wind speed reE-9rdefi at West 
((-.-1 ~b~ 
C.-) S 

20524 018\lndlantn seA 237-2 



• 

• 

• 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 

Table 2.3.7-2 
DIURNAL RELATIVE HUMIDITY 

REPRESENTATIVE OF THE tel SITE 

(Relative HumidIty (1) (%), West Palm Beach) 

Daytime Nighttime 

29 82 

56 81 

54 80 

52 76 

57 77 

66 83 

64 84 

64 84 

66 86 

62 82 

58 81 

57 80 

60 81 

(1) 13-year averaged data, 1965-1977 

Sources National Oceanic and AtmospheriC Administration, Environmental Data and 
Information Service, National Climatic Center, "Climatological Data for West 
Palm Beach, Florida, 1925-1978," Asheville, North Carolina 
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Table 2.3.7-3 

PRECIPITATION MEANS AND EXTREMES REPRESENTATIVE OF THE lel SITE 

Belle Glade PreclQltatlon (Inches) Port Mayaca (3) PreclQltatlon (Inches) 
Month Normal(1) Maxlmum(1) Mlnlmum(2) Normal Maximum MInimum 

January 199 853 011 1 54 706 000 

February 197 555 003 213 579 022 

March 321 1501 033 244 1465 009 

April 296 905 001 232 688 003 

May 474 961 108 495 1027 045 

June 908 2411 059 762 1475 195 

July 858 1530 178 672 1348 1 97 

August 821 1638 265 597 1022 1 65 

September 882 1950 199 621 11 67 1 15 

October 565 1584 049 523 11 15 1 31 

November 174 1244 013 1 24 533 006 
, ~ ~ "i.'t-"'--"\ 
"'7'>A ""1 

~~ ~~.oecember 180 709 005 1 61 0":d IJI v 569 002 

El~u'l ' I !.;[ Annual 5875 8468 4099 4798 6065 2838 
~f)j;. 

~ .. 
(1) 30-year averaged data, 1941-1970 
(2) 49-year averaged data, 1924-1972 
(3) 28-year averaged data, 1951-1978 

Sources National Oceanic and Atmospheric Administration, Environmental Data and Information Service, National 
ClimatiC Center, "Climatological Data for West Palm Beach, FlOrida, 1925-1978," AsheVille, North Carolina 



• 

• 

• 

Palm Beach for the 28-year penod ending 1977 was 86 mph In 1964, which was 

associated with HUrricane Dora There were 14 hUrricanes reaching the West Palm 

Beach area dunng 1886 to 1970 (NOAA Technical Memorandum NWS SR-58) 

Among those 14 hUrricanes, 6 of them were with sustained winds of 125 mph or 

more 

DisperSion Meteorology 

Wind Speed/Wlnd Direction 

Based on the West Palm Beach data, the prevailing winds are from the east to 

east-southeast throughout most of the year The 5-year annual and 5-year 

seasonal averaged wind roses for West Palm Beach for the penod 1982 to 1986 

are utilized to depict the lel onslte Wind patterns Figure 2 3 7-2 shows the 5-year 

annual average Wind rose for West Palm Beach, and Figures 2 3 7-3 through 

2 3 7-6 show the 5-year seasonal averaged Wind roses for West Palm Beach for 

the penod 1982-1986 

The Wind pattern at the lel site IS expected to be Similar to that measured for West 

Palm Beach However, In the warm summer season, the expected differences 

between the Wind patterns for the proposed ICl faCIlity and for West Palm Beach 

are mainly In the addition of westerly Winds from lake Okeechobee for the lel Site, 

and therefore, not qUite as high a percentage of easterly Winds IS expected as IS 

displayed by the West Palm Beach Wind data The 1-year (October 1988 to 

September 1989) meteorological data collected at the nearby Martin site confirms 

thiS prediction Figure 2 3 7-7 shows the annual average Wind rose for the Martin 

site which IS approximately 2 miles west of the ICl site 

Stability 

Atmosphenc stability In conjunction With general Wind patterns and mixing heights 

determines the potential of the atmosphere to disperse airborne pollutants 

Atmosphenc stability conditions are typically categonzed as unstable, neutral, or 

stable An unstable atmosphere IS one In which rapid diffUSion takes place In both 

the honzontal and vertical directions In terms of temperature change With height, 
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an unstable atmosphere IS charactenzed by a sharp decrease In temperature with 

height Neutral conditions, which are charactenzed by moderate decreases of 

temperature with height, are common In the atmosphere and are associated with 

moderate diffusion rates A stable atmosphere IS charactenzed by only slight 

decreases, or even Increases In temperature with height and greatly reduced 

diffusion rates In companson with unstable or neutral atmosphenc conditions 

The stability classifications presented In this section are based on the Turner (1970) 

classification scheme, which assigns a stability on the basIs of surface wind speed, 

cloud cover, and solar Insolation Table 237-4 contains a summary of the JOint 

frequency of occurrence of wind speed and wind direction categones classified for 

all stability classes based on meteorological data for West Palm Beach for the 

penod 1982 to 1986 (this IS referred to as STAR program data) These data 

Indicate a predominance of neutral to stable atmosphenc stability conditions 

Mixing Height 

An Important parameter which descnbes the regional dispersion capability of the 

atmosphere IS mixing height MIxing height IS the vertical extent of the surface 

layer within which relatively vigorous mixing of pollutants takes place Holzworth 

(1972) has compiled statistical summanes for mixing height at vanous locations 

throughout the United States based on twice dally radiosonde measurements The 

abundance of mOisture from the ocean around southern Flonda creates high 

humidities and low-level cloudiness that absorb heat and generally prevent the 

mixing height from subSiding below 500 m Because mixing heights are dependent 

upon surface temperatures, afternoon levels reach above 1,400 m under Intense 

solar Isolation Lesser diurnal mixing height fluctuations occur at coastal stations 

In Flonda, as compared to Inland locations, due pnmanly to moderating effects of 

the ocean 

Because of the proximity of the ICL site to Lake Okeechobee, mixing heights are 

expected to be moderated somewhat by onshore and offshore lake breezes dunng 

the warmer months In the morning, generally high relative humidities and/or 

lOW-level cloudiness will Inhibit the formation of Intense radiation Inversions, so that 
L \:; . ..1 
b-X 
~;-' 
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Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
NW 

NNW 

Total 

Table 2.3.7-4 
WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

(Page 1 of 7) 

Frequency (%) of Wind Speed & Direction for Stability Class A 
Surface Station No 12844 Time Penod ANNUAL 

Speed (m/s) 
~ 25 45 70 95 > 11 

0023 0160 0000 0000 0000 0000 
0023 0091 0000 0000 0000 0000 
0023 0114 0000 0000 0000 0000 
0000 0114 0000 0000 0000 0000 
0000 0251 0000 0000 0000 0000 
0068 0137 0000 0000 0000 0000 
0091 0205 0000 0000 0000 0000 
0046 0114 0000 0000 0000 0000 
0046 0205 0000 0000 0000 0000 
0046 0205 0000 0000 0000 0000 
0114 0205 0000 0000 0000 0000 
0023 0114 0000 0000 0000 0000 
0023 0228 0000 0000 0000 .0000 
0000 0023 0000 0000 0000 0000 
0000 0114 0000 0000 0000 .0000 
0023 0183 0000 0000 0000 .0000 

0548 2464 0000 0000 0000 0000 
Calms = 15 hours Total Class Obs = 

-
I:~ , 

,- -
c . -:.j "ill 

/ 

, , ,ci , ~f , '-"" 

\~ 

Total 

0183 
0114 
0137 
0114 
0251 
0205 
0297 
0160 
0251 
0251 
0319 
0137 
0251 
0023 
0114 
0205 

30% 



• 

• 

I. 

Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
NW 

NNW 

Total 

Table 2.3.7-4 
WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

(Page 2 of 7) 

Frequency (%) of Wind Speed & Direction for Stability Class B 
Surface Station No 12844 Time Penod ANNUAL 

Speed (m/s) 
~ 25 45 70 95 > 11 

0228 1141 0593 0000 0000 0000 
0091 0776 0639 0000 0000 0000 
0137 0730 1871 0023 0000 0000 
0183 0685 1666 0023 0000 0000 
0068 1255 3081 0023 0000 0000 
0114 1438 3354 0023 0000 0000 
0228 1346 4290 0046 0000 0000 
0137 0867 1438 0023 0000 0000 
0342 0844 0730 0000 0000 0000 
0160 0844 0753 0000 0000 0000 
0160 1187 0753 0000 0000 0000 
0274 0707 1141 0000 0000 0000 
0137 0776 0913 0000 0000 0000 
0205 0981 0616 0000 0000 0000 
0205 0867 0639 0000 0000 0000 
0114 0936 0776 0000 0000 0000 

2784 1 5380 23252 0160 0000 0000 

Total 

1962 
1506 
2761 
2556 
4427 
4929 
5910 
2464 
1917 
1757 
2099 
2122 
1825 
1803 
1711 
1825 

Calms = 35 hours Total Class Obs = 416% 

- 1 r 
1 t 
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• 

Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

• WSW 
W 

WNW 
NW 

NNW 

Total 
Calms = 

• 

Table 2.3.7-4 
WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

(Page 3 of 7) 

Frequency (%) of Wind Speed & Direction for Stability Class C 
Surface Station No 12844 Time Penod ANNUAL 

Speed (m/s) 
1 5 25 45 70 95 > 11 

0388 1506 3400 0867 0023 0023 
0137 0593 2350 1095 0023 0000 
0228 0685 5796 3103 0205 0000 
0114 0958 6914 4404 0319 0023 
0091 1209 10382 6663 0183 0000 
0183 1050 1 2254 7211 0068 0000 
0251 1460 1 5152 6458 0114 0000 
0228 1187 6366 2464 0114 0000 
0730 2191 4153 1118 0068 0000 
0502 1004 3126 0776 0000 0000 
0388 1483 2989 0936 0046 .0000 
0205 0958 2487 0753 0068 0000 
0228 0936 2099 0844 0114 0068 
0297 0776 2556 0821 0000 0000 
0297 1164 3537 0730 0091 0000 
0365 1346 3423 0753 0000 0000 

4632 18506 86984 38997 1438 0114 

Total 

6207 
4199 

10017 
12733 
18529 
20765 
23435 
10360 

8260 
5408 
5842 
4472 
4290 
4450 
5819 
5887 

99 hours Total Class Obs = 1507% 

t~'1 §j 
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Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
NW 

NNW 

Total 

Table 2.3.7-4 
WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

(Page 4 of 7) 

Frequency (%) of Wind Speed & Direction for Stability Class D 
Surface Station No 12844 Time Period ANNUAL 

Speed (m/s) 
1..2 25 45 70 95 > 11 

0548 3674 6846 7142 0662 0023 
0388 1643 3491 8397 0936 0091 
0137 1506 6777 18985 3126 0251 
0114 1438 1 1615 34798 5066 0707 
0274 2168 1 7114 40206 5454 0799 
0183 2738 1 4718 20765 0936 0000 
0297 4472 1 7251 19784 0913 0160 
0365 3217 9675 1 1409 0730 0023 
0388 4267 7918 6731 0479 0000 
0434 2966 4404 2784 0297 0023 
0548 3423 4587 3834 0479 0046 
0411 2373 3628 2715 0342 0091 
0411 2350 2921 4039 0844 0228 
0342 2761 3309 5089 1027 0319 
0821 3605 7005 8466 0639 0046 
0479 3377 8329 7667 0274 0046 

6138 45979 129587 202811 22202 2852 
Calms = 161 hours Total Class Obs = 

Total 

18894 
14946 
30782 
53738 
66014 
39339 
42876 
25420 
19784 
10907 
1 2915 

9561 
10793 
12847 
20582 
20172 

4096% 
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Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
NW 

NNW 

Total 

Table 2.3.7-4 
WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

(Page 5 of 7) 

Frequency (%) of Wind Speed & Direction for Stability Class E 
Surface Station No 12844 Time Penod ANNUAL 

Speed (mjs) 
1..2 25 45 70 95 >11 

0525 3286 2510 0023 0000 0000 
0251 1232 1689 0000 0000 0000 
0114 1415 5203 0023 0000 0000 
0091 1574 1 0976 0137 0000 0000 
0183 3286 1 5243 0160 0000 0000 
0342 4632 1 2345 0114 0000 0000 
0844 6982 1 1341 0137 0000 0000 
0434 4678 5568 0046 0000 0000 
0799 7142 4381 0000 0000 0000 
0616 4427 1734 0023 0000 0000 
0730 4472 2350 0023 0000 0000 
0593 3286 2282 0000 0023 0000 
0548 3834 2829 0023 0000 0000 
0776 4199 2875 0046 0000 0000 
0685 4723 7553 0000 0000 0000 
0753 5317 5636 0023 0023 0000 

8283 64485 94514 0776 0046 0000 
Calms = 288 hours Total Class Obs = 

Total 

6344 
3172 
6754 

1 2778 
18871 
1 7433 
19304 
1 0725 
1 2322 

6800 
7576 
6184 
7233 
7895 

1 2961 
11752 

1681% 
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Direction 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
NW 

NNW 

Total 

Table 2.3.7-4 
WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

(Page 6 of 7) 

Frequency (%) of Wind Speed & Direction for Stability Class F 
Surface Station No 12844 Time Penod ANNUAL 

Speed (m/s) 
L2 25 45 70 95 >11 

2213 3834 0091 0000 0000 0000 
0844 1232 0000 0000 0000 0000 
0502 1757 0023 0000 0000 0000 
0593 2829 0068 0023 0000 0000 
1050 5317 0068 0023 0000 0000 
1666 9949 0137 0000 0000 .0000 
3012 1 2162 0137 0000 0000 0000 
3788 6800 0091 0000 0000 0000 
4199 1 1318 0000 0000 0000 0000 
4381 7986 0068 0000 0000 0000 
4450 9264 0023 0000 0000 0000 
3719 6777 0205 0000 0000 0000 
4336 8443 0000 0000 0000 0000 
3742 8123 0023 0000 0000 0000 
5043 9858 0068 0000 0000 0000 
3537 7576 0114 0000 0000 0000 

47075 11 3226 1118 0046 0000 0000 
Calms = 2277 hours Total Class Obs = 

Total 

6138 
2076 
2282 
3514 
6458 

11752 
1 5311 
10679 
1 5517 
1 2436 
13737 
10702 
12778 
11888 
14969 
11227 

1615% 
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DIrectIon 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

SSW 
SW 

WSW 
W 

WNW 
NW 

NNW 

Total 

Table 2.3.7-4 
WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

(Page 7 of 7) 

Frequency (%) of WInd Speed & DIrectIon for StabIlity Classes 
Surface StatIon No 12844 TIme Penod ANNUAL 

Speed (m/s) 
~ 25 45 70 95 >11 

3925 13600 13440 8032 0685 0046 
1734 5568 8169 9493 0958 0091 
1141 6207 19670 22134 3332 0251 
1095 7599 31239 39385 5385 0730 
1666 13486 45888 47075 5636 0799 
2556 1 9943 42808 28112 1004 0000 
4723 26629 48170 26424 1027 0160 
4997 16863 23138 13942 0844 0023 
6503 25968 1 7182 7850 0548 0000 
6138 1 7433 10086 3583 0297 0023 
6389 20035 10702 4792 0525 0046 
5225 1 4216 9744 3468 0434 0091 
5682 16566 8762 4906 0958 0297 
5362 16863 9378 5956 1027 0319 
7051 20331 18802 9196 0730 0046 
5271 18734 18278 8443 0297 0046 

69460 260040 335455 242789 23686 2966 

Calms = 2875 hours 
MIssed Obs = o hours TotalObs = 43824 hours 
Total No of Days Counted = 1826 

Notes 1 Total observatIon Includes calms 
2 The total days counted are for the entIre data set 

Total 

39727 
26013 
52734 
85433 

11 4549 
94423 

107133 
59807 
58050 
37559 
42488 
33178 
37171 
38906 
56156 
51068 

3 NCDC WInd speed ranges (m/s) 1 5 (0-1 8). 25 (1 8-33).45 (33-54).70 

4 

Source 

(5 4-8 5). 9 5 (8 5-11) 
Calm IS defIned as wInd speed at 1 m/s or less (for dIspersIon modeling 
purpose only) 

Bechtel 1990 
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the layer of air closest to the ground IS mixed to several hundred meters Table 

2 3 7-5 presents the seasonally and annually averaged mixing heights for West 

Palm Beach area 

2.3.7.2 Ambient Air Quality 

Preconstruction Monitoring Exemption 

Based on the preliminary design, the facIlity will be a major source of sulfur dioxide 

(S02)' nitrogen oXides (NOx)' particulate matter and carbon monoxide (CO) (I e , 

has a potential to emit more than 100 tons/year of each of these pollutants) Table 

2 3 7-6 gives the emission estimates of the facIlity The emissions are based on 

conservative estimates of maximum exhaust concentrations at the stack 

A preconstructlon onslte meteorological/air quality monitoring program IS required 

to satisfy Section 2 3 7 of the DER SCA Instruction GUide and IS usually necessary 

as part of the PSD permit approval process Representative air quality mOnitoring 

data are needed to determine background levels for those pollutants with 

estimated significant Impacts 

Based on the emisSion estimates and the stack parameters as listed In Table 

237-6, the predicted peak pollutant concentrations reported In Table 237-7 are 

well below their corresponding PSD Increment limits and NAAOS Therefore, It IS 

anticipated that the operation of the proposed facility will not exceed the allowable 

PSD Increments for the area, and It also poses no threat to the NAAOS 

A comparison of these peak pollutant concentrations to the de minimiS pollutant 

levels for exemption from mOnitoring IS also given In Table 2 3 7-7 As shown from 

the table, maximum pollutant concentrations resulting from the operation of the 

proposed facIlity are below their corresponding de minimiS levels Therefore, 

preconstructlon monitoring of these pollutants IS not required under the 

regulations This finding was presented In the Plan of Study for the Indiantown Site 

Certification Application to the Florida Department of Environmental Regulation 

(FDER) Subsequent discussions with the FDER have establl~hed that the eXisting 

20524 016\lndlanln seA 237-5 
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• 
Season 

Winter 

Spnng 

Summer 

Autumn 

Annual 

Source 

• 

• 

Table 2.3.7-5 
MEAN SEASONAL AND ANNUAL MIXING HEIGHTS, 

WEST PALM BEACH, FLORIDA 

Morning 

700 

840 

970 

880 

850 

Afternoon 

1130 

1380 

1400 

1280 

1250 

Holzworth, G C , MIxing Heights. Wind Speeds. and Potential for Urban Air 
Pollution Throughout the Contlnguous United States Environmental 
Protection Agency, Office of Air Programs Research Tnangle Park, N C 
January 1972 
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Table 2.3.7-6 
PRELIMINARY PLANT STACK PARAMETERS AND EMISSIONS FOR 

MONITORING EXEMPTION MODELING ONLY (100% LOAD, COAL-FIRED) 

Stack Gas Temperature 

Stack Gas Flow Rate 

Stack Height 

BasIs 
Pollutant Ib/MMBtu 

S02 017 

NOx 017 

Particulate 0018 

CO 011 

VOC 00036 

Ib/hr 

582 

582 

616 

377 

123 

1,206,370 ACFM 

495 FT 

Emissions 
tons/yr 

2549 

2549 

270 

1648 

54 

For the purpose of the air quality modeling analysIs, particulate emissions of TSP and 
PM-10 from the plant stack, shown here, are assumed to be the same 

Source Bechtel, 1990 



• Table 2.3.7-7 
MODEL PREDICTED PEAK CONCENTRATIONS 

MOnitoring 
Averaging Max Conc from De MInimis 

Pollutant Time the FacIlity Level 
(J.lg/m3) (J.lg/m3) 

CO 8-hour 508 575 

N02 Annual 442 14 

PM-10 24-hour 092 10 

S02 24-hour 11 6 13 

Pb 24-hour 01 

• Source Bechtel, 1990 

• 
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monitoring data from FPL's Martin site IS representative of the proposed ICL site 

area Based on this Information and the discretion of the FDER (FDER letter, 

July 23, 1990), the preconstructlon ambient air quality mOnitoring requirement for 

the proposed ICL IS exempted Detailed discussion of the mOnitoring exception 

demonstration can be found In Sections 3 4, 5 2, and 5 3 of the PSD application 

EXisting Representative Air Quality Monitoring Data 

Per PSD Ambient MOnitoring GUidelines, a proposed source, which will be In an 

area of multi-source emissions and basically flat terrain, may propose use of 

eXisting data at nearby mOnitoring sites to determine ItS background pollutant 

concentrations The eXisting nearby mOnitors should be within 10 km of the pOints 

of proposed emissions Air quality data (S02' N02, CO, TSP, and PM-10) have 

been collected by FPL and Florida DER In the vIcinity of the ICL site 

Since the terrain between the proposed project site and the nearby eXisting 

mOnitors IS basically flat, these data Will be used to determine the background 

pollutant concentrations for the proposed site area The follOWing paragraphs 

briefly describe the available data 

Historical FPL Martin Site Air Quality Monitoring Network 

Background sulfur dioxide (S02) , nitrogen dioxide (N02), and total suspended 

particulates (TSP) have been collected by FPL at four sites (Nos 1,2,3, and 4) In 

the VICInity of the Martin Plant (approximately 3 miles northwest of the ICL site) on 

a once-every-slxth-day basIs since October 1973 These data were supplemented 

In 1979 and 1980 with two sites (Nos 5 and 6) mOnitoring S02 and N02 with con­

tinUOUS analyzers and a seventh site (No 7) mOnitoring TSP Only about 1 year 

of continuous S02 and N02 mOnitoring data eXists at Site Nos 5 and 6 The other 

once-every-slxth-day mOnitoring sites continue to operate with bubbler type 

samplers for S02 and N02 and standard high volume samplers for particulate 

matter Figure 2 3 7-8 shows the location of the eXisting FPL air quality mOnitoring 

sites 
--,. 

~ ~. r'i" 
e-? 
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Florada DER Air Quality Monatorlng Network 

The area within a 50 km radius of the proposed ICL site (e g , Martin, Palm Beach, 

Hendry, Glades, Highlands, Okeechobee, and St Lucie Counties) has FDER 

ambient air quality monitoring coverage for particulate matter only The exception 

IS Palm Beach County where ambient air quality data are also collected for CO, 

ozone (03)' N02 and S02 The available FDER air quality mOnitoring sites located 

within thiS area are listed In Table 237-8 and shown In Figure 237-9 

Martm Site Coal Gasification/Combined Cycle (CG/CC) Project Monitoring 
Data 

An onslte PSD air quality mOnitoring program has been conducted by FPL for the 

Martin CG/CC project The mOnitoring program began In mid-September 1988 

and continued for 1 year The mOnitoring network consists of two new mOnitoring 

sites (see Figure 2 3 7-10) at which S02' N02, and 0 3 were continuously 

monitored Fine particulate matter (PM-10) were collected on a 

once-every-slxth-day basIs at the two mOnitoring sites 

Background Air Quality Level Determination 

A summary of the FPL eXisting ambient air quality monitoring data collected for the 

Martin site for the period from 1973 through 1988 IS presented In Table 237-9 

The highest recorded S02 concentration for all applicable averaging period from 

these FPL stations does not exceed 24 percent of the more stringent FlOrida State 

standards The highest recorded annual average N02 concentration IS only 16 per­

cent of the applicable standard The highest TSP measurement (200 pg/M3
) IS a 

bias value due to an Isolated Incident which was uncharacteristic of the overall data 

record for the Martin site area In general, the eXisting air quahty mOnitoring data 

for the Martin site area Indicate good background air quahty However, the eXisting 

data for S02 and N02 are based primarily on "bubbler" type samplers and the 

1 year of continuous analyzer monitoring data were collected In 1980 They are 

useful only for providing a general Idea of the eXisting air quality levels In the 

VICinity of the Martin site 

20524 016\lndlanln SCA 237-7 



• 

LAKE 

OKEECHOBEE 

• 

'oar Original 
FIgure 237-9 

FDER AIR QUALITY MONITORING SITES WITHIN 

• THE ICL SITE REGION 
I ") 

1 
, 

( l 

Source FPL,1989 " ) 
, 

-, 
1\ -2 

~ 
~ ''l1' 

;o( 
ITIr 
y>; 
~~ 
I~< 
t _J I 

K..y 
• TSP 
~S02 
~N02/C 
.0 

INDIANTOWN 
COGENERATION 

PROJECT 

IndIantown CogeneratIon, L P 



• 

• 

• 

t-----( 7141-----

INDIANTOWN 

'----PORTMAYACA 

PAUl BEACH COUHTY 

- - -- - -1 2 

Poor Original 

Figure 2.3.7-10 
MARTIN SITE PSD MONITORING LOCATION 

Source FPL 1989 

:;Ij 
(TI[ 
(fI-

4 5 6 

INDIANTOWN 
COGENERATION 

PROJECT 

> <. 
&Indlantown CogeneratIon, L P 



Table 2.3.7-8 
FDER AIR QUALITY MONITORING SITES USED FOR THE ICl SITE VICINITY 

• County Site I D TSP S02 N02 CO 03 

Palm Beach 017 J02 x 
003 G02 x 
004 G02 x 
004 G01 x x x 
006 G03 x 
007 G01 x 
004 J02 x 
005 J02 x 
006 J02 x 
006 J09 x 
007 G01 x 
001 G01 x 
002 G01 x 
003 G01 x 
001 G01 x 
002 J03 x 
005 G01 x 
006 G01 x 
008 J02 x 
009 J02 x 

• 010 J02 x 
011 J02 x 
012 J02 x 
013 J02 x 
014 J02 x 
015 J02 x 
001 G01 x 
003 G01 x 
002 J02 x 

Martin 004 F02 x 
002 F01 x 
002 G01 x 
002 G09 x 
003 G01 x 

Hendry 002 F01 x 
002 J02 x 

Highlands 001 F03 x 
Okeechobee 002 F03 x 
St Lucie 004 F01 x 

004 F09 x 
009 F02 x 
001 F01 x 
001 F09 x 

• Source FDER, 1987, 1988, 1989 
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Table 2.3.7-9 
FPL HISTORICAL AIR QUALITY MONITORING DATA FOR THE 

MARTIN SITE VICINITY (1973-1988) 

Averaging Station Concen (a) NAAQS 
Pollutant Period Number (llg/M3

) (llg/M3
) 

S02 3-hr 5 105 1300 
24-hr 5 61 365 
Annual 6 8 80 

N02 24-hr 1 158 
Annual 5 16 100 

TSP 24-hr 3 200 (c) 150(b) 
Annual N/A 60 (b) 

(a) Highest concentration 
(b) Federal secondary standard 

FAAQS 
(1l9/M3

) 

1300 
260 
60 

100 

150 
60 

(c) This exceedance occurred In 1986 and was found to be an Isolated Incident 
uncharacteristic of the overall TSP monitoring data recorded for the Martin site 

Source FPL Martin CG/CC PSD Application, 1989 
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The FDER air quality mOnitoring data for the ICL site VICInity for 1988 are 

summarized In Table 2 3 7-10 The highest recorded CO concentration IS 

eqUivalent to 55 6 percent of the 8-hour averaging federal and state standards, 

while the annual average N02 recorded value IS 25 percent of all the applicable 

standards The highest S02 measurements for each of the required averaging 

periods are lower than those recorded by the FPL eXisting mOnitors The highest 

24-hour TSP concentration measured at the FDER monitor at Martin County IS 

103 J1g/m3 which IS 69 percent of the state standard 

One year (October 1988 to September 1989) of PSD air quality mOnitoring data 

was collected for the Martin CG/CC project Results of the data are summarized 

In Table 237-11 As clearly shown In the table, data measured by the Martin 

CG/CC PSD program are In good agreement with those measured In the FPL 

eXisting monitoring network and the FDER monitors The data reported In Table 

2 3 7-11 are most current and meet the PSD mOnitoring data recovery rate and 

quality assurance requirements 

As shown In Figure 2 3 7-10, the two Martin PSD mOnitoring sites are 

approximately 42 km (25 miles) and 102 km (6 miles) west northwest of the 

proposed ICL site, respectively Due to the proximity of these PSD mOnitoring 

stations to the proposed ICL site and the currentness of the data, the data 

collected by the Martin CG/CC project are conSidered to be the most 

representative data for the ICL site and have been used to determine the 

background air quality levels for the S02' N02, and PM-10 pollutants Background 

air quality levels for the other criteria pollutants (CO, TSP, and 03) were determined 

uSing the eXisting FDER mOnitoring data Background concentration estimates 

based on data collected at the Palm Beach FDER station, Palm Beach (an urban 

setting) are conSidered to be conservative for the ICL Site, which IS In a rural 

setting With less area pollution sources The background air quality levels 

determined for the proposed ICL site and their corresponding federal/state 

standards are reported In Table 237-12 As clearly Indicated by the table, the air 

In the ICL site vIcinity IS relatively clean, With air pollutant levels well below the 
;:.:] ~ 
11 ,-I 
{~ J 

:01" 

applicable ambient air quality standards 
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Table 2.3.7-10 
SUMMARY OF FDER AIR QUALITY DATA FOR THE ICL 

• SITE VICINITY 

AveragIng MaxImum 
Pollutant County Penod ConcentratIon 

1987 1988 1989 NAAOS FAAOS 

S02(a) Palm Beach 3-hr 52 58 68 1300 1300 
24-hr 12 11 27 365 260 
Annual 3 3 8 80 60 

N02(a) Palm Beach 1-hr 152 137 117 
Annual 22 25 24 100 100 

CO(b) Palm Beach 1-hr 6 7 7 35 35 
8-hr 4 5 4 9 9 

Ozone(b) Palm Beach 1-hr 0091 0107 0106 012 012 

TSP(a) Palm Beach 24-hr 251 250 (e) 161 260 (c) 150 
Annual 50 50 128 75(d) 60 

Hendry 24-hr 650 576(f) 73 260 150 
Annual 42 36 47 75 60 

• HIghlands 24-hr 50 143 35 260 150 
Annual 20 20 26 75 60 

MartIn 24-hr 98 103 78 260 150 
Annual 39 39 40 75 60 

Okeechobee 24-hr 52 72 105 260 150 
Annual 26 26 28 75 60 

St LUCIe 24-hr 457 189(g) 219 260 150 
Annual 72 67(g) 82 75 60 

PM-10(a) Palm Beach 24-hr 78 150 150 
Annual 33 50 50 

Hendry 24-hr 65 150 150 
Annual 23 50 50 

(a) ConcentratIon In }Jg/m3 

(b) ConcentratIon In ppm 
(c) Pnmary standard speCifIed with a secondary standard of 150 }Jg/m3 

(d) Pnmary standard specifIed wIth a secondary standard of 60 }Jg/m3 

(e) FDER IndIcated that thIS exceedance was caused by a fugitIVe dust event assocIated with a sugar 
cane transfer statIon operated 12/17/88 (Source Martin CG/CC PSD ApplicatIon, 1989) 

(f) FDER IndIcated that thIS exceedance was caused by reentralned partIculate matter due to sugar 
cane harvestIng actIVitIes and occurred on 12/17/88 (Source MartIn CG/CC PSD ApplicatIon, 
1989) 

(g) FDER IndIcated that these exceedances were due to fugutlVe dust from a nearby cement plant and 

• an asphalt plant and heavy vehIcle traffIC on 8/1/88 (Source MartIn CGYCC PSD ApplicatIon, 
1989) C- k, 

(I , 1 \" 

Source FDER,199O 
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Table 2.3.7-11 
FPL MARTIN CG/CC PROJECT ONSITE AIR QUALITY 

MONITORING DATA (OCTOBER 1988 THROUGH SEPTEMBER 1989) 

MOnitored 
Averaging Concen NAAOS FAAOS 

Pollutant Penod (pg/m3) Site (pg/m3) (pg/m3) 

S02 3-hr 61 East 1300 1300 
24-hr 126 East 365 260 
Annual 1 3 East 80 60 

N02 1-hr 62 West 
Annual 54 East 100 100 

Ozone 1-hr 165 East 235 235 
Annual 47 Both 

Particulate 24-hr 39 East 150 150 
Matter (PM-10) Annual 133 West 50 50 

Sources FPL Martin CG/CC PSD Application, 1989 
Envlrosphere Company, Final Data Report for Martin CG/CC, 1989 
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Table 2.3.7-12 
BACKGROUND AIR QUALITY LEVELS FOR THE ICL SITE VICINITY 

Pollutant 

SOl) 

NOl) 

Ozone(1) 

Partlculate(1) 
Matter (PM-10) 

TSP(2) 

CO(3) 

Sources 

Averaging 
Penod 

3-hr 
24-hr 
Annual 

1-hr 
Annual 

1-hr 
Annual 

24-hr 
Annual 

24-hr 
Annual 

1-hr 
8-hr 

Monitored 
Concen 
(pg/m3) 

61 
126 
1 3 

62 
54 

165 
47 

39 
133 

105 
40 

7 
5 

(1) 
FPL Martin CG/CC PSD MOnitors, 1989 

1300 
365 
80 

100 

235 

150 
50 

260 
75 

35 
9 

Envlrosphere Company, Final Data Report for Martin CG/CC, 1989 

1300 
260 
60 

100 

235 

150 
50 

150 
60 

35 
9 

(2) 
FDER monitors at Martin and Okeechobee, highest recorded among the two 
stations within three year penod, 1987-1989 

(3) 
FDER mOnitor at Palm Beach, concentration In ppm 
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2 3.7.3 Measurement Programs 

As discussed In Section 2 3 7 2, preconstructlon monitoring was not required 

because of the availability of representative air quality and meteorological data In 

the area The data that were used and their sources are described In 

Section 2 3 7 1 and 2 3 7 2 This IS discussed again In Section 5 6 2 1 

c-::--! 
-;::( 

~- ~ @1; 
(~ ~'" 

:?O524 Qlb\lndlantn SCA 

<-! ..) 

~,~ 237-9 1\ -\ ,-
--, t~ ~ !.. J 
(t.(~ 

~~ 



• 

• 

• 

2.3.8 NOISE 

2.3.8.1 Measurement Methods 

Environmental nOise by Its nature vanes with time To quantify such a nOise level, 

It IS necessary to Introduce two terms 

The residual nOise level IS the quasI-constant nOise level that eXists In the absence 

of all Identifiable sporadic or Intermittent nOise events such as automobile pass­

bys, aircraft flyovers, dogs barking, etc This level IS usually composed of the 

cumulative sum of far-off Indistinguishable road transportation sources In most 

environments The residual level Itself vanes slowly with time as these sources 

Increase or dimInish, which explains the usual drop In resIdual level dunng the night 

and early mornIng hours when transportatIon activities are minimal It has been 

found that the measurable sound level quantity, L90 In decIbels (dB), or the level 

that IS exceeded 90 percent of the time dunng an Interval, serves well to quantIfy 

the residual level The resIdual level IS the best descnptor of community 

envIronmental quality 

The true energy average level over a given time Interval IS defined as LeqUivalent, 

or Leq Leq IS the level over an Interval that IS eqUivalent to the perfectly constant 

level that would contain the same acoustIc energy over the same Interval Hence, 

Leq gives a measure of the true average range of levels, IncludIng sporadiC and 

transient nOIse events 

There are numerous other measures and descnptlons defining nOise levels, but the 

two above are those commonly used to descnbe environmental nOise The 

common practice time Interval for measunng envIronmental nOise IS an hour, but, 

SInce the level IS changIng from hour to hour and from day to day, It becomes 

necessary to measure over longer Intervals 

For the ICL site, portable contInuous monitors With dIgital data storage (Larson 
r ---

DaVIS Model 700) were Installed at the two posItIons shown on Figure 2 3 8-1, and 
'--- . 
I , ,- . 
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Figure 2 38-1 

PLOT PLAN OF SITE SHOWING AMBIENT NOISE 
LEVEL MEASUREMENT POSITIONS 

Source Hessler & Associates 1990 
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operated over a 36-hour Interval from 7 00 P m on July 19, 1990, to 7 00 a m on 

July 21, 1990 Additionally, shorter term measurements were made dUring calm 

and stili weather conditions with a type 1 precIsion octave band sound level meter 

(Rlon Model NA29E) Fifteen hundred spectra can be measured and stored to 

form the database to compute the residual L90 level 

2.3.8.2 Ambient levels 

The positions shown on Figure 2 3 8-1 were chosen to characterize the entire 

project site from State Route 710 to South West Farm Road State Route 710 IS 

the dominant source of environmental nOise In the area NOise levels at the South 

West Farm Road position were very qUiet, as one would expect In a rural farming 

land-use location 

The 36-hour data at position 2, South West Farm Road, are presented In graphic 

format on Figure 2 3 8-2 Residual levels are 35 dBA dUring calm wind conditions 

and higher dUring other times due to field grass and tree "rustle" and bird and 

Insect activity Mechanical farm equipment and road sounds could be observed 

at this position from sources many miles away 

Figure 2 3 8-3 IS a plot of the frequency spectra at the two positions dUring calm 

weather conditions The spectra are roughly parallel, again Indicating that road 

nOise from State Route 710 IS the major source of nOise In the area 
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• 2.3.9 OTHER ENVIRONMENTAL FEATURES 

No additional Information IS required 

• 

• 
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3.0 THE PROJECT AND DIRECTLY ASSOCIATED FACILITIES 

3.1 BACKGROUND 

3.1.1 BACKGROUND 

The Indiantown Cogeneration, L.P. (ICL) plans to build a 330 MW cogeneration 

plant off SR 710 near Indiantown. This project represents an important addition to 

the available power generation in southern Florida, where power demand is 

increasing rapidly. 

The cogeneration plant will use low sulfur pulverized coal as its fuel to generate 

process steam to the Caulkins Citrus Processing plant, as well as to generate 

electrical power for sale to FPL. The arrangement of these facilities is shown in 

the site plan, Figure 3.1.1-1 . 
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3.1.2 PLANT DESCRIPTION 

The ICL cogeneration plant will generate approximately 330 MWe (net) of electrical 

output when not exporting process steam. Steam generation is accomplished by 

means of a pulverized coal (PC) reheat boiler, and electrical power generation is 

provided by means of an extraction-condensing turbine generator. 

During the period from November to June, process steam will be supplied to the 

Caulkins Citrus Processing plant. At the peak of the processing season, up to 

225,000 Ib/hr of process steam can be supplied to the Caulkins plant. Condensate 

from the citrus facility will be returned to the plant for reuse. An auxiliary boiler, 

capable of flnng either No. 2 fuel oil or natural gas, will proVide startup steam 

needs for the cogeneration plant and export process steam if required. 

The PC boiler will be an outdoor natural-circulation type boiler. The prinCipal 

components of the boiler will include: water-cooled furnace, superheaters, 

reheaters, economizer, convection pass heat transfer elements, fans and blowers, 

air preheaters, and induced draft fans. In the furnace section of the PC boiler, the 

pulvenzed coal will be mixed with the hot combustion air and ignited In the coal 

burners. Combustion air will be preheated in an airheater using the exit flue gas 

to improve overall boiler efficiency. 

In general, the boiler and air pollution control systems will be typical of outdoor 

construction and will not be totally enclosed. However, enclosed buildings will be 

provided for administration, control, maintenance, and warehousing, and the 

material handling facilities will be totally enclosed. 

One outdoor, drum type, natural circulation PC boiler will generate a total of 

approximately 2,500,000 Ib/hr of steam at 2535 psia and 1005 OF at the super­

heater outlet and 1005 OF at the reheater outlet. 
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The boiler will utilize the latest in combustion controls to reduce nitrogen oxides 

formation. Nitrogen oxides that do form will be further reduced by a selective non­

catalytic reduction (SNCR) process where reagent will be injected into the furnace. 

The reagent will reduce the nitrogen oxides to molecular nitrogen and water. 

Flue gas from the air heater will enter the spray dryer absorber (SOA) system. A 

lime slurry will be injected into the SOA (dry scrubber to react with the hot flue gas. 

The hot gas will be humidified and cooled in the SOA by spraying with reactant 

slurry. The system will use calcium hydroxide ash slurry as the absorbing medium. 

Pebble lime will be slaked in the lime preparation system, diluted, and stored in the 

lime feed tanks. Feed slurry will be pumped to an atomizing system. 

Acid gas concentrations will be reduced substantially during the initial evaporation 

and drying in the SOA. A smaller removal will occur in the filter cake in the 

bag house. Reaction products, consisting of calcium sulfate, calcium sulfite, 

unreacted calCium hydroxide, and ash, will be removed from the flue gas at the 

SOA hopper and the bag house hoppers. The reaction products and ash will be 

conveyed to a silo equipped with a bin-vent type filter to minimize fugitive dust 

emissions. Railcars will be loaded from the silo for transporting the ash back to the 

coal mine. 

The bottom ash formed from the coal combustion will be removed from the furnace 

by a submerged drag chain conveyor for transfer to railcars for hauling back to the 

coal mine. The majority of the solid waste (bottom and fly ash and reaction 

products) will be removed by rail, and minor waste (water treatment filter cake) will 

be removed by truck for offsite disposal. 

Lime will be delivered to the site by self-unloading pneumatic railcars or self­

funloading trucks. The lime will be pneumatically conveyed to the lime silo which 

will be equipped with a bin-vent type filter to minimize fugitive dust emissions . 
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Coal will be delivered by rail, unloaded, and stored in an enclosed storage facility 

onsite. A grassed inactive pile, sized for 30 days storage at full load, also will be 

provided. 

The exhaust steam from the turbine must be condensed for reuse in the boiler / 

turbine cycle. Circulating water will be used between the wet mechanical draft 

cooling tower and the condenser to cool the steam. A portion of this cooling water 

will be evaporated in the cooling tower and must be replenished along with the 

cooling tower blowdown which will be discharged from the circulating water system 

to prevent solids from building up in the tower. 

This COOling tower makeup water will be supplied from the Taylor Creek/Nubbin 

Slough via a 19-mile pipeline routed along SR 710 in the CSX railway nght-of-way 

(ROW). A cooling water storage pond Will be used as a means to extend the use 

of the Taylor Creek/Nubbin Slough at times when the withdrawal of this water is 

not possible. The Floridan aquifer will also be used as a backup water source for 

cooling tower makeup dunng the dry periods when water from the Taylor 

Creek/Nubbin Slough is not available. 

In order to minimize water use, the process IS designed to recycle as much water 

as practical. The boiler blowdown will be reused in the cooling tower system and 

not just discharged. Clarifiers and other water treatment systems will be 

incorporated to cleanup waste streams such that they can be recycled. Even a 

portion of the wastewater will be injected In the SDA system, thus minimizing the 

amount of water going to the injection well. 

An intake structure will be constructed at the Taylor Creek/Nubbin Slough Canal. 

Pumps at this structure will supply cooling tower makeup water via a pipeline to the 

site. The 19-mile long pipeline will have an approximate diameter In the range of 

18 to 24 inches, will be buried, and Will run along the railroad ROW . 
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A tie-in from the plant's switchyard will be made to the existing FPL 230 kV 

transmission line which crosses the northern portion of the site. Therefore, no 

additional ROWs or transmission line construction will be required . 
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3.2 SITE LAYOUT 

The Plot Plan, Figure 3.2.0-1, depicts the proposed layout of the ICL facilities as 

they are arranged on the 232-acre site. The site plan (Figure 3.1.1-1) shows that 

the plant will be located south of the Caulkins Citrus Processing Plant and the 

vacant Flonda Steel Corporation (FSC) plant. 

The proposed ICL project with its supporting equipment and facilities is shown on 

Figure 3.2.0-2. This figure is an architectural rendering of the proposed project. 

A new rail spur will be added from the existing CSX railroad and will enter the site 

along an easement located through the western part of the Florida Steel 

Corporation property that abuts Caulkins property. This spur expands into a coal 

rail loop that encircles the majority of the site. 

The main entrance to and from the site will be provided by an extension of the 

existing Caulkins access road from SR 710, southward along the west side of 

Caulkins and the new site boundary. This access road will extend along the west 

side and south perimeter of the site, connecting to South West Farm Road and 

serving as a public throughway between South West Farm Road and SR 710. A 

secondary access road will extend from this new road to the power block area of 

the site. An emergency access road will also be added along the railroad 

easement between Caulkins and Florida Steel, which connects to the existing FSC 

entrance road. 

The power block area, encompassing the boiler, turbine, air pollution control 

equipment, administration building, warehouse/maintenance building, cooling tower 

and switchyard facilities, will be located on the northeastern portion of the site. The 

coal unloading and storage facilities will be located in the southwestern portion of 

the site. Figure 3.2.0-3, entitled Plant Elevation, is a cross sectional view of the 

power block area . 
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The EmiSSion POint Diagram, Figure 3 2 0-4, Indicates the potential gaseous and 

liquid wastes pOints from the plant Fugitive dust from coal, lime, and ash handling 

transfer pOints will be captured by filters The emissions from the main stack and 

the aUXiliary bOiler stack will be controlled per Best Available Control Technology 

(BACT) requirements Sanitary wastes will be discharged to the Indiantown 

wastewater treatment faCility Process wastes will not be discharged from the SIte, 

but will be Injected Into deep wells 
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3.3 FUEL 

3.3.1 COAL 

3.3.1.1 Coal Supply and Analysis 

Coal will be dehvered by rail to the ICL site and will serve as the pnmary fuel for the 

main boiler The coal used for environmental licensing purposes IS presented in 

Table 3 3 1-1 The main bOiler Will use approximately 3,480 tons of 11,800 Btu/lb 

coal per day at full load and at 80 of, the design ambient temperature of the facility 

3.3.1.2 Coal Handling and Storage 

Coal Will be dehvered by unit train consisting of approximately 64 standard and 

22 special covered-top, 1 ~O-ton, bottom dump cars Three unit trains per week are 

required Figure 3.1.1-1 shows the onslte rail loop location 

The unit train locomotive Will be used to stage the coal cars at the enclosed coal 

unloading bUilding A Side-mounted car shaker Will be located over the unloading 

hopper and will be used to enhance the discharge of coal from the cars 

Coal storage Will be provided In both active and Inactive piles The active pile will 

be stored within an enclosed structure which Will Include a phYSical barner (such 

as a concrete hnlng) below the pile to protect the groundwater. The pile will be 

sized for 7 days of coal at full power load The Inactive pile will contain 30 days 

of compacted coal ThiS Inactive pile will be approximately 25 feet high and will be 

covered and seeded A hner will be used under the Inactive pile to prevent runoff 

and leachate from entering the groundwater. 

Two 500-tph unloading feeders and one 1 ,OOO-tph conveying system will transport 

the coal from the unloading hopper In the unloading bUilding to the coal storage 

20524 016\lndlantn SCA 3.3.1-1 



Table 3.3.1-1 
ULTIMATE ANALYSIS 
(WORST CASE FUEL) 

COMPONENT % (AS FIRED) 

Carbon 65.37% 

Hydrogen 4.63% 

Oxygen 469% 

Nitrogen 116% 

Sulfur 200% 

Chlorine 015% 

Ash 12.00% 

Water 1000% 

TOTAL 10000% 

HHV 11,800 Btu/lb 

Source. ICl, 1990 
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building At the transfer pOint before the storage bUilding, coal may be diverted to 

either the storage bUilding or the emergency stackout pile 

The emergency stackout pile will also be lined and Will be an outdoor type pile 

sized to accommodate up to 30 carloads of Incoming coal 

The active coal storage Will conSist of a 24,360-ton longitudinal pile enclosed In an 

A-frame bUilding The pile capacity represents a 7 -day plant requirement at deSign 

conditions. A belt conveyor equipped with a traveling tripper Will stack coal on the 

pile Coal Will be reclaimed from the pile and deposited on a reclaim conveyor at 

a rate of 800 tph Reclaimed coal Will be conveyed to the crusher tower for size 

reduction 

The coal reclaim conveyor and the crusher feed conveyor Will transfer the coal to 

the crusher tower, where It Will pass under a magnetic separator before being 

discharged Into a surge bin The crusher feeders will transfer the coal from the 

surge bin Into two crushers. The crushers will reduce the coal feed size from 2" 

x 0" to 1-1 /4" x 0" The coal Will then be transferred on the 800 tph plant transfer 

conveyor that conveys coal to the boiler building 

An 800 tph Silo feed conveyor equipped with a traveling tripper will supply coal to 

four operating coal silos and one spare Silo The total volume of the four operating 

Silos Will accommodate approximately 24 hours of full load firing of the bOiler 
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3.3.2 NATURAL GAS 

3.3.2.1 Natural Gas Supply and Analysis 

Natural gas supplied by pipeline will serve as one of two alternative fuels for both 

the auxIliary bOiler and for the main boiler light-off and warmup (No.2 fuel ollis the 

other alternative fuel). A typical fuel analysIs for natural gas IS presented In Table 

33.2-1 The auxIliary bOiler Will use up to 350,000 cu ft per hour of natural gas 

(only) at full load 

3.3.2.2 Natural Gas Distribution 

The natural gas system Will consist of an onsite gas metenng station and 

dlstnbutlon system fed from a new pipeline that Will tie into the main gas 

transmission line that parallels SR 710 
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Ultimate AnalysIs 

Element 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Sulfur 

ProXimate Analysis 

Component 

Volatile Matter 

Fixed Carbon 

MOlsture2 

Ash 

Sulfur 

Table 3.3.2-1 
NATURAL GAS1 ANALYSIS 

GravimetriC 
Breakdown (%) 

73913 

24047 

1.249 

0773 

0018 

100000 

GravimetriC 
Breakdown (%l 

99.920 

0 

0 

0 

0018 

100000 

l The heat of combustion of the natural gas IS estimated to be 950 Btu/cubic foot 

2Actual value IS 0.00138 percent. 

Source. Bechtel, 1990 E1I 
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3.3.3 FUEL OIL 

3.3.3.1 Fuel Oil Supply and Analysis 

No. 2 fuel oil Will serve as one of two alternative fuels for both the auxIliary bOiler 

and for the main boiler light-off and warmup (natural gas IS the other alternative 

fuel). Very low sulfur all Will be used to provide S02 emissions control. A typical 

fuel all analysIs for very low sulfur OlliS presented In Table 3.3.3-1 The auxIliary 

bOiler will use up to 2,500 gph of No 2 fuel all (only) at full load. A startup of the 

main boiler IS expected to use approximately 9,000 gallons of No 2 fuel all 

3.3.3.2 Fuel Oil Handling and Storage 

The fuel all system will consist of one fuel oil storage tank, filling pumps to transfer 

fuel from trucks to the tank, two 100-percent-capaclty centrifugal pumps to prOVide 

fuel to the main or aUXIliary bOilers, and associated piping and controls. The fuel 

011 storage tank capacity IS 200,000 gallons, which IS suffiCient for 3 days' operation 

of the aUXIliary bOiler 

The fuel all transfer and storage system IS designed in accordance with the 

National Fire Protection ASSOCiation's 1987 Flammable and Combustible LiqUids 

Code (NFPA-30) The fuel 011 storage tank IS designed In accordance with the 

Environmental Protection Agency (EPA) Standards of Performance for New 

Stationary Sources Volatile Organic liqUid Storage Vessels (Including Petroleum 

liqUid Storage Vessels) Containment walls around the fuel 011 storage tank (Sized 

to contain the contents of the tank plus an allowance for precIpitation) Will be 

proVided 
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Table 3.3.3-1 
NO. 2 FUEL OIL ANALYSIS 1 

Ultimate AnalysIs 

Gravimetric 
Element Breakdown (%) 

Carbon 8726 

Hydrogen 1267 

Oxygen 0 

Nitrogen 002 

Sulfur 005 

10000 

ProXimate AnalysIs 

GravimetriC 
Component Breakdown (%) 

Volatile Matter 99.395 

Fixed Carbon 0425 

MOisture 0050 

Ash 0.050 

Sulfur 0050 

100000 

1The heat of combustion of the No.2 fuel ollis estimated to be 19,130 Btu/lb 

Source Bechtel, 1990 
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3.3.4 COAL STORAGE PILES GROUNDWATER PROTECTION/RUNOFF 
COLLECTION AND TREATMENT 

The coal pile runoff collection and storage basin for the grassed-over Inactive coal 

pile will be sized to collect and contain all Incident precIpitation (9 5 Inches) from 

the 25-year, 72-hour storm event A coal pile liner Will be provided to prevent coal 

pile runoff and leachate from Infiltrating the underlying sOils and groundwater The 

liner system Will be constructed completely above the seasonal high water table, 

and Will consist of a single fleXible membrane liner and a drainage layer on top of 

the liner 

ThiS liner (minimum 60 mil) Will be designed to accommodate the stresses, 

pressures, weather exposure, and potential abraSion associated with ItS Intended 

use A tYPical liner matenal would be high density polyethylene (HDPE) The 

drainage layer Will be compnsed of 8 to 12 Inches of granular matenal above a 

layer of geotextlle and geonet, both on top of the Impermeable liner. A layer of 

granular matenal (e g , sand from onSlte collection areas) Will be provided under 

the liner to protect It from teanng or perforation ThiS leachate collection and 

removal system Will be designed to prevent leachate from exceeding a depth of 

1 foot above the liner The drainage layer of the coal pile on top of the liner Will 

convey the runoff and leachate to the collection basin 

The runoff collection basin for the Inactive coal storage area Will have a liner system 

similar to that for the coal pile area, except that the geotextlle and geonet layers Will 

not be used The bottoms of the collection basins Will be bUilt above the seasonal 

water table 

Lined drainage ditches and/or pipelines Will collect the runoff water from the coal 

pile and convey It Into the collection basin Coal pile runoff Will be pumped at a 

controlled rate to the wastewater treatment faCility for processing (e g, solids 

removal, pH adjustment as needed), and recycled within the plant water supply 

system 

, ' 
~, 
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The active coal pile will be located within a bUilding and will have a phYSical barner 

such as concrete or a hner. The emergency coal pile area will be lined to prevent 

groundwater contamination It will be designed to be part of the runoff and 

leachate system that feeds the lined runoff collection basin. 
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3.3.5 ALTERNATIVE FUELS 

The main bOiler can only be fired at full load with coal. Both natural gas and No.2 

fuel all are available, however, for startup of the main boiler and for 100 percent 

firing of the aUXIliary bOiler. The aUXIliary bOiler IS Sized to prOVide 100 percent of 

the process steam needs of the Caulkins Citrus Processing plant (225,000 pounds 

per hour maximum). In case the main bOiler IS down. The option to use either 

natural gas or No 2 fuel all prOVides secunty against ,future unavailability or 

escalations In pnce of either gas or all 
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3.8 SITE DRAINAGE 

3.8.1 EXISTING SITE DRAINAGE 

The topography of the Indiantown Cogeneration, L P. (ICL) project site vanes 

between EI 35 0 and 31 0 feet, with the higher elevations In general occurnng 

along the northern and western penphery of the site The eXisting grade for the 

power block areas, Including sWltchyard and cooling tower, vanes between EI 35.0 

and 33 0 feet The prevailing grade along the eXisting transmission line corndor 

vanes between EI. 35 0 and 33 0 feet The area to the north of the transmission 

line corndor has an eXisting grade elevation of approximately 35 0 feet. Due to the 

relatively flat gradient and hmlted topographic rehef, the stormwater runoff has a 

low flow velocity Much of the site area IS heaVily vegetated with pine and wet 

prairie A drainage ditch traverses the entire site from north to south carrying the 

SIte surface runoff, as well as surface runoff from areas north of the site, to the St 

Lucie Canal approximately 2 5 miles away In general, the site drains In a 

southerly direction toward the ditch 

The ICL site IS characterized by several Isolated, naturally oCCUrring nonforested, 

fresh water wetlands Interspersed over the site The boundaries of these shallow, 

wet prairie wetlands, as shown on the Plot Plan (Figure 3 2.0-1), were developed 

from the field survey performed In the Spnng of 1990. 
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,e 3.8.2 DRAINAGE AREAS 

The estimated areas for the developed ICL SIte, as shown on the Site Drainage 

Plan (Figure 3.8.2-1), are 

• Power block area 21 acres 

• Coal handling area' 9 acres 

• Inactive coal storage area 6 acres 

• Cooling water storage pond 25 acres 

The other areas of the project not disturbed by development are 

• Wetland preserves, Including ditch 24 4 acres 

• EXisting transmission power lines 8 acres 

• Upland preserves, Including wetland buffers 58 3 acres 

• Miscellaneous areas north and west of rail loop: 22 7 acres 

For reference and further diSCUSSion purpose, these areas are defined as follows 

• Power Block Area 

Includes areas hOUSing turbine, baller, water treatment system, 

administration bUilding, stack, scrubbers and bag house bUildings, 

sWltchyard, vanous tanks, cooling tower, parking lot, oil ~torage tank, 

InjectIOn well, and three stormwater managemel'lkbasllJs. rn -~ 
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• Coal Handling Area 

Includes areas housing coal storage bUilding, coal handling bUilding, 

conveyors, and a stormwater management basin 

• Inactive Coal Storage Area 

Includes areas dedicated to coal storage, emergency stackout, and 

coal pile runoff basin 

• Cooling Water Storage Pond 

Includes area dedicated to the COOling water storage pond 
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383 DESIGN CRITERIA AND APPLICABLE REGULATIONS 

3 8 3 1 South Florida Water Management District Criteria 

The surface water management system wIll be desIgned In accordance with the 

regulations and reqUirements of the South Florida Water Management DIstrict 

(SFWMD), which has been delegated authOrity under FA C 17-25090 These 

regulations and requirements are outlined In the SFWMD Permit Manual 

(SFWMD, 1987) 

The surface water management system for the project faCIlities located Within the 

developed area will be desIgned such that the peak post-development dIscharges 

from the ICL site will not exceed the peak pre-development discharges Into the 

eXisting onsrte drainage ditch Detention basins and discharge control structures 

will ensure that post-development peak discharges will not exceed the pre­

development peak discharge By virtue of the eXisting topography, the stormwater 

runoff from the undeveloped areas outside the developed area will continue to 

follow the eXisting course 

The following design criteria are speCified In the SFWMD Permit Manual 

a Design Storms 

• 100-year, 72-hour storm for emergency spillway elevations of 

detention basins and bUilding elevations 

• 25-year, 72-hour storm for principal spillway elevations of 

detention basins, permanent swales and ditches, and culverts 

• 10-year, 72-hour storm for road crown elevations and temporary 

diversion ditches 
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b 

c 

RaInfall FrequencIes for the SIte Area 

• 100-year, 24-hour 9 0 Inches 

72-hour 122 Inches 

• 25-year, 24-hour 70 Inches 

72-hour 95 Inches 

• 10-year, 24-hour 58 Inches 

72-hour 79 Inches 

• 3-year, 24-hour 43 Inches 

• RaInfall DlstnbutlOn SCS-Type III 

BasIn Outlet Structures 

• V-notch bleeder (control structure) IS to pass the fIrst Inch of 

runoff 

• Combined dIscharge capacIty of pnnclpal and emergency 

spIllways to accommodate peak runoff from 100-year, 72-hour 

storm 

3.8 3 2 Runoff AnalYSIS 

Power Block and Coal Handling Areas 

SCS TechnIcal Release No 55, (TR55), (USDA, 1986) was used to determIne pre­

developed as well as post-developed peak runoff dIscharges for the sIte WeIghted 

runoff coeffICIents were determIned by percentage of ImpervIous area due to 

development and SOIl type Based on the SOIl types found In the srte area, a slte-

~ ~ 
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wide ses classification of sOil Type e was established (USDA, 1986) In 

conjunction with a particular storm event, runoff values were determined Based 

on these values, stormwater detention basins, ditches, swales, and culverts were 

sized to prevent excess discharges and thus maintain the pre-developed flow rate 

of the eXisting drainage ditch 

The basin sizes In the analysIs uSing TR-55 were determined for the maximum 

24-hour storm, but additional volume has been provided to Include the Incremental 

runoff volume due to the 48-hour precIpitation prior to the peak flow In the 72-hour 

storm, as defined by the SFWMD Permit Information Manual (SFWMD, 1987) and 

shown on Figure 3 8 3-1 The design criteria for basin SIZing as addressed In 

Section 3 8 3 1 Include the Incremental volume storage up to the 25-year storm 

dunng pnnclpal spillway operation, and the 1 DO-year storm dUring emergency 

spillway operation The stormwater basins outlets have been Sized to pass the 

peak flow from the 10D-year, 24-hour storm 

Drainage ditches receiving water from detention basins are Sized uSing the peak 

discharge from their respective basin For swales and ditches receIVIng only 

overland flow, an average peak runoff per acre was established uSing ses 

Technical Release No 55 and a 25-year and 24-hour storm event For runoff curve 

numbers (eN) spanning the pOSSible range of eN from 89 to 93, a discharge of 

4 cfs per acre was established 

Inactive Coal Storage Area 

The Inactive coal storage area basin was Sized uSing a 1 DO-year, 24-hour rainfall 

and a runoff coeffiCient of 073 (EPA, 1979) AdditIOnally, direct rainfall on the pond 

Itself was added to the volume reqUIred Surface water runoff from the Inactive 

coal pile area will be collected In a lined detention basin The runoff Will be 

pumped to a wastewater treatment faCIlity for processing for pOSSible use as 

process and cooling water needs 
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Wetland Runoff 

Seven naturally occurring wetlands within the property boundary (23 4 acres) will 

be preserved An additional 1 acre of wetland In the form of a man-made ditch, 

as shown on Figure 3 1 1-1 (Site Plan), will be rerouted and then maintained on the 

project SIte A 50-foot buffer of pine flatwoods surrounding the three wetlands In 

the central portion of the property and a wetland on the northwest corner of the 

property Will also be maintained The other three wetlands are surrounded by 

preserved uplands and Will not be disturbed The Impact of faclhty access road 

and railroad spurs Will be minimized by Incorporating the wetland areas Into the 

project's surface water management plan such that excessive and unseasonal 

flooding or drying Will be aVOided 

For the wetland adjacent to the coohng water storage pond, a 3-year, 24-hour 

storm event (assumed to be equivalent to the mean annual) was used In pre- and 

post-development runoff assessments The analYSIS was performed to determine 

the defiCient mean annual peak discharge required to feed the wetland from a 

detention baSin (see Section 3 8 5 2) ThiS discharge to the wetland Will be through 

a np-rapped channel or grassed swale 
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3 8 4 CONSTRUCTION DRAINAGE 

Rerouting of a portion of the eXisting onslte drainage ditch and construction of the 

surface water runoff collection basins will be performed early In the project 

schedule This will faclhtate site drainage and the use of these basins as 

sedimentation basins dunng clearing, rough grading, excavation, and construction 

A rough grading plan IS shown In Figure 3 8 4-1 

The construction activities will result In disturbance of land In the following areas 

• Power block and sWltchyard area 

• Construction laydown area 

• Coal handhng and storage areas, Including the rail car unloading faclhty 

• Plant roads and railroad 

• Trenches for the circulating water piping system and other underground 

utilities 

• Cooling water storage pond 

• Runoff collection basins 

• Drainage ditches, diversion ditches, and the wetland water dlstnbutlon 

channel 

• Rerouted portion of the eXisting north-south drainage ditch traversing 

the site 

) 

, , 
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• Additional temporary construction bUildings Including offices, ware­

houses, and shops 

To collect the runoff water from these areas, a total of five collection basins will be 

bUilt as shown on Figure 3 8 2-1 DUring construction, these basins will be used 

as sedimentation basins The runoff water from these basins will be discharged 

to the eXisting drainage ditch, either directly or via perimeter ditches to the north 

and southwest of the plant area outside the railroad loop 

Natural characteristics affecting erosion and sediment transport Include rainfall 

Intensity, type of sOil, topography, and vegetation cover At the ICL Site, several 

of these Influences offset each other Although rainfall Intensity IS high, the 

topography IS relatively level, which will minimize the water flow velocity and 

sediment transport capacity The flat slope of the land will tend to limit the amount 

of matenal that could be transported by runoff Erosion control measures will 

Include provIsion of diversion ditches, silt fences, straw bale dikes, and sediment 

traps Hydroseedlng and mulching will be used on all rough graded areas to 

establish a ground cover on slopes, drainage ditches, and swales 

The collection baSins that will be proVided early In construction will be used to 

allow considerable time for suspended solids to settle pnor to discharge They will 

remain In operation dunng construction and Will be cleaned penodlcally to maintain 

their function The mitigation measures used for the erosion and sedimentation 

control dunng construction are discussed below The exact location, Size, and 

number of these control features have been established for the construction 

planning phase Considerations have been given to construction sequence, 

construction season, local topography, and final drainage scheme In establishing 

erosion and runoff control details Additional measures, as required dunng 

construction, Will be Implemented by the construction supenntendent 
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Vegetative Practices 

The following vegetative practices for erosion and sedimentation control will be 

Incorporated dunng construction 

Temporary Seeding 

The detention basin embankments, penmeter dikes, topsoil stockpiles, and areas 

to be rough graded dunng the Initial phase of construction shall be seeded or 

sodded as per SFWMD requirements 

Jute Mesh 

Jute mesh or other degradable channel IInrng matenal shall be used to aid In 

establishing grass growth It may also be applied on road and track side ditches, 

If reqUired 

Structural Practices 

The structural practices to control and Intercept sediment from runoff and to retain 

coarse sediment particles from reaching surrounding water bodies, will Include 

provIsion of pen meter dikes, nprap outlet structures, straw bale dikes or barriers, 

silt fences, diversion dikes, graveled construction entrances, and detention basins 

3 8 4 2 DeSCription of the Control Facilities 

Temporary Construction Entrance 

Construction laydown and storage areas will be accessed via roads that will 

become permanent plant roads Roads In the construction area will be upgraded 

With gravel to faCIlitate heavy truck traffiC as needed TYPical details of the 

temporary construction entrance from the main road are shown on Figure 3 8 4-2 
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STABILIZED CONSTRUCTION ENTRANCE 
not to scale 

STANDARD SYMBOL ~ 

50' mIn 

r t_ 
6 

PROFIL E 

50' mIn 

PLAN VI EW 

CONSTRUCTION SPECIFICATIONS 

EXISTING 
PAVEMENT 

MOUNTABLE BERM 
(OptIonal) 

or Original 

1. Stone Size - Use 2" stone, or reclalmed or recycled concrete equivalent. 
2. Length - As required, but not less than SO feet (except on a single reai­

dence lot where a 30 foot minimum length would apply). 
3. Thickness - Not less than six (6) inches. 
4. Width - Ten (10) foot minimum, but not leBa than the full width at 

points where ingress or egress occurs. 
S. Filter Cloth - will be placed over the entire area prior to placing of ston •• 

Filter will not be required on a aingle family residence lot. 
6. Surface Water - All surface water flowing or diverted toward construction 

entrances ahall be piped across the entrance. If piping ia impractical, 
• mountable berm with 5,1 alopea will be permitted. 

7. Maintenance - The entrance ahall be maintained in a condition which will 
prevent tracking or flowing of aediment onto public rlghts-ot-way. Thia may 
require periodic top dressing with additional stone a. conditions demand 
and repair and/or cleanout of any measure. uaed to trap aedlment. All 
aediment spilled, dropped, washed or trAcked onto public righta-of-wAY must 
be removed immediately. 

8. Washing - Wheels ahall be cleaned to remove sediment prior to entrAnce onto 
public righta-of-way. When washing ia required, it shall be done on an area 
atabilized with atone And Which drains into an approved aediment trA9P1ng 
device 

t. Periodic inspection and needed maintenance shall be provided after each rain. 

Figure 3 8 4-2 
TYPICAL DETAILS OF 
STABILIZED CONSTRUCTION ENTRANCE 

Source USOAG SCS 
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Sedimentation (Detention) Basins 

Sedimentation (detention) basins will be developed as required by excavation to 

Intercept the runoff from the construction area and to prevent coarse sediment 

particles from reaching the surrounding water bodies The basin will have an outlet 

that permits draining at a slow rate dUring a storm, according to SFWMD 

requirements and as shown In Figure 3 8 4-3 These basins Will remain In 

operation dUring construction, and will be mucked out periodically to maintain their 

function Upon completion of construction, the basins Will be cleaned and Will be 

Incorporated Into the stormwater management plan TYPical features of the 

sedimentatIOn basin are shown In Figure 3 8 4-4 

Swales and Ditches 

Swales Will be formed to direct the runoff to sedimentation basins These swales 

Will be excavated, graded, and stabilized With rock or by sodding or seeding The 

cross section of the swales Will be V-shaped or trapeZOidal and deSigned to carry 

runoff from contributing area With a velOCity of 2 a fps or the allowed non-erosive 

velOCity for the swale material TYPical details of the swales are shown In Figure 

3 8 4-5 

Straw Bale Dikes and Silt Fences 

Straw bale dikes Will be constructed by plaCing the bale perpendicular to the flow 

They Will be keyed In and stacked as shown In Figure 3 8 4-6 Silt fences (Figure 

3 8 4-7) Will also be used to control the release of sediment laden runoff from the 

site 
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SWALE A 
C I' 

SWALE B 

1 

TEMPORARY SWALE 

CROSS SECTION 

D 4 6 

Poor Ori.!}inal 
~W 0,5% OR STEEPER DEPENDENT ON TOPOGRA~ F~- -------" 

OUTLET AS REQUIRED 
SEE ITEM 8 BELOW 

I 

PLAN VIEW 

CIllSTBUCTlCJi Sl£CIElCATIOOS 
STANDARD SYMBOL 

A 2 B 3 
I ~ I 

1. .Au TEMPORARY SWALES SHALL HAVE UNINTERRUPTED POSITIVE GRADE TO i>J'I wrLET, 

2. DIVERTED RUNOFF FRCM A DlS1URBED AREA SHALL BE CONVEYED TO A SEDII"ENT TRAPPING 
DEVICE 

3, DIVERTED RUNOFF FRCM i>J'I UNDISTIJRBED AREA SHALL wrLET DIRECTLY INTO i>J'I UNDIS­
lURBED STABILIZED AREA AT NON-EROSIVE VELOCITY. 

4, .Au TREES, BRUSH, STlMPS, OBSTRl.CTIONS, AND OTHER OBJECTIONABLE I'ATERIAL SHALL 
BE REl"OVEIl AND DISPOSED OF so AS NOT TO INTERFERE WITH THE PROPER FUNCTIONING 
OF THE SWALE 

5 T H: SWALE SHALL BE EXCAVATED OR SHAPED TO LINE, GRADE, AND CROSS SECTION AS 
REWIRED TO MEET THE CRITERIA SPECIFIED HEREIN AND BE FREE OF BANK PROJECTIONS 
OR OTHER IRREGULARITIES ~ICH WILL IMPEI:E NORfoW. FUM 

6 FILLS SHALL BE CCMPACTED BY EARTH MJVING EQUIMNT, 

7 .Au EARTH REMJVEt AND NOT NEEDED ON CONSTRl.CTION SHALL BE PLACED so THAT IT WILL 
NCT INTERFERE WITH THE FUNCTIONING OF THE SWALE, 

8 STAB I LI ZA TI ON SHALL BE AS PER THE CHART BELOW 

FLGI (}WID STABILIZCtTICN 

~ ~ 8 ~ lie QB LEss2 B (5 AC - 10 lie} 

1 o 5-3.llt SEED AND STRAW t'I.n...CH SEED AND STRAW r-\Jt..CH 

2 3.1-5 llt SEED AND STRAW ru..CH ~ USING JUTE OR 
aSIOR 

3 5Hllt ~ WITH J~ OR ~NED RIP-RAP 4-8" 
caSIOR, CYCLED CONcRrn EwIVALENT 

4 8 Hat LINED 4oS" RIP-RAP ENGINEERED DESIGN 

9 PERIODIC INSPECTION AND REWIRED I'AINTENANCE f'UST BE PROVIDED AFTER EACH RAIN EVENT 

Figure 3 8 4-5 e:J 
TYPICAL DETAILS OF TEMPORARY SWALE~ 

Source USDAG SCS 
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STRAW BALE DIKE 

STANDARD SYMBOL 
L SID I .-'--- ... 

BEDDING flETA'lL 

ANGLE FIRST STAKE TOWARD 
PREVIOUSLY LAID BALlE 

I 
Poor Original 

Z R[-IARS,STEIEI. PlCICrTB,DR Z".Z"STAK[S 
1 lIZ' TO Z IN aRDUIiID, DRIVE STAKES .!I.!m!i 
WITH /IAI.IES. 

ANCHORING DETAIL 

!lljSJRXlICll SICIFlLAI!!NS 

I, Bo.us SIW.L BE PLACED AT n£ 'TIE OF A SUI'E OR ~ n£ aMaIt NlD IN A ROW WITH 
ENDS TIGHTl. Y Aa1TT ING n£ AtI.JACCM' BAI.£S. 

2. EAo1 &/\I.E SIW.L BE EJoolBEIl[E) IN n£ $OIL A MINIJoUoI OF (4) INO£S, NlD PJ.ACEI) 50 
n£ BINDINGS ARE IOIIZCtITAL, 

3. Btus SIW.L IE SEae£LY NOGED ~ PIXE BY Em£R 00 STAJ<ES OR RE-BARS DRIVEN 
THlOl.GH n£ &/\I.E. 11£ FIRST STAJ<E IN EACH BAU: SIW.L BE DRIVEN~ n£ 
PREVrCUSLY LAID &/\I.E AT AN N«;I.E TO FORCE n£ &/\I.ES 'T'OG£n£Il. ~IAJ<ES SIW.L PIE 
DRIVEN FUlSH WITH n£ &/\I.E. 

4. INSPECTI~ SIW.L IE FREI:LENT NlD REl'ArR REF'I..Aa:)o£NT ~ALL BE fWlE P!UPn.Y AS 
NEEIED. 

5. Btus SIW.L BE R£KMI) \fEN n£Y WoVE SERI/ED n£tR USEFU..HESS 50 AS IC7T TO BLOCK 
OR 1P'f'EIlE STORM FUlW OR IJlAINAGE, 

Figure 3 8 4-6 
TYPICAL DETAILS OF STRAW BALE DIKE 

Source USDAG SCS 
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SILT FENCE 

r-100111~N WlM:nNCI: t_ 14V2 _.M&lL." "'UH 
.... ClNO) 

PERSPECTIVE VIEW 

Puur Original 
,," 111M. flNCI !'OST 

WOVEN WI"~ nNCE (14 ~z GA IIIN MAX 
.' IIESH S.ACING) WITH "LUll CLOTH O1IEII j 

ZO° 111M. 

...... IN ST ..... DAIIO SYIIBOL 

~ _5-5,--'" 

SECTION 

OJlSJRJCTIOO rmrs FOO FABRlCATF1l sn T FENCE 

1. 'IbvEN WI RE FENCE TO BE FASTENED SEMEL Y 
TO FENCE POSTS Willi WIRE TIES CJl STAPLES. 

2. FILTER CUlTH TO BE FASTENED SEMELY TO 
I«lVEN W4r:f. FENCE Willi TIES SPACED 
EVERY 2 ' AT TOP PHD MID SECTlCfi. 

3. m ThO SECTIONS OF F I L TER CUlTH 
NlJOIN EACH cm£R ll£Y SHALL BE OVER-
LAPPED Iff SIX INO£S AND FOL.DED. 

4. ~1r.1 NTENANCE SHALL. lIE PERFaftD AS 
~EEDED ~ MllTERIAL REKMD It£N 

BULGES DEvaoP IN n£ SILT FENCE. 

Figure 3 8 4-7 
TYPICAL DETAILS OF SILT FENCE 

Source USDAG SCS 

Fm!S' STEEL EI~ T CJl U 
TYPE CJl ' HARIfo<IOD 

FENCE ~WIPi' It GA. 
• SH ENING 
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Dewatering During Construction 

Dunng construction, dewatering will probably be reqUired Inside the work area 

Water will be pumped out of the excavation and diverted through a straw bale filter 

dike or silt fence or sedimentatIOn basins prior to release 

3 8 4 3 Construction MOnitoring and Maintenance 

In general, all erosion and sedimentation control measures will be checked weekly 

and after each significant rainfall The following Items will be checked In particular 

• Sedimentation basins will be cleaned out when the level of sediment 

bUildup reaches approximately 1 foot 

• Gravel or nprap outlets will be checked regularly for sediment bUildup 

If the gravel IS clogged With silt, It will be removed and cleaned or 

replaced 

• Straw bale barriers or dikes Will be checked regularly for undermining 

or detenoratlon of the bales 

• Seeded and sodded areas Will be checked regularly Areas will be 

fertilized and reseeded as needed 

• Silt fences and filter barriers shall be Inspected after each rainfall and 

dunng prolonged rainfall Required repairs Will be made Immediately 

• Should the fabriC on a Silt fence or filter barrier decompose or become 

Ineffective pnor to the end of the expected usable life and the barrier 

stili be necessary, the fabnc Will be replaced pr_omptly 
\ I' ~ 
~ j ";1 r 

,~ , 
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• Sediment deposits at barners will be removed after heavy storm events 

They will be removed when deposits reach approximately one-half the 

height of the barner 

• Sediment deposits remaining In place after the slit fence or silt barner 

IS no longer required will be dressed to conform with the eXisting grade, 

prepared, and seeded 

3 8 4 4 Permanent Stabilization 

Areas disturbed by construction will be stabilized with permanent seeding 

Immediately following finish grading FInish grading will Include regrading and 

seeding of the areas used by the construction facilities and perimeter dike system 

and return the areas to natural drainage Vegetated areas will be re-estabhshed 

and stabilized with appropriate seed mixture Discharge from the site dunng and 

after construction will be directed to the detentlon/stormwater management basins 

1 through 5 

20524 016\lndlantn SCA 384-7 



3 8.5 PERMANENT SITE DRAINAGE 

3 8 5 1 Introduction 

The permanent drainage facilities will consist primarily of a senes of open ditches 

and swales, catchbaslns, oIl/water separators, storm drainage piping, culverts, 

stormwater detention basins, and a wetland water distribution channel (Figure 

3 8 2·1) The stormwater runoff from the developed area Will be directed to the 

detention basins which Will have bleeder type devices to control the discharge rate 

In compliance with the SFWMD surface water discharge requirements Discharge 

Will be accomplished uSing a bleeder type v-notch weir contained In a two 

chambered structure as shown In Figure 3 8 4-3, and as recommended by the 

SFWMD The baSins, Installed early dunng construction to prOVide sediment and 

erOSion contrOl, Will be cleaned upon construction completion and maintained 

thereafter to control site drainage or stormwater runoff 

Stormwater runoff from the newly added non-porous surfaces (I e , paved roads, 

parking lots, roofs, yard area, etc) Will be collected and conveyed to the detention 

baSins utilizing a system of curbing, catch baSins, and underground piping The 

system Will also Include deSign features (e g , Oil/water separators) as necessary, 

to treat and/or remove any potential contaminants, and to maintain acceptable 

water quality conditions The detention baSin outlet structure Will be prOVided with 

a manual control valve, or slUice gate, to prevent discharge from the baSins durrng 

contamination spills and, when needed, to control the release 

The site drainage system Will convey the onslte runoff to the eXisting drainage 

ditch, with some rerouting of ItS eXisting alignment With the exception of the 

runoff baSin for the Inactive coal storage area, all of the stormwater runoff from the 

detention baSins Will eventually be discharged Into the eXisting drainage ditch 

traversing the central portion of the site The stormwater runoff from the Inactive 

20524 Ot6\lndlBntn SCA 385-1 
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coal storage area will be detained and treated, and recycled for plant cooling and 

process water use 

The following sections address the management of the stormwater runoff from the 

proposed developed areas located within the railroad loop The srte has been 

broken down Into the following general areas for analysIs 

• Power block area 

• Coal handling area 

• Inactive coal storage area 

3 8 5 2 Proposed Power Block Area Drainage System 

The total power block area IS approximately 21 acres ThiS area will be elevated 

to a finished grade of approximately 39 feet NGVD Stormwater runoff from the 

area will be directed to three permanent collection basins (Nos 1, 2, and 3) 

Basins 1 and 2 lie to the west and east of the power block area, respectively 

Basin 3 IS located to the south of the power block area These basins are shown 

on Figure 3 8 2-1 

The stormwater runoff from curbed areas (potentially contaminated areas) will be 

channelled to catch basins and all/water separators before discharge to the basin 

The following table lists some key figures for detention basins 1 through 3 

1 
2 
3 

Drainage 
Area 
(ac) 

107 
45 
56 

20524 016\lndlantn SCA 

Peak Discharges 
Pre Post 

(cfs) (cfs) 

32 
13 
17 

75 
33 
44 

385-2 

Basin Size 
Surface Volume 

Area Req'd 
(ac) (ac-tt) 

1 18 30 
80 1 5 
94 20 

C:- ) 
\' , 
~~ 

;7'-. 

~' -
( -
, 
,-'-

C 
'ffl 

I' 
v 

Max 
WE 

NGVD 
(tt) 

37 
36 
~36 



The depth of the basins below finish grade will be 5 feet This Includes a maximum 

water depth of 3 feet dunng emergency spillway operation and a minimum 

freeboard of 2 feet The bottom of the basins Will be above the eXisting ground­

water level of the area A total of 6 5 acre-feet of detention volume will be provided 

by these three basins In the power block area for stormwater management 

purposes 

Discharge from basins 2 and 3 Will be directed to a rip-rapped apron and then 

conveyed to the eXisting drainage ditch A perimeter ditch Will convey the basin 1 

discharge to the eXisting drainage ditch, as shown on Figure 3 8 2-1 A portion of 

the runoff from basin 1 Will be diverted and dlstnbuted to the wetland Immediately 

south of the basin 

The area draining to the wetland adjacent and east of the cooling water storage 

pond has a pre-developed drainage area of 21 acres Due to the construction of 

the cooling water storage pond and plant layout, the contributing area IS reduced 

to 11 5 acres The eXisting pre- and post-peak discharges for the mean annual (3-

year, 24-hour storm event as provided by the SFWMD, 1987) storm, are 20 and 

13 cfs, respectively, as determined by SCS Technical Release No 55 (USDA, 

1986) As a result of this decreased contributing area, this wetland has a peak 

flow defiCiency of 7 cfs for the 3-year 24-hour storm event ThiS defiCiency Will be 

compensated by providing runoff from basin 1 through a perforated vertical riser 

pipe surrounded by a rip-rap filter The discharge Will be distributed to the wetland 

by a rip-rapped discharge channel as shown on Figure 3 8 2-1 

3 8 5 3 Proposed Coal Handling Area Drainage System 

The coal handling area for the Unit IS comprised of approximately 9 acres The 

area Will be elevated to a finished grade of approximately 38 feet NGVD at the 

center, sloping outward to swales, and eventually discharged to the reten-

-, ll\ , , ~(W 
"1J -
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tlon/detentlon basin 4 The following table lists some key features for detention 

basin 4 

Basin Size Max 
Drainage Peak Discharges Surface Volume WE 

Area Pre Post Area Req'd NGVD 
Basin (ac) (cfs) (cfs) (ac) (ac-tt) (tt) 

4 91 27 60 1 11 25 36 

Basin 4 will detain a volume of 2 5 acre-feet for stormwater management purposes 

The discharge from basin 4 will be from the same type outlet structure as 

mentioned In Section 3 8 5 2 to a np-rapped apron and then via a perimeter ditch 

to the eXisting drainage ditch 

3 8 5 4 Proposed Inactive Coal Storage Area Drainage System 

The Inactive coal storage drainage area (Figure 3 8 2-1) for the plant IS approxI­

mately 6 acres This area will be elevated to a finished grade of approximately 37 

feet NGVD at the center and slope outward to a collection basin The collection 

basin Will provide a detention volume of 3 6 acre-feet, as calculated according to 

methodology descnbed In Section 3 8 3 2, for the stormwater runoff from the 

Inactive coal storage area This basin Will be located adjacent to the Inactive coal 

storage area and have an approximate surface area of 1 6 acres The maximum 

water depth Will be 3 feet With an additiOnal 2 feet of freeboard provided The 

basin Will be 5 feet In depth below the final grading elevation 

DUring the construction phase, this collection basin Will function as a sediment and 

erosion control basin and Will thus require the same type of discharge structure as 

mentioned In Section 3 8 4 2 Upon completion of construction, this structure must 

be sealed to prevent discharge to the drainage ditch AdditiOnally, prior to the 

operation of the plant, the detention basin and the drainage swale In the coal 

:., 
( ( 

( ) 
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storage area will be lined with a synthetic Impervious liner to eliminate seepage of 

runoff 

The stormwater runoff from the Inactive coal storage IS considered to be 

wastewater Runoff collected from this area IS treated to adjust pH and detained 

In the basin Treated runoff IS transfered to the cooling tower sldestream softener 

for cooling tower use 

3 8 5 5 Proposed Cooling Water Storage Pond Area 

The cooling water storage pond will be sized to store water pumped from Taylor 

Creek/Nubbin Slough The pond will be lined and the water will be used for plant 

cooling and process water make-up The details of the cooling water pond are 

discussed In Section 3 5 1 2 

~ 
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4.0 EFFECTS OF SITE PREPARATION AND PROJECT AND 

ASSOCIATED FACILITIES CONSTRUCTION 

4.1 LAND IMPACT 

4.1.1 GENERAL CONSTRUCTION IMPACTS 

The Indiantown Cogeneration, L.P., project includes 232 acres within the property 

boundary of the site. A permanent easement of approximately 75 acres across the 

adjacent Flonda Steel Corporation property Will be used for a new rail spur. This 

easement Will be between the Caulkins Citrus Plant and the abandoned Florida 

Steel Company properties. The only other land affected by the proposed ICL 

facility Will be in the corridor for the cooling water pipeline routed along the CSX 

nght-of-way (see Section 6.2) . 

In accordance with the Martin County Planned Unit Development (Industrial) 

Agreement (PUD(i)), 25 percent of the pine flatwoods, or 50.5 acres, of the land 

subject to the Agreement will be set aside as upland preserve and will not be 

disturbed. Designated upland preserve areas will be subject to an upland preserve 

and restoration management plan designed to remove exotic vegetation, 

revegetate in partially disturbed areas, and protect existing vegetation by using 

staking and barricading procedures during construction. The upland preserve 

areas that have been identified for the project are along the southern portion of the 

site on the exterior of the rail loop as shown on Figure 4.1.1-1 . 
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4.1.1.1 leL Project Site 

The following construction activities are associated with overall development of the 

project site: 

• Runoff storage basins and drainage ditches will be constructed and 

used as sedimentation basins to collect runoff during grading, 

excavation, and construction. 

• The operational site drainage system (inclusive of drainage swales, 

ditches, and runoff collection basins) will be developed. 

• Earthwork will be performed (Le., removal of topsoil as necessary for 

constructing foundations for plant facilities, construction of access 

roadways, grading to subgrades, excavating for placement of piping 

and conduit). 

• In areas where it will be necessary, dewatering will occur using wells, 

well points, and sumps (see Section 4.3.1). 

• The existing Caulkins entrance road from SR 710 will be extended to 

provide access to the ICL facility. Other onsite permanent roads as well 

as temporary construction roads, will be constructed. 

• A new rail siding will be developed from the CSX railroad to the onsite 

rail loop across an easement on Florida Steel Corporation property. 

This development will include construction of the rail bed foundation 

which is composed of properly compacted sub-ballast (fill material) 

covered by crushed rock ballast. Suitable drainage openings in this 

foundation will be provided to maintain existing drainage patterns. 
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• Temporary (construction power) and permanent underground electrical 

and utility piping systems will be installed. 

• Temporary laydown and construction parking areas will be constructed 

by grading and adding gravel to certain areas. Once construction is 

completed, the area will be stabilized. 

• The land disturbed by construction will be approximately 118.6 acres. 

Once construction is completed 106.6 acres will remain permanently 

disturbed due to buildings and operations. 

4.1.1.2 Power Block Area 

Construction of the proposed ICL power block area will require clearing, grubbing, 

and grading in order to raise the area approximately 4 feet to EI. 39 ft NGVD. 

Where possible, fill will be obtained onsite; when brought in, it will be obtained from 

non-wetlands areas. The raiSing of this area minimizes the amount of dewatering 

that would be required due to the relatively high groundwater table. An existing 

drainage ditch traverses the site and will be relocated to the east of the power 

block; its final destination will remain unaltered. 

No explosives are planned for use during construction in this area. 

4.1.1.3 Coal Storage and Handling Areas 

The area where the Inactive coal pile and emergency coal pile are to be located will 

be cleared, grubbed, graded, and a liner installed to prevent any potential 

pollutants from entering the groundwater. A runoff pond will also be constructed 

with a liner to intercept any water draining from these two coal piles. A physical 

barrier (described in Section 3.3.4) will be constructed beneath the active coal pile 

to prevent groundwater contamination . 
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The excavation of the coal car unloading hopper (approximately 40 feet deep) will 

encounter groundwater. A cofferdam of similar construction technique will be 

constructed around the perimeter of the unloading hopper to minimize the Influent 

of groundwater and thereby minimizing any impact on the groundwater table and 

wetlands. 

4.1.1.4 Construction Wastes 

Waste matenals will be disposed of in accordance with applicable rules and 

regulations. Construction wastes, such as scrap wood and metal, will be 

transferred to a specified storage area onsite where they will be separated and 

stockpiled for salvage. General waste materials (Le., garbage) will be collected in 

appropriate waste collection containers for disposal at an approved offsite location. 

Waste oil from construction vehicles and equipment will be collected in appropriate 

containers and transported offsite for recycling or disposal at an approved facility . 

Individual subcontractors will be responsible for handling hazardous wastes 

resulting from their onsite activities. This responsibility includes the proper offsite 

disposal of such wastes. 
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4.1.2 ROADS 

Main access to and from the site will be provided by an extension of the existing 

Caulkins access road from SR 710, southward along the west side of Caulkins and 

the ICL site property as shown on the Plot Plan, Figure 3.2.0-1. This road will be 

constructed per Martin County standards. It will extend around the south perimeter 

of the site and intercept the South West Farm Road, providing a public throughway 

between South West Farm Road and SR 710. 

A secondary access road will be provided from the southern perimeter road into 

the power block area. Other maintenance roads within the site boundary will be 

constructed to provide access to equipment and remote areas as necessary. 

Construction access will be provided by a new road within the easement for the 

rail spur between Caulkins and Florida Steel Corporation. A portion of this 

easement may be used for construction parking along with the main 

laydown/parking area. Construction personnel may also use the secondary plant 

entrance for access into the construction parklng/laydown area . 

20524 016\lnd,antn seA 4.1.2-1 



• 

• 

• 

4.1.3 FLOOD ZONES 

The ICL site IS located In Zone B (100- to 500-year floodplain) as defined by Flood 

Insurance Rate Maps (FEMA). No part of the ICL site is within the 100-year 

floodplain. 
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4.1.4 TOPOGRAPHY AND SOilS 

The ICL site IS relatively flat, with existing grade elevation ranging from 

approximately 32 to 35 feet mean sea level (MSL). The site is generally brush 

covered, with some lightly wooded areas, and is crossed by several surface runoff 

ditches. Some of these ditches contain standing water. 

Excavations made on the site dunng construction will affect site runoff slightly In 

small, localized areas adjacent to the excavations. EXisting ditches and ponds on 

the site currently collect stormwater; these elements will be maintained during 

construction. An eXisting ditch running north/south over the site will be relocated, 

but stili maintained. More importantly, a detailed stormwater management plan 

will be Implemented, Involving construction of collection works and stormwater 

runoff ponds. The effect on runoff IS, thus, expected to be minimal. 

Site stripping operations will have an effect on percolation rates. Again, the effect 

will be on localized areas, since stripping will take place primarily where roads or 

structures are to be constructed. Consequently, percolation rates will be affected 

during construction only in these limited areas. After construction, open disturbed 

land not occupied by roads or structures will be planted with grass, restonng the 

previous percolation rates. 

The site is currently vacant, removing any threat to existing structures from 

subsidence. Subsidence over the site, as a result of construction activity, will not 

likely occur due the lack of any significant causal mechanism. Pile driving can 

densify loose, upper deposits of sand, causing slight local settlement. The 

subsurface exploration shows that the upper sand deposits generally increase in 
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density with depth, typically becoming medium to dense at a depth of about 

5 feet. This soil is too dense to settle significantly under pile dnving operations. 

Sink hole formation takes place below the ground surface, by the dissolving of 

carbonate soils and rock by aCidic water. As stated in Section 2.3.2, sink hole 

formation IS not expected to occur In the site area, nor will it be enhanced or 

affected by construction activities. 

To lower a soil deposit's bearing strength, in-situ shear strength must be lowered. 

TYPical construction activities such as dewatering, pile driving, and the travel of 

heavy construction equipment will frequently density sand soils, causing an 

Increase In shear strength. Since the site's subsurface sOils are almost exclusively 

sands, construction will, therefore, not cause a reduction of bearing strength . 

Excavations made dunng construction can potentially affect the stability of 

adjacent existing sOils. The only significant excavation planned is for the rail car 

unloading faCIlity. This excavation will require extensive dewatering, and sidewall 

sloping or shoring. The safety of personnel working in and around this excavation 

will be ensured by the careful, thorough, and proper design of the dewatering and 

excavation support systems. When the excavation is made according to this 

process, with rigorous Inspection to ensure safe construction, stability will not be 

a problem . 
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4.2 IMPACT ON SURFACE WATER BODBES AND USES 

4.2.1 IMPACT ASSESSMENT 

Possible surface water bodies affected by project development are the existing 

onsite drainage ditch, the St. Lucie Canal, seven wetland areas within the property 

boundary, and the TCjNS near the intake structure. It is the SFWMD's 

requirement that all drainage patterns return to pre-developed conditions and that 

peak discharges not be altered in the process. 

Activities Within Surface Water Bodies 

The only construction activities directly affecting surface water bodies are the 

rerouting of the existing drainage ditch and the construction of the intake structure. 

The drainage ditch rerouting will be completed very early In the project and care 

Will be taken to maintain the eXisting water level, quantity, and quality of the 

discharge. Silt fences and straw bale dikes will be employed, as described in 

Section 3.8.4.2, where needed to filter runoff to the ditch. Velocities in the ditch will 

be at a minimum to deter sediment and erosion transport. Control measures will 

remain in place until the site runoff has stabilized in an acceptable manner in 

regard to sedimentation and erOSion. 

Rerouting of the existing drainage ditch will not have any significant impact on the 

offsite drainage. The rerouted portion of the existing drainage ditch will maintain 

eXisting hydraulic capacity. Post-development discharge from the site to the 

existing ditch will not exceed the pre-development peak discharge. 

The underwater portion of the intake structure will be installed by constructing a 

temporary driven sheet pile cofferdam in the canal, excavating from within the 

cofferdam to install the intake pipes, and then backfilling to cover the pipes. Any 

leakage through the sheet pile wall will be into the cofferdam, and thus there will 

be no sediment flow to the outside of the cofferdam during constru_ction . 
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Activities Affecting Discharge to Surface Water Bodies 

Due to the large amount of earthwork required to raise the plant and coal 

storage/handling area elevations, stormwater runoff quality may be affected. 

Management, vegetative, and structural practices, as descnbed in Section 3.8.4.1, 

will be implemented to mitigate adverse impacts on water quality during 

construction. These will include the control of sedimentation (erosion) by 

minimizing exposure of erodible sOils, minimizing water velocity through use of 

milder slopes and diversion, use of grass and nprap covers, and channelization of 

stormwater runoff into sedimentation basins. 

Stormwater management plans (Section 3.8.5) and sedimentation and erosion 

control plans (Section 3.8.4) for the ICL have been developed and will be 

implemented prior to and during earthwork. The stormwater management plan will 

utilize five stormwater detention basins, shown on Figure 3.8.2-1 and described in 

Section 3.8.5, which will act as sedimentation basins during the construction 

phase. Approximately 9 acre-feet of detention volume will be provided in the power 

block and coal handling areas. An additional 3.6 acre-feet of detention volume for 

the inactive coal pile runoff basin will also be provided. 

During installation of the stormwater management system, measures taken to 

minimize the impact of surface water management activities will include: 

• Mulching and seeding, with quick germinating varieties of grass, in all 

areas not subject to construction activities for more than 30 days 

• Treatment of runoff from active construction areas by silt fences, gravel 

or rock filtration, straw bales, or other temporary erosion control 

measures 

• DiverSion of runoff from undisturbed areas around construction areas 
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• Use of physical soil stabilizers such as straw, wood chips, netting, or 

hay to protect exposed soils 

• Installation of sediment filter devices where appropriate 

The methods described in Section 3.8.4 have incorporated control measures to 

prevent impacts to wetlands from sediment-laden runoff . 
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4.2.2 MEASURING AND MONITORING PROGRAMS 

No waters of the state will be affected dunng construction and/or operation of the 

facility as discussed in Section 4.2.1. Therefore, no measuring and/or monitoring 

programs are proposed . 

r: -,' 6:' t I ~ 1 
(- ; 

;0 

20524 016\lndlantn SCA 

, ") 1"1, 
!f) "'_ 

4.2.2-1 t -' ~&; --, , ~:J ~ \.Ci ."»' 
r-=:.-, 



4.3 

/ 

• • • 



• 

• 

• 

4.3 GROUNDWATER IMPACTS 

4.3.1 IMPACT ASSESSMENT 

Section 4 1.1 descnbes the construction operations for the proposed project. As 

discussed, wastes will be generated dunng construction. In general, these wastes 

Will consist of building matenals which represent no threat to the groundwater 

system beneath the site. Small amounts of garbage, waste oil, and other 

potentially harmful compounds Will also be generated. These wastes will be 

disposed of off site, as described in Section 4.1.1, and pose no threat to the 

Surficial aquifer system. 

During construction, it may also be necessary to provide temporary onsite storage 

facIlities for fuels, solvents, etc. Potentially hazardous fluids such as these will be 

provided With secondary containment to protect the Surficial aquifer in the event 

of an accidental spill on the ground surface. 

Excavations Will occur at several locations across the project site. The deeper 

excavations will Intersect the water table and require dewatering systems. The 

SFWMD requires that no dewatenng operation may reduce the capacity of any 

eXisting permitted water user by more than 10 percent. Furthermore, dewatering 

systems may not reduce the hydrostatic head beneath wetland areas by 1 foot 

or more. 

There are two excavations at the site which will utilize dewatering operations that 

could conceivably Impact the SurfiCial aquifer. These are systems which will 

Withdraw groundwater at rates of more than 25 gpm. The coal unloading building 
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will have the deepest excavation (Figure 3.1.1-1, Site Plan). The excavation will 

be 20 feet wide, 50 feet long, and 40 feet deep at its deepest point. 

The other excavation site to utilize a dewatering operation will only be about 14 

feet deep. At this excavation, circulating water lines will be installed below ground, 

running between the pump house and the administration building (Figure 3.1.1-1, 

Site Plan). These lines will be placed in an excavation that is 400 feet long, 

26 feet across at its widest point, and 14 feet deep. 

Groundwater Modeling 

The geology of the site and the water-bearing layers which underlie the site are 

described fully in Sections 2.3.1.2 and 2.3.2.1. The Surficial aquifer occupies the 

upper 120 feet of sediments which underlie the site. Based on site-specific data 

and published data from nearby sites (FPL, 1989), the Surficial aquifer may be 

characterized for modelling purposes as a three-layer system composed of two 

water-bearing zones and one intervening confining layer with parameters as 

follows. 

LAYER 

L1 

L2 

L3 

THICKNESS 
(feet) 

30 

55 

35 

TRANSMISSIVITY 
(gpel/tt) 

3300 

1500 

5600 

STORATIVITY 

0.15 

0.0004 

0.00013 

V. PERMEABILITY 
(gpd/tt3) 

0.03 

0.002 

0.2 

Dewatering operations to be conducted at the coal unloading excavation were 

simulated using the finite difference groundwater flow model, PLASM (Prickett and 

Lonnquist, 1971). The model was calibrated against a 3-day aquifer performance 
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test conducted on the site (Section 2.3.2.1). The results of this simulation and a 

comparison with the aquifer performance test observations are included in Section 

10.5.1. Section 10.5.1 contains a computer printout of all model input parameters 

as well as the simulation results. 

The model assumes that grooved sheet piling (or similar construction techniques) 

will penetrate into layer 2 of the Surficial aquifer to a depth which is 6 to 8 feet 

below the bottom elevation of the excavation at the coal unloading location. The 

sheet piling will surround and completely enclose the excavation, thus preventing 

seepage from entenng the excavation as horizontal flow from layer 1. 

As shown on Figure 3.1.1-1, Site Plan, the coal unloading site is located about 

200 feet northeast of a wetland. In order to minimize drawdowns within layer 1 

and protect the wetland from measurable impacts, an infiltration gallery will be 

constructed midway between the wetland and the excavation site. Water from the 

dewatering system will be directed into the infiltration gallery to be discharged into 

layer 1 as seepage. 

The dewatering system was simulated as one sump or well, placed at the center 

of the excavation and within the sheet piling perimeter. The bottom elevation of 

the excavation will be within layer 2 of the Surficial aquifer. When pumping 

begins, a cone of influence in layer 2 expands outward from the excavation until 

the total pumpage (approximately 65 gpm) is matched by an equal rate of leakage 

into layer 2 from layers 1 and 3. 

Because layer 3 was excluded from the dewatering simulations, all seepage into 

layer 2 was assumed to be from layer 1, the unconfined aquifer, and therefore 

simulated drawdowns of the water table are actually greater than anticipated . 
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Three scenarios were simulated. Scenarios 1 and 2 simulate continuous 

dewatering for 180 days, the anticipated period of excavation, during the dry and 

wet seasons when recharge as precipitation is available to layer 1. These 

simulations indicate that the water table will not be lowered more than about 0.5 

feet within a radius of 200 feet of the excavation. Scenario 3 simulated 90 days 

of continuous dewatering with no recharge to layer 1 except for seepage from the 

infiltration gallery at a rate of 3 gpm. The simulation indicates that dewatering 

operations can continue through 90 days of drought without lowering the water 

table as much as 1 foot at any location. Computer printouts of the 3 scenario 

simulations, with model inputs and simulation results, are presented in 

Section 10.5.1. 

Based on the results of the computer simulation, including the utilization of sheet 

piling and an infiltration gallery during the excavation period, no adverse impacts 

to wetlands are anticipated. The nearest existing permitted groundwater users are 

located several thousand feet from the excavation site (Section 2.3.3). At this 

distance, the wells will not experience any significant reduction is capacity 

approaching the regulatory limit of 10 percent. 

Dewatering operations to be conducted at the circulating water lines excavation 

were simulated using the analytical methods developed by Theis (1935). Dewater­

ing along the 400-foot ditch was simulated as three 15 gpm wells and one 20 

gpm well, spaced at 100-foot intervals and screened Within layer 1 of the SurfiCial 

aquifer. Water from the dewatering system will be directed into a nearby storm 

water collection basin (Figure 3.1.1-1). Infiltration into layer 1 from this basin was 

simulated as three 10 gpm recharge wells and two 5 gpm recharge wells. The 

dewatering operations were simulated for 45 days, the approximate time needed 

to excavate the ditch and bury the lines. Figure 4.3.1-1 displays the results of the 
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simulation. As shown, no significant Impacts to the nearest wetlands will occur 

during this brief dewatering period. 

To summarize, a finite difference groundwater flow model and analytical methods 

were used to simulate the proposed dewatering operations and assess 

groundwater Impacts. Based on SFWMD criteria, no adverse impacts to wetlands 

will occur because of dewatering operations at the site. Furthermore, no 

measurable impacts to eXisting users are anticipated . 
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4.3.2 MEASURING AND MONITORING PROGRAMS 

Dewatering activities are the only kind of construction operation that could 

possibly Impact the Surficial aquifer in a measurable fashion. In addition to the 

existing onslte Surficial aquifer monitor wells located at the corners of the site 

(Section 2.3.2.1), additional observation wells will be placed between the proposed 

excavation sites to be dewatered and the nearest wetlands. Seasonal variations 

In the water table Will be established before construction operations begin. Once 

construction has started, these observation points will be used to document that 

seasonal vanations In the water table are not being affected by dewatering 

operations . 
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4.4 ECOLOGICAL IMPACTS 

4.4.1 IMPACT ASSESSMENT 

4.4.1.1 Site Construction Plan 

A technical engineering description of the operation and maintenance of the 

330 MW Indiantown Cogeneration, L.P. (tCl) Project facility is provided in 

Section 3.0. The general description of construction of the facility and associated 

impacts are provided in Section 4.1. 

The tCl facility will be constructed over a 42-month period. For the purposes of 

this ecological impact assessment, the project is divided into four components: 

• Power block 

• Coal storage/handling 

• Temporary construction laydown 

• Cooling water storage pond 

It can be assumed for the purposes of this impact assessment that all of the 

natural vegetation cover within these areas will be completely cleared. 

4.4.1.2 Acreage Requirements 

Table 4.4.1-1 presents the acreage requirements for the construction and operation 

of the ICl facility, along with the vegetation community types affected. The power 

block will occupy approximately 21 acres of pine flatwoods. Coal handling and 

storage facilities will occupy approximately 15 acres of pine flatwoods. 

Approximately 0.3 acre of pine flatwoods will be required for the fuel oil storage 

and handling facility. The switchyard will cover approximately 0.94 acre of pine 

flatwoods. The cooling tower will cover approXimately 0.93 acre of flatwoods. The 
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Table 4.4.1-1 
ACREAGES OF VEGETATION COMMUNITIES TO BE IMPACTED, PRESERVED, 

AND RESERVED FOR POTENTIAL FUTURE USE OF THE ICL 

Vegetation Communi~ 
Pine Wet Ruderal Total Total Total 

Flatwoods Prairie* Land + Uplands Wetlands Acreage 

Project site 199.6 24.4 8.0 207.6 24.4 232.0 

Power block 21.0 21.0 21.0 

Coal storage/handling 15.0 15.0 15.0 

Roads, railroads, miscellaneous 45.6 45.6 45.6 

Temporary construction laydown 12.0 12.0 12.0 
area 

Cooling water storage pond 25.0 25.0 25.0 

Total potential impact area 118.6 118.6 118.6 

Total preserve area 58.3 24.4 58.3 24.4 82.7 

Total remaining area 22.7 8.0 30.7 30.7 

Notes: The remaining areas of land that will not be impacted by the proposed develop­
ment or preserved Include existing land uses such as the transmission line right-of­
way and roads or pine flatwoods that are for potential future use. 

*Wet prairie includes both the wetlands and the manmade ditch onsite. The ditch, 
which encompasses approximately 1 acre, will be rerouted and then maintained 
onsite. 

+ Ruderalland includes the existing transmission line right-of-way, roads, and 
clearings. 

Source: Bechtel, 1990 
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temporary construction laydown area will cover approximately 12 acres of 

flatwoods. Finally, the cooling water storage pond located at the northwestern 

corner of the plant site Will cover approximately 25 acres of pine flatwoods. 

Approximately 8.3 acres of pine flatwoods will be preserved as natural, 50-foot 

contiguous buffers around three wet prairie areas located in the central portion of 

the development and another wet prairie site on the northwest corner of the 

property. The balance of the 50 acres of flatwoods will also be preserved onsite 

as visual screening and upland wildlife preserve. Approximately 23.4 acres of wet 

prairie within the project site environs will also be preserved. An additional acre of 

man-made ditch will be rerouted and then maintained on the project site. 

Figure 4.4.1-1 provides a map of the preserved uplands and wetlands on the ICL 

site. 

The remaining acreage includes existing transmission line right-of-way and roads 

that will be maintained. Approximately 22.7 acres of pine flatwoods Will also remain 

on the site for potential future plant use. 

4.4.1.3 Environmental Management and Protection Plans for 
Construction 

The following categories identify the environmental management protection 

procedures to be followed to protect or otherwise limit the impact to the sur­

rounding ecological resources before, during, and after project construction: 

• Clearing and grubbing 

• Site restoration 

• Soil erosion and sedimentation control measures 

• Wetland protection 
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Clearing and Grubbing 

1 A survey will be made of the area to be disturbed by project 

construction (I e , the areal extent of clearing and grubbing as Identi­

fied on project engineering drawings) The boundaries of thiS area will 

be clearly marked on site plans and In the field before any 

construction activity commences Clearing and grubbing or other 

construction activities beyond thiS marked area will be prohibited 

2 The prevention of damage to vegetation outside construction areas will 

be emphasized In all construction operations, and careless or 

needless equipment operation will be aVOided Areas to be aVOided 

by construction will have barncades Installed to hmlt activities therein 

3 Debris derived from clearing and grubbing Will be hauled off site 

4 To ensure the least possible damage to the onslte vegetation, the use 

and storage of vehicles, equipment, and materials Will be restricted to 

those areas which Will be permanently disturbed by reqUired 

designated construction activity or earthwork operations, or the 

temporary construction laydown area 

Site Restoration 

1 ICL Will require that contractors attain the follOWing goals for site 

restoration after construction IS completed 

• Timely site stablhzatlon of disturbed SOil 

• Timely restoration of disturbed or altered areas through 

vegetative plantings appropriate to the s~ason and--soll type 
~ II,!! 
~'\''i 
C' 
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2 Fill slopes will be sodded or seeded and mulched 

Soil Erosion and Sedimentation Control Measures 

The sOil erosion and control measures to be used dunng construction are 

discussed In detail In Section 3 8 4 1 Highlights of these measures Include the 

following 

1 Barners are planned and will be maintained to serve a continuing func­

tional role In erosion control before, dunng, and after construction until 

the areas are stabilized The proposed barners will consist of bales of 

straw or other sUitable filter matenal 

2 Stabilization techniques will be used to establish a stabilized working 

surface for construction, where necessary 

3 Contractors will be reqUired to Implement temporary stabilization 

measures to minimize loss of topsoil, excess sedimentation to the 

drainage ditch, and potential detenoratlon of water quality 

4 Pnor to construction, contractors Will be reqUired to submit plans for 

accomplishment of temporary and permanent erosion control work 

These plans Will detail the erosion controls for cleanng and grubbing, 

excavation, and final grading within access and haul roads, the work 

Site, and the temporary construction laydown area 

5 All disturbed areas not otherwise stabilized Will be mulched and/or 

seeded within 15 days of exposure or as soon thereafter as seasonally 

practicable, except In areas where construction Will resume within 

30 days Areas to be seeded Will employ qUick-germinating vanetles, 

such as winter rye grass, which proVides temporary cover and sOil 

retention properties 
~";) [1:':1 .... 
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6 All exposed drainages will be sodded or mulched and seeded 

Immediately after each construction phase or disturbance 

7 Physical sOil stabilizers will be used, where appropnate, to protect 

exposed sOil from failing or flowing water (e g , straw, wood ChiPS, 

netting, hay, etc) 

8 Sediment filter devices will be Installed to prevent siltation, accumula­

tion, or debns 

9 Runoff from the disturbed areas will be conveyed to the detention 

basins pnor to release to the natural runoff 

10 After the completion of the construction, the detention basins will be 

cleaned, If necessary, and used for operations stormwater 

management 

Wetland Protection 

1 A 50-foot natural vegetation buffer will be established along the 

junsdlctlonal wetland boundary of three wet pralnes centrally located 

close to project development and another wet pralne situated at the 

northwestern corner of the project site The 50-foot setbacks will be 

surveyed and a barncade Installed along the surveyed lines 

2 No disturbance of any kind will be allowed within the barncaded 

setback 

3 The other wet pralne areas located further away from site development 

are situated within natural pine flatwoods that will be preserved There 

are significant expanses of upland preserved areas surrounding these 

wet pralnes (I e , greater than 50 feet landward of wetland junsdlctlonal 
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boundaries) Upland preserve areas surrounding these wetlands will 

also be barncaded 

For more Information regarding wetland and upland preserve 

protection, refer to Section 4 4 1 4, Vegetation Communities, under 

Preservation Program 

4.4.1.4 Vegetation Communities 

Project Impact 

PrOject construction will remove all of the eXisting natural vegetation located In the 

areas to be cleared and grubbed Table 44 1-1 specifies the types and acreages 

of vegetation to be affected Of the 232 acres of project Site, about one-half of the 

site's acreage will be Impacted Of the approximately 118 6 acres to be affected 

by project construction, almost all of It consists of pine flatwoods (minor areas of 

less than 1 acre of clearings, trails, and roads were not subtracted from flatwoods 

acreage as ruderal land) 

No wetlands, except the drainage ditch to be rerouted, will be encroached upon 

dUring construction and operation of the plant The remainder of the project area 

(49 percent or 1134 acres) IS comprised of either preserved pine flatwoods 

(50 acres) and preserved wet prairie/ditch (244 acres), or land left for potential 

future plant use (227 acres) An additional portion of the pine flatwoods will also 

be preserved (83 acres) consisting of natural upland buffers to three of the wet 

prairie areas located In the center and one wet prairie situated at the northwestern 

corner of the plant site The pine flatwoods to be developed on the ICL site are 

locally and regionally common In Martin County 
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Preservation Program 

The eXisting stresses to the vegetation on the project site have occurred as a result 

of cattle grazing, alteration of hydrologic regimes, and creation of disturbed areas 

by road and transmission line cOrridor construction and off-road vehicle trails 

Though Impacts to these natural commUnities are apparent, the eXisting com­

mUnities can be considered to exhibit moderate to good ecological diverSity and 

function In addition, a significant portion of the site (82 7 acres or 36 percent) Will 

be preserved This Includes all of the wetlands/ditch (239 acres) and the 

583 acres (25 percent of the total pine flatwoods acreage) of the pine flatwoods 

(see Figure 44 1-1) 

ICL also proposes to re-route portions of the eXisting drainage ditch (approximately 

1 acre) traversing the central portion of the site This should enhance the hydrolo­

gy of the adjacent wet prairie by Improving surface water overland flow This wet 

prairie had some wetland plant elements displaced by upland speCies, and the re­

routing of the ditch may result In a return of more deSirable hydriC species 

ExotiC vegetation on the ICL site IS neither Widespread nor abundant Some punk 

tree and BrazIlian pepper were observed In the pine flatwoods These Will be 

removed ExotiC plants are scarce to non-existent In the wet prairies Removal of 

exotic vegetation Will not reqUire revegetation With native flora due to the limited 

extent and numbers of these noxIous plants 

A major goal of preservation management IS maintenance of the eXisting natural 

condition of upland and wetland cOmmUnities, particularly wetland hydroperlods 

To do thiS, surface water and groundwater regimes must be artifiCially maintained 

or restored To the extent feasible, or when necessary, the wetland areas Will be 

Incorporated Into the project's surface water management plan Through the use 

of Best Management Practices (BMPs), hydroperlods of affected wet prairies can 

be maintained Without excessive, unseasonal flooding or drying 
r--'"' ~_' r .-~ 
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A potential post-construction Impact to management of preserve areas IS disposal 

of solid wastes and coal storage All solid wastes generated by operation of the 

ICL facIlity will be removed for off site disposal Thus, no Impacts to preserved 

areas onslte due to solid wastes will occur The active coal pile will be stored In 

an enclosed facIlity and the coal conveyor to the plant will be totally enclosed to 

keep fugitive coal dust at a minimum In addition, the Inactive coal storage pile will 

be lined and grassed over Any runoff and leachate from the pile will be collected 

In a lined basin, treated, and recycled for process water needs 

In addition, the following preservation program management gUidelines will be 

adhered to 

1 All required grade changes (I e , railroad and road) will be engineered 

so that any cut or fill will meet eXisting grade without encroaching Into 

the preserve area 

2 All exotic vegetation will be removed Stumps will be treated with a 

contact herbicide to prevent regrowth 

3 All of the preserve areas boundaries will be surveyed The surveyed 

preserve areas will then be dellneated/ protected In the field uSing 

barncades along the surveyed boundaries prior to any clearing 

activities 

4 Prior to any clearing, the barncades will be Inspected to ensure proper 

placement and construction by the Martin County Growth 

Management Department 

5 Barncades Will be constructed onslte and maintained Intact for the 

duration of construction 
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6 Where areas are proposed for cleanng (I e , bUilding envelope, utilities 

and drainage, road nght-of-way, etc), the barncades will be offset at 

least 10 feet outside the preserve areas or placed at the dnpllne of the 

canopy trees, whichever IS greater 

7 Individual trees or groups of vegetation that are to be saved will also 

be barncaded according to the previously mentioned gUidelines 

8 All native vegetation which IS not located In areas requlnng their 

removal as part of the development plans shall be retained In their 

undisturbed state 

9 AdvIsory or warning slgnage will be posted 

10 Contractors will be provided a set of the preservation program 

gUidelines and warned that any violation of these gUidelines and 

damage to, or destruction of the preservation areas will result In 

remedial action 

11 Prohibited activities In the preserve areas will Include removal or 

destruction of native vegetation, dumping of fill, trash, or bUilding and 

construction matenals and debns, excavation, recreational vehicle use, 

or any activities detnmental to drainage flood control erosion control, 

or wildlife habitat conservation 

4.4.1.5 Aquatic Systems 

All of the wet pralnes on the project site wIll be preserved and protected from 

project construction Impacts Although the drainage ditch will be rerouted on the 

project site, the eXisting drainage pattern will be maintained and enhanced through 

a surface water management plan Dunng the ditch realignment, special 

.. 
20524 016\lndlantn SCA 441-9 



• 

• 

• 

precautions will be taken to safeguard the downstream water quality from 

deterioration through proper erOSion and sedimentation control practices 

Since no aquatic systems Will be Significantly affected by the proposed project, no 

project Impacts to aquatic ecological resources are expected before, dUring, or 

after construction 

4.4.1.6 Wildlife Resources 

The principal Impact on Wildlife associated With project development Will be the loss 

of up to approximately 118 6 acres of onslte habitat Because pine flatwoods are 

the only dominant habitat to be affected, and pine flatwoods are regionally 

common, the partial clearing of thiS habitat Will have insignificant Impacts on 

regional Wildlife populations 

Although the more non-motile species Will be lost dUring construction, mammals 

and birds are expected to be displaced to the surrounding natural pine and wet 

prairie areas It IS not expected that Individuals of species populations which breed 

or winter onslte Will be displaced With the exception of the white-tailed deer, 

eastern cottontail, raccoon, opossum, bobcat, gray squirrel, gray fox, feral pig, 

mourning dove, and bobwhite, recreational and commercially Important animal 

presence on the project site and vIcinity IS low Because hunting IS currently 

precluded on the Site, project Impacts on Wildlife as a local recreational or 

commercial resource Will not occur 

4.4.1.7 Threatened or Endangered Species 

The ICL project Will not affect known breeding populations of animal species which 

are listed as threatened, endangered, or species of special concern (Table 2 3 6-2) 

Wading birds VISit the project area occasionally for feeding, however, no current 

breeding populations are known to occur In the project site area 
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Although alligators, Indigo snakes, and gopher tortoises are expected to occur 

within the site environs, no Significantly adverse Impacts to these listed reptile 

species populations would be expected from project construction Bachman's 

sparrows, loggerhead shrike, and other migratory birds that utilize site habitats will 

find sUitable and abundant habitat adjacent to the project site dUring and after 

construction No other listed animal species have been observed or are known to 

Inhabit the project site or ItS Immediate environs 

No endangered or threatened plant species listed by USFWS on Table 2 3 6-1 

were located on the project site Only three fern species listed as threatened by 

FDACS were discovered Within the wet prairies and ditch on the project site 

Although these ferns species could also occur Within the extremely small, wet 

weather depressions In the pine flatlands to be affected by development, no 

significant Impacts to local species population are anticipated as a result of project 

construction Even If some Individuals of these listed fern species should be 

affected, It would not be considered to be a Significant Impact because of the 

following factors 

1 The fern species on Table 236-1 are listed as threatened by FDACS 

primarily to discourage commercial explOitation, rather than proViding 

a designation of the current species population status. 

2 The fern species are widespread In freshwater wetlands throughout 

FlOrida 

3 The fern species are common locally and, therefore, the loss of some 

Individuals Will not affect the status of regional populations 

The Flonda coontle (Zamla pumlla) may occur onslte based on habitat sUitability 

and range of distribution However, no slghtlngs of thiS conspIcuous cycad 

occurred dUring numerous surveys of the Impact areas of the project site 

Therefore, no Impacts to the FlOrida coontle would be expected -from project 
t5 ~ 
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development In summary, protected species populations of wildlife and plants 

should not be slgmflcantly affected by project construction 
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4.4.2 MEASURING AND MONITORING PROGRAMS 

4.4.2.1 Prolect Area 

No mOnitoring of the project area IS planned 

4.4.2.2 Preservation Area 

Since project construction and operation should not result In direct or significant 

secondary Impacts to the surrounding vegetation, mOnitoring of the pine and wet 

prairies to be preserved on the project site IS not conSidered necessary 

, ) 
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5.3 IMPACTS ON WATER SUPPLIES 

5.3.1 SURFACE WATER 

This section discusses the effects of plant water withdrawal from the Taylor 

Creek/Nubbin Slough (TC/NS) on the C-59, L-63N, and L-63S Canals water levels, 

Lake Okeechobee, other users, and the groundwater level. 

5.3.1.1 Plant Water Withdrawal 

As discussed in Sections 3.5 and 10.9, the annual average plant water requirement 

IS about 7.5 cfs and the historic average flow in the TC/NS is 146.4 cfs. Therefore, 

the annual average plant withdrawal from the canal is about 5 percent of the 

TC/NS flow, and the impact on the flow is minimal. 

The predicted water levels in the TC/NS canals caused by the plant water 

withdrawal are discussed comprehensively in Section 10.9. Based on that analysis 

for the selected minimum design water level criteria of 16 feet-MSL, the predicted 

water levels In the canal will not deviate significantly from the histOrical levels at S-

191 dUring a normal year. Figures 5.3.1-1 through 5.3.1-16 compare the predicted 

water levels against the historic ones. DUring the drought conditions, the canal 

water level may drop 2 to 3 feet below its historic water levels. 

Depending on the drought frequency, the duration of low water levels may last 

from a few days to 60 consecutive days. The effect of the canal water level drop 

on the adjacent groundwater is discussed further in Section 5.3.1.3. 

5.3.1.2 Lake Okeechobee 

As discussed in Section 2.3.4.1, the mean annual discharge from S-191 into Lake 

Okeechobee amounts to about 106,000 acre-feet per year, which represents about 
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3 percent of the total annual Inflow to the lake of approximately 3,500,000 acre-feet. 

The plant annual water Withdrawal from TC/NS is 5,430 acre-feet. The plant 

Withdrawal will cause a reduction in the total annual inflow to the lake by 0.16 

percent. The effect of such withdrawal on the lake's annual water budget is 

negligible. 

However, relative to the impact on the lake's annual water budget, the effect of 

plant water Withdrawal on the reduction of phosphorous discharged to the lake 

from TC/NS IS significant. Based on the data presented in the "Interim Surface 

Water Improvement and Management Plan" (SFWMD, 1989) and Section 2.3.4.1, 

approximately 143 tons of phosphorous are discharged from TC INS to Lake 

Okeechobee annually. The plant water withdrawal of 7.5 cfs can reduce the annual 

discharge of phosphorous to the lake by 7.3 tons. ThiS amounts to 1.2 percent 

reduction of total phosphorous to Lake Okeechobee annually. 

5.3.1.3 Groundwater Level 

During prolonged drought conditions, lowering the canal water levels can lower the 

adjacent connected water table of the SurfiCial aquifer and consequently affect any 

wells and wetlands located In the area Influenced by the lowered water table. The 

extent of such an effect is mainly a function of canal water level drop and its 

duration. 

To quantify such effects, an analYSIS was made to estimate the impact of lowering 

the canal water level caused by plant water withdrawal on the adjacent surficial 

water tables. The method of analysis was based on one-dimensional unsteady 

computerized groundwater flow in an unconfined aquifer as discussed by 

McWhorter and Sunada (1977). 

The adjacent surficial aquifer properties are estimated from the reference materials 

(SFWMD, 1987; Ardaman & AssOCiates, 1989; CH2M Hill, 1990; USDA, 1971 and 

1981). The geological formation of surficial aquifer consists of shell, sandstone, 
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limestone, and fine sand (SFWMD, 1987; USDA, 1971 and 1981). The estimated 

hydraulic conductivity of the top 30 feet of the Surficial aquifer at the vicinity of the 

TC/NS canals IS about 5 x 10-3 cm/s (SFWMD, 1987; Ardaman & Associates, 

1989; CH2M Hill, 1990; USDA, 1971 and 1981). The specific yield of the surficial 

aquifer is 0.2, within the normal range for this parameter (SFWMD, 1987). 

In the analysis, it was assumed the water level in the aquifer is initially the same 

level as the canal water level. A water level drop scenario representing a severe 

drought condition, was selected. The canal water level was dropped by 2.5 feet 

in 40 days and was maintained at that level for an additional 90 days. Then the 

canal water level was raised by 2.5 feet in 20 days, and was maintained at this final 

level for an additional 30 days (Figure 5.3.1-17). A total of 180 days was used for 

Simulation. 

From the analysis, the total number of days at which the groundwater level 

dropped more than 1 foot IS found for selected distances from the canal. These 

are presented below: 

Distance from Total No. 
the Canal (ft) of Days 

100 116 

300 87 

500 28 

700 0 

For the simulated drought scenario, the 1-foot drop in water table does not extend 

to a distance of 700 feet from the canal throughout the simulation time. 

The Simulated drought condition IS more severe than the drought condition of 1981 

(Figure 5.3.1-8). As discussed in Section 10.9, the drought condition of 1981 is the 

most severe dUring the available period of preCipitation data. In addition, the 

annual precipitation dUring 1981 was the lowest of 34 years of record for Port 
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Mayaca Station. Furthermore, since the pumping of the plant water from the 

canals will be stopped at the low water level of 16.5 feet-MSL, the impact of such 

a drought on the groundwater table should be minimal and the 1-foot lowering 

should be limited to a distance of about 500 feet from the canal. 

5.3.1.4 Impact on Other Surface Water Users 

Three eXisting agncultural water users from Taylor Creek are reported and are 

listed In Table 2.3.3-5. From thiS table, two of the users are on the old section of 

Taylor Creek, which is connected to Lake Okeechobee, and one potential user with 

annual allocation of 94 MG (180 gpm) is on Canal L-63N. 

As discussed in Section 5.3.1.1, the canal water levels are not affected by the plant 

water consumption in a normal year. During severe drought conditions, the canal 

water level may drop 2 to 3 feet below normal operating water level, resulting in a 

lower head at the intake of the above potential user. However, since low water 

level periods last for a short penod of time, the impact of such low water level on 

the water withdrawal capability of the user should be minimal. 

20524 016\lnd,an1n SCA 5.3.1-4 
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5.3.2 GROUND WATER 

Both the Surficial and the Floridan aquifers are susceptible to potential impacts 

from operations at the ICL facility. The plant design was developed with an 

understanding of the aquifers' vulnerability, and, therefore, the proposed plan 

incorporates features to safeguard the aquifers and maintain pre-project water 

quality within the groundwater regime. 

5.3.2.1 SurfiCial Aquifer Potential Contaminants 

The Surficial aquifer occupies the upper 120 feet of sediments that underlie the site. 

The aquifer may be divided into two major water-bearing zones. An upper, 

unconfined or water table zone occurs within the layers of interbedded sand and 

silt which are exposed at the ground surface and extend to a depth of about 

30 feet. A semi-confined zone, the major production interval of the SurfiCial aqUifer, 

is composed of sand and shell layers which occupy an interval between 85 and 

120 feet below the ground surface. These two water-bearing zones are separated 

by 55 feet of less permeable sand, silt and clay layers which restrict the vertical 

flow of groundwater between the two zones. 

Throughout the site, the water levels within the upper, unconfined zone of the 

Surficial Aquifer are within 5 feet of the ground surface. During at least part of the 

year, the water table intersects portions of the ground surface, occurring as 

wetland ponds. The close proximity of the water table to the ground surface 

makes the Surficial Aquifer especially vulnerable to any contaminants that might 

enter the aquifer as seepage or leachate from the ground surface. 

Potential sources of contamination would include the coal and lime stored onsite, 

the bottom ash and fly ash generated onsite, the cooling water storage pond, and 

any other solid or hazardous wastes generated onsite . 
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Coal storage will consist of an active use facility and a grassed, inactive pile, sized 

to store enough coal for 30 days at full load. The active use coal storage facility 

will be completely enclosed. Because the coal will not be exposed to the elements, 

leachate and runoff problems are eliminated. Section 5.3.4 discusses impacts on 

the Surficial aquifer due to leachate and runoff from the inactive coal storage area. 

Small quantities of lime will also be utilized onsite as part of the coal burning 

process. Lime will be delivered by rail and stored in an enclosed facility prior to 

usage. Once again, the enclosed facility will eliminate the problems associated 

with leachate and runoff. 

Section 5.4 addresses the disposal of solid and hazardous wastes at the site. 

The cooling water storage pond will contain water from Taylor Creek/Nubbin 

Slough. As discussed in Section 3.5, the quality of this water is comparable to 

background water within the Surficial aquifer. However, the pond will be lined to 

keep pond seepage from miXing with the potable water of the Surficial aquifer. 

Potential leakage from the wastewater injection well also represents a source of 

contamination to the Surficial aquifer. As described in Section 3.5.1.5, the many 

precautions and casing integrity tests that are required as part of injection well 

installation provide reassurance that no leak in the well casing could go 

undetected, either prior to or during wastewater injection operations. 

As shown on Figure 2.3.2-3, the water table gradient is generally to the south 

toward the St. Lucie Canal. Potential offsite receptors of a hypothetical plume 

generated onsite include the St. Lucie Canal and two Surficial aquifer wells to the 

southeast of the site (Figure 2.3.3-1). As discussed in Section 5.3.5, the 

positioning of monitor wells along the southern boundary of the site ensures that 

no contaminant plume could move offsite undetected . 
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5.3.2.2 Floridan Aquifer Groundwater Withdrawals 

As discussed in Section 3.5, the analysis of historic water levels in Taylor 

Creek/Nubbin Slough indicates an alternative source of cooling water will be 

required for a maximum of 90 continuous days during an extreme drought year. 

The lower permeable horizon of the upper Floridan aquifer, which lies about 1,400 

feet below the ground surface at the site, is proposed as this alternative source of 

water. A withdrawal rate of 4,000 gpm will be necessary to meet cooling water 

demand. 

Figure 5.3.2-1 presents simulated drawdowns assuming 90 days of continuous flow 

from four 1,000 gpm wells, placed at the corners of the project site. Steady-state 

conditions are approached within the first day of withdrawal due to the extreme 

magnitude of transmissivity within this permeable horizon. Recovery rates will be 

just as fast. The projected drawdowns indicate negligible impacts upon the 

proposed FPL wells at the Martin Project Site . 

Figure 5.3.2-2 presents the results of the 90-day simulation as they affect 

hydrostatic pressures within the uppermost permeable honzon of the Floridan 

aquifer. The model simulated drawdowns due to induced seepage of up to 

0.9 foot in the immediate vicinity of the proposed wellfield. 

The maximum capacity of free-flowing artesian wells is directly proportional to the 

height of the closed-in hydrostatic pressure above the well casing. In the project 

area, hydrostatic pressures are 15 feet above ground level. A decrease in 

hydrostatic head of about 1.5 feet equates to a 10 percent decrease in the 

maximum capacity of the well. The simulated maximum drawdown of 0.9 foot 

indicates that no existing well will expenence a reduction of 10 percent in flow 

capacity. 

To summarize, the plant design incorporates many features that will function to 

preserve the chemical quality of the Surficial aquifer. These features incl\l:lpe totally 
;:~:\ '", 
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enclosed facilities for the active coal pile and lime storage areas, a lined inactive 

coal pile, a lined pond and basins, and procedures to remove wastes such as 

bottom ash and fly ash from the site. During normal dry and wet seasons, Taylor 

Creek/Nubbin Slough will provide plant cooling and process water. 

When prolonged droughts occur, it will be necessary to withdraw water from the 

Floridan aquifer for cooling water at rates of 4,000 gpm for up to 90 days. 

Simulations of thiS withdrawal from the base of the upper Floridan aquifer indicate 

that induced seepage from the more heavily utilized parts of the upper FlOridan will 

not exceed established criteria which protect eXisting users. 

5.3.2.3 Alternative Source of Process Water During Drought Periods 

As discussed previously, it is anticipated that there will be times when severe 

drought conditions cause water in Taylor Creek/Nubbin Slough to drop below the 

minimum intake level. It is also proposed to withdraw 300 gpm from the 

uppermost permeable horizon of the Floridan aquifer for process water purposes. 

Withdrawals of 300 gpm for 90 days from the uppermost permeable horizon of the 

Floridan aquifer were Simulated using analytical methods. The simulation results 

are included in Section 10.5.1 as a computer printout of input parameters and 

calculated drawdowns. 

Figure 5.3.2-3 presents the simulated drawdowns caused by a single well, flowing 

at 300 gpm for 90 days. The figure shows that no existing Floridan aquifer wells 

will lose as much as 1 foot of hydrostatic head during the Withdrawal period. As 

discussed in this section, the capacity of a free-flowing artesian well is directly 

proportional to the height that the hydrostatic head of the aquifer extends above 

the top of the well casing. At the project site, reductions of 1 foot in hydrostatic 

head would not reduce the flowing capacity of any existing well by as much as 

10 percent. Therefore, withdrawals of 300 gpm for 90 days would not create 

drawdowns that would exceed SFWMD criteria for prohibitive well interference . 
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5.3.3 DRINKING WATER 

In the project area, the potable water supply is the Surficial aquifer. Figure 2.3.3-1 

and Table 2.3.3-6 in Section 2.3.3 show the locations of wells within 1 mile of the 

site boundaries, and list well owners, permit numbers, well construction 

specifications, and purpose of the well (industrial, agricultural, potable use). 

Because no water will be withdrawn from the Surficial aquifer for plant use, there 

will be no impacts on surrounding wells into the Surficial aquifer that withdraw 

water for drinking purposes. 

The regional groundwater gradient is almost due south at 8 feet per mile. This 

results in seepage velocities of 20 to 80 feet per year, depending upon sediment 

porosity. It is conceivable that wells 62 and 63 on Figure 2.3.3-1 might intercept 

a hypothetical contaminant plume generated at the project site. However, the 

monitor wells installed into the Surficial aquifer on the site are positioned to detect 

any contaminant plume before it crosses property lines. Should an event such as 

a spill take place, these wells would be used to detect the plume in advance of 

it reaching an existing user, thereby allowing time for remedial action to be 

implemented . 
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5.3.4 LEACHATE AND RUNOFF 

The only source of leachate or runoff that could adversely impact the Surficial 

aquifer IS the inactive coal storage area. The inactive coal storage area will be 

covered and lined as descrrbed In Section 3.3.1. In addition, runoff and leachate 

from rainfall Will be treated and collected in the adjacent coal pile runoff basin, as 

descrrbed In Section 3.6.2. The active coal pile will be enclosed and a physical 

barrier to the groundwater Will be installed beneath the coal pile. 

The Inactive coal storage area is grassed over. Approximately 25 to 30 percent of 

the rainfall percolates through the grass to contact the coal. The composition and 

characterrstlcs of leachate from coal piles varies substantially depending on the 

source of the coal. The leachate from the coal storage area is estimated to contain 

7500 mg/I of total dissolved solids, 5000 mg/I sulfate, 200 mg/I iron, and a pH in 

the range of 3 - 4. The quality of the runoff (which only contacts the grass) is 

much better than the quality of the leachate, effectively diluting the leachate. 

Runoff and leachate are treated to adjust the pH prror to entering the coal pile 

runoff basin, as described In Section 3.6.2. Treated runoff and leachate from the 

coal pile runoff basin are transferred to the sidestream softener of the cooling 

tower. 

Runoff from other areas of the plant (as discussed in Section 3.8) are directed to 

the existing drainage ditch which eventually leads to the St. Lucie Canal. 

Activities Affecting Discharge to Surface Water Bodies 

Excess runoff due to an Increase in impervious areas causes runoff quality and 

quantity changes. Due to a higher runoff coefficient caused by increased 

impervious area, onsite stormwater runoff will increase. In order to maintain the 

pre-developed peak flow in the existing drainage ditch, detention basins will be 

employed to store excess runoff. The runoff from the plant area to the ditch will 

be controlled by methods descrrbed In Sections 3.8.4. and 3.8.5. Since peak flows 

,_..oJ ~' • 
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before and after site development Will not be changed, no adverse impacts 

concerning quantity of flow are anticipated. 

For paved areas and areas where grease or oil may be blended with the runoff 

(e.g., switchyard, oil storage tank, railroad, parking lot, and power block), catch 

basins Will be used in conjunction with oil/water separators for removal of the 

oil/grease deposits. 

The runoff from the inactive coal storage area will be detained in the lined coal pile 

runoff basin and treated to adjust pH. Treated runoff will be transferred to the 

cooling tower sidestream softener and used in the cooling tower. 

By detaining and treating water where needed, the quality and quantity of the water 

in the eXisting drainage ditch will be maintained. The existing drainage ditch in the 

plant area is a continuation of a drainage ditch extending from State Route 710 and 

extends 2.5 miles further to the St. Lucie Canal. Since the drainage ditch will not 

be adversely affected, the St. Lucie Canal likewise will be unaffected . 

The mitigation measures to control Impacts to the wetland adjacent to the cooling 

water storage pond are discussed In Section 3.8.5.2. The remaining six wetlands 

within the property boundarres have been analyzed, and it has been determined 

that no significant drainage pattern changes will be made. Based on the 

developed plan, It can be concluded that there will be no adverse impacts to the 

wetlands. 

Flood Plain Encroachment 

The ICL site is entirely within Zone B (100- to 500-year flood plain area) as defined 

by Insurance Rate Maps. Therefore, there will be no encroachment on the 

1 ~O-year flood plain and offsite impacts on the 1 ~O-year flood level are precluded . 
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5.3.5 MEASUREMENT PROGRAMS 

Section 3.5.1.5 descnbes the monitoring well that will be installed to detect 

changes caused by possible migration of the wastewater injected into the Boulder 

Zone of the lower Floridan aquifer upwards into the upper Floridan aquifer. Since 

there are no wastewater discharges to surface waters or to other groundwater 

aquifers, no other monitoring programs are proposed . 
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6.0 LINEAR FACILITIES 

6.1 TRANSMISSION LINE 

There will be no transmission line constructed since the connection will be to the 

FPL 230 kV line that traverses the northern boundary of the site. Therefore, 

Section 6.1 is not applicable to the ICL project. 
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6.2 WATER PIPELINE 

6.2.1 PROJECT INTRODUCTION 

The Indiantown Cogeneration, L. P. (ICL) facility will require a 19-mile, single, 18-

to 24-inch diameter water pipeline In Okeechobee and Martin Counties to support 

its operations. The pipeline will originate at a new intake structure to be located 

at the junction of Taylor Creek/Nubbin Slough and the C-59 canal in Okeechobee 

County. From thiS new Intake structure, the buried water supply pipeline will be 

run along SR 710 and the CSX Railroad line (within the railroad ROW) into Martin 

County, terminating at the ICL site. This railroad ROW varies between 100 and 

200 feet in width. Since the pipeline is to be located within the railroad ROW, no 

new corridor is requested for thiS project. 
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6.2.2 CORRIDOR LOCATION AND LAYOUT 

The location of the pipeline is within the CSX ROW extending laterally about 50 feet 

on each side of the rail line and is shown in Figure 6.2.2-1. The corridor for the 

water pipeline that is being licensed for the ICL project is the CSX ROW between 

the ICL site and the ICL water intake at Taylor Creek/Nubbin Slough . 
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6.2.3 WATER PIPELINE DESIGN CHARACTERISTICS 

The pipe will be approximately 18- to 24-lnch diameter carbon steel or polyethylene 

pipe manufactured according to American Water Works Association (AWWA) 

standards The pipe sections will be hydrostatically tested to at least 125 percent 

of the design pressure to confirm the pipe Integnty and check for leakage 

If the pipe IS carbon steel, It will have a protective external coating Such coating 

will be checked electncally for breaks In the coating pnor to shipping and pnor to 

Installation In the ground The pipe will be Installed In accordance With the 

requirements of AWWA and the regulatory agencies With JUriSdiction over 

crossings A cathodic protection system Will be Installed If SOils testing shows ItS 

IS necessary to prevent corrosion 

Since the pipeline Will be constructed Within the CSX ROW, no new access roads 

or bridges Will be reqUired 
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6.2.4 COST PROJECTIONS 

On a per mile basIs, a 24-lnch diameter pipeline IS estimated to cost approximately 

$368,400 The total cost of the 19 miles of pipeline IS estimated at $7,000,000 

(Bechtel, 1990) 
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6.2.5 CORRIDOR SELECTION 

Since the CSX Railroad nght-of-way runs adjacent to the Taylor Creek/Nubbin 

Slough and the Indiantown Cogeneration, L P site, It was the only cOrridor 

considered for the project The use of an eXisting railroad ROW results In minimal 

Impacts to the environment and to the general population Since the ROW IS for 

an operational rail line, no additional disturbance to the environment will occur for 

maintenance of the ROW or of the pipeline 
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6.2.6 SOCIOPOLITICAL ENVIRONMENT OF THE CORRIDOR 

6.2.6.1 Governmental Jurisdiction 

The cooling water pipeline associated with the Indiantown Cogeneration, L P (ICL) 

project commences at the project site located In Section 34, Range 38E, Town­

ship 39S, and traverses northwesterly along SR 710 and the CSX Railroad line Into 

Okeechobee County with ItS terminus located at Taylor Creek/Nubbin Slough The 

location of thiS pipeline, with a 0 5-mlle corndor extended laterally on each side of 

SR 710, IS shown In Figure 626-1 

Lands within thiS corndor fall under the JUrisdiction of several governmental 

agencies which Include the following Martin County, Okeechobee County, 

TCRPC, Central FlOrida Regional Plannrng Council (CFRPC), and SFWMD 

The pipeline corndor follows eXisting roadway and rail ROWs and does not cross 

any local, regional, state, or federally designated or protected lands as described 

In the FDER Instruction GUide for Certification Applications 

6.2.6.2 Zoning and Land Use Plans 

The ICL cooling water pipeline corndor crosses lands under the JUrisdiction of 

Martin and Okeechobee Counties Each county has ItS own comprehensive plan 

and zoning regulations 

As previously described In Section 2 2 2, the Martin County Growth Management 

Department has prepared the Martin County CGMP In accordance With 

requirements of the Local Comprehensive Plannrng and Land Development 

Regulation Act, Chapter 163, Part II, FS, and FAC, Chapter 9J-5 The Martin 

County CGMP was adopted by the Martin County Board of County Commissioners 

on February 20, 1990 (Martin County CGMP, 1990) 
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Land use designations crossed by the pipeline cOrridor within Martin County are 

shown In Figure 6 2 6-2, and primarily are agricultural In nature The specific 

Martin County land use plan categories within the pipeline cOrridor are as follows 

• Agricultural (AG) 

• Agricultural ranchette (AR) 

• General commercial (CG) 

• Industrial (IND) 

• Public utilities (PU) 

Summary descriptions of these categories are Included In Section 10 3 The only 

policy Identified In the Martin County CGMP which appears to be applicable to the 

cooling water pipeline cOrridor IS Policy A 3 h Included In Chapter 11, Potable 

Water Service This policy states 

"All public and private water system Improvements shall be located, 

designed, and Installed In a manner which IS cost-effective, 

functional, responsive to fire protection needs of eXisting and planned 

future development, and compatible With surrounding natural 

systems The extension of water mains shall be aligned and Installed 

In a manner which prevents undue loss of established tree canopies 

or SOil through Induced erosion EXisting features of land altered by 

construction shall be returned as close as IS reasonably pOSSible to 

the Original condition The timing and staging shall be scheduled In 

a manner that minimizes disruptive Impacts, Including Impacts on 

reSidential quality of life and traffiC flow" (Martin County CGMP, 

p 11-19) 

The location of the cooling water pipeline Within an eXisting railroad ROWand 

employment of the construction methods desCribed In Section 6 2 8 ensure that the 

pipeline Will comply With the above policy 
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ZOning districts crossed by the pipeline cOrridor In Martin County are shown In 

Figure 626-3 Utilities "with the exception of normal distribution and/or collection 

facIlities (I e, poles, lines, cable In trench, and associated equipment)" are 

regulated as advertised conditional uses In Martin County [Section 35-5 5(A)(9), 

Martin County Code] The water pipeline IS considered a "normal distribution 

and/or collection facIlity," not subject to advertised conditional use reView, and IS, 

therefore, a permitted use within all zOning districts No other applicable zOning 

regulations have been Identified 

Okeechobee County has not yet adopted a comprehensive plan In accordance 

With the Local Government Comprehensive Planning and Land Development 

Regulation Act (Chapter 163, Part II, FS) and Chapter 9J-5, FAC The 

comprehensive plan currently In effect In Okeechobee County was adopted In 

1980 According to the Future Land Use Plan, the pipeline COrridor crosses the 

Agriculture/Open Space and Residential (lOW denSity) land use categories 

Although the plan does not define these categories, It does list general land use 

poliCies dealing With agricultural and residential land uses Excerpts from the plan 

are Included In Section 10 3 There are no land use poliCies that appear to be 

applicable to a water pipeline However, the Utility Element of the adopted 

Okeechobee County comprehensive plan states 

"Whatever support faCIlities are needed to proVide electnc utility 

service to eXisting land uses, to such future land uses as are 

authOrized by other elements of thiS plan, and to such future land 

uses as may be lawfully authOrized by the commission, shall be 

permitted In any use category and shall be deemed to be consistent 

With thiS comprehensive plan " (Okeechobee County Comprehensive 

Planning Program 1979 Update, p 143) 

The Intake water pipeline IS a necessary support faCIlity to the ICL prOject 
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As shown In Figure 6 2 6-3, the majority of the land crossed by the pipeline 

cOrridor In Okeechobee County IS zoned AC, Agricultural Conservation Other 

zoning districts crossed Include the follOWing 

• Residential general (RG) 

• Residential rural (RR) 

• Residential single-family (RSF) 

• Residential mobile home (RMH) 

• Commercial (C) 

Section 7 9 of the Okeechobee County Zoning Ordinance states. 

"9 Essential Services Essential services shall be permitted In any 

zoning district Essential services are hereby defined to Include and 

be limited to water, sewer, gas, telephone, and electrical systems, 

Including sub-stations, 11ft stations, and similar Installations necessary 

for the performance of these services, provided, however, that thiS 

subsection shall not be deemed to permit the location In a district of 

such establishments as electriC or gas generating plants, sewage 

treatment plants, or water pumping or water aeration faCIlities from 

which they would otherwise be barred, and prOVided further that thiS 

subsection shall not be deemed to Include the erection of structures 

for commercial activities such as sales or the collection of bills In 

districts from which such activities would be otherwise barred Under 

thiS subsection, where structures are Involved, such structures shall 

conform Insofar as pOSSible to the character of the district as to 

architecture and landscaping" (Zomng Ordinance, Okeechobee 

County, FlOrida, p 18a) 

The cooling water Intake structure at Taylor Creek/Nubbin Slough, deSCribed In 

Section 3 5 1 1, IS located In the AC zoning district According to Section 6, 

Schedule of District Regulations, of the Okeechobee County Zoning Ordinance 

f.1 
1 
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(1974), water pumping facIlities are not barred from the AC dlstnct Therefore, the 

cooling water pipeline and the Intake structure are permitted uses under the 

Okeechobee County Zoning Ordinance 

6.2.6.3 Easements. Title, Agency Works 

The pipeline ROW will be located within the eXisting CSX Railroad ROW located to 

the west of SR 710 The northern terminal of the pipeline ROW Will cross a small 

portion of land belonging to SFWMD Approval for crossing such state and county 

roads, easements, and agency works (e g, county drainage dlstncts) Will be 

obtained as part of thiS SCA Table 6 2 6-1 lists the facIlities under title, easements, 

or agency works that Will be crossed by the proposed pipeline 

6.2.6.4 Vicinity Scenic, Cultural, and Natural landmarks 

The pipeline COrridor follows eXisting road and rail ROWs and does not cross any 

sceniC, cultural, or natural landmarks 

6.2.6.5 Archaeological and Historic Sites 

A comprehenSive evaluation of archaeological and hlstonc resources Within the 

cooling water pipeline COrridor was conducted by Piper Archaeological Research, 

Inc, and IS located In Section 10 8 

ThiS research revealed no preViously recorded archaeological sites Within the 

pipeline COrridor, and a low probability of finding additional significant hlstoncal 

resources Dunng research and assessment, no archaeological or hlstonc sites 

were found which would be eligible for InclUSion on the National Register of Hlstonc 

Places (Piper, 1990) 

In an area south of the pipeline COrridor In Section 2, Township 39 South, Range 

27 East, a hlstonc feature was found Named the Zana Railroad Water ReservOir, 
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Table 6.2.6-1 
EASEMENTS, TITLE, OR CROSSING APPROVALS 

NORMALLY REQUIRED FOR CONSTRUCTION OF THE 
COOLING WATER PIPELINE 

Type of 
FacIlity Affected Agency Approval 

CR 15A Okeechobee County Utility Permit 

CR 158 Okeechobee County Utility Permit 

FEC Railroad FEC Railroad Crossing Permlt* 

Myrtle Slough FDER,SRNMD, USACE* General Permit (FDER) 
Lettuce Creek Industrial Wastewater 
Henry Creek Permit (FDER) 
Nubbin Slough Works of the District 
Unnamed streams Permit (SRNMD) 

Section 404 Dredge-
and Fill Permit 
(U SAC E) 

Various Indiantown Drainage Utility Permit 
unamed District 
ditches and Troup-Indiantown 
canals Drainage District 

Coquina Water 
Control District 

*Prlvate permit not subject to local, county, or state JUrisdiction 
+ Permit mayor may not be required depending on construction method of 
pipeline (I e, attached to eXisting bridge structure versus bUried under stream) 

Sources FDOT, 1990 
CSX, 1990 
Okeechobee County, 1990 
SRNMD,1990 
USACE,1990 
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the feature contains a small camping shack and an angular concrete structure 

The research conducted by Piper Archaeological Research, Inc speculated that 

this site may have been a water reservoir for steam locomotives However, this 

feature was not found to be eligible for listing In the National Register of Hlstonc 

Places (Piper, 1990) 
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6.2.7 BIOPHYSICAL ENVIRONMENT OF THE CORRIDOR AREA 

6.2.7.1 Land UseNegetation 

The proposed pipeline will be located within the eXisting CSX Railroad nght-of-way 

(ROW), with the exception of Its northern terminus, which will cross a short section 

of maintained grassland belonging to SFWMD 

land use and vegetation along the 19-mlle long cooling water pipeline cOrridor and 

within 1/2-mlle of the ROW are presented In Figures 62 7-1a and 627-1 (pages 

1 through 5) The mapped information IS labeled uSing the level III designations 

of the SFWMD land Use and land Cover Classification Code (see Chapter 10) 

The cOrridor was surveyed by plant ecologists/taxonomists In July and October 

1990 

The predominant agncultural land use type crossed by the cOrridor IS Improved 

pasture (APIM) Other conspicuous agnculturalland use types occurring along the 

cOrridor are citrus groves (AMCT) , sugar cane fields (ACSC), and dairy farms 

(AFDF) The cOrridor also crosses several areas classified as urban or bUilt-up, 

which are pnmanly residential In nature The urban land uses located within the 

cOrridor consist of the following single-family residential (URSl), mobile home 

residential (URMH), Industnal (UI), and water supply plants (UTWS) In addition, 

the cOrridor Includes SR 710 and the CSX Railroad 

Vegetation commUnities found In the cOrridor are Included In the descnptlons 

provided In Section 2 3 5 The dominant forest types are pine and wet pralne 

(WXPP), old fields/forested old fields (FMOF), and cypress swamp (WFCY) Other 

vegetation types occurring within the cOrridor Include pine/cabbage palms (FMPC), 

cabbage palm/oaks (FMCO), pine flatwoods (FEPF), and levees (Bl) 

One land use type that occurs within 1/2-mlle of the pipeline cOrridor and was not 

previously descnbed for the ICl project site IS levees TYPically, levees have very 

c"5 t;;" 
t"l ~I c'""l ?J C"\ 

\'f1 , 

Ir' g) If' 
~ ~.-~ 

cQ §4 
~ 
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little or no vegetation and limited ability to support life The only mapped levee 

within the pipeline cOrridor IS a raised, earthen berm situated along the Taylor 

Creek/Nubbin Slough (TC/NS) waterway connected to Lake Okeechobee Only 

opportunistic, ruderal herbs and shrubs such as begger's tick, groundsel bush, 

Caesar's weed, partndge pea, and others would be expected along the levee 

The most Important wetland types within 1/2-mlle of the cOrridor are cypress 

swamps and wet prairie Cypress swamps occur along dralnageways and are 

dominated by bald cypress Wet pralnes are usually hydrologically Isolated and 

occur In depreSSions within pine flatwoods (I e , pine and wet pralne association) 

or In Improved pasture 

Since the pipeline ROW IS located within the CSX ROW, the land to be potentially 

affected by the pipeline has been previously altered and has low ecological value 

Vegetation commUnities adjacent to the proposed cOrridor route (Within 1/2-mlle 

of either side) are common In the region 

6.2.7.2 Affected Waters and Wetlands 

The preferred water pipeline cOrridor alignment was selected, In part, to minimize 

Impacts to the environment Including water bodies and wetlands As a result, the 

cOrridor was collocated with eXisting linear faCIlities, and Sited In a highly disturbed 

area located along eXisting railroad and road ROW Because of the flat and low­

lYing physiography of the region and the linear nature of the proposed faCIlity, the 

cOrridor cannot totally aVOid wetlands along ItS 19-mlle distance 

The area of the preferred cOrridor IS charactenzed by previously disturbed sOils 

and low, flat, sandy sOils SOils near the surface generally have high permeability 

and slow runoff rates Runoff IS channelled to an eXisting ditch paralleling the 

railroad ROW or to SR 710 drainage ditches Drainage IS toward TC/NS The 

southern part of the cOrridor has Similar types of drainage systems which drain 

runoff to the south, leading ultimately to the St LUCie Canal -
(" 

1::'-' ~ 
\1' At 

(C~ 
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The corridor crosses no major water bodies, only small canals and ditch systems 

which have generally been excavated for drainage of agricultural land located to 

the east of SR 710. Several such drainage ditches are shown within the corridor 

on USGS 7.5-minute quadrangle maps in Martin County, including Myrtle Slough. 

Lettuce Creek, Henry Creek, and Nubbin Slough are the major drainages crossed 

by the corridor in Okeechobee County. 

6.2.7.3 Ecology 

Terrestrial Biology 

This section discusses the status and potential for occurrence of species identified 

as endangered, threatened, or species of special concern by USFWS, FGFWFC, 

TCRPC, FCREPA, and/or Martin County in and along the 19-mile cooling water 

pipeline ROW located within the existing CSX ROW. Thorough descriptions for 

these species, which potentially occur in Martin County and surrounding counties 

and which can occur at the project site, were previously presented in Section 2.3.6. 

Plant and animal species status listed in that section (Tables 2.3.6-1 and 2.3.6-2) 

apply, to a degree, to the cooling water pipeline corridor. The natural vegetation 

community types occurring in the corridor are similar to those occurring at the 

project site (Le., pine flatwoods), but most of the corndor consists of ruderal 

roadside habitat in various stages of succession and maintenance. 

The probability of occurrence of threatened and endangered species in the 

preferred corridor is based on seasonal ground surveys, habitat analyses, and 

discussions with agency personnel. Due to the high degree of habitat alteration 

and the disturbance caused by the use of the CSX rail line and adjoining SR 710, 

there are no records of nesting or breeding occurrences for any threatened or 

endangered animals in the corridor or its vicinity. Listed species such as herons, 

egrets, ibis, osprey, and alligator, for example, have been observed along TC/NS 

on the northernmost end of the ROW. The remaining ROW, offers no suitable 
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habitat for species such as sandhill crane, woodstork, red-cockaded woodpecker, 

gopher frog, round-tailed muskrat, Sherman's fox squirrel, or Florida mouse. 

The vegetation in the corridor is dominated by maintained right-of-way and other 

ruderal associations. With the exception of narrow wetland zones along 

watercourses, the corridor contains no mature, unimpacted vegetation communi­

ties. 

No endangered plant species are known to occur within the corridor. Climbing 

dayflower may occur along the banks of TC INS and other canals, creeks, and 

sloughs connected to Lake Okeechobee that cross the pipeline corridor. This 

plant is listed as threatened by both FCREPA and FDACS and is under review for 

federal listing. 

6.2.7.4 Other Environmental Features 

No additional information is required . 
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6.2.8 EFFECTS OF RIGHT-OF-WAY PREPARATION AND PIPELINE 

CONSTRUCTION 

6.2.8.1 ConstructIon Techniques 

Survey 

Following CSX approval of the rrght-of-way (ROW) application, the entire route Will 

be surveyed The centerlrne of the pipeline ROW Will be marked at about 200-foot 

Intervals 

Right-ot-Way Clearing. Grubbang. and Excavation 

Prror to clearrng, field personnel responsible for clearrng activities Will be made 

familiar with conditions of easements, permits, regulatory approvals, and CSX 

railroad requirements. Clearrng Will be restrrcted to those areas within the 50-foot 

ROW required for ditching, pipe laYing, and related actIVIties Temporary gates and 

fences Will be Installed when necessary and removed follOWing construction The 

disturbed land surface Will be graded, seeded, and returned to Its Initial contour 

Where clearrng of trees and brush Will be required, chain saws or bulldozer-type 

machinery with special cutting blades Will be used Slash and brush Will be hauled 

oftslte Tree stumps and roots Will be mechanrcally removed and disposed of In 

a similar manner 

The pipe trench Will be excavated to a minimum Width to provide clearance for the 

pipe and any buoyancy control deVices as needed Excavation of a mlnrmum of 

8 Inches on either Side of the pipe Will be required A typical trench IS shown In 

Figure 6 2 8-1 A combination of backhoes, clamshells, and draghnes Will be used 

Matting Will be used to support heavy machinery In wetlands areas Temporary 

ditch crossings for equipment Will be proVided where necessary 
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NOTES 
1 ANY SHORING REQUIREMENT FOR TRENCH DURING CONSTRUCTION WILL BE 

PROVIDED AS NEEDED 
2 BEDDING AND BACKFILL MATERIAL WILL BE PLACED AND COMPACTED AROUND 

AND ABOVE THE PIPE 
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Pipe Installation 

Trucks or ali-terrain vehicles will be used to transport pipe to the ROW, where the 

pipe will be placed on the side of the trench To cross wet areas, pipe will be fitted 

up on the adjacent ROWand pulled or floated Into place No additional staging 

areas will be required 

Bending and welding (If required) will take place within the ROW Welding 

procedure qualification tests will be conducted In accordance with applicable 

codes Welders will be qualified In accordance with applicable codes by 

completing test welds, uSing the approved welding procedures The field weld and 

adjacent uncoated pipe will be coated with a material that IS compatible with the 

eXisting coating After beveling of the eXisting coating, the bare area will be 

machine cleaned to remove dirt, rust, etc, to obtain a clean surface for coating 

Construction Involves the Installation of pipeline segments at a depth of 3 to 5 feet 

per CSX requirements In the ROW Bedding materials may be reqUired In the 

pipeline trench In areas where the bottom IS Irregularly shaped or where the 

excavated spoil materials are unacceptable for backfilling around the pipe due to 

pOSSible coating damage To protect the pipe In these areas and for support, sand 

or gravel, crushed rock and screened spoil materials, or a combination of each 

may be used for bedding ThiS bedding material will be placed In the bottom of the 

trench to a ml~lmum depth of 6 Inches prior to lowering of the pipe Into place 

Only sOils excavated from the pipeline trench and Imported bedding matenals will 

be used for backfilling, no other sOils from the ROW will be used. SOil removed 

from the trench line Will be used to form a slight crown over the trench centerline 

to compensate for sOil settlement Openings Will be left In the completed crown to 

permit lateral surface drainage 
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When backfilling has been completed, accumulated construction debns will be 

removed from the ROW, and drainage ditches, terraces, roads and fences will be 

restored to their former condition Potholes, ruts, and depressions will be filled, 

and the pipeline ROW will be left In a neat condition Pipeline markers and warning 

signs will be erected and maintained at roads, watercourses, and other pOints In 

accordance With applicable regulations All surplus matenals and construction 

equipment will be removed 

Major highways and railroads crossings will be bored and casing Installed If 

required All crossings will be constructed In accordance With applicable 

regulations A minimum of 3 feet of covenng will be utilized over the top of the 

pipe or casing except at water crossings where the pipe IS above grade 

On unsurfaced and lightly traveled rural roads, road crossings may be made uSing 

open cut, conventional trenching methods (where permitted) ProvIsions will be 

made for temporary passage of traffiC by either a detour acceptable to Junsdlctlonal 

agencies, by temporary bndglng over the excavated trench, or a combination of 

both Detour and warning signs, lights, flagmen, barricades, pilot vehicles, 

watchmen, and any other features required for maintaining safe passage of traffiC 

will be supplied and maintained as necessary Construction pipeline crossings, 

Including repair, restoration, and cleanup operations, will be expeditiously 

conducted In a neat and orderly fashion to minimize any disturbances 

All canal crossings will be Installed In accordance With Industry practice and 

applicable regulatory specifications Continuous concrete-coated pipe, concrete 

weights placed over the pipe, or screw anchors may be employed to overcome 

buoyant forces In wet area crossings Concrete weights will be fabncated by 

concrete structure manufacturers located near the proposed pipeline route as 

needed An acceptable pad will be used to protect the pipe and pipe coating from 

possible damage Placement of the weights over the pipe will be accomplished by 

the use of sldebooms or cranes Special care will be taken to ensure that no 

damage IS done to the pipe coating Excavation of the pipeline trench, ~tream 
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banks, and approaches will be performed by conventional trenching and grading 

equipment Siltation from water disturbances will be held to a practical mlnrmum 

In addition, the following erosion control measures will be adhered to 

• Ditch and canal crossings will be made as close to perpendicular as 

possible 

• Cutting of banks and slope approaches will be held to a minimum 

Effort will be made to minimize suspended sediment release Into watercourses 

dunng trench excavation Backfill operations will be performed slowly to mlnrmlze 

agitation In addition, silt curtains will be Installed on each side of the ROW dunng 

construction to minimize turbidity effects Pipe trenches at the banks will be 

backfilled with stable matenals Immediately after the pipe IS laid so as to reduce 

erosion of fine matenals from the trench Immediately adjacent to the channel 

Hydrostatic Testing 

The hydrostatic testing of the pipeline will be conducted In accordance with the 

regulations contained In AWWA or applicable ANSI standards The pipeline will be 

pressure-tested to substantiate the proposed maximum allowable operating 

pressure and to locate any leaks It IS proposed that hydrostatic testing be 

employed With water as the testing medium Where test sections are continuous, 

the quantity of water reqUired Will be held to a minimum by reusing the water, 

where feasible, from one tested section to the succeeding test section The length 

of the test section Will depend on factors such as elevation, availability of water, 

and scheduling All manrfold valvlng Will have a working pressure, based on the 

maximum test pressure The test heads and manrfold pipe Will be designed and 

fabncated so that no component Will be stressed beyond ItS safe working strength. 

Water for thiS testing Will be taken from local streams or trucked In as reqUired 
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Squeegees (pigs) will be positioned ahead of, as well as behind, the water fill 

connection for controlled filling and dewatenng In the filling process, the 

squeegee will be steadily pushed ahead by the water, forming a seal to eliminate 

air entrapment 

Erosion Sediment Control Measures 

Unless otherwise noted, all management strategies, vegetative practices, and 

structural erosion and sediment control practices will be developed and maintained 

according to Flonda standards and specifications 

Management Strategies 

• ActIVIties will be scheduled to minimize eroSion of disturbed areas 

• Excavated areas will not be exposed to construction traffiC 

• Protection measures will be Implemented to prevent transport Into any 

stream, wetland area, or adjacent storm water management system 

• StockpIling of excavated matenal Will be away from the wetland areas, 

and surrounded by Silt fence or hay bales 

• Wetland banks and beds Will be stabilized after construction 

• Surface areas Will be restored to at least onglnal condition 

• The construction supenntendent Will have overall responsibility for plan 

Implementation He shall also be responsible for seeing that 

appropnate construction workers and subcontractors are aware of the 

provIsions of the plan 

Vegetative Practices 

• Topsoil Stockpile Topsoil shall be stnpped from areas to be graded, 

and stockpiled for later use Stockpile locations shall be approved by 

the construction supenntendent They Will, however, be placed away 

from wetland areas and contained by structural measures (I e, Silt 

fenCing or hay bales), as determined by the construction super-

Intendent 
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• Seeding After construction IS complete any previously vegetated areas 

will be established by seeding with an approved mixture 

Structural Practices 

• Silt Fencing Slit fencing will be utilized In areas of high sediment 

transport potential In general, fencing will be used to protect adjacent 

properties It can be placed along the run of construction utilizing a 

minimum of space Fencing can also be reused along the route, If 

properly maintained Essentially, as a pipeline segment IS excavated slit 

fencing IS placed along the outside of the work area (See Figure 

3 8 4-7) ThiS creates an enclosed and controllable area 

Silt fence construction will be held to the following gUidelines 

20524 01 B\ Ind.an!n SOA 

The height of a silt fence shall not exceed 36 Inches (higher 

fences may Impound volumes of water sufficient to cause failure 

of the structure) 

The filter fabnc shall be purchased In a continuous roll cut to the 

length of the barner to avoid the use of JOints When JOints are 

necessary, filter cloth shall be spliced together only at a support 

post, with a minimum 6-lnch overlap, and securely sealed 

Posts shall be spaced a maximum of 10 feet apart at the barner 

location and dnven securely Into the ground (minimum of 12 

Inches) When extra strength fabnc IS used without the wire 

support fence, post spacing shall not exceed 6 feet 

A trench shall be excavated approximately 4 Inches wide and 4 

Inches deep along the line of posts and upslope from the barner 

When standard strength filter fabnc IS used, a wire mesh support 

fence shall be fastened securely to the upslope side of the posts 

uSing heavy duty wire staples at least 1 Inch long, tie Wires, or 

hog nngs The wire shall extend Into the trench a minimum of 2 

Inches and shall not extend more than 36 Inches above the 

anginal ground surface 
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The standard strength filter fabnc shall be stapled or wired to the 

fence, and 8 Inches of the fabnc shall be extended Into the trench 

The fabnc shall not extend more than 36 Inches above the onglnal 

ground surface Filter fabnc shall not be stapled to eXisting trees 

When extra strength filter fabnc and closer post spacing are used, 

the wire mesh support fence may be eliminated In such a case, 

the filter fabnc IS stapled or wired directly to the posts with all 

other provIsions of the Item above applYing 

The trench shall be backfilled and the sOil compacted over the 

filter fabnc 

Silt fences shall be removed when they have served their useful 

purpose, but not before the upslope area has been permanently 

stabilized 

Post of silt fences shall be either 4-lnch diameter wood or 1 33 

pounds per linear foot steel with a mlmmum length of 5 feet Steel 

posts shall have projections for fastening wire to them 

Wire fence reinforcement for silt fences uSing standard strength 

filter cloth shall be a minimum of 42 Inches In height, a minimum 

of 14 gauge and shall have a maximum mesh spacing of 6 Inches 

Dewatering During Construction 

Dunng construction It will probably be necessary to remove groundwater from 

Inside the work area That water will be pumped out of the excavation and diverted 

through a hay bale filter Into the eXisting stream down slope of the activity 
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Construction Monitoring and Maintenance 

In general, all erosion and sediment control measures Will be checked weekly and 

after each significant rainfall The follOWing Items Will be checked In particular 

• All seeded areas Will be checked regularly to see that a good stand IS 

maintained Areas shall be fertilized and reseeded as needed 

• Silt fences and filter barrrers shall be Inspected Immediately after each 

rainfall and at least dally durrng prolonged rainfall Any required repairs 

shall be made Immediately 

• Should the fabrrc on a Silt fence or filter barrrer decompose or become 

Ineffective prror to the end of the expected usable life and the barrrer 

stili be necessary, the fabrrc shall be replaced promptly 

• Sediment depOSits should be removed after heavy storm events They 

must be removed when depOSits reach approximately one-half the 

height of the barrrer 

• Any sediment depOSits remalnrng In place after the Silt fence or filter 

barrrer IS no longer required shall be dressed to conform With the 

eXisting grade, prepared, and seeded 

Permanent Stabilization 

Prror to removal of the lateral Silt fenCing, the pipeline trench Will be backfilled, 

compacted, graded over, and vegetation re-establlshed All vegetated areas Will 

be re-establlshed and stabilized by an approved seeding mixture 

6.2.8.2 Impact on Water Bodies and Uses 

For almost the entire run of the pipeline from the Taylor Creek/Nubbin Slough to 

the project Site, the pipeline Will be located underground and In the CSX ROW, 

approximately parallel to and C±J 18 feet to the south of the center line of the 

railroad track Except for the crossings at eXisting creeks, sloughs, and ditches, 
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as shown on Figure 6 2 8-2 and listed In Table 6 2 8-1, the pipeline will be entirely 

located In an area where It will not Impact any waters of the state Further, 

depending on the Width of the creek being crossed, the pipeline at most locations 

Will either be supported from eXisting railroad bndges In accordance with the 

reqUirements of the CSX railroad or from new supports placed on either Side of the 

creek away from the shoreline (Figure 6 2 8-3) However, some of the large pipe 

spans over streams such as Nubbins Slough, Henry Creek, and Lettuce Creek 

may reqUire the addition of a pre-cast pile support(s) to be placed In the stream 

Dunng the deSign phase of the project, the option of uSing the railroad bndges to 

support the pipe Will be analyzed If the bndges are SUitable and CSX agrees with 

the approach, these mid-stream supports may be eliminated Since with these 

types of crossings the pipeline Will remain above the waterline of the creeks which 

are not navigable, the Impact on the quality and quantity of the water Will be 

precluded In addition, the pipe crossing Will not affect the water level In the creeks 

crossed by the pipeline 

At a location south of Myrtle Slough, the pipeline Will be traversing the edge of an 

elongated swamp Since the length of the swamp parallel to the pipe run IS 

suffiCiently large, It Will require an additional Intermediate support In the middle of 

the water crossing as shown In Figure 6 2 8-3 This support Will be a 12-lnch 

diameter round pre-cast concrete pile dnven Into the ground Consldenng the size 

of the proposed support and ItS location (I e, close to the edge of eXisting 

railroad), It IS determined that this structure Will have an Insignificant Impact on the 

eXisting swamp The proposed construction Will not reqUire any dredging or 

bUilding of cofferdams In the eXisting water body and Will be made from the railroad 

ROW 

6.2.8.3 Solid Wastes 

Construction solid wastes such as trees, tree stumps, roots, etc, Will be minimal 

and Will be hauled off site to an approved landfill 
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6.2.8.4 Changes to Vegetation. Wildlife. and Aquatic Life 

No significant permanent changes to animal and plant populations are expected 

Most of the area around the cOrridor IS currently In open land, as a result of the 

land being maintained In an early ecological successional state as part of the 

railroad ROW Following construction, vegetation In these open areas, Including 

wetlands, will be allowed to return to ItS onglnal condition 

Forested areas, such as pine flatwoods, will be cleared only as required for 

construction 

No threatened and endangered animals or endangered plant species are known 

to occur In the area No mitigation measures are planned beyond environmental 

protection procedures Implemented dunng construction 

6.2.8.5 Impact on Human Populations 

Construction will begin once final regulatory approval has been received, and IS 

expected to take about 6 months to complete 

Population density In the VICInity of the proposed pipeline cOrridor IS generally 

sparse The Impact of the pipeline on the surrounding human population will be 

negligible The use of eXisting ROWand the short duration of construction 

activities will minimize any Inconvenience which might occur 

6.2.8.6 Impact on Regional Scenic. Cultural. and Natural Landmarks 

There are no areas Identified In Section 6 2 6 1 as being valued specifically for their 

scenic, cultural, or natural significance Within the proposed pipeline COrridor, 

therefore, no Impact needs to be assessed 
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6.2.8.7 Impact on Archeological and Historic Sites 

No archaeological or hlstonc resources were previously listed along the section of 

the CSX ROW where the water pipeline will be constructed (see Section 10 8) In 

addition, no archaeological or hlstonc resources eligible for Inclusion In the National 

Register of Hlstonc Places were found dunng research and field assessment 

Therefore, activities Involved with the construction of the pipeline should have no 

Impact on significant archaeological or hlstonc resources 

Should construction activities cause the discovery of unanticipated archaeological 

matenals, those activities which potentially would disturb such matenals will be 

postponed until a profeSSional archaeologist can evaluate their potential 

significance In the event the matenals are bel/eved to be significant, the State 

Hlstonc Preservation Office (SHPO) will be contacted to Identify appropnate 

measures 
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6.2.9 POST-CONSTRUCTION IMPACTS AND EFFECTS OF MAINTENANCE 

6.2.9.1 Maintenance Techniques 

The pipeline IS to be constructed In the CSX right-of-way (ROW), therefore, no 

additional maintenance techniques are proposed beyond current maintenance 

procedures 

6.2.9.2 Multiple Uses 

No multiple or JOint uses, such as agriculture, are proposed for the lands within the 

CSX ROW, the proposed location of the ICL pipeline Other linear facIlities, such 

as optical fiber telephone lines, have been Installed In this ROW Use of this ROW 

IS controlled by CSX 

6.2.9.3 Changes in Species Populations 

The status and potential for occurrence of Important species In and along the 

proposed pipeline ROW was discussed In Section 6 2 7 The avoidance of 

ecologically unique or valuable habitats was achieved through collocation of the 

pipeline with the eXisting CSX railroad ROW 

Changes In local species populations are not expected as a result of the pipeline 

presence and maintenance Displacement of Individuals from the Immediate ROW 

area which might occur as a result of construction actIVIties would be temporary 

These displaced species are expected to re-Inhablt or repopulate the ROW area 

No animal or plant species IS expected to be permanently displaced out of the 

project area as a result of construction In the pipeline ROWand subsequent 

maintenance In a short time, ground cover over the disturbed land Will be 

Indistinguishable from surrounding vegetation except for those small areas that are 

forested Here, a decrease In structural diversity (loss of canopy trees) Will occur, 

however, due to collocation With the CSX ROW, only a narrow striP of canopy Will 
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be lost In these areas, clearing of overstory vegetation will not result In the loss 

of significant portions of regional wildlife habitat types 

No threatened or endangered plants or animals are known to require land Included 

Within the pipeline ROW The current land use as ROW for the CSX railroad has 

resulted In habitat types poorly sUited for habitation by such species In summary, 

there are expected to be no measurable changes to populations of Important 

species after construction or as a result of maintenance activities 

6.2.9.4 Effects of Public Access 

No additional public access roads are proposed as part of the pipeline COrridor 

Therefore, no additional exposure to the public by Wildlife should result as part of 

maintenance of the pipeline COrridor 
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6.2.10 OTHER POST-CONSTRUCTION EFFECTS 

Because the proposed pipeline will be buned underground, no additional post­

construction effects are expected 
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1.0 INTRODUCTION 
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Indiantown Cogeneratlon llmited Partnershlp (ICL) is currently preparing 
a site certification appllcatlon (SCA) for its 300-megawatt (MW) 
Indlantown cogeneration project (ICP) located approximately 3 miles 
northwest of Indiantown, Florlda. The project will wlthdraw water from 
Taylor Creek/Nubbin Slough (TC/NS) for process water and cooling water 
makeup, WhlCh requires that an intake structure be designed and construct­
ed on TC/NS . To aid in the eng i neeri ng des i gn and subsequent impact 
analysis, Environmental Consultlng & Technology, Inc. (ECT) was contracted 
to complete a bathymetric survey and water quality and velocity measure­
ments in the vicinity of the proposed lntake structure. ECT was assisted 
by Lindahl, Brownlng, Ferran & Hellstrom, Inc. (lBF&H) for the land 
surveYlng portion of the proJect . 
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2.0 METHODS AND MATERIALS 

2.1 LAND SURVEYING 
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Fourteen transects were establ1shed at approx1mately IOO-foot (ft) 
1ntervals along TCINS as shown in Figure 1. The pos1tions (In state plan 
coordinates) and land elevat10ns at the end of each transect were surveyed 
by LBF&H using standard surveY1ng techniques. Concrete monuments located 
along the ra1lroad were used for reference points and elevat10ns were 
establ1shed in national geodet1c vert1cal datum (NGVD) 1929. LBF&H also 
surveyed 11 bank prof1les along the end of the transects located on the 
1ntake-side of the canal. An additional seven bank profiles were measured 
on the oppos i te side of the canal. Two concrete monuments were also 
estab 11 shed on the s He to aid 1 n subsequent surveyi ng that mi ght be 
requ1red. 

2.2 BATHYMETRY SURVEY 
Bathymetr1c surveys were conducted along the establ1shed 14 transects on 
October 3, 1990. A Raytheon Model DE-719 acoustic fathome~er was used to 
measure water depth along each transect. This 1nstrument operates at 
200 k1l ohe~tz (KHz) and can record 534 sound1 ngs per mi nute on chart 
paper. The fathometer is accurate to 0.5 percent ±I inch of the measured 

• • 
depth and caon be resolved relubly to the nearest 0.2 foot (ft). The 
fathometer was cal1brated three times dur1ng the survey with a target on 
a graduated llne lowered beneath the transducer. 

Navlgatlon during the survey was accompl1shed by string1ng a taut, 
graduated line between the end markers on each transect. As the survey 
vessel traversed each transect, a fix mark was recorded on the fathometer 
chart paper at 20-ft lntervals by using markings on the taut line as a 
gUlde. The navigation fixes were then noted as d1stance from the end 
marker on each transect. The transect marker on the east slde of the 
canal was ass1gned a distance of 0 ft for all transects. 
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A water level staff was installed at the slte to monitor water level 
varutions during the survey. The staff was surveyed relative to the 
benchmarks at the site and ltS elevatl0n was established in NGVD. The 
water level at the site was read from the staff during each bathymetry 
transect to assure the measured water depths could be properly adjusted to 
elevatlons in NGVD. 

The strip charts from the fathometer were read and d1gitized by two 
individuals and compared to minimize errors. The digitlzed depths for 
each transect were then corrected for water level variatlons (from the 
staff readings) and adjusted to elevatlons 1n NGVD. The flnal bathymetry 
database consisted of data points expressed as distance along the transect 
and elevatlon in NGVD. 

The bathymetry database was then merged with the bank proflle database 
obta 1 ned durl ng the 1 and surveY1 ng. S 1 nce the bank profil e surveys 
extended from each transect end marker to a water depth of approxlmately 
3 ft, there was occasl0nally some overlap wlth the bathyme~ry survey. In 
cases where there was overlap, the land survey was given precedent because 
it was more accurate near the bank, and the bathymetry survey points near 
the edge of the bank were deleted. The flnal database for each transect 
conslsted of both land survey pOlnts and bathymetry survey points 
expressed as dlstance from the transect marker and elevations in NGVD. 

2.3 WATER QUALITY 
Water quallty measurements were made along transects 1, 6, 11, and 14 on 
October 4, 1990. Stations along each transect were OCCUPl ed at 30-ft 
intervals (beginnlng at the water's edge). Measurements at each station 
were made at depths of 1 ft and subsequently at 2-ft lntervals to the 
bottom. A taut, graduated 1 ine stretched between the transect markers was 
used to locate the statlons. The bow of the survey vessel was tied to the 
taut llne and the stern was anchored to m1nimlze vessel movement during 
the survey . 
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data measured durlng the surface water sampling 
conslsted of pH, conductlvity, dlsso1ved oxygen (DO), oXldation/reductlon 
potentu1, and temperature. All fle1d measurements were made using a 
Hydro1ab 4041 ana1ytlca1 lnstrument. 

The Hydro1ab 4041 instrument lS an integrated ana1ytlca1 unlt containing 
SlX ana1ytlca1 electrodes, pressure transducers, and associated e1ectron­
lCS. 

Instrument calibration were performed and recorded prlor to and after the 
survey. The pH calibration consisted of testing three pH buffer standards 
(4, 7, and 10) and adjustment to the Hydro1 ab function to read the 
speclfied pH unlts. Three saline (potassium chloride) solutions of known 
conductlvlty (laboratory prepared) were measured uSlng the conductivity 
function and adJusted to read the specifled conductivity. Temperature 
values were ca11brated (checked) agalnst laboratory thermometers. DO 
functlons were checked uSlng temperature/DO tables. 

In addltlon to water qua11ty data, support meteorological data were 
co 11 ected durl ng the survey. Wet and dry bu1 b air temperatures were 
obtalned wlth a Taylor s11ng psychrometer and wlndspeed was measured with 
a Davls Instruments diglta1 turbometer. Wlnd dlrection was estimated 
visually_ 

2.4 WATER VELOCITY 
Water ve10clty was measured on October 4, 1990, at the same stations as 
the water qua11ty measurements, described previously. Measurements were 
taken at 2-ft intervals to a maximum depth of 8 ft using a Gurley No. 625 
Pygmy current meter. The current meter contained six 0.7S-inch rotor cups 
capable of measuring currents in the range of 0.05 to 3.0 ft per second 
(ft/sec). The rotor counts at each depth were monltored for approximately 
30 seconds. The rotor counts were then converted to water velocity in 
ft/sec for flna1 presentation. 
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3.0 RESULTS AND DISCUSSION 

3.1 LAND SURVEYING 
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Flgure 2 (an attached oversized figure, 34 lnches by 44 lnches) presents 
the results of the 1 and surveYl ng completed by lBF&H. The fi gure is 
provlded at a scale of 1 lnch equals 50 ft and contalns all the transect 
marker locatlons and monument locatlons on the site. Flgure 2 also shows 
all state plane coordinates of the transect markers and monuments, as well 
as the bank profile data. 

3.2 BATHYMETRY SURVEY 
Appendlx A provldes the final elevation profile database prepared from the 
land survey and the bathymetry survey. Appendlx B provldes 14 channel 
proflles plotted from the database. Appendix C provldes coples of the 
orlginal fathometer strip charts used to measure the water depth. Table 1 
provldes the water level staff readings and the support meteorological 
data collected during the survey. 

The water level durlng the study varled from a hlgh of 19.44 ft NGVD to a 
low of 18.23 ft NGVD for a range of 1.21 ft. The water level ln the canal 
lS controlled by structure S-191 located approxlmately one mlle downstream 
of the slte. Personnel at South Florlda Water Management District stated 
that when the water reaches a certaln level, the gates at S-191 are 
opened. When the water recedes to a certaln level, the gates are closed, 
WhlCh produced the large varlatl0ns in the water level observed at the 
slte. The recorded water levels ln Table 1 were used to adJust the 
bathymetry values. 

The flnal transect elevatlons were plotted on a land surveYlng base map 
(Flgure 2) and the elevations were hand contoured ln I-ft lntervals to 
provlde a topographic map of the slte. Flgure 3 presents the results. 
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Table 1. Water Level and Meteorological Data ~t.( _ 
/?t, ~;.J 

7'1'~_ So 4f~ 
<>J~ \ .. 

Water Level Dry Bulb Wet Bulb Windspeed '- '..J \if h(a 19 J 

Date Time (ft NGVD) (OF) (OF) (mph) Directio~ 

10/02/90 1520 18.59 90.0 78.8 6.0 NE 
10/02/90 1630 18.23 -~ ~Ct 
10/02/90 1730 18.48 -~r '''_ 
10/02/90 1800 18.62 85.0 76.0 8.2 E '->RfS .. JW~ 
10/03/90 0800 19.07 76.2 74.0 1.5 SE~- -

- _I :1 ~, ~ 

10/03/90 0845 19.14 - J (1." 1;~0' 

10/03/90 1100 19.30 90.5 79.5 6.5 SE - ~ l~ 

10/03/90 1130 19.36 
10/03/90 1242 19.43 
10/03/90 1250 19.44 
10/03/90 1401 19.07 89.2 79.0 7.2 SE 
10/03/90 1410 19.07 
10/03/90 1445 18.86 

w 10/03/90 1457 18.66 I 
N 10/03/90 1517 18.49 

10/03/90 1532 18.34 
10/03/90 1620 18.33 
10/03/90 1700 18.26 88.8 72.4 7.6 SE 
10/03/90 1720 18.24 
10/03/90 1733 18.33 
10/03/90 1750 18.23 
10/03/90 1810 18.41 
10/04/90 0800 18.73 79.2 77.0 1.0 NNE 
10/04/90 1100 18.73 
10/04/90 1200 18.72 
10/04/90 1209 18.72 90.8 82.2 4.8 E 
10/04/90 1420 18.70 
10/04/90 1600 18.67 84.1 78.0 7.4 S 
10/04/90 1633 18.72 
10/04/90 1800 18.73 74.2 73.8 5.8 NE 
10/04/90 1835 18.75 
10/04/90 1901 18.75 
10/04/90 1925 18.79 

Source: EeT, 1990 . 
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The deepest pOlnts in L-63N occurred approximately mld-channel and 
averaged approximately 1.0 ft-NGVO; the deepest point was 0.5 ft-NGVO. 
Canal L-63S was not as deep w1th the midpo1nt depths averaging approxi­
mately 4.0 ft-NGVO. Canal C-59 was the deepest with values below sea 
level (deepest value -0.7 ft-NGVO). The depth contours are tYP1cal of a 
canal with the lines parallel to the banks. The steepest grad1ents are 
near the banks w1th relat1vely flat areas near the center of the channel. 

3.3 WATER QUALITY 
Table 2 presents the results of the water qual ity survey for the four 
transects measured. The temperature var1ed from a high of 30.21 degrees 
Fahrenhe1t (OF) to a low of 26.78°F. The coolest water was found along 
transect 14 1n Canal L-63S. The temperature at all stations decreased 
w1th depth and there was tYPlcally a 1- to 2°F change in temperature from 
the surface to the bottom. 

The pH measured was relat1vely constant and only varled between 6.98 and 
5.62. The conductance was also relatlvely constant and averaged 

, 

approx1mately 170 ~mhos/cm. The oxidatlon/reduction potential var1ed 
between 68 and 147 m1ll1volts (mV) with the highest values near the 
bottom. The DO 1n most cases was below the Class III water qual1ty 
standard of 5.0 parts per m1ll10n (ppm). As expected, the DO decreased 
from the surface to the bottom w1th the lowest observed value being 
2.60 ppm. 

3.4 WATER VELOCITY 
Table 2 presents the water velocity measurements with the water quality. 
Unl1ke the preV10US day (as observed during the bathymetry surveys), there 
was llttle change in the water level dur1ng the survey. Apparently, the 
gates at S-191 must have been closed which resulted in slow water 
veloc1t1es. At most p01nts, the measured water velocity was less than 
0.3 ft/sec. The h1ghest value observed was 0.61 ft/sec. Because of the 
relat1vely stable water level on the day of the survey, 1t 1S probable 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 
• 'i'ts~ ":7 

I"~ , ~ 
-.J 'I J 

-, 4 Z99[}j 

Distance Water Sample Oxidation/ Dissolved Water j 

from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity* 
East Bank (ft) (ft) (oF) (units) (~mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 1-1A 
Water level at beginning of transect (12:20) = 18.72 ft. NGVD 
Water level at completion of transect (14:20) = 18.70 ft. NGVD 

10' 5.5 1.0 29.90 6.04 170 090 4.84 0.08 
3.0 29.31 6.01 170 109 4.42 0.09 
5.0 28.53 5.97 169 115 3.61 

30' 9.0 1.0 30.21 6.34 168 088 4.45 0.29 
3.0 29.35 6.01 168 110 4.16 0.29 

w 5.0 28.33 6.02 169 114 4.01 0.24 
I 7.0 27.39 5.99 169 119 3.62 0.21 -l::o 

9.0 27.43 6.38 170 106 3.50 

60' 15.0 1.0 30.03 6.34 168 087 4.44 0.24 
3.0 28.47 6.05 169 106 4.42 0.22 
5.0 28.24 6.02 170 109 4.40 0.22 
7.0 27.44 6.00 170 113 4.05 0.06 
9.0 27.36 5.96 170 118 4.01 

11.0 27.28 5.94 171 120 3.60 
13.0 27.28 5.89 170 124 3.60 
15.0 27.31 5.89 170 129 3.51 

90' 15.5 1.0 29.00 . 6.33 169 090 5.72 0.26 
3.0 28.47 5.95 169 119 5.24 0.33 
5.0 28.63 5.96 169 120 5.10 0.30 
7.0 27.72 5.94 169 125 4.06 0.34 
9.0 27.51 5.92 170 129 3.61 

11.0 27.30 5.91 170 134 3.55 
13.0 27.30 5.88 170 140 3.52 
15.0 27.31 5.88 170 143 3.13 

• • • 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 2 of 8) 

Distance Water Sample OXidation/ Dissolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity* 

East Bank (ft) (ft) (OF) (units) (Ilmhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT l-IA (contd.l 

120' 15.0 1.0 28.98 6.34 168 086 6.11 0.28 
3.0 28.67 5.91 168 114 5.69 0.22 
5.0 28.32 5.93 170 115 5.68 0.33 
7.0 27.59 5.95 170 117 4.17 0.28 
9.0 27.39 5.96 170 116 4.45 

11.0 27.33 5.93 170 119 3.71 
13.0 27.30 5.91 170 120 4.12 
15.0 27.30 5.85 170 126 3.60 

150' 14.0 1.0 28.31 6.27 169 095 6.03 0.52 
3.0 27.96 6.26 169 098 5.62 0.22 
5.0 28.84 5.88 169 129 4.51 0.22 
7.0 27.61 5.85 168 129 4.43 0.22 
9.0 27.36 5.87 169 132 3.78 

11.0 27.36 5.83 170 139 3.10 
14.0 27.28 5.74 169 147 3.07 

180' 12.0 1.0 29.00 6.02 168 119 7.22 0.09 
3.0 28.60 6.01 168 119 6.19 0.11 
5.0 28.20 6.30 167 108 6.17 0.06 
7.0 27.49 ' 6.54 169 094 4.56 0.06 
9.0 27.50 6.48 169 099 4.17 

12.0 27.50 6.40 170 109 3.64 

210' 6.0 1.0 29.40 6.98 168 072 4.17 0.29 
3.0 28.65 6.86 168 073 3.54 0.22 
5.5 28.40 6.74 167 070 3.64 0.29 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 3 of 8) [;':'tl ,~ S. ~ 
~~, "# 4 
"'-- 1990 

Distance Water Sample Oxidation/ Dissolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity* 

East Bank (ft) (ft) (OF) (units) (Ilmhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 6-6A 
Water level at beginning of transect (15:00) = 18.69 ft. NGVD 

Water level at completion of transect (17:20) = 18.71 ft. NGVD 

10' 6.5 1.0 29.75 6.15 169 091 4.53 0.12 
3.0 29.10 6.01 169 100 4.14 0.06 
5.0 28.51 5.93 171 108 3.67 
6.5 28.25 5.89 171 116 3.10 

30' 12.0 1.0 29.15 6.31 169 084 5.61 0.29 
w 3.0 28.76 6.01 169 106 5.03 0.21 I 
0"1 5.0 28.30 6.01 170 111 5.15 0.18 

7.0 27.59 5.96 170 114 4.14 0.12 
9.0 27.56 5.95 169 120 3.49 

11.0 27.45 5.89 170 126 4.52 
12.0 27.43 5.91 170 129 3.13 

60' 15.0 1.0 29.41 6.48 168 089 4.98 0.24 
3.0 28.61 6.06 168 101 4.91 0.22 
5.0 28.18 6.01 169 104 4.02 0.22 
7.0 27.40 6.00 170 110 4.17 0.19 
9.0 27.36 5.96 170 118 4.11 

11.0 27.32 . 5.94 170 119 3.96 
13.0 27.30 5.92 170 123 3.32 
15.0 27.30 5.91 171 126 3.15 

90' 18.0 1.0 29.04 6.27 168 092 5.87 0.26 
3.0 28.82 6.11 170 101 6.08 0.33 
5.0 28.71 6.05 169 103 5.12 0.29 
7.0 28.14 6.00 170 104 4.91 0.21 
9.0 27.52 6.01 170 109 4.17 

• • • 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 4 of 8) 

Distance Water Sample Oxidation/ Dissolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity* 

East Bank (ft) (ft) (OF) (units) (~mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 6-6A (continued) 

11.0 27.36 5.93 170 109 5.01 
13.0 27.30 5.89 171 117 4.23 
15.0 27.30 5.91 171 119 3.36 
18.0 27.28 5.85 171 126 3.70 

120' 19.0 1.0 28.97 6.19 169 076 6.12 0.42 
3.0 28.70 5.94 170 100 5.81 0.35 
5.0 28.52 5.93 169 101 5.53 0.22 
7.0 28.11 5.91 170 105 4.90 0.22 
9.0 27.56 5.92 170 108 4.56 

11.0 27.34 5.91 170 109 4.36 
13.0 27.31 5.89 170 111 3.81 
15.0 27.30 5.89 170 115 4.06 
17 .0 27.29 5.89 171 117 4.15 
19.0 27.29 5.88 171 121 3.32 

150' 17 .0 1.0 28.70 6.02 169 081 5.90 0.42 
3.0 28.51 6.00 169 106 4.89 0.26 
5.0 28.36 5.99 168 110 4.57 0.27 
7.0 28.24 5.96 169 110 4.15 0.19 
9.0 27.81 . 5.94 169 114 3.98 

11.0 27.36 5.95 170 120 4.09 
13.0 27.29 5.92 170 125 3.72 
15.0 27.29 5.90 170 126 3.51 
17 .0 27.28 5.91 170 131 3.31 

180' 13.0 1.0 28.77 6.10 168 089 5.20 0.16 
3.0 28.65 5.96 169 110 4.55 0.26 
5.0 28.35 5.97 169 118 3.35 0.21 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 5 of 8) {- <.~( 
r4): -I".€lf • ifF;;: 

.".~ " , ' I 
J. 

if I .., 

-- !.. , I 

Distance Water Sample OXidation/ Di ssolved Water :-.. ~.?B:'il 
from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity* '" 

East Bank (ft) ( ft) (OF) (units) (pmhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 6-6A {continued} 

7.0 28.27 5.95 169 120 4.17 0.16 
9.0 27.88 5.94 170 123 3.96 

11.0 27.33 5.92 170 126 4.70 
13.0 27.30 5.89 171 131 3.09 

210' 7.5 1.0 29.30 6.37 170 073 4.75 0.21 
3.0 28.37 6.10 170 101 4.20 0.24 
5.0 28.01 6.08 170 107 3.57 0.06 w 7.0 27.67 6.02 171 115 3.55 I 

co 

TRANSECT ll-llA 
Water level at beginning of transect (18:00) = 18.73 ft. NGVD 
Water level at completl0n of transect (19:25) = 18.79 ft. NGVD 

10' 8.0 1.0 29.30 6.43 168 083 4.08 0.11 
3.0 29.05 6.02 168 099 4.11 0.09 
5.0 28.51 5.94 170 112 3.82 
7.0 28.05 5.91 171 117 3.61 

30' 11.0 1.0 29.33 6.55 168 075 5.01 0.17 
3.0 29.25 . 6.16 168 100 4.84 0.27 
5.0 28.80 6.09 170 106 4.06 0.19 
7.0 28.17 6.11 169 108 4.10 0.03 
9.0 27.55 6.06 171 114 3.55 

11.0 27.58 6.02 171 091 3.21 

60' 18.0 1.0 29.33 6.58 168 069 6.12 0.35 
3.0 29.18 6.12 169 098 5.61 0.35 
5.0 28.70 6.07 170 103 5.01 0.27 

• • • 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 6 of 8) 

Distance Water Sample Oxidation/ Dissolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Veloclty* 

East Bank (ft) (ft) (OF) (units) (I1mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT II-IIA (continued) 

7.0 27.84 6.07 170 107 4.44 0.35 
9.0 27.62 6.06 170 110 4.57 

11.0 27.41 6.06 171 114 3.40 
13.0 27.29 6.05 172 118 3.18 
15.0 27.25 6.04 172 122 3.17 
18.0 27.25 6.06 172 125 3.06 

90' 20.0 1.0 28.99 6.24 168 074 6.10 0.32 w 3.0 28.83 6.01 168 099 5.50 0.33 I 
~ 5.0 28.70 6.00 169 099 4.76 0.30 

7.0 28.13 6.09 169 100 5.01 0.30 
9.0 27.55 6.06 171 101 4.15 

11.0 27.36 6.06 171 105 4.11 
13.0 27.27 6.07 172 106 3.57 
15.0 27.26 6.06 172 108 3.71 
17 .0 27.28 6.01 172 112 3.16 
20.0 27.28 6.00 172 114 3.06 

120' 20.0 1.0 29.04 6.52 169 068 6.15 0.22 
3.0 28.96 6.00 172 098 6.00 0.31 

OQQ\' 1, tj1\\ 
5.0 28.75 . 6.01 172 098 5.14 0.61 
7.0 28.03 6.09 170 099 4.76 0.52 
9.0 27.66 6.07 169 102 4.11 

'S'3~#~ 11.0 27.37 6.06 171 104 3.89 - - ~ 13.0 27.27 6.06 172 105 3.21 ~.,., 

15.0 27.26 6.02 172 109 3.17 
17.0 27.28 6.01 172 111 5.10 
19.0 27.28 6.01 172 113 3.00 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 7 of 8) r 
'--.1.., -1Vi:tr 

~, Rts 
tV>" .. ~ 
1 ~, 

" ~ 

- '- ~-: /1 In 
Distance Oxidation/ Dissolved - J9[j' Water Sample Water -. J 

from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity* 
East Bank (ft) (ft) (OF) (units) (\lmhos/cm) (mV) (ppm) ( ft/sec) 

TRANSECT II-IIA (continued) 

150' 19.0 1.0 28.94 5.98 175 072 5.01 0.35 
3.0 28.82 5.98 175 100 4.72 0.52 
5.0 28.59 6.01 171 100 4.81 0.35 
7.0 28.33 6.06 169 101 4.71 0.35 
9.0 27.46 6.06 170 103 4.54 

11.0 27.33 6.04 170 104 4.01 
13.0 27.28 6.02 171 106 3.79 
15.0 27.28 5.98 171 110 3.56 w 
17.0 27.28 5.97 172 112 4.16 I ...... 
19.0 27.28 5.96 171 114 3.16 0 

180' 17 .5 1.0 28.77 5.90 175 079 4.97 0.32 
3.0 28.66 5.88 176 106 5.09 0.29 
5.0 28.46 5.93 172 106 4.71 0.19 
7.0 28.31 5.98 170 106 4.33 0.22 
9.0 27.83 5.94 169 108 4.01 

11.0 27.41 5.99 170 110 3.96 
13.0 27.30 6.01 170 111 3.90 
15.0 27.30 5.95 170 114 3.52 
17 .0 27.27 5.93 170 118 3.46 

210' 9.0 1.0 28.69 6.30 175 088 3.57 0.25 
3.0 28.56 5.82 175 118 3.19 0.22 
5.0 28.36 5.84 175 124 3.19 0.27 
7.0 28.05 5.83 173 128 3.17 0.25 
9.0 28.06 5.79 173 134 3.15 

• • • 
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Table 2. Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 8 of 8) 

Distance Water Sample OXidation/ Dissolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity* 

East Bank (ft) (ft) (OF) (units) (~mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 14-14A 
Water level at beginning of transect (11:00) = 18.73 ft. NGVD 

Water level at completion of transect (12:00) = 18.72 ft. NGVD 

10' 6.0 3.0 27.01 5.80 169 088 2.60 0.09 
5.0 26.97 6.15 170 109 2.94 0.16 

30' 9.0 3.0 26.99 5.80 171 092 4.67 0.21 
5.0 26.93 5.80 170 088 5.16 0.16 
7.0 26.86 5.79 170 083 3.36 0.06 w 9.0 26.87 5.77 170 078 3.11 I ..... ,..... 

60' 12.5 1.0 27.80 5.88 171 099 5.28 0.44 
3.0 27.01 5.70 171 113 5.19 0.16 
5.0 26.95 5.79 171 115 4.61 0.19 
7.0 26.92 5.74 170 117 4.47 0.16 
9.0 26.90 5.81 170 119 4.13 

11.0 26.89 5.62 171 124 5.02 
12.5 26.78 5.65 172 126 3.51 

90' 5.5 1.0 27.57 6.00 172 103 4.12 0.21 
3.0 27.15 5.93 171 119 4.00 0.09 
5.0 27.02 ' 5.88 171 124 3.52 

n '\\ 
110' 3.0 1.0 27.66 6.01 171 ,~ \ 100 3.20 0.09 

< 5' ~ " ~, ~.\ I",.,. 
3.0 27.10 5.95 171 113 3.11 

~.~-
~ *Sample depths for water velocities are 1 ft greater than shown (e.g. , for a sample depth shows as 1 ft, the 

water velocity was actually measured at 2 ft). 

Source: ECT, 1990. 
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th~t ti~ water veloc1ties were much higher on the preV10US day 
water level dropped more than 1 ft 1n less than three hours. 

when the 
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IMAGE QUALITY 

AS YOU REVIEW THE NEXT GROUP OF IMAGES, PLEASE NOTE 
THAT THE ORIGINAL DOCUMENTS WERE OF POOR QUALITY. 
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Transect: 1 Date: 03-0ct-89 Time: 10:30 

============================================================ 
De~th- NGVD** Final 

Dist Depth* staff S aff Correction Elevation 
(ft) (ft) (ft) (ft) (ft) (ft-NGVD) 

============================================================ 

0 26.2 
4 26.4 

20 20.3 
23 18.7 
24 2.1 1.52 0.58 17.78 17.2 
31 15.7 
40 8.4 1.52 6.88 17.78 10.9 
60 11.6 1.52 10.08 17.78 7.7 
80 13.7 1.52 12.18 17.78 5.6 

100 15.0 1.52 13.48 17.78 4.3 
120 16.0 1.52 14.48 17.78 3.3 
140 16.7 1.52 15.18 17.78 2.6 
160 16.0 1.52 14.48 17.78 3.3 
180 16.1 1.52 14.58 17.78 3.2 
200 14.7 1.52 13.18 17.78 4.6 
220 9.3 1.52 7.78 17.78 10.0 
235 15.7 
240 3.0 1.52 1.48 17.78 16.3 
247 18.7 
254 0.0 1.52 -1.52 17.78 19.3 
256 23.0 
267 26.3 

Transect: 2 Date: 03-0ct-89 Time: 11:30 

0 25.7 
4 26.4 

18 20.8 
20 0.0 1.58 -1.58 17.78 ' 19.4 
22 18.7 
30 15.7 
40 8.4 1.58 6.82 17.78 11. 0 
60 12.8 1.58 11.22 17.78 6.6 
80 15.1 1.58 13.52 17.78 4.3 

100 16.7 1.58 15.12 17.78 2.7 
120 17.1 1.58 15.52 17.78 2.3 
140 17.1 1.58 15.52 17.78 2.3 
150 17.7 1.58 16.12 17.78 1.7 
160 17.2 1.58 15.62 17.78 2.2 
180 16.4 1.58 14.82 17.78 3.0 
200 15.9 1.58 14.32 17.78 3.5 
220 11.1 1.58 9.52 17.78 8.3 
240 2.5 1.58 0.92 17.78 16.9 
248 0.0 1.58 -1.58 17.78 19.4 

* Rows without a depth value are provided from the land surveying. 
**Bottom of water level staff was at elevation 17.78 ft NGVD • 
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Transect: 38 f:J '.,' Date: 03-0ct-89 Time: 12:18 
.. , 0:: C'" 

~:!j (" 25.7 • -' 
2 ""- ~ '1_ J 26.1 

,21 G,' 19.6 
24 18.6 
32 15.6 
40 5.4 1. 61 3.79 17.78 14.0 
60 11.2 1.61 9.59 17.78 8.2 
80 16.7 1.61 15.09 17.78 2.7 

100 17.8 1.61 16.19 17.78 1.6 
120 17.4 1.61 15.79 17.78 2.0 
140 17.3 1.61 15.69 17.78 2.1 
160 17.7 1. 61 16.09 17.78 1.7 
180 17.1 1.61 15.49 17.78 2.3 
200 14.9 1. 61 13.29 17.78 4.5 
220 11.4 1.61 9.79 17.78 8.0 
240 3.3 1. 61 1. 69 17.78 16.1 
246 0.0 1.61 -1.61 17.78 19.4 

Transect: 4 Date: 03-0ct-89 Time: 12:35 

0 25.3 
2 25.9 

19 20.4 
20 0.0 1.65 -1.65 17.78 19.4 
23 18.7 
34 15.7 
40 7.2 1.65 5.55 17.78 12.2 • 60 12.5 1.65 10.85 17.78 6.9 
80 17.1 1.65 15.45 17.78 2.3 

100 18.2 1.65 16.55 17.78 . 1.2 
120 17.3 1.65 15.65 17.78 2.1 
130 16.8 1.65 15.15 17.78 2.6 
140 17.6 1.65 15.95 17.78 1.8 
160 18.6 1.65 16.95 17.78 0.8 
180 16.5 1. 65 14.85 17.78 2.9 
200 14.6 1.65 12.95 17.78 4.8 
220 10.4 1. 65 8.75 17.78 9.0 
240 1.9 1.65 0.25 17.78 17.5 
241 0.0 1.65 -1. 65 17.78 19.4 

• 



Transect: 5 Date: 03-0ct-89 Time: 12:42 

• 0 25.2 
4 25.8 

19 20.3 
23 18.7 
35 15.7 
40 6.2 1. 65 4.55 17.78 13.2 
60 10.7 1.65 9.05 17.78 8.7 
80 16.2 1.65 14.55 17.78 3.2 

100 18.5 1. 65 16.85 17.78 0.9 
120 18.2 1.65 16.55 17.78 1.2 
140 17.2 1.65 15.55 17.78 2.2 
160 18.9 1.65 17.25 17.78 0.5 
180 16.9 1.65 15.25 17.78 2.5 
200 13.7 1.65 12.05 17.78 5.7 
220 7.9 1.65 6.25 17.78 11.5 
240 1.8 1.65 0.15 17.78 17.6 
242 0.0 1.65 -1.65 17.78 19.4 

Transect: 6 Date: 03-0ct-89 Time: 12:50 

0 25.1 
2 25.6 

18 20.4 
20 0.0 1.66 -1.66 17.78 19.4 
22 18.7 

• 33 15.7 
40 6.3 1.66 4.64 17.78 13.1 
60 14.3 1.66 12.64 17.78 5.1 
80 18.0 1. 66 16.34 17.78 1.4 

100 18.7 1.66 17.04 17.78 . 0.7 
120 17.7 1. 66 16.04 17.78 1.7 
140 17.7 1.66 16.04 17.78 1.7 
150 18.3 1.66 16.64 17.78 1.1 
160 17.7 1.66 16.04 17.78 1.7 
180 14.7 1. 66 13.0,4 17.78 4.7 
200 11.5 1.66 9.84 17.78 7.9 
220 8.1 1.66 6.44 17.78 11.3 
237 15.7 
240 2.6 1.66 0.94 17.78 16.8 
250 18.7 
258 22.9 
270 26.5 
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~r.:l 
0 \,;:. 



&f Sf 
~ ... 
~I '!/fJ 

at ~ . 
Transect: .~7 ~rl Date: 03-0ct-89 Time: 14:10 

(fj ~-1_'l • 0 ::8 24.8 
3 25.4 

16 21.5 
20 0.0 1.29 -1.29 17.78 19.1 
22 18.7 
32 15.7 
40 8.5 1.29 7.21 17.78 10.6 
60 14.5 1.29 13.21 17.78 4.6 
80 17.9 1.29 16.61 17.78 1.2 

100 18.2 1.29 16.91 17.78 0.9 
120 17.8 1.29 16.51 17.78 1.3 
140 17.9 1.29 16.61 17.78 1.2 
160 17.9 1.29 16.61 17.78 1.2 
180 15.2 1.29 13.91 17.78 3.9 
200 12.4 1.29 11.11 17.78 6.7 
220 8.7 1.29 7.41 17.78 10.4 
240 2.8 1.29 1.51 17.78 16.3 
245 0.0 1.29 -1.29 17.78 19.1 

Transect: 8 Date: 03-0ct-89 Time: 14:45 

0 26.1 
7 24.7 

22 20.1 
26 18.7 
34 15.7 
40 9.5 1.08 8.42 17.78 9.4 • 60 13.6 1.08 12.52 17.78 5.3 
80 18.0 1. 08 16.92 17.78, 0.9 

100 18.0 1.08 16.92 17.78 0.9 
120 17.6 1. 08 16.52 17.78 1.3 
140 17.2 1.08 16.12 17.78 1.7 
160 16.0 1.08 14.92 17.78 2.9 
180 14.1 1.08 13.02 17.78 4.8 
200 11.6 1.08 10.52 17.78 7.3 
220 7.8 1.08 6.72 17.78 11.1 
235 15.7 
244 18.7 
246 20.6 
268 26.2 

• 



Transect: 9 Date: 03-0ct-89 Time: 14:57 

• 18 0.0 0.88 -0.88 17.78 18.7 
20 1.0 0.88 0.12 17.78 17.7 
40 8.7 0.88 7.82 17.78 10.0 
60 11. 8 0.88 10.92 17.78 6.9 
80 16.5 0.88 15.62 17.78 2.2 

100 18.2 0.88 17.32 17.78 0.5 
120 18.2 0.88 17.32 17.78 0.5 
140 18.5 0.88 17.62 17.78 0.2 
160 18.5 0.88 17.62 17.78 0.2 
180 18.3 0.88 17.42 17.78 0.4 
200 17.0 0.88 16.12 17.78 1.7 
220 14.5 0.88 13.62 17.78 4.2 
240 11.0 0.88 10.12 17.78 7.7 
260 5.2 0.88 4.32 17.78 13.5 
280 0.0 0.88 -0.88 17.78 18.7 

Transect: 10 Date: 03-0ct-89 Time: 15:17 

56 0.0 0.71 -0.71 17.78 18.5 
60 4.4 0.71 3.69 17.78 14.1 
80 12.2 0.71 11.49 17.78 6.3 

100 14.9 0.71 14.19 17.78 3.6 
120 18.0 0.71 17.29 17.78 0.5 
140 18.7 0.71 17.99 17.78 -0.2 
160 17.3 0.71 16.59 17.78 1.2 
180 18.0 0.71 17.29 17.78 0.5 

• 200 19.2 0.71 18.49 17.78 -0.7 
220 17.6 0.71 16.89 17.78 0.9 
240 13.7 0.71 12.99 17.78 4.8 
260 7.9 0.71 7.19 17.78 ' 10.6 
270 3.7 0.71 2.99 17.78 14.8 
275 0.0 0.71 -0.71 17.78 18.5 

• 
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Transect: 11 ~ ~ Date: 03-0ct-89 Time: 15:32 
;.; - ~ • 0'-) c!.4 27.1 

___ 13- Q 23.3 
24 18.7 
32 15.7 
40 5.9 0.56 5.34 17.78 12.4 
60 11. 7 0.56 11.14 17.78 6.6 
80 15.9 0.56 15.34 17.78 2.4 

100 17.5 0.56 16.94 17.78 0.8 
120 17.8 0.56 17.24 17.78 0.5 
140 17.4 0.56 16.84 17.78 0.9 
160 18.1 0.56 17.54 17.78 0.2 
180 18.2 0.56 17.64 17.78 0.1 
200 16.6 0.56 16.04 17.78 1.7 
220 12.2 0.56 11. 64 17.78 6.1 
240 4.7 0.56 4.14 17.78 13.6 
249 15.6 
260 1.2 0.56 0.64 17.78 17.1 
266 0.0 0.56 -0.56 17.78 18.3 
274 26.9 
280 26.7 

Transect: 12 Date: 03-0ct-89 Time: 17:20 

0 26.1 
16 20.7 
20 18.7 
28 15.7 • 40 5.8 0.46 5.34 17.78 12.4 
60 9.2 0.46 8.74 17.78 9.0 
80 14.1 0.46 13.64 17.78 # 4.1 
90 15.3 0.46 14.84 17.78 2.9 

100 13.3 0.46 12.84 17.78 4.9 
120 7.5 0.46 7.04 17.78 10.7 
137 15.6 
146 18.6 
161 24.7 

• 



Transect: 13 Date: 03-0ct-89 Time: 17:33 

• 0 25.0 
2 25.2 

23 18.6 
30 15.6 
40 7.1 0.55 6.55 17.78 11. 2 
60 12.0 0.55 11.45 17.78 6.3 
80 14.0 0.55 13.45 17.78 4.3 

100 11.2 0.55 10.65 17.78 7.1 
120 3.8 0.55 3.25 17.78 14.5 
127 0.0 0.55 -0.55 17.78 18.3 

Transect: 14 Date: 03-0ct-89 Time: 17:50 

0 24.9 
3 25.7 

17 21.7 
25 18.6 
34 15.6 
40 5.9 0.45 5.45 17.78 12.3 
60 11.2 0.45 10.75 17.78 7.0 
80 14.2 0.45 13.75 17.78 4.0 

100 10.0 0.45 9.55 17.78 8.2 
120 4.7 0.45 4.25 17.78 13.5 
125 15.6 

• 134 18.6 
137 21.1 
149 24.9 

C -" 

• \~': 
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APPENDIX B--CHANNEL PROFILES 
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TRANSECT NO. 1 

L63-N 

• 

30~---------------------------------------------, 

28 ......... ........ . ..... . 

26 . ...... .... . ...... . 

,-.. 24 

~ 22 
(!J 20 
Z 18 

~ 16 
'-' 14 

8 12 
E= 10 .. ... .... .... ...... ..... ... .. 
< :::> 8 ............. .... ... ... ... . 

~ 6 ............ . 

~ 4 ............... . 

2 ........... . 

o ..... . 
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o 40 80 120 160 200 240 280 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 1, MAY/JUNE, 1990 
(PAGE 1 OF 2) 

Replicates 
Taxa A C D 

Cordylophora lacustris 461 915 
Hydra sp. 15 23 
Dugesia sp. 8 46 
Hyalinella punctata 8 8 
Ostracoda 77 185 115 
Prostoma rubrum 8 15 
Allonais paraguayensls 15 
Chaetogaster dlaphanus 85 
Dero nlvea 77 
D. pectlnata 138 
Nals variabilis 23 
Pnstlna aeguiseta 15 31 85 
E. leldYI 577 1,138 477 
Placobdella transucens 8 
Hyalella azteca 469 684 1,453 
Collembola 8 8 
Caenis dlmlnuta 308 500 569 
Enallagma sp. 23 54 
Homoptera 8 
Hydroptlla sp. 54 15 38 
Orthotnchla sp. 8 115 138 
Oecetis sp. 8 8 
Ablabesmyia rhamphe 8 38 23 
Labrundlnla neopllosella 8 31 
Cncotopus blclnctus group 92 69 77 
C. sylvestns 131 
Nanocladlus dlstlnctus 8 15 
Orthocladlus sp. 354 331 215 
Asheum beckae 8 31 8 
Dlcrotendlpes modestus 223 8 62 
D. nervosus 31 185 31 
D. neomodestus 8 23 
D. simpsoni 315 408 492 
Endochironomus nlgncans 23 62 38 
Glyptotendipes sp. 231 331 400 
Goeldichinonomus sp. 215 254 185 

Mean 

459 
13 
18 
5 

126 
8 
5 

28 
26 
46 
8 

44 
731 

3 
869 

5 
459 

26 
3 

36 
87 

5 
23 
13 
79 
44 
8 

300 
15 
97 
82 
10 

405 
41 

320 
218 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 1, MAY/JUNE, 1990 
(PAGE 2 OF 2) 

Taxa 

G. carus 
Parachlronomus sp 
Phaenogsectra 
Pseudochlronomus nr. 

gseudoviridls 
T anytarsus glabrescens 
1. sp. X 
1. sp. XII 
ChlronomlnJ sp. A Beck 
Ceratogogonldae 
Hebetancylus excentricus 
Laevagexfuscus 
Pyrogoghorus glatyrachls 
Physella hendersoni 
Planorbella scalaris 
Gyraulus garvus 
Vivigarus georgian us 

Number of Species 
Number of MacrOlnvertebrates 
Diversity (d) 

Source: 

20524 016\lnd.anln SCA 

A 

92 

38 

8 
8 
8 

554 
269 
146 
138 

8 
38 
54 

38 
4,583 
4.20 

Reglicates 
C 

85 
115 

8 

23 

8 

23 

8 
8 

108 

37 
5,106 
3.92 

D 

131 
54 
8 

15 
8 

15 

33 
4,899 
3.63 

Mean 

72 
87 
3 
3 

13 
8 
3 
5 
8 

195 
90 
51 
49 
3 

54 
18 

51 
4,863 
4.21 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION M, MAY/JUNE, 1990 
(PAGE 1 OF 2) 

Reglicates 
Taxa A C D 

Dugesia sp. 8 
Hyahnella gunctata 8 8 8 
Bratlslavia bllongata 31 185 
Dero gectlnata 892 1,169 
Nals vanabihs 31 
Pnstina aequiseta 62 
.E. leldyi 523 123 1,476 
Helobdella stagnalis 8 
Hyalella azteca 308 2,438 492 
Caems dlmlnuta 154 2,061 308 
Enallagma sp. 15 
Orthotnchla sp. 200 185 
Cyrnellus 92 
Polycentrogus 31 
Legldogtera 31 
Dytlscldae 62 
Labrundlnia neogilosella 62 
Cricotogus blclnctus group 185 
Orthocladius sp. 92 185 
Asheum beckae 338 677 554 
Dlcrotendlges modestus 62 
D. nervosus 92 185 431 
D. slmgsoni 1,415 1,353 1,661 
Endochlronomus mgncans 31 123 123 
Glygtotendiges sp. 3,691 5,783 2,645 
Goeldlchlrlonomus sp. 338 492 185 
G. carus 123 
Parachlronomus sp. 154 308 308 
Pseudochlronomus nr. 62 

gseudovlndls 
Tanytarsus glabrescens 31 
1. sp. X 31 
1. sp. XIII 62 
Chlronomlm sp. A Beck 62 
Ceratogogomdae 62 185 
Hebetancylus excentricus 62 
Physella hendersoni 31 

20524 016\lndlan1n SCA 

Mean 

3 
8 

72 
687 

10 
21 

707 
3 

1,079 
841 

5 
128 
31 
10 
10 
21 
21 
62 
92 

523 
21 

236 
1,476 

92 
4,040 

338 
41 

256 
21 

10 
~ 
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~ .'l MACROBNVERTEBRATES (NUMBER PER SQUARE METER) 
{,,' t ':.~ COLLECTED ON ARTifiCIAL SUBSTRATES FROM 
it gs TAYLOR CREEK STATION M, MAY/JUNE, 1990 

Taxa 

Planorbella scalans 
Gyraulus parvus 

Number of Species 
Number of Macroinvertebrates 
Diversity (d) 

Source: 

20524 016\lnd.antn SCA 

(PAGE 2 OF 2) 

A 

24 
8,590 

2.93 

Replicates 
C D 

8 

19 
14,219 

2.70 

369 

22 
10,651 

3.48 

Mean 

3 
123 

38 
11,153 

3.29 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 2, MAY/JUNE, 1990 
(PAGE 1 OF 2) 

Reghcates 
Taxa A C D 

Dugesia sp. 62 
Hyahnella gunctata 8 8 
Ostracoda 31 
Dero nivea 46 369 
D gectlnata 1,123 431 1,107 
Pristlna leidyi 338 431 800 
Batracobdella ghalera 8 
Hyalella azteca 800 492 923 
Caenls dim in uta 1,092 677 308 
Enallagma sp. 15 62 
Cyrnellus sp. 15 
Polycentrogus sp. 15 62 
Orthotnchia sp. 138 308 185 
Ablabesmyia rhamghe 185 185 246 
Labrundlnla neogllosella 46 185 62 
Orthocladlus sp. 62 
Asheum beckae 892 1723 677 
Dicrotendiges modestus 123 62 431 
D. nervosus 800 369 138 
D. slmgsonl 954 861 923 
Endochironomus nlgricans 185 62 246 
Glygtotendiges sp. 2,245 2830 3,199 
Goeldichirionomus sp. 846 1600 923 
G. carus 584 738 185 
Parachlronomus dlrectus 431 
E. gectinatellae 769 185 123 
Phaenogsectra sp. 31 
Pseudochironomus nr. 185 

gseudoviridis 
Tanytarsus sp. X 15 185 
1. sp. XII 15 
Chlronomini sp. A Beck 15 246 185 

20524 016\lndlanln SCA 

Mean 

21 
5 

10 
138 
887 
523 

3 
738 
692 
26 
5 

26 
210 
205 
97 
21 

1,097 
205 
436 
913 
164 

2,758 
1,123 

502 
144 
359 

10 
62 

67 
5 

149 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 2, MAY/JUNE, 1990 
(PAGE 2 OF 2) 

Taxa 

Ceratopogonidae 
Physella henderson! 

Number of Species 
Number of Macroinvertebrates 
Diversity (d) 

Source: 

20524 016\lndlanln SCA 

A 

77 

27 
11,405 

3.73 

Replicates 
C D 

62 185 
62 

22 
11,635 

3.56 

25 
12,143 

3.83 

Mean 

108 
21 

33 
11,727 

3.87 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION 1, MAY 1990 
(PAGE 1 OF 2) 

ReQlicates 
Taxa A B C D 

Dero nlvea 215 86 
Pnstlna leidYI 43 
E. synchtes 86 43 
Aulodrilus Qlgueti 86 43 86 43 
Branchuna sowerbyi 86 129 86 258 
Immature Tublflcld with 86 990 86 43 

capilhform 
Immature Tubificld without 43 43 43 

caplillforms 
Helobdella elongata 43 
H. stagnalis 43 
Placobdella pediculata 43 
TaQhromysls bowmani 43 
Hyalella azteca 86 344 43 
Baetls sp. 43 43 
Caenls dimlnuta 129 
Oecetls sp. 129 
Orthotrichia sp. 43 43 43 
CeratoQogonidae 43 43 43 43 
Chaoborus Qunctlpennls 474 215 
CoelotanYQus concinnus 258 86 
Procladlus sp. 129 
CncotoQus bicinctus 86 
Chlronomus sp. 43 
Cladotanytarsus sp. 43 
CryQtochlronomus fulvus group 43 43 86 
DicrotendlQes modestus 43 43 
GIYQtotendiQes sp. 215 43 
Goeldlchlronomus sp. 86 
PolYQedilum scalaenum 86 
E. slmulans 86 
Tanytarsus sp. X Rutter 86 86 
Corblcula flumlnea 301 
ElhQtlo buckleyi 43 

20524 016\lndlsntn seA 

Mean 

75 
11 
32 
65 

140 
301 

32 

11 
11 
11 
11 

118 
22 
32 
32 
32 
43 

172 
86 
32 
22 
11 
11 
43 
22 
65 
22 
22 
22 
43 
75 
11 
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;cd ";~I 
;1.l.I Ii c; "'\; MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
fJ /j-? COLLECTED IN PONAR GRAB SAMPLES FROM 

,,~~;' TAYLOR CREEK STATION 1, MAY 1990 

Taxa 

Gyraulus parvus 
Viviparus georgianus 

Number of Species 
Number of Macrolnvertebrates 
Diversity (d) 

Source: 

20524 016\ Ind.antn SCA 

(PAGE 2 OF 2) 

A 

43 

11 
1,120 

2.85 

Replicates 
B C 

431 

29 
4,177 
4.09 

12 
818 

3.51 

D 

10 
904 

2.87 

Mean 

11 
108 

34 
1,755 
4.42 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION M, MAY 1990 

Rel2hcates 
Taxa A B C D 

Pristlna leldYI 43 
Aulodrilus I2lguetl 129 43 
Branchuna sowerbYI 43 
lImnodnlus hoffmelsteri 43 
Immature tubiflcid wjo 560 215 

capilliforms 
Orthotrichla sp. 43 
Nanocladlus nr. dlstlnctus 43 
PolYl2edllum Ilhnoense 43 43 
Corbicula fluminea 86 86 43 
Elhl2tlo buckleYI 86 43 
Vlvll2arus georgian us 129 

Number of Species 4 2 3 8 
Number of Macrolnvertebrates 775 129 215 603 
Diversity (d) 1.23 1.58 1.52 2.64 

Source: 

20524 016\lndlantn SCA 

Mean 

11 
43 
11 
11 

194 

11 
11 
22 
54 
32 
32 

11 
431 

2.67 

10.5.1.6 



MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION M, MAY 1990 
(PAGE 1 OF 2) 

Reglicates 
Taxa A B C D 

Nematoda 86 
Dugesia sp. 86 
Dero nlvea 560 947 86 86 
D. gectlnata 86 
Pnstlna synclltes 388 301 
Pnstlnella Jenklnae 43 172 
Siavena aggendlculata 43 
Aulodnlus giguetl 517 388 431 
Llmnodnlus hoffmelsten 646 86 301 
Immature Tubiflcld without 2,971 2,239 344 1,249 

capllhforms 
Immature Tubiflcld with 86 

capililforms 
Helobdella stagnalis 43 
Hyalella azteca 258 775 258 
Caenis diminuta 43 
Oecetls sp. 86 
Ceratogogonidae 86 
Chaoborus gunctigennis 775 603 
AblabesmYla rhamghe 43 
Coelotanygus conClnnus 43 86 
Procladlus sp. 86 43 
Tanygus sp. 43 
Chironomlnl sp A. Beck 43 
Cladotanytarsus sp. 43 43 
Cr:ygtochlronomus fulvus group 258 86 
Dlcrotendlges sp. 86 301 43 388 
D. modestus 43 388 86 
Endochlronomus nlgncans 86 
Polygedllum slmulans 43 
T anytarsus sp X Rutter 86 
Corblcula fluminea 172 646 474 560 

20524 016\indlantn SCA 

• 
Mean 

22 
22 

420 
22 

172 
54 
11 

334 
258 

1,701 

22 

• 11 
323 

11 
22 
22 

344 
11 
32 
32 
11 
11 
22 
86 

205 
129 
22 
11 
22 

463 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION M, MAY 1990 

Taxa 

Anodonta couperiana 
Elhptlo buckleyi 
Vlviparus georgianus 

Number of Species 
Number of Macrolnvertebrates 
Diversity (d) 

Source: 

20524 016\lnd,an1n SCA 

(PAGE 2 OF 2) 

A 

86 

172 

15 
6,115 

2.66 

Replicates 
8 

43 
258 
129 

18 
7,234 
3.65 

C 

43 

13 
2,765 
3.00 

D 

43 

18 
3,962 
3.35 

Mean 

32 
65 
97 

33 
5,016 
3.69 

10.5.1.6 
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10.7 SOUTH FLORIDA WATER MANAGEMENT DISTRICT LAND USE AND 

LAND COVER CLASSIFICATION CODE 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(U) Urban and built-up 
land 

Urban or Built-up land consists of areas of intensive use, with much of the land 
covered by structures. Included in this category are cities, towns, villages, strip 
developments along highways, and such areas as those occupied by mills, shopping 
centers, industrial and commercial complexes, and institutions that may, in some 
instances, be isolated from urban areas. 

As development progresses, small blocks of land of less intensive or nonconforming 
use may be isolated in the midst of built-up areas and will generally be included in this 
category. Agricultural, forest, or water areas on the fringe of urban and built-up areas 
will not be included except where they are part of low-density urban development. 

The Urban or Built-up category takes precedence over others when the criteria for 
more than one category are met. For example, residential areas that have sufficient tree 
cover to meet Forested Upland criteria will still be classified as Residential in the Urban 
or Built-Up category. 

(UR) Residential 

(URSL) 

(URSM) 

(URSH) 

(URMF) 
(URMH) 

Single-family, Low Density 
(under 2 D.Uo/gross acre) 

Single-family, Medium Density 
(2 to 5 DoUo/gross acre) 

Single-family, High Density 
(over 5 DoUo/gross acre) 

Multi-family building 
Mobile homes 

(UC) Commercial and Services 

(UCPL) 
(UCSC) 
(UCSS) 
(UCCE) 
(UCMC) 
(UCHM) 

Parking lot 
Shopping center 
Sales and services 
Cultural and Entertainment 
Marine commercial (Marinas) 
Hotel-Motel 
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S.F.W.M.Df'1!..AND USE AND LAND COVER CLASSIFICATION CODE 
~ 

c-) 
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(UI) Industdal 

(UIJK) Junkyard 
(UILT) Other light industrial 
(UIHV) Other heavy industrial 

(US) Institutional 

(USED) Educational 
(USMD) Medical 
(USRL) Religious 
(USMF) Military 
(USCF) Correctional 
(USGF) Governmental (other than 

military or correctional) 
(USSS) Social services 

(Elks, Moose, Eagles) 

(UT) Transportation 

(UTAP) Airports 
(UTAG) Small grass airports • (UTRR) Railroad yards and terminals 
(UTPF) Port facilities 
(UTEP) Electrical power facilities 
(U'ITL) Major transmission lines 
(UTHW) Major highway and rights-of-way 
(U'IWS) Water supply plants 
(UTSP) Sewerage treatment plants 
(UTSW) Solid waste disposal 
(UTRS) Antenna arrays 
(UTOG) Oil and gas storage 

(UO) Open and others 

(UORC) Recreational facilities 
(UOGC) Golf courses 
(UOPK) Parks 
(UOCM) Cemeteries 
(UORV) Recreational vehicle parks 
(UOUD) Open under development 
(UOUN) Open and undeveloped within 

urban area 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(A) Agriculture 

Agricultural land may be dermed as those lands which are cultivated to produce 
crops apd livestock. The sub-categories of Agriculture are: Cropland, Pastureland, 
Orchards, Groves (except citrus), Vineyards, Nurseries, Ornamental Horticulture Areas, 
Citrus Groves, Confined Feeding Operations, Specialty Farms and Other Agriculture. 

(AC) Cropland 

(ACSC) Sugar cane 
(ACTC) Truck crops 
(ACRF) Rice fields 

(AP) Pasture 

(APIM) Improved pasture 
(APUN) Unimproved pasture 

(AM) Groves, Ornamentals, Nurseries, Tropical fruits 

(AMCf) Citrus 
(AMTF) Tropical fruits 
(AMSF) Sod farms 
(AMOR) Ornamentals 

(AF) Confined feeding operations 

(AFFL) Cattle feed lots 
(AFDF) Dairy farms 
(AFFF) Fish farms 
(AFHT) Horse training and stables 
(AFPY) Poultry 
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S.F.W~.D. 'aND USE AND LAND COVER CLASSIFICATION CODE 
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- G.-0 
(R) Rangeland 

Historically, Rangeland has been defined as land where the potential natural 
vegetation is predominantly grasses, grasslike plants, forbs, or shrubs, and is capable of 
being gJ;azed. Management practices may include brush control, regulation of grazing 
intensitY, and season of use. If revegetated to improve the forage cover, it is managed 
like native vegetation. Generally this land is not fertilized, cultivated, or irrigated. 

The definition of Rangeland used in the CONSERVATION NEEDS INVENTORY 
by the U.S. Departments of Agriculture and Interior is used in this classification scheme 
and describes the natural potential (climax) plant cover as being composed of principally 
native grasses, forbs and shrubs valuable for forage. This category includes Grassland, 
Shrub and BrusWand, and Mixed Rangeland. 

(RG) Grassland 

(RS) Scrub and brushland 

(RSPP) 
(RSSB) 

(F) Forested uplands 

Palmetto prairies 
Brushland 

Forestland includes uplands, basically the drier areas, which have a tree crown 
density (crown closure of 10 percent or more), and are dominated by trees and other 
woody vegetation. 

Lands from which trees have been removed to less than 10 percent crown closure, 
but which have not been developed for other use, are also included in this category. For 
example, lands on which there are rotation cycles, involving clear-cutting and block 
planting, are part of the forested uplands category. 

Since most naturally seeded forestlands are composed of a mixture of species, for 
purposes of classification a minimum of 662/3 percent stand dominance (by crown area 
measurement) of one species or species groups is necessary for inclusion into separate 
categories. Less than 66 2/3 percent stand dominance of one species or species groups 
is considered to be a mixed category. It should be noted that classification is based on 
overstory species composition, as interpreted from aerial photography. Forested uplands 
are classified as follows: 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(FE) Coniferous 

(FEPF) 
(FESP) 
(FECF) 

(FO) Non-coniferous 

(FOAP) 
(FOBP) 
(FOPA) 
(FOSO) 
(FOOK) 
(FOCF) 

(FM) Mixed forested 

(W) Wetlands 

(FM'IW) 
(FMCM) 
(FMCO) 
(FMPM) 
(FMPO) 
(FMTH) 
(FMOF) 
(FMCD) 
(FMPC) 

Pine flatwoods 
Sand pine scrub 
Commercial forest (pine) 

Australian pine 
Brazilian pepper 
Palms 
Scrub oak 
Oak 
Commercial forest 

Temperate hardwoods 
Cabbage palms/Melaleuca 
Cabbage palms/Oaks 
Pine/Melaleuca 
Pine/Oak 
Tropical hammocks 
Old fields forested 
Coastal dunes 
Pine/Cabbage palms 

Wetlands are those areas where the water table is at, near, or above the land 
surface for a significant part of most years. The hydrologic regime is such that aquatic 
or hydrophytic vegetation usually is established, although alluvial and tidal flats may be 
nonvegetated. Wetlands are frequently associated with topographic lows. Examples of 
wetlands include marshes, mudflats, emergent vegetation areas, and swamps. Shallow 
water areas with submerged aquatic vegetation are classed as Water and are not included 
in the Wetlands category. 

Extensive parts of some river floodplains qualify as Wetlands. These do not include 
agricultural land where seasonal wetness or short-term flooding may provide an important 
component of the total annual soil moisture necessary for crop production. But, 
uncultivated wetlands yielding products such as wood, or grazed by livestock, are retained 
in the Wetlands category. 
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Wetlands areas drained for any purpose belong to other land use categories, whether 
they be Agriculture, Rangeland, or Forested. When the drainage is discontinued and such 
use ceases, classification reverts to Wetlands after characteristic vegetation is 
reestablished. Wetlands managed for wildlife purposes may show short-term changes in 
vegetation type and wetness condition as different management practices are used, but 
are properly classified Wetlands. 

(WF) Forested fresh 

(WFCM) 
(WFCY) 
(WFWL) 
(WFME) 
(WFS8) 
(WFMX) 

(WN) Non-forested fresh 

(WNSG) 
(WNcr) 
(WNBR) 
(WNWC) 
(WNAG) 
(WNWL) 

(WS) Forested salt 

(WSRM) 
(WS8W) 

(WM) Non-forested salt 

Cypress/Melaleuca 
Cypress 
Willow 
Melaleuca 
Scrub and brushland 
Mixed forested 

Sawgrass 
Cattail 
Bullrush 
Wire cordgrass 
Mixed aquatic grass 
Sloughs 

Red mangrove 
Black and White mangrove 

(WX) Mixed forested and non-forested fresh 

(WXPP) 
(WXCP) 
(WXHM) 

Pine and wet prairies 
Cypress domes and wet prairies 
Hardwood marsh 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(H) Water 

The delineation of water areas depends on the scale and resolution characteristics 
of the remote-sensor photography used for interpretation. One definition of water bodies, 
provided by the Bureau of Census, includes all areas within the land mass of the United 
States that are predominantly or persistently water covered, provided that, if linear, they 
are at least 1/8 mile (660 feet or 200 meters) wide, and if extended, cover at least 40 
acres (16 hectares). 

Defining water boundaries at Level m, minimum size has been established to less 
than 10 acres. In some instances, water bodies of one acre will be plotted and identified. 
Water bodies or those portions of the water body have emergent vegetation are placed 
in the Wetland category. 

(B) Barren land 

Barren land has very little or no vegetation and limited ability to support life. In 
general, it is an area with only soil, sand or rocks. Vegetation, if present is very widely 
spaced and scrubby. However, land also may be temporarily barren due to man's 
activities. Generally, this land is included in other land use categories. Vast areas of 
agricultural land are temporarily without vegetative cover due to tillage practices, and 
areas of extractive and industrial land use have dumps for wastes and tailings. Barren 
Land categories are beaches (areas exhibiting little or no evidence of human 
encroachment), Extractive operations, Spoil ares, and Levees. 

(BB) Beaches 
(BP) Extractive 

(strip mines, quarries, and 
gravel pits) 

(BS) Spoil areas 
(BL) Levees 

* Documentation of major codes from "lAND USE, COVER AND FORMS 
CLASSIFICATION SYSTEM, A TECHNICAL MANUAL", Department of 
Transportation, State Topographic Office Remote Sensing Center, Kuyper, Becker and 
Shopmyer, February 1981 
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INTRODUCTION 

This archaeological and historical survey of the proposed 

Indiantown Cogeneration Limited (ICL) plant site and pipeline 

corridor was conducted in order to satisfy state and federal 

cultural resource requirements. The purpose of the survey was to 

locate any archaeological and/or historic sites within the project 

area and to collect information necessary to assess their potential 

eligibility for the National Register of Historic Places. 

For the purposes of this cultural resource assessment, the 

survey area consists of one parcel totaling approximately 232 acres 

in Martin County, Florida (Figures 1 and 2). The project area is 

located in portions of sections 34 and 35, Township 39 South, 

Range 38 East. The proposed pipeline route begins in Section 35 of 

Township 39 South, Range 38 East and runs west-northwest, parallel 

to the CSX railroad, to Section 32 of Township 38 South, Range 36 

East, in Okeechobee County. Agricultural lands are located to the 

north and south of the survey parcel. The nearest town is 

Indiantown located approximately three miles to the southeast of 

the project site. 

The documentary search consisted of a review of the State of 

Florida Master site File (FMSF), an examination of the historical 

and archaeological literature, and historic records. The FMSF 

search revealed no previously recorded archaeological sites on or 

in the vicinity of the project area. Four other prehistoric 

archaeological sites are located on FP&L property wLthin five miles 

of the project area. 
C:;) \"~ 

These sites consist of two smalb sand mounds 
t;') 
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(8Mt28 and 29), a large mound with linear earthworks (8Mt19), and 

a small artifact scatter (8Mt31). All of the mounds are located 

along the Barley Barber Swamp approximately five miles northwest of 

the project site. 

Prior to entering the field, areas of high archaeological site 

potential were identified using U.S.G.S. 7.5' quadrangle maps and 

1"=400' aerial photographs flown in August 1988. The archaeologi­

cal field survey included all of these areas plus areas identified 

in the field as having a potential to contain archaeological sites. 

The survey strategy called for an intensive, systematic cultural 

resource survey of these areas, and limited systematic and 

judgmental survey of the remaining areas. 

• 
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BACKGROUND RESEARCH 

The following section provides a brief overview of the area's 

physical environment, as well as a discussion of the region's 

prehistoric and historic development, to provide a context for the 

evaluation of sites located during the survey. 

Environmental setting 

Regional Environment 

It has been assumed that environmental and ecological factors 

through time had a direct influence on the choice of sites for 

occupation by prehistoric populations and early historic settlers. 

Thus, geologic, hydrologic, and soil formation processes that may 

have affected the survey area and its biotic resources are • important elements in the formulation of a settlement/subsistence 

model for prehistoric and early historic peoples. Present day 

environmental variables can be used to reconstruct past conditions 

that may have influenced early human occupation of the ICL project 

area, and so are included in this study. 

The ICL project area is located within the Atlantic Coastal 

Lowlands physiographic province characterized by low, poorly 

drained flatland which represent the shallow, flat bottoms of 

ancient seas. The proj ect area is located wi thin the Eastern 

Valley, a physiographic feature within this province. Associated 
r,,_ ' 

features-i~clude the Everglades to the south, the Atlantic Ocean to 

the east, Lake Okeechobee to the west, and the Okeechobee and • 
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Osceola Plains to the northwest and north. The latter extends a 

toe southeastward into the Eastern Valley terminating at Indian­

town. White (1970:139) feels that this narrow terrace represents 

a long spit or off-cape shoal formed during the Pleistocene when 

sea levels were much higher. The project area lies just to the 

southwest of this ridge. 

The surface lithology of Martin County is composed of undif­

ferentiated deposits of sand and clay of Pleistocene and Recent 

age, which are underlain by thick deposits of limestone and 

dolomite. Outcrops of silicified limestone, or chert, which were 

often exploited by prehistoric peoples as raw material sources for 

the manufacture of stone tools, do not occur near the project area 

(cf. Lane et ale 1980). The closest known outcrops lie to the west 

along the Peace River in the central part of the state (Scott 1978; 

Upchurch et ale 1982). 

Water resources consist of both ground and surface water. The 

principal ground water aquifer is the Floridan which occurs under 

artesian conditions with slowly permeable clays and sands forming 

a confining layer that effectively prevents the vertical movement 

of water from the surficial aquifer to the Floridan aquifer (Lane 

1980). Surface sand deposits contain the surficial aquifer, which 

is recharged through local rainfall. Because of low hydraulic 

gradients, movement of water within this zone is very slow. Water 

is discharged from the aquifer through lateral seepage to stream or 

lake, evapotranspiration, or movement downward to the Floridan 

aquifer where sinkhole development has breached the underl~ing 

~ ~ 
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confining layer of clay (Lane 1980; Lane et ale 1980). 

Most of the county is drained by intermittent streams, 

sloughs, and creeks. The major water control system is an 

extensive network of canals that is used for both drainage and 

irrigation purposes. The dominant surface water feature is Lake 

Okeechobee in the western part of the county. Lake Okeechobee 

measures over 700 square miles in areal extent, but is very shallow 

with a maximum depth of about 10 feet. 

Physical Environment of the Project area 

The ICL site and pipeline corridor are located on low, poorly 

drained flatland characterized by some seasonal ponds, sloughs and 

intermittent creeks. The present natural land topography is fairly 

level and slopes toward the southwest. 

The principal soil association for the project area is the 

Waveland-Lawnwood-Basinger series which is characterized as nearly 

level, poorly drained soils located in broad flatwoods with 

depressions. A second soil association is also found in the 

proj ect area. It is the Floridana-Jupiter-Hilolo series and is 

characterized as nearly level, poorly drained soils located in 

broad sloughs interspersed with flatwoods and depressions (McCollum 

and Cruz 1981). 

The drainage characteristics of soils have been used success-

fully by archaeologists throughout Florida in the formulation of 

predictive models for prehistoric site location (e.g. Almy 1978; 

Grange 1978; Deming 1980; Austin and Piper 1986; Estabrook 1989a, 

1989b). Most of the soils wi thin the survey area are poorly 

• 
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drained on nearly level slopes. Maj or soil types include the 

following: 

Lawnwood fine sand, 0 - 2% slopes, poorly drained 
Waveland sand, 0 - 2% slopes, poorly drained 
Basinger fine sand, depressional, poorly drained 
Basinger fine sand, < 2% slopes, poorly drained 
Sanibel muck, very poorly drained 

Vegetation consists primarily of pine and saw palmetto which 

occur in large sections of the project area on slightly better 

drained soils, as well as over much of the seasonally wet areas. 

Herbaceous, shallow washes occupy the remaining area. 

The vegetation of the ICL project area was probably stable 

during prehistoric times after the last major environmental change 

about 3000 to 5000 years ago (Watts 1971:687; Long 1974:30). Many 

of these plants could have been utilized as a food or shelter 

resource by prehistoric inhabitants. The freshwater fish and 

shellfish populations in nearby waters would also have provided an 

abundant source of food as well as the many large and small mammals 

which inhabited this area. Prior to 3000 B.C., however, surficial 

water would have been all but non-existent (cf. Clausen et 

ale 1979) and sea level would have been much lower thereby limiting 

the area's attractiveness to both animal and human populations. 

cultural prehistory 

Aboriginal peoples have inhabited Florida for at least 14,000 

years. The earliest cultural stages are pan-Florida in extent 

while later cultures exhibited differing cultural traits in the 
l-=-~' ~' 
Ii-" ~ f"i 

various archaeological areas of the state. The pr6J'ec-e~rea is 
"l1 ~ 
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located in the Okeechobee Basin culture area (Figure 2) as defined 

by Milanich and Fairbanks (1980:22). This area is bounded by the 

western Flatland (Davis 1943:43-48), the Allapattah Flats and the 

Big Cypress Swamp (DeLorme 1987). There is some evidence to 

suggest that the Lake Kissimmee and the Kissimmee River drainage 

should be included in this area. Cultural affinities represented 

in burial mounds, earthworks, and ceramics are found as far north 

as Lake Tohopekaliga (Milanich and Fairbanks 1980:26). Similarly, 

both areas are characterized by relatively poor, sandy soils 

(composed of quartzitic sands developed over calcareous marine 

deposits), relatively low elevations with little relief, and 

numerous ponds and sloughs which support a vegetation cover 

consisting primarily of pine and palmetto flatland, wet prairies 

and occasional hammocks of live oak usually mixed with cabbage 

palm. 

Paleo-Indian Stage 

The earliest stage of prehistoric cultural development, the 

Paleo-Indian, has not as yet been identified in the Okeechobee 

Basin. Evidence for Paleo Indian occupation along the Kissimmee 

River is also scant, consisting of rare surface finds of lanceo-

late-shaped projectile points (e.g. Austin 1987). The greatest 

density of known Paleo-Indian sites in Florida is associated with 

the rivers in the north central part of the state, although rising 

sea levels have probably inundated early coastal sites making their 

discovery difficult (Rouse 1951:21-30; Scholl et ale 1969; Ruppe 

1980) • 

• 
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Okeechobee Basin __ --Ji.-...-_~-

Coloosahatchee ------..1IIf--

Circum-Glades ------=-~--#--

Poor Original 

Figure 2: 
Nap of the Okeechobee Basin, Caloosahatchee, 
and Circum-Glades archaeological regions 
(after Milanich and Fairbanks 1980:22) 
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The pr:~ailing view of Paleo-Indian existence, based on the 

uniformity of the known tool kit and the small size of most sites, 

is that of a nomadic lifestyle with sUbsistence activities based on 

hunting and gathering of the now extinct Pleistocene megafauna 

(Milanich and Fairbanks 1980:35-42). Recent excavations in 

Hillsborough County, however, have contributed to the development 

of increasingly sophisticated models of early hunter-gatherer 

settlement (e.g. Daniel 1985; Chance 1983) which take into account 

the adaptive responses of human populations to both short and long 

term environmental change. These models suggest that some 

Paleo-Indian groups may have practiced a more sedentary lifestyle 

than had previously been believed (Daniel and Wisenbaker 1987). 

Two controversial early man sites are located on the coastal 

strand outside of the project area, 8-Ir-9 in Vero Beach and 

8-Br-44 in Melbourne. At both sites human remains were reported in 

association with the bones of extinct Pleistocene animals (Gidley 

and Loomis 1926; Sellards 1940), but the association was disputed 

by Hrdlicka (1907, 1918) and later by Rouse (1950, 1951:223) who 

felt the human remains were intrusive into the Pleistocene 

stratum. More recent examination of the human crania (Stewart in 

Milanich and Fairbanks 1980:5) and comparisons with those from the 

Warm Mineral Springs site in Sarasota County seem to support a 

Paleo-Indian period date for the Vero and Melbourne finds (Cockrell 

and Murphy 1978:7-8), although a final determination cannot as yet 

be made. 

Clausen et al. (1978:10-11) have suggested the possibility of 

• 
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inundated "early man" sites near st. Lucie Inlet based on the 

presence of mineralized skeletal remains, including Pleistocene 

fauna and a human crania, recovered from dredged material during 

the salvage of several Spanish shipwrecks. Their interpretations 

remain speculative, albeit thought-provoking, due to a lack of 

contextual association of the fauna and crania. 

Archaic Stage 

The Archaic stage of cultural development was characterized by 

a shift in adaptive strategies stimulated by the onset of the 

Holocene and the establishment of increasingly modern climate and 

biota. It is generally believed to have begun in Florida around 

6500 B.C. (Milanich and Fairbanks 1980:48). This stage is further 

characterized by an efficient, seasonal exploitation of a wider 

range of food resources including deer and other small game, 

hardwood nuts, and mollusks, and a larger but less carefully worked 

tool kit. Archaic Indian groups are thought to have utilized a 

more restricted territory than their Paleo-Indian predecessors, 

with some groups leading at least a semi-sedentary existence. 

Archaic site types include base camps, hunting camps, butchering 

sites, quarries, and cemeteries. 

One of the more well known Archaic period sites on the East 

Coast of Florida is Windover Farms near Melbourne. This site, 

which has been radio-carbon dated to about 5000-6000 B.C., consists 

of a wetland cemetery where Archaic peoples interred their dead in 

a shallow pond • In addi tion to human skeletal remains! a wide 

variety of normally perishable items including 1~'~OO~:,;'1 and bone 
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artifacts, cordage, basketry and woven fiber cloth were found 

preserved under anaerobic conditions (Doran and Dickel 1988). 

Another important early Archaic site is the Cutler site in 

Dade County (Carr 1986). This site contains human remains, early 

side-notched projectile points, and faunal remains including some 

extinct Pleistocene species. A radio-carbon dated of ca. 7800 B.C. 

was obtained from a hearth feature there making this one of the 

earliest sites found thus far in south Florida. 

Mount Taylor Phase: By 4000 B.C. Archaic hunter/gatherers 

were spending much of the year in villages along the st. Johns 

River and its tributaries. This phase of Archaic development, 

known as the Mount Taylor phase after the type site in Volusia 

county (Goggin 1952a), is characterized by the dietary importance 

of freshwater snails (Cumbaa 1976), and the use of stemmed 

projectile points with triangular blades, as well as bone points 

and tools. Excavations at the Tick Island site, also in Volusia 

County, revealed a mass burial in a midden perhaps associated with 

a charnel house, an early instance of such a burial pattern (Jahn 

and Bullen 1978). 

No Archaic period sites have been recorded in the Okeechobee 

Basin area, however, Archaic sites are known for the Kissimmee 

River valley (Austin 1987) and it is possible that Archaic groups 

may have made brief, intermittent forays into the area during 

periods of greater rainfall and available surface water. For the 

most part, however, it is assumed that the Okeechobee Basin was 

only rarely visited by Archaic groups. 

• 
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Orange Phase: The introduction of a crude fiber-tempered 

pottery into the artifact assemblage of the Archaic aboriginal 

marks the beginning of the Orange phase around 2000 B.C. The basic 

hunting-foraging sUbsistence pattern of the Archaic stage contin-

ued, with a shift to marine shellfish occurring as the snail beds 

were gradually depleted. By Orange III times, ca. 1450-1250 

B. C., occupation of the Atlantic Coastal strand had increased 

significantly and this shift in prehistoric settlement and subsis-

tence strategies is documented at sites such as 8-Ir-41, the Summer 

Haven site and the Cotten site (Rouse 1951; Bullen 1972; smith 

1973:27). 

The tool assemblage of the Orange phase resembles that of the 

Mount Taylor phase with the addition of pottery and evidence of 

basketry and matting as seen in the impressions on clay pot bottoms 

(Milanich and Fairbanks 1980:155). The earliest occupations come 

from sites exhibiting semi-fiber-tempered (i.e. sand and fiber) 

ceramics. The Fisheating Creek site (Goggin 1952b: 58) and the Fort 

Center site (Griffin 1952; Sears and Sears 1976; Sears 1982) have 

yielded these artifacts in limited numbers. According to Sears 

(1977:7; 1982:192-193) this initial occupation is coeval with the 

construction of the earliest of the Okeechobee Basin's spectacular 

earthworks - i.e. the circular ditches. 

Formative Stage 

During the late Orange phase, also known as the Florida 

Transitional Period (1200-500 B.C.), changes 
I~-

pottery and 
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in Florida which mark the beginning of the 

Formative Stage. Fiber-tempered wares were replaced by sand-

tempered, limestone-tempered, and chalky temperless ceramics and 

three different projectile point styles, basally-notched, corner-

notched, and stemmed, also occur in relatively contemporaneous 

contexts. This profusion of ceramic and tool traditions is 

suggestive of population movement and social interaction between 

culture areas. The earliest major occupations of South Florida 

known at the present time date to this period (Sears 1982; Bullen 

et ale 1968). 

Belle Glade Phase: Following the Transitional Period is the 

Belle Glade Period, ca. 500 B.C. - A.D. 1700 (Milanich and 

Fairbanks 1980:23). During this period, activities in the 

Okeechobee Basin increase dramatically suggesting the greatest 

complexity in South Florida centered around this inland territory 

(Milanich and Fairbanks 1980:181). Several researchers have 

attempted to build a chronology for this area but the lack of 

comprehensive surveys coupled with very limited excavations leaves 

this area of Florida one of the most poorly known regions of the 

state. 

To date, the most comprehensive chronology for the Belle Glade 

culture area has been developed by Sears (1971, 1974, 1977, 1982). 

His is a four period chronology beginning with his Period I and 

ending with his Period IV. These periods are roughly coeval with 

the Transitional Period as defined by Bullen (1959, 1970), and the 

• 
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Belle Glade I and II Periods as defined by willey (1949). 

Sears' (1982:26,185) Period I from ca. 800 - 1000 B.C. to A.D. 

200 most closely fits the Transitional Period definition. At the 

early end of Period I, Sears (1982:192-193) notes small populations 

of perhaps one or two families living along the riverbank on small 

house mounds with fish and turtle being particularly important to 

the diet. Only semi-fiber tempered pottery was in use during this 

time but by the end of this period most of the pottery was the 

sand-tempered plain ware. Distinguishing this period from the 

Transitional Period is the presence of the circular ditches. Sears 

(1982:193-194) believes they functioned as drained fields for maize 

cultivation. 

Sears' (1982:26-31,186-189) Period II from A.D. 200 to about 

A.D. 600-800 most closely resembles the definition of the Belle 

Glade I Period except that there are no Glades decorated wares at 

Fort Center. According to Willey (1949:125), evidence for the 

Belle Glade I Period consists of Belle Glade Plain and Glades Plain 

ceramics with small percentages of Glades decorated wares (see also 

widmer 1988:87-88). There are no defining dates associated with 

the Belle Glade I Period but, by inference, Widmer (1988:87) 

provides a terminal date at A.D. 900 - 1000. 

The Belle Glade II Period is defined by the presence of Belle 

Glade Plain and Glades Plain ceramics coupled with a lack of Glades 

decorated wares and the appearance of Biscayne (st. Johns) Check 

Stamped (Willey 1949:125). Sears' (1982:27,31',189-190) Periods 

III and IV most closely resemble this period • *i~ III lasts 
C"'" -, 
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from A~ D. 6~/800 to A. D. 1200/1400 and is characterized as a 

period of time which experienced minimal cultural change (Sears 

1982:199). Period IV, on the other hand, is described as a time of 

excelled craftsmanship, revived focus for authority, and participa-

tion in a larger social system than the one existing on the site. 

The introduction of linear embankments accompanies this period as 

well as the first appearance of European objects. Sears (1982:200) 

believes that during this period Fort Center was operating as a 

part of the sixteenth and seventeenth-century Calusa empire. 

Acculturative Stage 

Little is known about the terminus of Belle Glade culture. 

Few ethnohistoric accounts exist and only one is widely publicized. 

• 

Fontaneda's (1945) account of the seventeenth century South Florida • 

native groups refers to a people who lived around a large lake 

known as the Mayaimi. His narrative provides scanty information on 

population density, subsistence, environment, and political 

affiliations with the coastal Calusa. Archaeologically, many Belle 

Glade sites contain European artifacts and European-derived raw 

materials such as silver, iron, and gold. Thus, there exists ample 

evidence to indicate Belle Glade participation in a larger economy 

than existed solely in the Okeechobee Basin. 

The demise of the Belle Glade peoples was surely linked to 

their participation in this larger economy. The introduction of 

European diseases is well documented throughout the Southeastern 

u.S. and is considered a major cause in the death of the South 

Florida native groups. It is thought by many researchers that by • 
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the time the Seminoles arrived into this part of Florida, all of 

the South Florida aboriginal were extinct. 

By the early 18th century, groups of Creek Indians who came to 

be known as Seminoles moved into Florida to escape the political 

and population pressures of the expanding American frontier. It is 

suspected that the village site occupied by the Seminole chief, 

Osceola, and his followers in 1836 was recently located in citrus 

County near the east side of Tsala Apopka Lake. Seminole artifacts 

were recovered from South Indian Fields (8-Br-23) in Brevard County 

(Rouse 1951:94) and two villages are reported to have been in the 

general vicinity of West Palm Beach, but their exact locations are 

not known (Fairbanks 1978: 185) • The remains of Seminole men, 

women, and children were excavated from part of the original 

cemetery (ca. 1824-1846) of Fort Brooke, a Second Seminole War fort 

underlying present-day downtown Tampa (Piper and Piper 1982) • 
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Historical Review 

The intent of this historical documentary review was to 

identify the possible locations of any historic sites within the 

project area and to determine the potential historical significance 

of any such sites. To that end, books, maps, and manuscripts 

located at the University 'of South Florida Special Collections 

Department; Florida Department of Natural Resources, Division of 

State Lands; Martin County Historical society, the Elliott Museum; 

the Martin County. Public Library; and Piper Archaeological 

Research, Inc. were examined and interviews with local informants 

were conducted. 

In terms of permanent homesteads, Martin County was not 

settled until relatively late in the 19th century. In the course of • 

early expeditions to Florida, some Spanish explorers came to the 

area in the 16th century but they did not establish permanent 

settlements. Ponce de Leon visited an area called Rio de la Cruz, 

now thought to be Jupiter Inlet, during his first voyage in 

1513. Over the next several decades Spain sought to establish a 

foothold in Florida, but failed attempt followed failed attempt and 

in 1561, after expeditions produced neither a permanent settlement 

nor material gain, Spain closed the area to further exploration 

(Smith and Gottlob 1978:7). 

Spanish policy promptly reversed when news reached Spain in 

1562 of French attempts at colonization in Florida. Pedro Menendez 

de Aviles was dispatched to challenge French encroachment and build 

a permanent settlement. Menendez met with more success than his • 
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compatriots and by 1565 st. Augustine was founded. A settlement at 

st. Augustine provided Spain the opportunity it needed to extend 

its sphere of influence to other parts of Florida and a policy of 

christianizing the Indians and building missions amongst the 

various tribes was instituted. 

Menendez petitioned the Jesuits for more missionaries and put 

into action his "religious plan for Florida" (Lewis 1978:25). In 

1565-1566, prior to the arrival of more friars, Menendez sailed 

along the Florida peninsula and up the Atlantic Coast placing 

crosses at various locations and leaving Spaniards "of marked 

religious zeal" to introduce Christianity to the native population 

(Gannon 1965:29). Three permanent settlements were established at 

st. Augustine, San Mateo (Ft. Caroline) and Santa Elena, and were 

served by priests. outposts/forts were located in Ais, Tequesta, 

Calusa and Tocobaga territory (Gannon 1965:29). 

The Jesuit missions in Florida met with failure and in 1572 

the order's religious authorities recalled their priests (Gannon 

1965:34). Undaunted, Menendez turned his attention to another 

order, the Franciscans, and entreated them to accomplish the 

religious conversion of the Indians of Florida. The Franciscans' 

first twenty years in Florida were not altogether successful as 

they encountered much the same problems as the Jesuits. But by the 

turn of the century significant gains were made and the period from 

1606 to 1675 reflected "the Golden Age of the Florida Missions" 

(Gannon 1965). 

The mission effort was more successful in 
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of Florida than in the south. One researcher (Milanich 1978:68) 

has suggested that the failure of the Spanish missions among south 

Florida Indians was due partially to tribal sUbsistence patterns 

which required seasonal movement for maximum resource exploita-

tion. In north-central Florida a long tradition of horticulture 

existed at least one thousand years before the historic period and 

with the introduction of better techniques and tools by the 

priests, mission villages in those areas were occupied year round 

(Milanich 1978:68). Consequently, south Florida was virtually 

ignored as the Spanish concentrated their efforts on the northern 

chain of missions. 

Two settlements along the southeastern coast, at Ays and Santa 

Lucia, were established by Menendez during the first wave of 

missions/outposts. Ays is thought to have been located in the 

Ft. Pierce-Vero Beach area and Santa Lucia at Jupiter Inlet 

(Hutchinson 1987:14-15). Local lore originally placed Santa Lucia 

at a spot on the st. Lucie River, possibly because of the similari-

ty in names, but Hutchinson (1987: 15) asserts after reviewing 

historic documents that the more southern location is correct given 

the stability and good harbor associated with Jupiter Inlet. Like 

others in south Florida these two mission settlements were 

short-lived. Accounts from Spaniards at the Santa Lucia post 

attest to the difficult conditions in the winter of 1566 when "the 

garrison was reduced to chewing shoes, leather belts, snakes, rats 

and dwarf palmetto to stay alive" (Gannon 1965:44). 

In 1696 Jonathan Dickinson, his family, and several others 
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were shipwrecked and came ashore in the vicinity of Jupiter Inlet 

where they encountered the Jeaga and Ais Indians. From Dickinson's 

account, the Indians appeared to be functioning without traces of 

colonization or Christianity and were not fluent in Spanish. The 

Jeaga and Ais seemed to be independent yet "allies of the Spanish," 

and Dickinson's group pretended to be Spanish in order to receive 

better treatment (Andrews and Andrews 1975; Rouse 1951:56-57). 

with the subsequent heavy utilization of the Bahama Channel as 

a homeward route for Spanish treasure obtained in the Americas, 

shipwrecks along the Ais controlled coast were common. It is 

reported that the Indians not only actively salvaged these wrecks, 

but killed the survivors as well (Higgs 1942: 29) • The Spanish 

Plate Fleet of 1715 was destroyed in a hurricane near present-day 

Sebastian Inlet, however, the survivors of these wrecks apparently 

fared better at the hands of the Indians than did most of the 

others. Archaeological evidence from the Higgs site (smith 1949) 

and the McLarty site (Burgess and Clausen 1976) suggests coopera-

tion between the Indians and the survivors. 

By the middle of the 18th century the indigenous population in 

the Indian River area had declined considerably as continued 

contact with the Spanish made the Jeaga and Ais prone to drinking 

and riddled with disease (Rouse 1951:59). Attacks by the English 

and their northern Indian allies further reduced their numbers. 

During the Second Spanish Period in Florida (1783-1821) large 

land grants were awarded to Spanish loyalists. James Hutchinson 

became the first landowner in the st. Lucie-Martin County area 
b!.- ~~ J 
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when, in 1803, he petitioned for and received a grant of 2000 acres 

on the mainland west of the Indian River. Two Spanish land grants 

are located to the east of the project area. In 1813 John Hanson, 

Samuel Miles, John Hedrick and Bernardo Sequi were awarded 

approximately 18,000 acres in Township 38 South, Ranges 41 and 42 

East (Florida Department of Natural Resources l8Slai Hutchinson 

1987:25). To the south in Township 38 South, Range 42 East 

Euschius Gomez received a grant of ca. 12,000 acres in 1815 

(Florida Department of Natural Resources l8Slbi Hutchinson 

1987:25) . 

Hutchinson (1987:25) states that Hanson and Gomez established 

plantations and raised crops which included sugarcane, coconuts and 

some citrus on their land grants, but there does not appear to be 

conclusive evidence as to whether or not the men themselves lived 

on their properties. By and large, the grants in the southern 

portion of Florida were unoccupied by their owners (e. g. the 

Fleming Grant, Sebastian, Florida [Hardin et ale 1983]) as the 

majority of Florida's nonaboriginal population was centered in the 

northern portion of the peninsula. If, however, farming or cattle 

ranching was conducted it was probably managed by overseers with an 

occasional visit from the owner. Even after the United States 

acquired Florida from Spain in 1821 the pattern of settlement 

remained much the same for a number of years and it was not until 

the Second Seminole War (1835-1842) that any appreciable number of 

white men began to travel to southern Florida. 

The Seminole Indians, originally part of the Creek nation, 
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moved into Florida during the early 18th century but, once Florida 

became a u.s. Territory in 1821, pressure was brought to bear upon 

the government to remove them from the choice agricultural lands of 

north Florida. The Treaty of Moultrie Creek (1824) restricted the 

Seminoles to approximately 4 million acres of land in the middle of 

the state, running south from Micanopy to just north of the Peace 

River (Mahon 1967:Rear fold-out map). This treaty was unpopular 

with the Seminoles and they were reluctant to move from their 

established homes to an area which they felt could not be cUltivat-

ed. Equally unpopular were the later treaties of Paynes Landing 

(1832) and Fort Gibson (1833) which called for Seminole emigration 

to the western territories (Mahon 1967:75-76, 82-83). The above 

treaties all served to foster Seminole resentment and outbreaks of 

hostility which finally culminated in the Second Seminole War in 

1835. 

The Lake Okeechobee area was not well explored until this 

time. Hutchinson (1987: 19-20) indicates that as late as 1837, when 

John Lee Williams authored Territory of Florida, no mention of the 

lake is made nor does his map show any indication of its existence. 

Indeed, it was not until the United states Army moved into the 

interior in pursui t of the Seminoles that accurate maps and 

descriptions of the area became available. 

At that time, the Lake Okeechobee Basin became the scene of 

Second Seminole War battles, but none occurred in the immediate 

vicinity of the survey area. The Battle of Okeechobee took place 

in December 1837 north of the lake and the Battle of Lockahatchee, 
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which occurred in January 1838, was fought near present day Jupiter 

Inlet (Mahon 1967:227-231,234). A Military Map of Lake Okeechobee 

dating to 1838 (shown in Carr 1975:12) shows one military fort, Ft. 

McRae, in the vicinity of the project area. Early survey plat maps 

of the vicinity indicate that this camp was probably located in 

sections 20 and 29 of Township 38 South, Range 38 East (Florida DNR 

1853a). Indeed, the entire military trail connecting Camps sebring 

and Andrew, called "Back Road" on the 1838 map, is shown east of 

the project area on these maps. 

By the end of the Second Seminole War, the maj ori ty of 

Florida's Seminole Indians were relocated in the western ter-

ritories. A few recalcitrants, under the leadership of Billy 

Bowlegs, sought refuge in the recesses of the Everglades and the 

U.S. Government, after considering the efficacy of prolonging the 

war to effect their removal, allowed them to stay. The peace was 

temporary, however, for in 1850 the U.S. Congress began to debate 

turning over to Florida the federally owned Everglades swamp 

(Tebeau 1957:43). Once again the Seminoles found themselves in 

competition with whites over land and in 1855 the Third Seminole 

War (often referred to as Billy Bowlegs War) broke out. 

Ft. Capron was established 1850 during the Third Seminole War 

at the present location of the town of st. Lucie, directly across 

from Indian River Inlet. The fort was named after captain Erastus 

Capron of the 1st Artillery and was in operation until 1859. A 

military trail known as the Capron Trail extended from Ft. Capron 

to Ft. Brooke (Tampa, Florida) and was for many years the only 
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connecting road between the east and west coasts of Florida (Van 

Landingham n.d.:9). 

Following the Seminole Wars, the southern portion of Florida 

remained relatively unsettled with only a few Seminole Indians, 

homesteaders and fishermen as residents. The Armed Occupation Act 

was passed in 1842 as a means of encouraging homesteading in the 

uninhabited regions of Florida. Three hundred and seventy permits 

were issued for homesteaders to settle in the st. Johns Valley from 

Palatka to Sanford and along the east coast from New Smyrna to 

Biscayne Bay. 

During the civil War there was little military activity South 

Florida other than blockade runners using the Indian River as a 

haven from Federal ships. The war, however, hindered development 

and interrupted new agricultural endeavors creating an economic 

malaise that would exist for a number of years. 

In the l880's interest in the resources of southern Florida 

intensified, due in large part to men like Hamilton Disston and 

Henry Flagler. Disston contracted with the State of Florida in 

1881 to drain swamp land in return for one-half of the acreage he 

could reclaim. When it appeared that this contract would be 

opposed by the court, Governor Bloxham persuaded Disston to 

purchase the land. Although it met with controversy, Disston's 

purchase of 4 million acres at 25 cents an acre did provide the 

funds necessary to clear the titles to state lands and managed to 

pave the way for the large drainage operation that ~hanged both the 

topography and economy of the central and ~rtions of 
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Florida (Tebeau 1971:278). 

The most influential developer in south Florida, especially on 

the east coast, was Henry Morrison Flagler. Flagler, a partner of 

John D. Rockefeller in the Standard oil Company, was already a 

wealthy man when he first visited Florida in 1878. After his first 

wife died in 1881 he remarried and returned to the Jacksonville-

st. Augustine area in 1883. During this visit, Flagler apparently 

began to set in motion plans for his new Florida railroad and hotel 

enterprises (Tebeau 1971:284). His interest first centered in the 

st. Augustine area and later spread to more southerly portions of 

Florida. In 1894 Flagler's Florida East Coast Railroad arrived at 

Ft. Pierce and with the advent of rail transportation, the area 

began to grow rapidly. Flagler wisely saw the need for a good 

transportation system along Florida's east coast if his planned 

hotels were to survive. He provided modern, public transportation 

to the coastal towns and a spur to the Lake Okeechobee area which 

helped the east coast area to prosper (McIver 1976:21). He was 

able to acquire vast land holdings from the state through the 

Internal Improvement Fund grants which were created to encourage 

railroad construction. 

Prior to railroad construction, early settlers in the Martin 

County area depended on trade boats which ran along the Indian 

River to provide them with supplies. By the 1880's a prosperous 

trade network was underway and more families moved to the area 

every year. pineapple and citrus cultivation became leading 

industries. The advent of the railroad was just the impetus the 
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burgeoning economy needed to thrive. 

It was during the period of 1878-1882 that the first settlers 

began to arrive in what is today the eastern part of Martin 

county. However, it was not until the turn of the century that 

settlers began inhabiting the western part of the county. The 

first road was laid out between Indiantown and stuart in 1902-1903 

by Francis Marion Platt. He married Annie Mizell on October 22, 

1868 at Pine Level in present day Manatee County. The couple 

joined the Seminole Indians living in the vicinity of present day 

Indiantown and named their own private town - Annie. The road, 

originally called the Stuart-to-Annie Road, is now state Road 76 

(Hudson 1973). 

About the same time, Joe Bowers gave up his store in Jupiter 

to establish a trading post with the Seminoles and, with his 

brother, he planted the now famous "Bowers Groves" in Annie. Rumor 

has it that some trees are still bearing fruit from the original 

planting. 

In the early 1920s, shortly after the arrival of the Bowers 

brothers, a railroad line was established connecting the area with 

Coleman (in Central Florida) and west Palm Beach. It was known as 

the Seaboard Air Line Railway and was built as Martin County was 

being formed. The Baltimore banker who was the president of the 

Railway, S. Davies Warfield, had bought more than half of the land 

that was to be included in the new county. Noting the high 

elevation, and the temperature difference between the coast and the 
.-

interior (the interior is 10 degrees cooler in the summer and 10 
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degre~ wl~er in the winter than the coast), he planned to build a 

model city at Indiantown. The idea was to make Indiantown the 

southern headquarters for his railroad (Hudson 1973). 

Warfield had a depot, railroad yards, the Seminole Country 

Inn, and apartment houses built and the western part of the new 

county soon became the heart of the winter vegetable raising 

interests. However, this expansion did not last for long. The 

collapse of the Florida land boom and the near simultaneous death 

of Warfield left a sharp retrenchment in the prosperity of 

Indiantown (Hudson 1973). 

Throughout the 20th century, the ICL plant site has remained 

relatively undeveloped. Based on the above historical documentary 

review, the survey area for the ICL plant site was considered to 

have a low probability for containing significant historical 

resources. 

• 
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METHODS 

The background and literature review, in conjunction with 

pertinent environmental variables, contributed to the formulation 

of project-specific field methods designed to locate and evaluate 

previously unrecorded archaeological sites within the survey area 

for the ICL plant site and pipeline corridor. The designation of 

probability zones and decisions regarding site significance were 

based on previous research conducted within the Okeechobee Basin 

area. 

Archaeoloqical sites in the Vicinity of the Project 

Evaluations of archaeological or historical site significance 

are ultimately based on the potential of a site to contribute to 

the understanding of the social processes at work in a region's 

prehistory or history; therefore, a consideration of these sites 

within the context of the larger, regional settlement system is 

essential. A first approximation of settlement variability through 

time can be obtained by reviewing information regarding the known 

sites in the area. A search of the pertinent literature and 

records of the surrounding region was conducted, including 

archaeological and historical assessments of other tracts of land 

in close proximity to the project area. 

Other sites in the general vicinity of the ICL project area 

include the Barley Barber I, II, and III sites (8Mt19, 28, & 29) 

and a small unnamed site (8Mt31). The Barley Barber sites are 

mounds, one of which is associated with prehiatoric earthen 
I;-{~ @ 
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embankments. The latter is now protected within the Barley Barber 

Swamp Preserve while the former have been excavated (Williams 

1975). These sites are located along Barley Barber Swamp about 

five miles west of the ICL project site. site 8Mt31 consists of a 

few ceramic artifacts located along an unnamed slough about six 

miles southwest of the project area. 

other sites in the Okeechobee Basin include earthworks (Carr 

1975, Sears 1982, Willey 1949, Allen 1948, McGoun 1987, 1988), 

burial mounds (Carr 1973, Sears 1982, Willey 1949, Williams 1975), 

and habitation mounds or middens (Sears 1982, Willey 1949, Goggin 

1952). Among the more spectacular sites are the large earthworks 

found in the open savannah, often bordering creeks or maj or 

environmental zones (cf. Hale 1984:181). These include circular 

di tches, I inear embankments, and combined mound and embankment 

complexes. 

Sears (1982:185) provides evidence indicating that the 

circular ditches are the earliest earthworks at Fort Center site 

dating to at least 450 B.C. His research shows that some of the 

habitation middens are coeval with this structure. Habitation 

mounds are believed to have been built during his Periods I and II 

(1982:186,195-199) and again during his Period IV but the latter 

include linear embankments (1982:199-201). Burials in mounds date 

to his Period I, possibly II, and IV (1982:140-141,200-201). 

Willey (1949:125) is unable to ascertain the date of the burial 

mound at the Belle Glade site but believes it is coeval with a 

habitation mound. Williams (1975) obtained a radiocarbon date of 
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200 B.C. under one of the burials he excavated at Barley Barber 

Swamp but he believes the date is erroneous. 

The combined mound and embankment complex known as Big Mound 

city (Willey 1949:73-77), located about 10 miles south of Indian-

town, is thought to have been laid out according to a master plan, 

however no conclusions have been reached as to whether all of the 

features were constructed at the same time. An artifact collection 

from one of the mounds at the site indicates a coeval existence 

with a late period of occupation at the Belle Glade site located at 

the south end of Lake Okeechobee. Other mound and embankment 

complexes include the Big Circle Mounds, also known as Tony IS 

Mound, (Allen 1948), the Boynton Mound Complex (McGoun 1987,1988), 

and others (cf. Hale 1984:181; Carr 1975, 1985). The presence of 

European artifacts at sites such as the Ortona Mound in Glades 

County (Milanich 1988, personal communication), indicate a late 

Belle Glade IV occupation, however most of these sites are not 

dated. 

site Location Model 

Cultural resource assessment surveys throughout Florida have 

demonstrated that certain environmental locales were preferred for 

prehistoric and early historic utilization. Predictive models 

enable the researcher to stratify the project area into probability 

zones based upon the co-occurrence of relevant environmental var-

iables. The relative importance of each of these variables depends 

upon the composite environmental settin2=; 
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environment, for example, a majority of the known sites are located 

near a water source on a ridge top or slope. If a water source is 

not located in the vicinity, the probability of site occurrence 

decreases dramatically. However, water will not be the determining' 

factor if another resource with more limited distribution, such as 

lithic raw materials, is available for exploitation (Deming and 

Almy 1984 : 17) • In environments of relatively low relief and 

abundant wetlands, areas of higher elevation relative to the 

surrounding terrain would be considered more likely to contain 

prehistoric sites (Wharton 1984; Piper and Piper 1980; Johnson 

1986). In coastal areas, the availability of littoral resources, 

particularly fish and shellfish, was a major factor in site 

location. 

The above site locational data suggests that the majority of 

sites in the area would be expected to be located adjacent to or 

near the freshwater sloughs which flow into Lake Okeechobee. 

Further, the present data available for the vicinity of the survey 

property suggests that the most likely type of prehistoric site to 

be discovered in these areas would be a late period midden or 

mound. Smaller, extractive type campsites, represented by small 

scatters of lithic, ceramic, or shell artifacts, would also be 

expected on elevated knolls or ridges in the flatwoods if a source 

of potable water is located nearby. 

The environmental factors pertinent to the project area may be 

summarized as follows: 

a) most of the soils in the project area are poorly drained; 

• 

• 
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b) surficial water sources are ubiquitous in the region; 

c) the topography of the project area is level, with few 

features other than a slight slope to the southwest. Although 

potable water is available, there are no areas of slightly higher 

elevation that may have been more desirable to prehistoric people. 

Based on these environmental parameters, the project area was 

considered to have a low probability of producing evidence of 

activity sites associated with the prehistoric exploitation of 

locally available resources. Mounds and/or middens were a common 

adaptation to low, poorly drained land, but a labor intensive site 

such as a mound would usually be placed near additional resources 

such as stone quarries or riverine transportation. with no such 

• resources on or near the project property, it was considered 

unlikely that a mound similar to the Barley Barber mounds would 

exist in the proj ect area. During the field survey, special 

attention was paid to areas of higher elevation and mesic or xeric 

flora close to drainages and the larger ponds. Areas of low 

elevation relative to the surrounding terrain were considered less 

likely to contain evidence of prehistoric occupation because they 

are often seasonally filled with water. 

Field Methods 

Shovel tests were placed in areas of high site potential as 

defined above. For the ICL power block area, shovel tests were 

placed at 50 meter intervals along transects spaced at distances 

appropriate to the specific locale. In no case did the transect 

• spacing exceed 100 meters. In addition to tests, 
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judgementally placed shovel tests were also excavated when appro-

priate to adequately test an area. 

All shovel tests measured approximately 40-50 centimeters in 

diameter and were excavated to a depth of one meter unless preven-

ted by groundwater seepage, bedrock, or other soil conditions. All 

excavated soil was screened through 1/4" mesh hardware cloth. The 

location of each shovel test was plotted on a 1" = 400 I aerial 

photograph and soil stratigraphy records were maintained for each 

test pit. Recordation of the soil profiles was carried out to the 

nearest half decimeter. 

Good surface exposure was provided by the many dirt roads, 

recently cleared areas and trails, and animal burrows which are 

present throughout the property. These exposures were visually 

inspected for cultural material whenever possible. It is estimated 

that hundreds of such exposures were examined during the course of 

the survey. 

The pipeline corridor is proposed to be within the existing 

csx railroad right-of-way, immediately west of SR 710. During the 

construction of these two thoroughfares, the original ground 

surface has been subjected to sUbstantial disturbance such as the 

construction of drainage ditches, deposition of fill dirt as a 

foundation bed for the roadway, and the burying of subterranean 

utilities (electrical, gas, and telephone lines). This left little 

soil within the proposed pipeline corridor intact enough to merit 

subsurface testing; indeed, most of the area has undergone 

secondary or tertiary redeposition and had standing water at the 

• 
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time of inspection. The whole pipeline tract was subjected to 

extensive visual inspection and, where appropriate, subsurface 

testing . 
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RESULTS AND RECOMMENDATIONS 

The ICL plant site and pipeline corridor were surveyed by 

means of intensive surface inspection and subsurface testing where 

applicable. Sixty-three shovel tests were excavated. No prehis-

toric cultural materials were uncovered, but two historic areas of 

interest and a few scattered Herty cup fragments were found during 

the cultural resource assessment survey. 

Neither the areas of historic interest, nor the Herty cup 

fragments are sufficiently noteworthy to merit the designation of 

an archaeological site. The Herty cup fragments, dating to the 

early 20th century, do indicate the existence of a turpentine or 

navel stores industry in the area. A brief description and • evaluation of the other two areas of cultural interest are 

presented below. The locations of these two areas are shown in 

Figure 3. 

The Trash Dump is located in Township 39S, Range 38E, section 

35, SW/SW/SE (USGS Okeechobee 4 SE, photorevised 1983). This 

historic feature is located outside of the ICL project boundary, 

1200 feet to the southeast. Artifacts recovered consist of post 

Depression-era glass bottles for whiskey and ink; whiteware, 

stoneware, and porcelain ceramics; and brick fragments in a small 

surface pile that appears to have been recently moved. 

There is no structure or other evidence of homesteading in the 

area. This site appears to be a 1940s or 1950s dump site, 

considering its seeming isolation and location near an improved • 



• 

• 

• 

37 

1 . 

-L.LLL.LJLL.L.L.L4-~-. ' ----r-~ .-~ 
-'-

- &-, -:- I ) _ •• -li' :.--." •••••• 

~6 J 

, 
- , . .... 27 '-- ~~ .. 1-',. 

_ ~ ..... ___ :~.c 

...,-
.,:: 

f ~""-
,,?'-l 

... 
)... .. I, 

N 

IIII 
3 

L ....... ! x: ! 
I 0- 1000 ~ 3000 

Scale In feet 

.... / 

35 

HISTORIC 
TRASH DUMP 

2 
I I I I I I 

0- 0.5 1 
Scale In kilometers 

Figure 3: 
Map of project area showing locations of 

archaeological areas of interest discovered during 
.... the survey. 
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secondary road. Due to the limited and unexceptional nature of 

this dump site, the potential for more information to be recovered 

from further investigation is low. This dump is not considered 

regionally or locally significant, and not eligible for listing on 

the National Register of Historic Places. No further work is 

recommended for this feature. 

The Zana Railroad Water Reservoir is located in Township 39S, 

Range 27E, section 2, SE/NW/SW (USGS Okeechobee 4 SW, photorevised 

1983.) This feature consists of a small camping shack and a large, 

angular concrete structure with a line of tall, burnt pine poles on 

the south, extending toward the southeast. Field observations lead 

the archaeologists to speculate that this feature may have been a 

water reservoir for a steam powered tram or locomotive. 

This feature lies immediately south of the pipeline corridor, 

outside the project area, and will not be adversely affected by the 

construction of the pipeline. 

• 
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SUMMARY 

Two areas of historic period activity and no prehistoric sites 

were discovered during the cultural resource assessment survey of 

the ICL plant site and pipeline corridor. The trash dump, found 

immediately outside of the proposed ICL plant site is a surficial 

dumping area of little historic interest. The other area is an 

historic camp with a concrete water-retention structure and lies to 

the south of the railroad tracks, outside the pipeline corridor. 

Because this feature is located outside of the project area, its 

full evaluation is beyond the scope of this project. 

In conclusion, no archaeological or historical sites eligible 

for inclusion in the National Register of Historic Places were 

found within the proposed project site boundaries or within the 

associated pipeline corridor. 
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3.4 AIR EMISSIONS AND CONTROLS 

3.4.1 AIR EMISSION TYPES AND SOURCES 

3.4.1.1 Sources 

The primary source of air emissions will be the main boiler, firing coal. There will 

be one main stack. The stack location has been previously identified in Figure 

3.2.04, Emission POint Diagram. The Best Available Control Technology (BACT) 

for the primary source IS addressed in Section 3.4.3. 

The ICL project's secondary air emission sources will be as follows: 

• Material handling systems 

• Auxiliary bOiler 

• No.2 fuel tank 

The supporting dry bulk material handling systems (coal, lime, and ash) will be 

sources of fugitive dust. The BACT for these sources is addressed in 

Section 3.4.3. 

The auxiliary boiler will operate normally only during startup of the main boiler or 

if the main boiler IS down and process steam is required for Caulkins Citrus 

Processing. The auxiliary boiler would rarely operate concurrently with the main 

boiler under normal load operation. The auxiliary boiler will operate no more than 

1,000 hours per year. 

The cooling tower will also be a source of emissions. Solids formed in the cooling 

tower water treatment system can be carried out of the tower in water droplets 

(drift from the tower) and deposited on the surrounding area . 
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3.4.1.2 Emissions 

The estimated maximum air pollutant emissions from the ICL project represent full 

load conditions from the bOiler and flue gas treatment systems from suppliers 

currently under consideration. These emission rates are not inclusive of 

background ambient concentrations introduced into the combustion process. 

These emissions, as well as the auxiliary bOiler emissions, are summarized in Table 

3 4 1-1. A comparison of these emission rates with summary of significant 

emission rate thresholds (as defined In Florida Administrative Code, F.A.C.17-

2310) given In Table 3.4.1-2 demonstrates that the project IS subject to Prevention 

of Significant Deterioration (PSD)!BACT review for sulfur dioxide (S02)' particulate 

matter (PM 10 and TSP), nitrogen dioxide (N02), carbon monoxide (CO), volatile 

organic compounds (VOC) beryllium, Inorganic arseniC, and mercury. A complete 

PSD application IS presented In Section 10.1.5. 

3.4.1.3 Emissions Inventory 

For emissions Inventory purposes, DER Form 17-1.202(1), "Application to Operate! 

Construct Air Pollution Source," has been completed and IS included in Section 

10.1.5. These emissions are based on a 100 percent capacity factor. 
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Table 3.4.1-1 
WORST CASE CONTROLLED EMISSION RATES 

(Page 1 of 3) 

Main Boiler Emissions (tons/year based on 100 percent capacity factor) 

FUEL 

POLLUTANT Coal 

Sulfur Dioxide 2549 

Particulates 270 

Nitrogen Dioxide 2549 

Carbon Monoxide 1647 

Volatile Organic Compounds 1 54 

Lead 0.28 

Beryllium 0.041 

Mercury 0.172 

Inorgamc Arsenic 0.765 

Total Fluondes 22.26 

1 No.2 fuel oil tank will contribute a maximum of 180.6 pounds per year of VOC. 

Source: Bechtel, 1990 
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Table 3.4.1-1 
WORST CASE CONTROLLED EMISSION RATES 

(Page 2 of 3) 

Auxiliary Boiler Emissions (Ib/hr) 

Basis: One 225,000 Ib/hr steam unit 

FUEL 

POLLUTANT Natural Gas 

Sulfur Dioxide 6.16 

Particulates 0.5 

Nitrogen Dioxide 35.8 

Carbon Monoxide 33.6 

Volatile Organic Compounds 1.35 

Lead Negligible 

Source: Bechtel, 1990 
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• Table 3.4.1-1 
FUGITIVE EMISSION RATES 

(Page 3 of 3) 

Fugitive Emissions 

Hours of Maximum 
Source Control Device Operation Ib/hr 

Coal Unloading Area Fabric Filter 4 0.34 

Active Storage Area Fabric Filter 4 0.696 

Coal Reclaim Area Fabnc Filter 8 0.0007 

Crusher Tower Area Fabnc Filter 8 0.2887 

Silo Bay Area Fabnc Filter 8 0.0010 

Ash Silo Area Fabric Filter 12 0.2088 

Ash Recycle Area Fabric Filter 12 0.0588 

• Lime Handling Area Fabric Filter 12 0.0132 

Soda Ash Silo Area Fabric Filter 12 0.0024 

Cooling Tower Mist 24 43.0 * 

* Note: This is salt deposition where the other emissions are dust. 

Source: Bechtel, 1990 
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Table 3.4.1-2 
SIGNIFICANT EMISSION RATES 

(FROM FLORIDA ADMINISTRATIVE CODE) 

Pollutant 

Carbon Monoxide 

Nitrogen OXides 

Sulfur DIoxide 

Particulate Matter (PM) 

TSP 

VOC 

Lead 

Asbestos 

Beryllium 

Mercury 

Vinyl Chloride 

Total Fluorides 

Sulfuric ACid Mist 

Hydrogen Sulfide 

Total Reduced Sulfur 

Reduced Sulfur Compounds 

Rate (tons per year) 

100 

40 

40 

25 

15 

40 

0.6 

0.007 

0.0004 

0.1 

1 

3 

7 

10 

10 

10 

Source: 40 CFR 51.24 Prevention of Significant Deterioration of Air Quality and 
Table 500-2 contained in F.A.C. 17-2500(2)(e)(2) . 
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3.4.2 AIR EMISSION CONTROLS 

3.4.2.1 Nitrogen Oxides 

Nitrogen oxides (NOx) will be emitted from boch the PC boiler and auxiliary boiler 

at the ICL facility. As with all combustion sources, NOx emissions from these two 

units arise by either the thermal oxidation of nitrogen in the combustion air or the 

reduction and subsequent OXidation of fuel nitrogen. 

Control of NOx emissions may be accomplished through either minimization of 

pollutant formation or by flue gas control devices. 

PC Boiler 

NOx emissions from the PC boiler will be controlled by combustion controls and 

selective non-catalytic reduction (SNCR). The SNCR process is based on a gas 

phase homogeneous reaction, within a specified temperature range, between NOx 

in the flue gas and reagent injected into the furnace to produce gaseous nitrogen 

and water vapor. 

One commercially available ammonia-based SNCR process is Thermal DeNOx®, 

a system patented by Exxon Corporation in 1976. In the Indiantown PC boiler, 

reagent will be injected into the furnace at a point specifically selected to provide 

optimum reaction temperature and residence time. 

The chemical mechanism of the Thermal DeNOx® process involves at least 31 

significant chemical reactions. The main NOx reduction chemical reaction, which 

must take place in a temperature range of 1600 to 2200 • F in order to be effective 

is: 
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The equipment that would comprise the Thermal DeNOx® system includes the 

following items: 

• Multiple rows of injection headers and nozzles (only one row utilized, 

but several provided to allow for process modifications required due to 

furnace temperature profile) 

• Necessary piping for delivery of vaporized ammonia, carrier gas, and 

mixed gas Into the injection headers 

• Air compressors and reservoir to provide air for carrier gas and 

ammonia Injection requirements (sufficient carrier gas pressure is 

necessary to achieve uniform distribution of ammonia throughout the 

combustion zone) 

• Aqueous ammonia storage and vaporization facility 

• Instrumentation and control system 

Use of SNCR will limit NOx emissions from the PC boiler to 0.17 Ib/MMBtu, 

equivalent to 582 Ib/hr at full load. 

Auxiliary Boiler 

For the auxiliary oil- and natural gas-fired boiler, NOx emissions will be minimized 

through the use of combustion controls. Formation of NOx is a function of excess 

air level, furnace temperature, and furnace residence time. Combustion controls 

seek to minimize NOx formation by adjusting one or more of these variables. The 

auxiliary boiler will employ low excess air and low NOx burners to maintain NOx 
emissions below 0.2 Ib/MMBtu when burning No.2 fuel oil, which is eqUivalent to 

68 Ib/hr at full auxiliary boiler load. 
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3.4.2.2 Sulfur Dioxide and Acid Gases 

PC Boiler 

Control of sulfur dioxide (S02) and acid gases (H2S04 and HF) in the PC boiler will 

be accomplished by a lime spray dryer system operating in conjunction with a 

fabric filter. In the spray dryer, an alkali reagent slurry will be injected into a 

reaction vessel. The S02 and acid gases formed in the combustion process will 

react with the alkali slurry to form liquid phase salts which are dried to about 

1 percent free mOisture by heat in the flue gas. Both the dry reaction products 

and coal fly ash will then be removed from the flue gas by the downstream fabnc 

filter. 

This control alternative will achieve a level of S02 emission similar to levels 

achieved with wet scrubbing alternatives, but without generating a wet scrubber 

sludge. Wet systems typically generate a sludge which contains 10 to 30 percent 

moisture. Therefore, the waste solids from wet scrubbing must be either handled 

wet, or dried further to be handled as a dry product. Spray dryer systems 

generate a product which is dry and, in the case of ICL~acility, can be returned by 

rail with the fly ash to the coal mine for disposal. ' 

Equipment for the spray dryer system will include absorber vessel(s), pebble lime 

receiving and storage equipment, a lime ~Iaker, liQ"le,slurry feed and recirculation 

tanks, and spent reaction product storage and ha~dling facilities. The S02 control 

system will have a maximum S02 emi~~io~' level of 0.17 Ib/MMBtu, which IS 

equivalent to an emission rate of 582 Ib/hr at full load. 

Auxiliary Boiler S02 emissions from the auxiliary boiler will be controlled by 

burning only low sulfur fuel. Fuel 011 will be purchased with a maximum sulfur 

content of 0.05 percent, which is equivalent to an emission rate of 0.052 Ib/MMBtu 

or 17.8 Ib/hr at full auxiliary boiler load. Natural gas is expected to have negligible 
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sulfur content and essentially zero emissions of 802 are anticipated during natural 

gas firing. 

3.4.2.3 Particulate Matter and Trace Elements 

PC Boiler 

Emissions of particulate matter from the PC boiler will be controlled by a fabric filter 

(baghouse). Furnace flue gas, after passing through the spray dryer, will enter the 

baghouse at an Inlet manifold and gas distributor. Gas will pass through the fabric 

bags from the inside to the outside; collected particulate will be retained on the 

inner surface of the bags. When the particulate buildup on the surface of the bags 

reaches a preset thickness, an automatic, off-line, reverse-air cleaning cycle will be 

initiated. Collected particulate will drop from the bags into collection hoppers and 

be conveyed to storage in the ash silo . 

Features specified for the ICL facility baghouse system include: 

• An alr-to-cloth ratio of 2.0 feet/minute with one compartment cleaning 

and one compartment out of service for cleaning and maintenance 

(This configuration will minimize baghouse pressure drop and increase 

bag life.) 

• Bypass ducting for boiler startup on fuel oil 

• Continuous opacity monitoring 

• An independent reverse air cleaning system, including controls, 

instrumentation, and reverse-air fan 

20524 01B\lnd,an1n SCA 3.4.2-4 



• 

• 

• 

Auxiliary Boiler 

Emissions of particulate matter from the auxiliary bOiler will be minimized by firing 

only fuels with low ash content: very low sulfur No. 2 fuel oil and natural gas. 

3.4.2.4 Carbon Monoxide and Volatile Organic Compounds 

Emissions of carbon monoxide (CO) and volatile organic compounds (VOC) will 

be minimized in both the PC boiler and the auxiliary boiler by providing conditions 

in each combustion unit to ensure complete combustion. These will include the 

use of proper excess air, monitored through advanced combustion controls, and 

design of the boiler furnace to provide maximum fuel-air mixing and turbulence . 
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3.4.3 BEST AVAILABLE CONTROL TECHNOLOGY 

Best Available Control Technology (BACT) IS discussed in detail in the PSD 

application (10.1.5). 

3.4.3.1 Nitrogen Oxides 

Formation 

Nitrogen OXides (NOx) are formed in combustion sources by either the thermal 

oXidation of nitrogen in the combustion air or the reduction and subsequent 

oXidation of fuel nitrogen. Virtually all NOx emissions onginate as nitric oxide (NO) 

as both nitrogen and oxygen dissociate into atomic form at the high temperatures 

within the boiler and then recombine to form NO. A minor fraction of the NO is 

further oxidized In the flue gas system to form N02. The coal planned for this 

project Will contain some nitrogen compounds, which Will primarily be in the form 

of aromatic nitnles, pyridlnes, and pyrroles. However, the bulk of the NOx 
formation in thiS facility will be through thermal oxidation of nitrogen from the 

combustion air, referred to as thermal NOx' 

The rate of formation of thermal NOx is a function of the residence time, free 

oxygen, and peak flame temperature. Therefore, most combustion control 

techniques for thermal NOx are aimed at minimizing one or more of these 

vanables. Other control methods, known as "tail gas" or "back-end" techniques, 

remove NOx from the exhaust gas stream. 

Alternative Controls 

PC Boiler 

The alternative NOx controls which are applicable to the proposed PC boiler 

Include combustion controls, selective non-catalytic reduction (SNCR) and selective 

catalytic reduction (SCR). It should be noted that the latter two alternatives, SNCR 
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and SCR, have not been demonstrated in the United States on a PC boiler firing 

domestic coals. They have, however, been applied to PC units in Japan and 

Europe, as detailed further In Section 10.1.5 (PSD Application). 

Auxiliary Boiler 

NOx emissions from the 011- and natural gas-fired auxiliary boiler, as with the coal­

fired PC bOiler, can be controlled either through combustion modifications or add­

on technology. Add-on controls include SCR and SNCR; combustion modifications 

Include low excess air (LEA) firing, flue gas recirculation (FGR), and low NOx 
burner (LNB) design. 

Technical Considerations 

For either the PC boiler or the auxiliary bOiler, the two most stringent control 

alternatives are SCR and SNCR. For the auxiliary boiler, flue gas recirculation 

followed by low NOx burners are the next most stringent alternatives . 

The SCR process Involves post-combustion removal of NOx from the flue gas with 

a catalytic reactor. Ammonia (NH3) is injected into the flue gas stream upstream 

of the catalyst bed, and NOx and NH3 combine at the catalyst surface, forming 

elemental nitrogen and water. 

PC Boiler 

For the PC bOiler, the technical feasibility of applying SCR is questionable, since 

thiS alternative has never been demonstrated on domestic coal-fired sources. 

Although It has been applied to sources firing coal in both Japan and Europe, 

there are differences In the coals and boiler operating practices between these 

applications and domestic applications which result in SCR being technically 

Infeasible In this application. There are unresolved technology-related issues 

relating to the use of thiS alternative in a US application, including lack of 

demonstration on pilot-scale units firing US fuels, differences between US and both 

Japanese and European fuels, as well as differences between the proposed ICL 
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equipment confIguratIon and unIts where SCR has been applied. These 

consideratIons are dIscussed In detail In SectIon 10.1.5 (PSD Application). 

The SNCR process IS based on a gas phase homogeneous reactIon, withIn a 

specified temperature range, between NOx in the flue gas and injected reagent to 

produce gaseous nItrogen and water vapor. As the name implies, SNCR systems 

do not employ a catalyst, and consequently operate at hIgher temperatures than 

SCR systems. 

The SNCR process IS described in Section 3.4.2.1 and in greater detail in Section 

10.1.5 (PSD Application). Technrcal factors related to application of this technology 

In the ICL facility include maintaInIng the appropriate temperature range, 

minimIzation of ammonIum salt formatIon, and effect on downstream equipment. 

Reagent injectIon nozzles must be situated In locatIons within the boiler to ensure 

that the reagent reacts WIth flue gas at the appropriate temperature. This is best 

accomplished uSIng multIple injectIon locations . 

Ammonrum salts are formed by the reaction of free ammonia with sulfur oxides. 

These salts tend to condense out of the flue gas at temperatures below 300 of; in 

the ICL confIguratIon these salts could plug the boiler, air preheater, and partIculate 

control system. MinimizatIon of ammonia slip (unreacted ammonia) represents the 

only means to control ammonium salt formation. 

Auxiliary Boiler 

For the auxiliary boiler, both SCR and SNCR have been applied to domestic 

sources fIring both fuel oil and natural gas. However, for fossil fuel boilers with 

restncted operatIng hours, the use of flue gas recirculation or low NOx burners is 

more common due to the high cost of add-on controls. 

Flue gas recirculation involves extracting a portion of the flue gas from the stack 

and returnIng it to the furnace through the burner or wInd box. NOx formation is 

reduced vIa a reductIon of the peak flame temperature and a lowering of the 
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oxygen concentration in the combustion zone. NOx reduction potential is directly 

related to the flue gas recirculation rate. At rates greater than 25 to 30 percent, 

however, flame stability is compromised and the net thermal output of the 

combustion source is decreased. Therefore, the tradeoff between lower NOx 
emissions and heat output generally limit flue gas recirculation rates to below 

25 percent. 

In low NOx burners, NOx control IS accomplished by injecting part of the fuel into 

the bulk of the combustion air and the remainder of the fuel into primary and 

secondary combustion zones within the same burner. Thermal NOx generation in 

the primary combustion zone is limited in this fuel-lean zone by the reduced peak 

flame temperature that results. The combustion products from this primary zone 

(hydrogen, carbon monOXide, and hydrocarbons) are carried into the secondary 

combustion zone, lowenng the local oxygen concentration and reducing the peak 

flame temperature In this zone as well. Combustion products from the pnmary 

zone also provide redUCing agents for NOx reduction in the secondary zone. 

Finally, zoned combustion permits complete combustion with lower excess air 

levels than standard burners, which further enhances NOx emission reductions. 

Economic Considerations 

PC Boiler 

Capital and annual operating costs associated with operation of an SCR system 

and an SNCR system on the PC boiler were estimated from vendor information. 

These costs are presented in the cost format outlined in the EPA 1990 edition of 

the Office of Air Quality Planning and Standards "Control Cost Manual" in Tables 

3 4.3-1 and 3.4.3-2. Since neither system has ever been installed on a PC boiler 

finng US coals, system designs have to be conservative and contain sufficient 

contingency to account for Indeterminant process variables, including catalyst life, 

formation of ammonium salts, and effect on downstream equipment. 
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• Table 3.4.3-1 
CAPITAL COSTS FOR NOx CONTROL ALTERNATIVES - PC BOILER 

SCR SNCR 
Purchased Equipment 

(a) BasIc Equipment 9,900,000 3,000,000 
(b) Auxiliaries 2,300,000 included 
(c) Instrumentation and Controls 990,000 included 
(d) Structural Support 990,000 300,000 
(e) Freight & Taxes 1,134,000 264,000 

Direct Installation 4,594,000 1,069,000 

Total Direct Costs (TDC) $19,908,000 $4,633,000 

Indirect Installation 
(a) Engineering & Supervision 1,991,000 463,000 
(b) Construction & Field Expense 1,991,000 463,000 
(c) Construction Fee 995,000 232,000 
(d) Contingencies 3,982,000 927,000 

Other Indirect Costs 

• (a) Startup & Performance Test 199,000 46,000 
(b) Working Capital 241,000 207,000 
(c) License Fee 1,137,000 

Total Indirect Costs (TIC) $9,399,000 $3,475,000 

Total Capital Cost (TCC) $29,307,00Q $8,108,000 

Annualized Capital Recovery $4,757,000 $1,316,000 

(ammortlzed over 10 years 
straight line @ 10% Interest rate) 

Cost Factors: 1990 OAQPS Control Cost Manual 

• 
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• Table 3.4.3-2 
ANNUAL COSTS FOR NOx CONTROL ALTERNATIVES - PC BOILER 

SCR SNCR 

Direct Operating Costs 

Labor 
(a) Operating (8 hours/shift) $175,200 $175,200 
(b) Supervisory 26,000 26,000 

Maintenance 
(a) Labor 214,200 214,200 
(b) Supplies (50% Malnt. Labor) 107,000 107,000 

Replacement Parts 
(a) Catalyst 957,000 

Utilities (2) (3) 
(a) Air 
(b) Steam 47,000 
(c) Electricity 1,193,000 1,567,000 

• Raw Materials - Ammonia (2)(3) 248,000 427,000 

Catalyst Disposal (2) 13,000 

Indirect Operating Costs 

Overhead 99,000 99,000 

Taxes 293,000 81,000 

Insurance 293,000 81,000 

Administration 586,000 162,000 

Annual Operating Costs $4,205,400 $2,939,400 
Annual Capital and Operating Costs $8,961,400 $4,255,400 

Annual Tons Removed (4) 1,499 1,499 
Cost Effectiveness ($/ton) $5,978 $2,839 

• 
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Table 3.4.3-2 (Continued) 

Notes: 
(1) catalyst replacement at 100% in 5 years 
(2) per Bechtel Power 
(3) based on 100% capacity 
(4) based on 0.17 Ib/MMBtu emission limit 

-compared to bOiler emission rate 0.27 Ib/MMBtu 
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Estimated direct costs for the SCA system, including catalyst, catalyst housing, 

ammonia storage, piping and instrumentation are $19,908,000. Considering 

Installation charges and indirect charges, the total capital cost is estimated at 

$29,307,000. Annual costs for SCA include operating labor charges (one additional 

operator/shift), replacement parts including catalyst replacement, additional 

electrical cost for fan power associated with increased pressure drop due to the 

catalyst, ammonia cost, catalyst disposal cost, and indirect operating costs. Total 

annualized cost, Including capital recovery charges (based on 10 percent interest 

rate and 10-year equipment life), IS estimated at $8,961,400. 

Estimated direct costs for SNCR, including injection nozzles, reagent storage and 

vaporization equipment, piping, and instrumentation are $4,663,000. Considering 

installation charges and indirect charges, the total capital cost is estimated at 

$8,108,000. Annual costs for SNCA include operating labor charges (one 

additional operator/shift), additional electrical cost for fan power associated with 

vaporization and pumping, reagent cost, and indirect operating costs. Total 

annualized cost IS estimated at $4,255,400 . 

Based on an emission limit of 0.17 Ib NOx/MMBtu, either PC control alternative 

would control an estimated 1 ,499 tons of NOx per year more than the use of 

combustion controls (at 0.27Ib/MMBtu) alone. Cost effectiveness for SCA is thus 

estimated to be $5,978/ton of NOx controlled, which is not considered cost 

effective. For SNCA, cost effectiveness is estimated at $2,839/ton, which is 

considered reasonable. 

Auxiliary Boiler 

SCA, SNCA and FGA capital and annual operating costs for the auxiliary boiler 

were estimated based on vendor information for a similar project. These costs are 

presented on Tables 3.4.3-3 and 3.4.3-4. Capital equipment for the SCA and 

SNCA alternatives would be the same as described above, although the size of the 

equipment would be reduced compared to the equipment designed for the PC 
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• Table 3.4.3-3 
CAPITAL COSTS FOR NOx CONTROL ALTERNATIVES g 

AUXILIARY BOILER 

SCR SNCR FGR 

Purchased Equipment 
(a) Basic Equipment 675,000 470,000 318,000 
(b) AuxIliaries included included included 
(c) Instrumentation and Controls 68,000 47,000 32,000 
(d) Structural Support 68,000 47,000 32,000 
(e) Freight & Taxes 65,000 45,000 31,000 

Direct Installation 263,000 183,000 124,000 

Total Direct Costs (TDC) $1,139,000 $792,000 $537,000 

Indirect Installation 
(a) Engineering & Supervision 114,000 79,000 54,000 
(b) Construction & Field Expense 114,000 79,000 54,000 
(c) Construction Fee 57,000 40,000 27,000 
(d) Contingencies 34,000 24,000 16,000 

• Other Indirect Costs 
(a) Startup & Performance Test 11,000 8,000 5,000 
(b) Working Capital 31,000 26,000 14,000 
(c) license Fee 175,000 

Total Indirect Costs (TIC) $361,000 $431,000 $170,000 

Total Capital Cost (TCC) $1,500,000 $1,223,000 $707,000 

Annualized Capital Recovery $243,000 $198,000 $115,000 
(ammortlzed over 10 years 
straight line @ 10% Interest rate) 

Cost Factors: 1990 OAQPS Control Cost Manual 

• 
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Table 3.4.3-4 
ANNUAL COSTS FOR NOx CONTROL ALTERNATIVES -

AUXILIARY BOILER 

SCR SNCR FGR 

Direct Operating Costs 

Labor 
(a) Operating $87,600 $87,600 
(b) Supervisory 13,000 13,000 

Maintenance 
(a) Labor 107,100 107,100 87,600 
(b) Supplies (50% Malnt. Labor) 54,000 54,000 44,000 

Replacement Parts 
(a) Catalyst (1) 41,000 
(b) Equipment 68,000 47,000 32,000 

Utilities 
(a) Air 
(b) Steam 4,000 
(c) Electricity 7,100 600 4,400 

Raw Materials - Ammonia 2,900 2,200 

Catalyst Disposal 1,300 

Indirect Operating Costs 

Overhead 50,000 50,000 16,000 

Taxes 15,000 12,000 7,000 

Insurance 15,000 12,000 7,000 

Administration 30,000 24,000 14,000 

Annual Operating Costs $492,000 $413,500 $212,000 
Annual Capital and Operating Costs $735,000 $611,500 $327,000 

Annual Tons Removed (2) 27.4 20.5 17.1 
Cost Effectiveness ($/ton) $26,864 $29,800 $19,123 
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• Table 3.4.3-4 (Continued) 

Notes: 
(1) catalyst replacement at 50 percent in 5 years 
(2) compared to NSPS 0.2 Ib/MMBtU with 1000 annual operating hours 

• 
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bOiler. In addition, a different catalyst would be used for the oil- and gas-fired 

auxiliary boiler than would be employed for the PC boiler. 

Total capital costs for the SCA alternative on the auxiliary boiler are $1,500,000. 

Based on 1,000 hours/hr annual operation, the annual cost of this alternative IS 

estimated at $735,000/yr. Compared to the NSPS for this size unit, an SCA 

system designed for 80 percent control would reduce annual NOx emissions by 

27.4 ton/yr for a cost effectiveness In excess of $26,864/ton, which is considered 

unreasonable and unrepresentative of BACT. 

Total capital costs for the SNCA alternative on the auxiliary boiler are estimated at 

$1,222,000; annual costs are estimated at $611 ,500/yr. Based on a design control 

efficiency of 60 percent, this alternative would control 20.5 ton/yr and have a cost 

effectiveness of $29,800/ton. This is also considered unrepresentative of BACT 

costs for Similar sources. 

Capital costs for the FGA alternative, including additional ductwork, recirculation 

fan, insulation and control instrumentation, are estimated at $707,000. Annual 

costs are estimated at $327,000/yr with 17.1 ton/yr controlled assuming a 

reduction efficiency of 50 percent. Cost effectiveness of FGA is thus $19,123/ton; 

similarly this IS considered excessive and unrepresentative of BACT. 

There is no adverse economic impact associated with the use of low NOx burners. 

Environmental Considerations 

Adverse environmental impacts associated with the use of SCA include disposal 

of spent catalyst and Issues pertaining to emissions of unreacted ammonia. For 

SNCA, unreacted ammonia emissions are the only significant environmental 

consideration . 
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The SCR catalyst matenal will be subject to loss of activity and poisoning and will 

need to be penodlcally replaced. The disposal of spent catalyst, which contains 

vanous heavy metals and thus considered to be hazardous waste, is an 

environmental burden and potential liability. Certain catalyst formations must be 

washed annually in order to be cleaned and regenerated. Wastewater treatment 

and/ or hazardous waste disposal of the wastewater treatment residues would pose 

additional adverse economic and environmental Impacts with these SCR systems. 

In light of the restncted water availability of Flonda and stringent wastewater 

discharge requirements In this area, the generation of large amounts of hazardous 

wastewater represents a significant adverse Impact for this potential application. 

Not all the reactant ammonia will be consumed in the NOx reduction reactions. 

Emissions of unreacted ammonia (ammonia Slip) are thus another adverse 

environmental consideration in any application of SCR and SNCR. Vendors claim 

that the deSign and proper operation of the catalyst reactor will keep ammonia slip 

to less than 10 ppm. However, catalyst deSign is governed principally by NOx 
removal required and allowable ammonia slip. Therefore, requiring either higher 

NOx removal or lower reSidual ammonia requires greater amounts of catalyst, 

thereby Increasing costs. Consequently, to a certain extent there is a tradeoff 

between NOx and ammonia emissions in any application of SCR. 

Conclusions 

PC Boiler 

SCR and SNCR are considered the most stringent NOx control alternatives. SeR 

has been applied to commercial scale coal-fired sources in both Japan and Europe 

after Intensive R&D and process development work on laboratory-scale and pilot­

scale equipment. In transferring SCR technology from the commercial applications 

in Japan to European sources, technical problems arose which were not 

anticipated given the, Japanese experience. SCR has never been applied, 

however, to a commercial-scale Unit finng domestic coals, and has never been 
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applied to a commercial PC unit in either Japan or Europe using a bag house for 

particulate control. Problems comparable to those encountered in European SCR 

applications are expected for US applications. However, pilot-scale studies to 

validate this technology on US coals are In their early stages. Therefore, SCR is 

not considered technically feasible at the present time, and thus not BACT, for 

Indiantown. Finally, the imposition of this technology would result in an increase 

in annual operating costs of $9,806,000/yr, which is also considered unreasonable 

given the current developmental status of this alternative in the US on coal-fired 

sources. 

SNCR has similarly never been applied on a commercial scale boiler firing 

domestic coals, and there are technical issues which must be addressed involving 

minimization of the condensation of ammonium salts, maintenance of system 

operating temperature dunng reduced load conditions, and compatibility of the 

system with downstream air pollution control equipment. The technology is 

currently in use at domestic coal-fired CFBs, and although these applications may 

be more favorable for the application of SNCR, the technical issues are considered 

manageable. Compared to the base case combustion controls, the application of 

SNCR to Indiantown with an emissions level of 0.17 Ib/MMBtu results in an 

increase in capital and operating costs of $3,369,000 and a cost effectiveness of 

$2,248/ton of NOx controlled. 

Therefore, based on these technical and economic factors, the use of SNCR is 

concluded to be representative of BACT for control of NOx for the PC boiler. 

Auxiliary BOiler 

For the auxiliary bOiler, SCR IS considered the most stringent control alternative; 

however, due to the limited operating hours of this source, this alternative would 

result in unreasonable annualized costs. SNCR, as the next-most stringent 

alternative, is similarly concluded to be economically Infeasible. FGR would be the 

third-most stringent alternative; this control method is similarly concluded to be 

unreasonable based on excessive cost effectiveness . 
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The use of low NOx burners, as the next alternative, would not have unreasonable 

annual economic or energy impacts, and use of this alterative would not result in 

adverse environmental Impacts. It IS therefore concluded to represent BACT for 

control of NOx from the auxiliary bOiler. 

3.4.3.2 Sulfur Dioxide and Acid Gases 

Formation 

Emissions of sulfur oXides (SOx) and acid gases (H2S04 and HF) are generated in 

coal-fired sources from the release in the furnace of sulfur and fluorine present in 

the fuel. Sulfur compounds are formed when the organic and pyritic sulfur is 

OXidized, forming primanly sulfur dioxide (S02) with smaller quantities of sulfur 

trioxide (S03) and sulfates (S04). Sulfur tnoxide further reacts with water present 

In the flue gas to form H2S04. 

Upon combustion, approximately 98 percent of the sulfur in bituminous coal is 

emitted as gaseous sulfur oxides. Uncontrolled emissions of S02 are thus affected 

only by the fuel sulfur content and not by the firing mechanism, boiler size, or 

operation. 

Sulfunc acid (H2S04) and hydrogen fluoride (HF) gas emissions are created in 

coal- and oil-fired combustion sources after sulfur and fluorine are released in the 

furnace from burning fuel containing trace levels of these elements. 

Conversion of fluorine to HF depends on the air/fuel mixing, the combustion 

temperature, and the presence of other trace elements. The formation and 

emission of H2S04, however, depends on the quantities of gaseous S03 and 

mOisture In the flue gas. S03 reacts rapidly with water In the flue gas and stack 

vapor plume to form H2S04 • 
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The amount of 803 present in the flue gas depends on the fuel sulfur content as 

well as conditions supportive of secondary oXidation of sulfur dioxide to sulfur 

trioxide. Combustion temperature, alkali component concentration in the fuel, and 

excess oxygen level are a few of the factors governing 8°2/8°3 conversion. 

Alternative Controls 

Control of 802 and acid gas emissions is primanly effected by removing these 

pollutants from the flue gas with either wet or dry scrubbing alternatives. 8uch 

systems are generally designed to reduce 802 and are referred to as flue gas 

desulfurizatlon (FGD) devices. 

In addition, limiting the fuel sulfur content is an applicable control alternative, 

particularly for fuel-oil fired sources. 

Technical Considerations 

PC Boiler 

Wet scrubbing IS a diffusion process in which pollutants (in the forms of gases or 

mists) are transferred from the gas stream to the scrubbing liquid under saturated 

conditions. Wet scrubbing contact devices include spray towers, baffle towers, tray 

towers, and packed towers. 

In dry scrubbing systems, commonly referred to as spray dryers, an alkali reagent 

slurry IS Injected into a vessel sized for relatively long residence time. The 802 and 

acid gases react with the slurry to form liquid phase salts which are dried to about 

1 percent free moisture by heat In the flue gas. 

There are vanous types of wet FGD alternatives, although the most common in use 

are the limestone and wet lime processes. Like all wet scrubbing process, both of 

these processes generate a liquid wastewater effluent; wet scrubbing equipment 
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necessarily Includes wastewater treatment and disposal systems in addition to the 

contact device. 

Spray dryers, on the other hand, produce a dry reaction product which is collected 

In the baghouse filter. S02 collection efficiency is enhanced in a dry scrubbing 

system as the flue gas passes through collected unreacted reagent. 

The flue gas emitted from wet scrubbing processes is generally 20 to 40°F cooler 

than from spray dryers. This causes less plume rise, and hence, increased ground 

level concentrations (GLC) of all emitted pollutants. These increased 

concentrations cause potentially greater health risk impacts. Significant corrosion, 

erOSion, and scaling of wet scrubber equipment, piping, pumps, fans, and valves 

have been reported; thus, wet scrubbers require more frequent repairs, parts 

replacements, and general maintenance at the expense of high costs and reduced 

availability . 

Spray dryers achieve levels of S02 removal that are comparable to levels achieved 

with wet scrubbing systems. Spray drying technology is less complex 

mechanically than wet scrubbing systems and does not generate a liquid waste; 

thus treatment and disposal problems and costs are not incurred. Compared to 

wet scrubbing, the stack gas IS hotter, allowing for better plume dispersion and 

hence lower ground level concentrations. 

Auxiliary Boiler 

Control alternatives for the auxiliary boiler include wet scrubbing and fuel sulfur 

restrictions. According to the BACT /LAER Clearinghouse, dry scrubbing has not 

been applied to oil-fired sources. Since the use of a baghouse filter is not 

technically feasible for oil-fired sources (due to the sticky nature of oil particulate) 

and considering that spray dryers must be used in conjunction with a baghouse 

filter, the use of spray drying for control of S02 and acid gases is considered 

technically Infeasible for the auxiliary boiler . 
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Economic Considerations 

PC Boiler 

Both wet scrubbing and spray drying are considered equivalent for the PC boiler 

In terms of emission level. Therefore, it is the difference in operating cost between 

the two technologies, rather than the cost effectiveness, which is the key economic 

issue. 

Capital and annual operating cost information for these two control alternatives is 

shown on Tables 3.4.3-5 and 3.4.3-6, respectively. Limestone scrubbing is 

considered representative of wet scrubbing 802 control technology. The estimated 

equipment costs for this system, including spray tower, limestone storage, slurry 

preparation tankage, sludge dewatering and handling equipment, pumps, piping, 

and instrumentation are $45,490,000. Considering installation charges and indirect 

charges, the total capital cost IS estimated at $67,828,000. Annual costs for wet 

scrubbing Include operating labor charges, replacement parts, electrical cost both 

for fan power and pumping, limestone cost, sludge disposal cost, and indirect 

operating costs. Total annualized cost, including capital recovery charges (based 

on 10 percent interest rate and 10-year equipment life), is estimated at 

$31,385,000. 

Estimated equipment costs for spray drying, including absorber vessels (two in 

parallel), lime slurry preparation and storage, pumps, piping, dry solids handling 

and storage, and Instrumentation are $21,060,000. Considering installation 

charges and Indirect charges, the total capital cost is estimated at $32,271,000. 

Annual costs for spray drying include operating labor charges, additional electrical 

for fan power and associated pumping, lime cost, solids disposal cost, and indirect 

operating costs. Total annualized cost is estimated at $25,383,000. This 

represents a cost savings of approximately $6,000,000 compared to the wet 

scrubbing alternative . 
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As the more economic alternative to achieve the same emission level, the use of 

spray drying IS thus more representative of BACT than wet scrubbing. 

Auxiliary Boiler 

The cost of installing a sodium-based wet scrubber (the most common wet 

scrubbing alternative for oil-fired sources), was estimated based on a cost quote 

for a similar Installation. Capital and operating costs for this application are shown 

on Table 3.4.3-7 and 3.4.3-8, respectively. Total capital costs are estimated at 

$810,000; total annualized costs (including capital recovery) are estimated at 

$536,000/yr. Based on a 95 percent control efficiency and 1000 hours/yr of 

annual operation, this alternative would control 8.4 ton/yr compared to the use of 

low sulfur fuel for a cost effectiveness of over $63,000/ton controlled. This is 

conSidered unreasonable and unrepresentative of BACT. 

There are no adverse economic impacts associated with the use of low sulfur oil. 

Environmental Considerations 

For wet FGD systems, the most significant adverse environmental impact is that 

these systems generate a wet sludge which must be disposed of. On other 

sources where thiS 802 control alternative is utilized, the scrubber sludge is 

generally disposed of at onslte landfills. This practice, however, is not feasible at 

the ICL site. For the PC boiler, approximately 100,000 ton/yr of wet sludge would 

be generated, and this material would have to be sent to an offsite landfill for 

disposal. 

Conclusions 

PC Boiler 

Both wet FGD and spray drying are proven 802 and acid gas control alternatives. 

Both are capable of meeting an emiSSion limit of 0.17 Ib 802/MMBtu, which is 

comparable to the most stringent emission limits among operating PC plants. The 
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use of wet scrubbing, however, would requIre disposal of large quantities of wet 

sludge In landfills, while the solids generated by the spray dryer will be dry and 

returned to the coal mine with the fly ash for disposal. Furthermore, the spray 

dryer is estimated to achieve the same emission rate as the wet scrubber at an 

annual operatIng cost saving of nearly $6,000,000. Spray drying at an emIssion 

rate of 0.17Ib/MMBtu IS thus concluded to be BACT for S02 and acid gas control. 

Auxiliary Boiler 

Alternative controls for this source consist of wet scrubbing and fuel sulfur 

limitatIons. The use of wet scrubbing is considered unreasonable economically 

due to the limited hours of operation. The use of low sulfur fuel, which will limit 

S02 emissions to 8.9 ton/yr from the auxiliary boiler is therefore concluded to 

represent BACT. 

3.4.3.3 Particulate Matter and Trace Elements 

Formation 

The composition and amount of particulate matter emitted from coal-fired boilers 

are a function of firing configuration, boiler operation, and coal properties. 

Particulate matter WIll be emitted from the proposed pulverized coal boiler as a 

result of the entraInment of incombustible inert matter (ash), and condensible 

substances. Since PC systems attain almost complete combustion, very little 

unburned carbon is emitted as partIculate matter. 

Emissions of particulate matter in oil-fired boilers result from the ash in the fuel and 

incomplete fuel combustion. PM emissions vary in oil-fired sources with the sulfur 

content of the fuel, and are also dependent on boiler load, generally decreasing 

with decreasing load. 

Three regulated trace metals, mercury (Hg), beryllium (Be), and arsenic (As) will 

potentially be emitted from the proposed ICL PC faCIlity. The quantity and 
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Table 3.4.3-5 
CAPITAL COSTS FOR S02/ACID GAS CONTROL ALTERNATIVES­

PC BOILER 

WET FGD SPRAY DRYER 

Purchased Equipment 
(a) BasIc Equipment 27,000,000 12,500,000 
(b) Auxiliaries included included 
(c) Instrumentation and Controls 2,700,000 1,250,000 
(d) Structural Support 2,700,000 1,250,000 
(e) Freight & Taxes 2,592,000 1,200,000 

Direct Installation 10,498,000 4,860,000 

Total Direct Costs (TDC) $45,490,000 $21,060,000 

Indirect Installation 
(a) Engineering & Supervision 4,549,000 2,106,000 
(b) Construction & Field Expense 4,549,000 2,106,000 
(c) Construction Fee 2,275,000 1,053,000 
(d) Contingencies 9,098,000 4,212,000 

Other Indirect Costs 
(a) Startup & Performance Test 455,000 211,000 
(b) Working Capital 1,412,000 1,523,000 

Total Indirect Costs (TIC) $22,338,000 $11,211,000 

Total Capital Cost (TCC) $67,828,000 $32,271,000 

Annualized Capital Recovery $11,008,000 $5,238,000 
(ammortlzed over 10 years 
straight line @ 10% Interest rate) 

Cost Factors: 1990 OAQPS Control Cost Manual 
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Table 3.4.3-6 
ANNUAL COSTS FOR S02/ACID GAS CONTROL ALTERNATIVES­

PC BOILER 

WET FGD SPRAY DRYER 

Direct Operating Costs 

Labor 
(a) Operating (1) $787,000 $524,000 
(b) Supervisory 118,000 79,000 

Maintenance 
(a) Labor 1,180,500 786,000 
(b) Supplies (50% Malnt. Labor) 590,000 393,000 

Replacement Parts 1,350,000 625,000 

Utilities (1 )(2) 
(a) Air 
(b) Steam 
(c) Electricity 2,919,000 1,249,000 

Raw Materials (1 )(2) 
(a) Limestone 3,815,000 
(b) Lime 8,726,000 

Solid Disposal (1 )(2) 6,421,000 6,150,000 

Indirect Operating Costs 

Overhead 484,000 322,000 

Taxes 678,000 323,000 

Insurance 678,000 323,000 

Administration 1,357,000 645,000 

Annual Operating Costs $20,377,500 $20,145,000 
Annual Capital and Operating Costs $31,385,500 $25,383,000 

Notes: 
(1 ) per Bechtel Power 
(2) based on 100% capacity 
(3) compared to uncontrolled, based on 0.17 Ib/MMBtu emission limit 
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Table 3.4.3-7 
CAPITAL COSTS FOR S02 CONTROL ALTERNATIVES­

AUXILIARY BOILER 

WET FGD 

Purchased Equipment 
(a) Basic Equipment 360,000 
(b) AuxIliaries included 
(c) Instrumentation and Controls 36,000 
(d) Structural Support 36,000 
(e) Freight & Taxes 35,000 

Direct Installation 140,000 

Total Direct Costs (TDC) $607,000 

Indirect Installation 
(a) Engineering & Supervision 61,000 
(b) Construction & Field Expense 61,000 
(c) Construction Fee 30,000 
(d) Contingencies 18,000 

Other Indirect Costs 
(a) Startup & Performance Test 6,000 
(b) Working Capital 27,000 
(c) License Fee 

Total Indirect Costs (TIC) $203,000 

Total Capital Cost (TCC) $810,000 

Annualized Capital Recovery $131,000 
(ammortlzed over 10 years 
straight line @ 10% interest rate) 

Cost Factors: 1990 OAQPS Control Cost Manual 
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Table 3.4.3-8 
ANNUAL COSTS FOR 502 CONTROL ALTERNATIVES -

AUXILIARY BOILER 

Direct Operating Costs 

Labor 
(a) Operating 
(b) Supervisory 

Maintenance 
(a) Labor 
(b) Supplies (50% Malnt. Labor) 

Replacement Parts 

Utilities 
(a) Air 
(b) Steam 
(c) Electricity 

Raw Materials - Sodium Hydroxide 

Waste Disposal 

Indirect Operating Costs 

Overhead 

Taxes 

Insurance 

Administration 

Annual Operating Costs 
Annual Capital and Operating Costs 

Annual Tons Removed (1) 
Cost Effectiveness ($/ton) 

Notes: 

WET FGD 

$87,600 
13,000 

107,100 
54,000 

36,000 

2,900 
20,200 

2,300 

500 

50,000 

8,000 

8,000 

16,000 

$405,600 
$536,600 

8.4 
$63,523 

(1) compared to 0.052 Ib/MMBtu with 1000 annual operating hours 
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characteristics of these trace pollutant emissions depend on the coal composition, 

the chemical and physical properties of the trace metals, and performance of the 

control devices. 

Heavy metal emissions from fossil fuel-fired boilers are created as a result of 

combustion of fuels containing metals. Due to the high temperatures and 

turbulence in the furnace, metals are released in both a particulate and vapor 

phase, often as metal oxides, chlorides, and sulfates. Depending on the metal 

compound involved and its condensation temperature, a vaporized metal begins 

to condense mostly on the surfaces of the fine solid particles in the flue gas (since 

that fraction has the greatest surface area) at normal stack temperatures (about 

350 OF). Condensation occurs as the flue gases cool in the boiler and especially 

as condensation temperatures are achieved in a aCid gas control device such as 

a spray dryer absorber. 

Alternative Controls 

PC Boiler 

Alternative PM and trace metal control options for coal-fired boilers and other 

combustion sources include: electrostatic precipitators (ESPs), bag house (fabric) 

filters, and venturi scrubbers. Since the most stringent emission levels listed in the 

BACT /LAER Clearinghouse are for fabnc filters, and since the EPA has determined 

that the they are superior to ESPs for control of PM1o' fabnc filters are considered 

to represent the top technology for control of PM and PM10 from the proposed 

project. 

Auxiliary Boiler 

The PM and trace metal control alternatives for the auxiliary boiler include using 

ESPs or flnng fuels With low ash contents. Fabric filters are not technically feasible 

for oil-fired sources due to difficulty In dislodging the ash from the bags once it is 

collected . 
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Technical Considerations 

PC Boiler 

The basic components of a bag house include a filter medium, in the form of 

cyllndncal bags, a tube sheet to support the bags, a gas-tight enclosure, and a 

means to dislodge the accumulated dust from the bags. The particulate-laden gas 

stream enters the baghouse, passes through the bags and is then discharged to 

the stack. Particulate collection occurs through inertial Impaction, diffusion, direct 

sieving, electrostatic attraction, and gravity settling. The first two mechanisms 

prevail during the early phases of filtration after the cleaning cycle before a "cake" 

of collected material has accumulated. Build-up of a cake is desirable, since this 

cake becomes the filter medium. Eventually the pressure drop across the cake 

increases and the accumulated material must be removed using one of various 

cleaning methods (Le., mechanical shaking, reverse air cleaning, or pulse-jet 

cleaning). The collected particulate drops by gravity to the collection hoppers and 

IS removed for disposal. 

A wide range of actual operating performance has been reported for fabric filters. 

Some of the differences in design and operation which influence emission rates 

include fabric leaks, cleaning frequencies and techniques, maintenance quality, 

fabric type, air-to-cloth ratio, and flue gas characteristics. 

The particular fabric selected for a given application is dependent on operating 

temperature and humidity, flue gas acidity, particulate size distribution, and 

required bag life. Bag materials may be woven, felted, or textured materials; 

woven fabnc is the most commonly used bag material. For extremely low emission 

rates, Gore-Tex fabric, a laminated system manufactured by one vendor (W.L. 

Gore Associates), has been used. 

Auxiliary Boiler 

ESPs have been employed to remove particulate from oil-fired combustion sources 

such as the auxiliary boiler planned for Indiantown. A typical ESP consists of an 
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alternating array of negatively-charged wires or grids and positively-grounded 

collection plates. A high voltage is applied across the negative electrodes and the 

collection plates which produces an electrostatic field between the two elements. 

As the particulate-laden gas passes through the space between the elements, the 

field results in a buildup of electrostatic charge on dust particles, which migrate to 

the collection plates. Particulate removal is accomplished by rappers that vibrate 

the collection plates and dislodge the particles, which then drop into collection 

hoppers. 

Energy demand is one of the most significant drawbacks for ESPs. For the 

auxiliary boiler, roughly 1.85 x 106 kWhr of electricity would be required annually. 

Economic Considerations 

PC Boiler 

Budgetary cost estimates for installation of a fabric filter system for the ICL PC 

boiler were obtained based on data for Similar projects, and are shown in Table 

3.4.3-9. BaSIC equipment and auxiliaries for this system include the baghouse, filter 

bags, dampers, and ductwork. Conventional bags would be capable of achieving 

and emission limit of 0.018Ib/MMBtu, whereas Gore-Tex bags would be expected 

to meet a limit of 0.012 Ib/MMBtu. Total installed cpst of the 0.018 Ib/MMBtu 

alternative IS estimated at $20,524,000. At an additional cost of $180 per bag 

($270/bag for Gore-Tex versus $90/bag for conventional bags), the 0.012 

Ib/MMBtu alternative is estimated to have a total capital cost of $22,206,000. 

Annualized operating costs for the baghouse systems are shown in Table 3.4.3-10. 

The conventional bag system is estimated to cost approximately $5,999,000/yr; the 

additional cost of the Gore-Tex bag system would be approximately $832,000/yr 

considering increased capital recovery charges and additional cost for replacement 

of the more expensive bags. The Gore-Tex system would control an additional 90 

ton PM/yr compared to the conventional system; however this additional removal 

is not justifiable at more than $9,244/incremental ton controlled. 
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• Table 3.4.3-9 
CAPITAL COSTS FOR PM CONTROL ALTERNATIVES - PC BOILER 

.018 Ib/mm Btu .012 Ib/mm Btu 

Purchased Equipment 
(a) Primary and Auxiliary $9,523,000 $9,523,000 
(b) Instrumentation & Control 952,000 952,000 
(c) Structural Support 952,000 952,000 
(d) Freight & Taxes 762,000 762,000 
(e) Adder for Gore-tex Bags 1,300,000 

Total Purchased Equipment Cost $12,189,000 $13,489,000 

Direct Installation $3,657,000 $3,657,000 

Total Direct Costs $15,846,000 $17,146,000 

Indirect Installation 
(a) Engineering & Supervision $1,585,000 1,715,000 
(b) Construction & Field Expense 1,585,000 1,715,000 
(c) Construction Fee 792,000 857,000 
(d) Contingencies 475,000 514,000 

• Total Indirect Installation $4,437,000 4,801,000 

Other Indirect Costs 
(a) Startup & Testing 158,000 171,000 
(b) Working Capital 83,000 88,000 

Total Other Indirect $241,000 $259,000 

Total Indirect Cost $4,678,000 $5,060,000 

Total Capital Costs $20,524,000 $22,206,000 

Capital Recovery Factor $3,345,000/yr $3,620,000/yr 

• 
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Table 3.4.3-10 

• ANNUAL COSTS FOR PM CONTROL ALTERNATIVES - PC BOILER 

.018 Ib ImmBtu .012 Ib/mmBtu 

Direct Operating Costs 

Labor 
(a) Operating $175,000 $175,000 
(b) Supervisory 26,000 26,000 

Maintenance $792,000 $875,000 

Replacement Parts @$90 ea 216,000 @270 ea $648,000 

Utilities 
(a) Electncity 657,000 657,000 

Raw Matenals 
(a) Ammonia 0 0 
(b) lime 0 0 
(c) Limestone 0 0 

Disposal Costs NA NA 

• Indirect Operating Costs 

Overhead $155,000 $163,000 

Property Taxes 158,000 171,000 

Insurance 158,000 171,000 

Administration 317,000 343,000 

Capital Recovery $3,345,000/yr 3,620,000/yr 

Total Annualized Cost $5,999,000/yr $6,831,000/yr 

Uncontrolled Emission Rate 153,000 tjy 153,000 tjy 

Controlled EmiSSion Rate 270 tjy 180 tjy 

Tons Controlled 152,730 tjy 90 tjy additional 

Cost Effectiveness $39/ton $9, 244/ton 
incremental 

• 
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Auxiliary Boiler 

Basic equipment costs for an ESP sized to control oil-fired particulate matter from 

the auxiliary boiler were estimated based on vendor data for a similar project. 

Basic equipment costs, shown in Table 3.4.3-11, are $292,000. The total capital 

investment is estimated at $918,000. 

Annual ESP costs were estimated and are shown in Table 3.4.3-12. These costs 

are based on 1,000 hr /yr annual operation. The most significant annual cost is for 

electricity ($131,000/yr). The total annualized cost (including capital recovery) is 

estimated at $480,000/yr. However, due to the limited operating hours of this 

source, an ESP would only control 3.5 ton/yr of particulate for a cost effectiveness 

of over $137,000/ton. This IS clearly unreasonable and unrepresentative of BACT. 

The use of low ash fuels (natural gas and No.2 fuel oil), on the other hand, does 

not result in any adverse economic impacts. 

Conclusions 

PC Boiler 

Baghouse filters represent the most stringent PM/PM10 control technique which 

can be applied to PC boilers. Fabric filters represent a cost effective control 

technology for the proposed project, with no negative environmental impacts. 

Therefore, the use of a baghouse filter to control PM emissions to 0.018Ib/MMBtu 

is representative of BACT. 

Auxiliary Boiler 

For the oil- and natural gas-fired auxiliary boiler, an ESP is a technically feasible 

control alternative; but, given the relatively small number of annual operating hours 

for this unit, would not be cost effective. As the next most stnngent alternative, the 

use of low ash No. 2 fuel oil and natural gas as fuels in the auxiliary boiler is 

concluded to be representative of BACT . 
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Table 3.4.3-11 
CAPITAL COSTS FOR PM CONTROL ALTERNATIVE - AUXILIARY BOILER 

Direct Costs 

Purchased Equipment 
(a) Basic Equipment 
(b) Auxiliaries 
(c) Instrumentation 
(d) Structural Support 
(e) Tax & Freight 

Total Purchased Equipment Cost 

Direct Installation 

Total Direct Cost (TDC) 

Indirect Costs 

Indirect Installation 
(a) Engineering Supervision 
(b) Construction & Field Expenses 
(c) Construction Fee 

Total Indirect Installation Cost 

Other Indirect Costs 
(a) Startup & Performance Tests 
(b) Working Capital 
(c) Interest DUring Construction 

Total Indirect Costs (TIC) 

Total Capital Cost (TCC) 

CRF 
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$292,000 
$102,000 

$29,000 
$29,000 
$36,000 

$488,000 

$146,000 

$634,000 

$63,000 
$63,000 
$95,000 

$221,000 

$6,000 
$8,000 

$49,000 

$63,000 

$284,000 

$159,000/yr 
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Table 3.4.3-12 
ANNUAL COSTS FOR PM CONTROL ALTERNATIVE - AUXILIARY BOILER 

Direct Operating Costs 

Labor 
(a) Operating 
(b) Supervisory 

Maintenance 

Replacement Parts 

Utilities 
(a) Electricity 
(b) Water 
(c) Steam 
(d) Compressed Air 
(e) Fuel 

Raw Materials 
(a) Ammonia 
(b) Urea 
(c) Lime 
(d) Sodium hydroxide 
(e) Soda Ash 

Indirect Operating Costs 

Overhead 

Property Tax 

Insurance 

Administration 

Capital Recovery 

Total Annualized Operating Cost 

tpy removed 

Cost Effectiveness $ /ton removed 
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$55,000 
$8,000 

$32,000 

$36,000 

$131,000 
$0 
$0 
$0 
$0 

$0 
$0 
$0 
$0 
$0 

$23,000 

$9,000 

$9,000 

$18,000 

$159,000 

$480,000 

3.5 

$137,000 
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Control of PM emissions IS concluded to represent BACT for control of trace metal 

emissions as well for both the PC boiler and the auxiliary boiler. 

3.4.3.4 Carbon Monoxide and Volatile Organic Compounds 

Formation 

Emissions of carbon monoxide (CO) and volatile organic compounds (VOCs) result 

from the Incomplete combustion of carbon and organic compounds. CO and VOC 

emissions are a function of oxygen availability (excess air), flame temperature, 

residence time at flame temperature, boiler design, and turbulence. 

Alternative Controls 

Control of the emissions of CO and VOCs may be effected two ways: (1) 

combustion modifications to minimize the formation of the pollutants, and (2) flue 

gas catalytic oxidation of any CO and VOCs formed in the combustion process . 

Technical Considerations 

Catalytic oxidation has been the control alternative used to obtain the most 

stringent control level for CO and VOCs from fossil fuel-fired combustion units. 

The use of this alternative is well established for certain fuels and firing 

configurations, such as combustion turbines firing natural gas. This alternative has 

never been applied to a coal-fired Unit, however. 

An oxidation catalyst vendor (Englehard) was contacted to determine the technical 

feasibility and economic impacts of installing an oxidation catalyst on a coal-fired 

boiler. Due to the high particulate loading of the flue gas, trace element 

concentration, and 802 level, the vendor stated that they could not provide a 

catalyst system for this particular application. The vendor stated that flue gas 
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particulate will plug the catalyst, thereby restricting gas flow, masking the active 

sites and corroding the catalyst. 

The vendor contacted also stated that they have never supplied an oxidation 

catalyst system for an oil-fired boiler. Although the sulfur, ash, and trace element 

concentrations in fuel oil are lower than the concentrations in coal, the presence 

of these constituents in fuel oil results in oxidation catalyst systems being 

technologically infeasible for the fuel oil-fired auxiliary boiler. 

Therefore, the use of catalytic oxidation for control of CO and VOC from the 

proposed PC and auxiliary boiler is not considered technically feasible. 

The next most stringent levels of control of CO and VOCs from fossil fuel-fired 

boilers have been achieved through the use of combustion controls. In general, 

a combustion control system seeks to maintain the proper fuel to oxygen ratio to 

ensure complete combustion of the fuel. Essential requirements are sufficient 

excess air, thorough mixing of fuel and air, and adequate furnace residence time . 

Advanced combustion controls accomplish this through the use of one or more of 

the following operational design features: 

• Low excess air 

• Staged combustion 

• Overfire air 

Economic Considerations 

There are no adverse economic impacts associated with the use of combustion 

controls for minimization of CO and VOC emissions from either the PC boiler or the 

auxiliary boiler. Minimization of emissions of these pollutants represents a 

maximization of fuel use and therefore boiler thermal efficiency, as well as a 

requirement in terms of licensability and permitting. Such boiler design 
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considerations are therefore considered standard features of modern fossil fuel 

combustion units. 

Environmental Considerations 

There are no adverse environmental considerations in conjunction with the use of 

combustion controls in either the PC boiler or the auxiliary bOiler for minimization 

of the formation of CO and VOC. 

Conclusions 

Combustion controls minimize the formation and emission of both CO and VOCs 

without adverse economic, energy, or environmental impacts. Such controls are 

the most stringent control alternative which has been demonstrated to be 

applicable to PC and fuel oil-fired Units, and are concluded to be representative of 

BACT . 
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3.4.4 DESIGN DATA FOR CONTROL EQUIPMENT 

Fuel properties were presented in Section 3.3. Main boiler flue gas data is 

presented in Table 3.4.4-1. These data are based on estimates derived from 

recent information provided by boiler and flue gas treatment suppliers. 

EmiSSion data for the auxiliary bOiler are shown in Table 3.4.4-2. 

The bOiler will be designed to minimize NOx formation by the use of combustion 

controls and low NOx burners. In addition to the low NOx burners, reagent will be 

injected into the bOiler per the SNCR process to transform the NOx to elemental 

nitrogen and water. 

The control equipment for the removal of SOx and other acid gases is the spray 

dryer absorber (SDA). The SDA injects a lime slurry into the flue gas stream 

where It reacts with the pollutants. The reaction of the lime with the pollutants 

produces a precipitate which falls out of the gas stream at either the SDA hopper 

or is removed at the bag house. 

A multi-compartmented bag house is used to remove the fly ash and SDA reaction 

products that are entrained in the flue gas. 

A diagram depicting the air emission control design for the unit is illustrated in 

Figure 3.4.4-1 . 
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Table 3.4.4-1 
ESTIMATED PERFORMANCE WITH COAL - FULL LOAD 

Conditions 

Ambient Temperature CF) 
Relative Humidity (%) 
Load Condition 
Elevation 

Emissions 

NOx (Ib/hr) 
S02 (Ib/hr) 
Particulate (Ib/hr) 
CO (Ib/hr) 
VOC (Ib/hr) 

Exhaust Stack Temperature (OF) 
Stack Height (ft) 
Stack Diameter (ft) 
Stack Gas Exit Velocity (fps) 

Source: Bechtel, 1990 
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• Table 3.4.4-2 
ESTIMATED PERFORMANCE OF AUXILIARY BOILER 

Emission Data (auxiliary boiler at 225,000 Ib/hr) 

Natural Gas No. 2 Oil 

NOx (Ib/hr) 35.8 68.2 

SOx (Ib/hr) 6.16 17.8 

CO (Ib/hr) 33.6 47.3 

VOC (Ib/hr) 1.35 0.63 

Particulates (Ib/hr) 0.5 1.4 

Exhaust Stack Temperature (OF) 480 500 

Stack Exit Velocity (fps) 102 103 

Stack Height (ft) 90 90 

Stack Exit Diameter (ft) 5.5 5.5 

• Source. Bechtel, 1990 
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3.4.5 DESIGN PHILOSOPHY 

The design philosophy used for air emission control systems associated with the 

ICL project can be summarized as follows: 

• Selection of an efficient electrical generating technology 

• Selection of clean fuel(s) 

• Development of conservative design parameters to envelop emissions 

obtained from potential pulverized coal fired boilers and flue gas 

treatment system vendors 

• Selection of BACT 

• Determination of Good Engineering Practice (GEP) stack height 

The ICL project, which Includes advanced combustion control, NOx removal, S02 

removal systems, and particulate removal, represents an efficient electric 

generating technology. Thus, by maximizing the power output per unit of fuel 

consumed, the air pollutant emissions are minimized relative to total power output. 

Since a number of bOiler and flue gas treatment suppliers are under consideration, 

the evaluations of the air emission control systems and related emission 

parameters conSider design feature variations and envelop the worst case pollutant 

emission rates. 

The application of top-down BACT (Le., the evaluation of technical (engineering), 

economic, and environmental conSiderations) is used to determine appropriate air 

emission control technologies. The BACT process results in the selection of 

control technologies that limit pollution emission rates to levels far below state and 

federal NSPS. BACT for the ICL project is described in Section 3.4.3 . 
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To prevent excessive ground level pollution concentrations resulting from 

aerodynamIc effects from nearby structures, the ICL project will incorporate GEP 

gUIdance In the design of major stacks . 
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3.5 PROJECT WATER USE 

General 

The primary source of both cooling and process water for the Indiantown 

Cogeneration, L. P. (lCL) project is surface water from Taylor Creek/Nubbin Slough 

(rC/NS). During periods of extended drought when water is not available from 

TC/NS, cooling water will be withdrawn from the lower production zone of the 

upper Floridan aquifer and process water will be obtained from a mixture of TC /NS 

water (from the cooling water storage pond) and groundwater from the upper 

production zone of the upper Floridan aquifer. The water quality of the TC/NS, 

and upper and lower production zones of the upper Floridan aquifer are presented 

in Table 3.5.0-1. Potable water is obtained from the Indiantown Company water 

service. 

The water and wastewater treatment system design incorporates wastewater 

recycle and reuse to minimize plant makeup water requirements. A sidestream 

softener is used in conjunction with the cooling tower to allow the cooling tower to 

operate at higher cycles of concentration. The boiler blowdown is recycled to the 

cooling tower, rather than being discharged. A portion of the wastewater is reused 

as dilution water In the spray dryer adsorption system, lowering both the amount 

of plant makeup water required and the volume of wastewater to be discharged via 

the injection well. 

The availability of makeup water from TC/NS was investigated using a mathe­

matical model developed for this purpose. The model is based on historical flow 

data and water levels at the S-191 structure on TC/NS. The method of approach, 

the analysis, and conclusions about water availability are presented in Section 10.9 

and summanzed in this section. 

A summary of maximum daily, maximum monthly, and average annual water 

requirements from the different water sources is presented in Table 3.5.0-2. The 
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Table 3.5.0-1 
WATER QUALITIES OF THE PLANT WATER SOURCES 

Upper Floridan AQuifer 
Upper Lower 

Taylor Creek/ 
Nubbin Slough 

(mg/l) 

Production Production 

parameter 

pH 
Alkalinity 
Total Dissolved 

Solids 
Total Hardness 

(as CaCO:J 
Silica 

Calcium 
Magnesium 
Sodium 
Potassium 
Iron 
Copper 
Manganese 

Sulfate 
Chloride 
Fluoride 
Nitrate 
Phosphate 

NOTES: 

7.1 
64 

380 

130 
7.8 

34 
11 
61 

8.1 
0.50 

33 
110 

0.46 
0.81 

1. Concentrations are in mg/I of the ion. 

Zone Zone 
(mg II) (mg/l) 

7.8 7.4 
130 138 

2460 4750 

735 1310 
17 15.7 

130 233 
100 1n 
600 1198 

18 31 
<0.1 <0.02 
<0.01 <0.06 

0.24 

260 423 
1200 2490 

0.85 1.02 
0.13 
0.05 <1.84 

2. Data for Taylor Creek/Nubbin Slough water quality are from the South 
Florida Water Management District testing from 1980 through 1989. 

3. Data for the upper production zone of the upper Floridan aquifer are from 
test well #LMF-1 located on the adjacent Florida Power & Light, Martin site, 
July 6, 1990. 

4. Data for the lower production zone of the upper Floridan aquifer are from 
test well # LM F-1 located on the adjacent Florida Power & Light, Martin site, 
March 1989. 
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Table 3.5.0-2 
SUMMARY OF PROJECT WATER REQUIREMENTS 

Maximum Maximum Average 
Daily Monthly Annual 

Case: (MGD) (MG/Mo) (MGY) 

Primary Source of Water 

Taylor Creek 
/Nubbln Slough 5.24 152 1740 

Backup Sources of Water 

Taylor Creek/ 
Nubbin Slough 

(Storage Pond) 0.518 16.0 48.2 

Upper Production 
Zone of the Upper 
Floridan Aquifer 0.432 13.4 40.2 

Lower Production 
Zone of the Upper 
Floridan AqUifer 5.76 165 480 

Total 6.71 194 568 

NOTES: 

1. 

2. 

3. 

4 . 

Maximum daily water requirements are based on design flows through the 
cooling tower and 100 percent load factor for 24 hours. 
Maximum monthly water requirements are based on the highest average 
monthly flows through the cooling tower at 100 percent load factor for 
31 days. 
Average annual water requirements for the primary source of water are 
based on the annual average flows through the cooling tower at 100 percent 
load factor for 365 days. Average annual water requirements for the backup 
sources of water are based on the annual average flows through the cooling 
tower at 100 percent load factor for 3 months. 
Process water is always based on 100 percent load factor. 
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maximum daily requirements are based on the design meteorological conditions 

for operation of the cooling tower and 100 percent load factor for 24 hours. The 

maximum monthly requirements are based on the highest average monthly 

meteorological conditions for the cooling tower (presented in Tables 3.5.1-1 and 

3.5.1-2), 100 percent load factor, 24 hours per day for 31 days. The average 

annual water requirements when using the primary source are based on the 

average annual meteorological conditions for the cooling tower, 100 percent load 

factor, 24 hours per day for 365 days. The average annual water requirements 

when using the backup water sources are based on the average annual 

meteorological conditions for the cooling tower, 100 percent load factor, 24 hours 

per day, for 3 months. 

The plant consumes water for evaporative cooling in the COOling towers and to 

meet process water demands such as boiler water makeup, spray dryer lime 

slaking water, plant service water, etc. Average and maximum water flows for the 

plant are summarized in the site water budgets for the primary and backup sources 

of water (Figures 3.5.0-1 and 3.5.0-2). The cooling and process water flows 

presented are based on the average annual and design meteorological conditions 

for the cooling tower at 100 percent load factor. The maximum runoff flows are 

based on a 25-year, 72-hour storm. The potable water flows are based on a plant 

staff of 65 people per week day distributed over three shifts. 

Flows Within the water and wastewater treatment system (for both cooling and 

process water) when using TC/NS as the source of makeup water are presented 

in Figure 3.5.0-3. The flows are based on average annual conditions for the 

cooling tower operation at 100 percent load factor. Similarly, Figure 3.5.0-4 

presents system flows when using the lower production zone of the upper Floridan 

aquifer and the mixture of TC/NS from the cooling water storage pond and the 

upper production zone of the upper Floridan aquifer to meet the plant makeup 

water requirements . 
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Water Availability From Taylor Creek/Nubbin Slough 

A water availability study was performed for the ICL project, using TC/NS basin 

surface runoff flows and Canals C-59, L-635, and L-63N storage. The main 

objectives of this study were to: 

• Determine the availability of the plant water requirement (cooling tower 

makeup and process water) from TC/NS and the canals for canal water 

elevations above elevation 16 feet MSL. 

• Identify the duration of the time in which withdrawal of plant water is 

assumed to be unavailable when the water level reaches EI. 16 feet 

MSL. 

The historic flow and water elevation data of TC/NS at control structure S-191 were 

used in this study. The makeup water requirements used in the study do not 

account for recycle of boiler blowdown to the cooling tower and the water removed 

with the sludge from the sidestream softener. The net effect is that the demands 

examined in the study and discussed here are about 2 percent higher than the 

demands presented in Table 3.5.0-2 and Figure 3.5.0-3. A complete description 

of the project, plant water requirements, basic data, methodology, assumptions, 

results, conclusions, and the recommendations is provided in Section 10.9. 

Based on the characteristics of the TC /NS watershed and the surface water 

availability analysis performed, the following conclusions have been made: 

1. Procedure of reverse routing, applied in the water availability study to 

calculate the net inflows, provided a good correlation between historic and 

predicted water levels and spillway discharges. 

2. The average historic flow through the S-191 structure is about 146.4 cfs and 

average plant water requirements are 7.5 cfs. Therefore, on a mean annual 

20524 016\lndlantn SCA 3.5.0-3 



• 

• 

• 

basis, there is an adequate supply of water. However, due to the rainfall 

pattern, the supply of water is not distributed evenly, therefore, a storage 

reservoir is required. 

3. The mean annual plant water requirements of 7.5 cfs can be made available 

from the storage of the canals without lowering the lower level below 

elevation 16 feet MSL, except during the prolonged drought conditions, which 

may last a maximum of about 68 consecutive days. However, the total 

number of days during which the plant water requirements cannot be met in 

the numerical simulation period of 16 years is only 185 days. 

4. During extreme drought months such as May and June of 1981 and 1989, 

obtaining the plant water requirements from the canals could lower the water 

level below 16 feet MSL. 

5. The maximum drop in the canal water level from the historic water level is 

2.5 feet. However, the drop in the adjacent groundwater level will be 

significantly less as discussed in Section 5.3.1. 

6. Changing the criteria of minimum water level from 16 to 17 feet MSL could 

result in increasing the total number of consecutive days by a maximum of 

14 days. 

Based on the analysis and the above conclusions, the following features were 

incorporated into the design of the plant water intake structure descnbed in 

Section 3.5.1. 

1. The pump intake will be located on L-63N near the junction with Canal C-59 

due to the water depth and large cross-sectional area. 

2. The pump intake will be designed to operate with a minimum water level of 

16 feet MSL. 
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3. To prevent the canal water level from dropping below elevation 16 feet MSL, 

the pumps' control system will be designed so that dunng prolonged drought 

condItions the pumps trip when the canal water level reaches approximately 

elevation 16.5 feet MSL. 

4. MUlti-pumps will be installed to facilitate withdrawal rates ranging from 

average annual flow of 3374 gpm (4.86 mgd) to maximum daily flow of 3642 

gpm (5.24 mgd). 

5. During prolonged drought in which the canal water level may reach elevation 

16 feet MSL, makeup water to the plant will be provided from the Floridan 

aquifer. The estimated continuous duration of the supply is approximately 

90 days. 

Discussions with the SFWMD have indicated that the SFWMD prefers a drawdown 

elevation of 17.5 feet MSL. This was based on the SFWMD review of the water 

availabIlity study as presented in Section 10.9. ICL will contInue to work closely 

with SFWMD to ensure that their requIrements on the drawdown level of the canal 

WIll be incorporated Into the design of the Intake structure and the operation of the 

facility . 
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3.5.1 HEAT DISSIPATION SYSTEM 

3.5.1.1 System Design 

Introduction 

A portion of the thermal energy contained in the steam produced by the boiler is 

converted to electrical energy by the steam turbine generator. However, much of 

the thermal energy In the steam is absorbed by cooling water flowing through the 

condenser (circulating water). The heat absorbed by the circulating water is 

transferred to the atmosphere In a cooling tower. The quantity of heat dissipated 

In the cooling tower for the ICL plant is about 1.7 x 109 Btujhr at 100 percent load. 

The cooling water system consists of an Intake structure, cooling water storage 

pond, cooling tower, condenser, and sldestream water softener. The location of 

this equipment on the site IS shown in Figure 3.1.1-1. Figures 3.5.0-3 and 3.5.0-4 

present the average flows through the cooling water system for the primary and 

backup water sources, respectively. 

Plant Water Intake Structure 

The plant makeup water intake structure, to be located on Taylor Creek (L-63N) 

at the Junction with Canal C-59, IS designed to provide an average flow rate of 

3374 gpm (4.86 MGD) and a maximum flow rate of 3642 gpm (5.24 MGD). The 

location of the intake IS shown on Figure 2.3.4-11. 

In addition to the design features presented in Section 3.5, the following factors are 

also considered in selecting the location and type of intake structure: 

• Water level variations In Canals L-63 N&S and C-59 

• Flood flow In the canals 

• Protection of aquatic life 
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Dredging requirement in the canal 

Operation and maintenance 

Based on these factors, the selected scheme consists of a pumphouse located on 

the canal bank and a wedge wire screen with aT-arrangement located in the canal. 

The wedge wire screen will be at a water depth of about 8 feet at the minimum 

design water level of 16 feet MSL, as discussed in Section 10.9, the water supply 

availability study. 

A schematic of the layout IS shown on Figure 3.5.1-1. The pumphouse includes 

three 50 percent capacity vertical pumps, air compressor for backwash of the 

wedge wire screens, and valves and piping for control of the operation. 

Two screen assemblies, each with 100 percent capacity, will be installed. The 

screen will be at least 2 feet above the canal bottom and the top of the screen will 

be at least 4 feet below the design minimum water level of 16 feet MSL as shown 

in Figure 3 5.1-2. Each screen has a diameter of 42 inches with an overall length 

of 12 feet. The design velocity through the slots IS less than 0.5 fps. The slot 

spacings IS 1 mm. To prevent local scouring of the canal bottom during the air 

backwash, nprap will be placed In the VICInity of the screens. 

The pump Intake structure is located on the canal bank above the 1 ~O-year flood 

level on L-63N. This alternative minimizes the dredging required in L-63N Canal to 

only that needed to Install the two pipes connecting the screens to the intake 

pumphouse. 

This scheme does not lead to fish or larvae entrainment and impingement. 

Withdrawal of fish eggs by water IS precluded due to the small width of the slots. 

The flow passage in the canal will not be affected by the facilities due to the 

location of the intake structure and since the screens are supported on piles as 

shown on Figure 3.5.1-2 . 
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Based on these factors, the selected concept of the intake is considered the best 

available technology. 

Cooling Water Storage Pond 

The plant water requirement will be pumped from TC/NS through an 18- to 24-inch 

diameter pipeline to the onslte storage pond. Riprap protection is provided to the 

dike slope and pond bottom at the discharge pOint. 

The COOling water storage pond IS designed to store water from TC/NS for use in 

the plant as cooling and process water dunng short penods of time when TC/NS 

IS unable to supply water to the plant. Dunng extended penods when TC/NS is 

unable to supply makeup water to the plant, the cooling water storage pond serves 

as a source to meet a portion of the process makeup water demands of the plant. 

The onslte cooling water storage pond is designed to maintain a normal water 

depth of 6 feet With a bottom area of 22 acres. The pond bottom and the inside 

embankment Side slope IS lined With a synthetic liner to prevent seepage. The 

pond bottom IS approximately 2 feet below eXisting grade; the normal water level 

IS 4 feet above the eXisting grade. The embankment will be compacted fill with side 

slopes of 4H: 1 V 

The pond area and depth are selected to provide approximately 9 to 10 days of 

cooling water at the average annual makeup requirement and 300,000 gallons of 

fire water reserve. ThiS volume of fire water requires a water depth of about 1 inch. 

As discussed In Section 2.3.3, there IS a slight excess of average annual rainfall 

over evaporation at the ICL site. This excess is not sufficient to significantly lower 

the makeup water demand from TC/NS; hence, net rainfall into the storage pond 

IS not included In the site water budgets presented in Figures 3.5.0-1 and 3.5.0-2 . 
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The top of the pond embankment is determined considering the normal pond 

water level, precipitation of 9 inches from a 25-year, 72-hour storm event, and 

wind setup and wave runup caused by a 100 mph wind. Based on these 

considerations, a free board of 3 feet IS selected. Assuming a normal water level 

In the pond at an elevation of 38 feet msl, the minimum top of the embankment is 

at elevation 41 feet msl. In order to pass excess pond storage to avoid over­

topping dUring major storms, an emergency spillway is provided. The spillway 

crest elevation is approximately 9 inches above normal pond water level. 

Cooling Tower 

One counterflow, mechanical draft, multi-cell, wooden COOling tower is provided. 

During operation, 265,000 gpm of cooling water IS circulated from the tower baSin, 

through the condenser, and back to the tower. This heated water is distributed to 

the upper portion of the cells and flows down over a grid that enhances the heat 

transfer from the water to air. The water flows by gravity, countercurrent to the 

ambient air. Most of the heat is removed by evaporating a portion of the cooling 

water; the remainder is removed by sensible heat transfer to the air. Cooled water 

IS collected at the bottom of the tower in a concrete basin. 

Cooling water makeup is Withdrawn from the cooling water storage pond and 

transferred to the baSin when uSing the TC/NS source of water. When using the 

backup source of water, makeup water from the lower production zone of the 

upper FlOridan aquifer is transferred directly to the cooling tower basin from the 

wells. 

The air flowing up through the cooling tower entrains a small amount of the 

cascading water and carnes thiS water out of the tower as drift. Mist eliminators 

and operator control of the air to water ratio in the tower minimize drift losses from 

the cells to 0.002 percent of the circulating water flowrate, or slightly more than 

5.3 gpm . 
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The evaporation of water in the cooling tower concentrates dissolved solids in the 

circulating water. As a result, a portion of the circulating water is continuously 

discharged as a blowdown from the cooling system to maintain a solids balance. 

The ratio of the cooling tower makeup requirement to the sum of cooling tower 

blowdown and drift losses is called the cycles of concentration (COC). This ratio 

relates the blowdown and drift water quality to the makeup water quality. 

Sidestream Softener 

The cooling water system includes a sidestream softener. A portion of the 

circulating water IS passed through a sidestream softener where the levels of 

dissolved Iron and hardness Ions In the water are lowered. The softener system 

consists of a flash mixing tank, a flocculation chamber, and a clarifier. The 

circulating water flows into a flash mixing tank where lime, soda-ash, and polymer 

are added to the water. The water then flows to a flocculation chamber where 

contact IS Induced between precipitates and suspended matter. Finally, the water 

flows to a large clarification zone that uses gravity to settle out the suspended 

solids. A long detention time is provided for settling of suspended solids. A rake 

circles the bottom of the clarifier to collect settled sludge and remove it through a 

sump. 

Cooling Water Treatment 

The cooling water system IS designed to use two sources of cooling water. TC/NS 

is the primary source of cooling water makeup and the lower production zone of 

the upper Floridan aquifer serves as a backup when the TC/NS source is not 

available. A small wastewater stream from the bOiler blowdown IS also recycled to 

the cooling tower due to ItS relatively good quality. As shown in Table 3.5.0-2, the 

TC/NS source contains high levels of iron, calcium, and alkalinity while the lower 

production zone of the upper Floridan aquifer has a high total dissolved solids level 

and natural bicarbonate alkalinity. Due to the differences in quality of the two 

sources, the cooling tower will operate at different cycles of concentration (COC) 
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when uSIng each source. The cooling tower IS designed to allow the maximum 

possible cycles of concentration without causing scaling and corrosion. At higher 

COC, both the makeup and blowdown flowrates decrease. The hIgh levels of iron, 

calcium, and alkalinIty in TC/NS would cause scaling and corrosion problems 

above two COC without substantial use of Inhibitors. Similarly, high levels of 

hardness Ions, alkalinIty, and total dIssolved solids in the lower production zone of 

the upper Flondan aquifer limIt the COC when this source is utilized. Therefore, 

a sidestream softener is provIded to treat a portion of the cIrculating water to 

remove Iron and hardness ions from the cIrculating water. This lowers their 

concentratIon In the cIrculating water and allows for higher COCo However, 

IncreasIng the COC also increases the sIze of the sldestream softener. At 10 COC 

for the TC/NS cooling water source and 3.5 COC for the lower production zone 

of the upper Flondan aquifer, balances are reached between the makeup water 

demand, the sIze and chemIcal use of the sidestream softener, and the concen­

tratIon of dIssolved solids In the blowdown. 

Thermal Performance of the Tower 

Tables 3.5.1-1 and 3.5.1-2 present performance data for operation of the cooling 

tower at 10 COC and 3.5 COC, respectIvely, at a 100 percent load factor, 

circulatIng water flowrate of 265,000 gpm, drift losses of 0.002 percent of the 

cIrculating water flowrate, temperature rise of 12.6 OF across the condenser, and 

the average monthly temperatures listed In the tables. 

The desIgn conditions for the cooling tower, from which the maximum daily 

makeup water demands presented In Section 3 5 are determined, are a dry bulb 

temperature of 91°F (which corresponds to a wet bulb temperature of 80 OF) and 

hot water and cold water temperatures of 1026 OF and 90 OF, respectively . 
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Table 3.5.1-1 
COOLING TOWER PERFORMANCE DATA AT 10 CYCLES OF CONCENTRATION 

Dry Bulb Evaporation Blowdown Makeup 
Month Temp eF) (GPM) (GPM) (GPM) 

January 65.6 2418 268 2686 
February 66.7 2435 270 2705 
March 70.1 2478 275 2753 
April 73.8 2570 285 2856 
May 77.7 2597 288 2886 
June 80.8 2612 290 2902 
July 82.4 2620 291 2911 
August 82.7 2626 291 2917 
September 81.5 2600 288 2889 
October 77.7 2597 288 2886 
November 72.1 2481 275 2756 
December 67.8 2441 271 2712 

Annual Average 74.9 2540 282 2822 

Notes: 

1. Dry bulb temperatures are average monthly temperatures recorded by the 
National Weather Service at West Palm Beach, Florida between 1958 and 
1987. 

2. Cooling tower flows are based on 100 percent load factor, circulating water 
flowrate of 265,000 gpm, drift losses of 0.002 percent of circulating water 
flowrate, and a temperature rise across the condenser of 12.6 of. 

Source: Bechtel, 1990 
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Table 3.5.1-2 
COOLING TOWER PERFORMANCE DATA AT 3.5 CYCLES OF CONCENTRATION 

Dry Bulb Evaporation Blowdown Makeup 
Month TempCOF) (GPM) (GPM) (GPM) 

January 65.6 2418 967 3385 
February 66.7 2435 974 3409 
March 70.1 2478 991 3469 
April 73.8 2570 1028 3598 
May 77.7 2597 1039 3637 
June 80.8 2612 1044 3657 
July 82.4 2620 1048 3668 
August 82.7 2626 1050 3676 
September 81.5 2600 1040 3641 
October 77.7 2597 1039 3637 
November 72.1 2481 992 3473 
December 67.8 2441 976 3417 

Annual Average 74.9 2540 1015 3556 

Notes: 

1. Dry Bulb Temperatures are average monthly temperatures recorded by the 
National Weather Service at West Palm Beach, Florida between 1958 and 
1987. 

2. Cooling tower flows are based on 100 percent load factor, circulating water 
flowrate of 265,000 gpm, drift losses of 0.002 percent of circulating water 
flowrate, and a temperature rise across the condenser of 12.6 of. 

Source: Bechtel, 1990 
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3.5.1.2 Sources of Cooling Water 

The primary source of cooling water for the ICL plant is surface water from TC/NS. 

DUring periods of extended drought when water from TC /NS is not available, 

cooling water will be withdrawn from the lower production zone of the upper 

Floridan aquifer. Section 10.9 presents the analysis of water availability from 

TC/NS. Based on the hlstonc data records, the maximum estimated duration of 

withdrawal from the lower production zone of the upper Floridan aquifer is about 

3 months. The volume of water required dUring that time IS presented in Table 

3.5.0-1. Qualities for the TC/NS and the lower production zone of the Floridan 

aquifer are provided in Table 3.5.0-1. 

The design of the cooling water treatment equipment allows for significant variation 

in the water quality from TC/NS without severely impacting the operation of the 

cooling tower. As discussed In Section 3 5 1.1, the cooling water treatment system 

uses the sldestream softener to control the level of dissolved iron and hardness 

Ions In the circulating water. The sizing of the sidestream softener IS governed by 

use of the lower production zone of the Floridan aquifer as the cooling water 

source. When TC/NS IS the source of cooling water, less sidestream softening is 

required to maintain the deSired COCo Therefore, if the iron, calcium, magnesium, 

or alkalinity levels in the TC/NS source are higher, more circulating water can be 

treated in the sidestream softener to control the concentration of these ions. 

The quality of aquifer waters does not generally fluctuate as does the quality of 

surface waters The sIzing of the sidestream softener when using the lower 

production zone of the upper Floridan aquifer is based on the cooling tower 

operating at the deSign meteorological conditions and the water quality. In 

addition, the design of the sldestream softener and chemical feed system are 

based on a conservative throughput rate, allowing treatment of higher flowrates, 

If necessary to maintain the COC . 

20524 016\lndlan1n SCA 3.5.1-7 



• 

• 

• 

3.5.1.3 Dilution System 

No dilution of cooling water is needed because the ICL plant water and wastewater 

treatment scheme does not include a discharge to a surface water. 

3.5.1.4 Blowdown, Screened Organisms, and Trash Disposal 

Blowdown from the cooling tower is transferred to the wastewater treatment 

system where it is recycled as much as practicable with the remainder disposed 

of by injection to the Boulder Zone of the lower Floridan aquifer. Section 3.6 

describes the incorporation of cooling tower blowdown into the wastewater 

treatment scheme. 

The makeup water intake at TC INS does not have trash collection since 

submerged wedge wire screens will be used. Compressed air is used to 

backwash the wedge wire screens when required. Organic debris and trash in the 

cooling water storage pond are collected by fixed screens at the intake structure 

on the pond. Any trash such as floating leaves or debris will be collected and 

disposed of according to Section 3.7. 

3.5.1.5 Injection Wells 

Injection wells are proposed for the disposal of cooling system and process 

wastewaters produced at the ICL plant. This section addresses the feasibility of 

injection of such industrial wastewater at the ICL site based on the known and 

expected hydrogeology. Conceptual designs for the injection and monitor wells 

are presented. The construction and testing program is outlined and the injected 

fluid is characterized. An injection system monitoring plan is presented. 

The injection wells will be designed to comply with the requirements for under­

ground injection control (FAC 17-28). As part of this regulation, a Technical 

Advisory Committee (T AC) is established for each application to ensure the system 
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is designed properly and will operate according to the design. The ICL TAC will 

consist of agency personnel from the DER's regional and main offices, the 

SFWMD, EPA Region IV, and the Fish and Wildlife 

Background 

The wastewater from the ICL facIlity is proposed to be Injected Into Class I injection 

wells Class I wells inject wastewater beneath the lowermost formation containing 

an underground source of drinking water (USDW), defined as 10,000 mg/I TDS or 

less. 

The wastewater from various sources will be collected in a wastewater collection 

tank. A portion of this wastewater will be recycled and used in the spray dryer 

dilution system. The remainder Will be disposed of in the injection well. As 

discussed In Section 3.6, the wastewater from this facIlity is expected to be non­

hazardous . 

Maximum dally flow (MDF) to the Injection wells at the ICL facility is anticipated to 

be 1,280 gallons per minute (gpm). The proposed location of the Injection wells 

onslte IS shown on Figure 3.1.1-1. 

Feasibility of Injection Well Disposal 

The feasibility of Injection well disposal at the ICL site can be assessed from the 

performance of Injection wells In St. Lucie, Martin, and Palm Beach Counties. Data 

were reviewed on the eXisting injection wells in those counties to evaluate the 

regional hydrogeology and to extrapolate the findings to the Indiantown area. 

Within a 25-mile radiUS of the Site, several injection wells have been operational for 

up to 13 years (North Port St. Lucie, 1988; South Port St. Lucie, 1983; City of 

Stuart, 1982; Pratt and Whitney, 1985; 00 Chemicals, Inc., 1977; Seacoast Utilities, 
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1989). All of these wells inject Into the lower Oldsmar Formation (Boulder Zone) 

at depths of 2,900 to 3,300 feet below land surface (bls). 

In south Florida, sedimentary rock types such as dolomite and fractured limestone 

are potentially good injection zones. Injection zones must be adequate in 

thickness and areal extent to receive the proposed volume of injected fluid. 

OverlYing formations should be essentially hOrizontal and without faults or fractures. 

The proposed Injection zone also should have sufficient porosity and permeability 

to accommodate the proposed flow without undue pressure buildup 

Typical confining strata in Florida include clays and unfractured limestones. 

Because of the potential for fractures or solution channels in the limestones and 

dolomites, site-specific demonstration of the adequacy of the proposed confining 

strata IS required by state underground injection control regulations. Factors 

considered In demonstrating this adequacy include lithology, thickness, areal 

extent, structure, pOroSity, and permeability. The overlYing rock Unit proposed to 

provide confinement must be sufficiently thick and areally extensive, free of 

fractures or faults, and of sufficiently low porosity and permeability to retard the 

upward migration of Injected fluids. 

Regional Geology 

Data were obtained on the eXisting Injection and test wells In Martin and neighbor­

Ing counties to evaluate the regional geology and extrapolate the findings to the 

Indiantown area. Table 3.5.1-3 IS a summary of the well locations used. 

Figure 3.5.1-3 is a location map of the referenced wells, and Figure 3.5.1-4 is a 

cross section from A-A'. A lithologic log of the Amerada Cowles Magazines Inc. 

No. 1 well was obtained from the Florida Geological Survey files (Reference 

No. W-4086). This well is approximately 12 miles north-northeast from the site, and 

was drilled to over 5,000 feet in depth. Based on the data obtained from these 
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Figure 3.5.1-3 
LOCATION OF GENERALIZED NORTH-SOUTH 
GEOLOGIC CROSS SECTION AND ADJACENT 
INJECTION WELLS 
Source CH2M HIli. 1990 
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• Table 3.5.1-3 
INJECTION AND TEST WELL LOCATIONS 

Section/ Depth 
Well County TownshigLRange (feet) 

Amerada Cowles Magazine No. 1 St. Lucie Sec 19 5,159 
T36S, R40E 

Indiantown Cogeneration Facility Martin Sec 35 3,300 
(proposed) T39S, R37E (est) 

North Port St Lucie St. Lucie Sec 20 3.324 
T36S, R40E 

South Port St Lucie St. Lucie Sec 13 3,418 
T37S, R40E 

Pratt & Whitney Palm Beach Sec. 14 3,320 
T41S, R40E 

Florida Power and Light Martin Sec 25 1,056* 
T39S, R37E 

ao Chemicals Palm Beach Sec. 28 3,156 

• T43S, R37E 

Alligator Alley Test Well Broward Sec. (N/A) 2,811 
T50S, R35E 

Stuart Martin Sec 1 3,305 

Seacoast Palm Beach Sec. 4 3,320 
T42S, R42E 

*Test Well 

• 
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wells, the Cedar Keys Formation is the oldest formation expected to be 

encountered dunng dnillng of the Injection wells, at an approximate depth of 

3,200 feet. 

Regional Hydrogeology 

Injection Zone 

The stratum most commonly used for Injection In southeast Florida is the lower 

portion (Boulder Zone) of the Oldsmar Formation. Water quality in this zone 

typically exceeds 30,000 mg/I TDS. The pnnclpal overlying confining Units are the 

upper Oldsmar Formation and the lower part of the Avon Park limestone. 

The dolomitic portions of the lower Oldsmar Formation are finely crystalline and 

SUCroSIC, with areas that are highly fractured and cavernous. Cavities in the lower 

Oldsmar Formation range in size from small vugs to large caverns. The caverns 

persist to the base of the formation, where Interbedded dolomite and anhydrite of 

the Paleocene age Cedar Keys Formation are encountered. The eXistence of these 

formation charactenstlcs in south Flonda accounts for the success of injection wells 

there. 

The areal extent of the lower Oldsmar Formation is well documented in the 

literature and well data. Chen (1965) postulates that dunng the early Tertiary age, 

Florida eXisted as a broad carbonate platform, with warm and shallow marine 

conditions similar to the present-day Bahamas and Compeche Bank. Carbonates 

were deposited throughout the Flonda platform. The Oldsmar Formation IS present 

in all of peninsular Flonda and exhibits the greatest degree of dolomitization along 

the structural high of the Peninsular arch. The thickness of the Oldsmar Formation 

varies from approximately 400 feet along the crest of the Peninsular arch to as 

much as 1,200 feet In south Flonda. 

Puri and Winston (1974) identified areas sUitable for injection in south Florida in 

their regional study. The Amerada Cowles Magazine Inc. No. 2 well adjacent to 
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No. 1 (referenced by Chen, 1965) in St. Lucie County has zones of high 

transmissivity in the middle to lower Oldsmar Formation that are approximately 

2,300 to 3,200 feet In depth. The North Port St. Lucie well has injected successfully 

In the interval between 2,900 and 3,200 feet since 1988, while the 00 Chemicals . 
wells have successfully used that same interval Since 1977. 

Depth to Base of USDWs 

The relationship of the location of the Interface between fresh water and water 

containing greater than 10,000 mg/I of TDS to the injection and confining zones is 

one factor determining the feasibility of injection at a particular site. Ideally, the 

base of fresh water should occur near the top of the confining sequence. 

Regionally, the 10,000 mg/I TDS interface occurs in the Interval between 1,600 and 

1,850 feet in depth. At the City of Stuart's injection well, the depth to the Interface 

occurs In the 1,600- to 1, 700-foot Interval, while at the North Port St. Lucie well the 

Interface occurs at approximately 1,700 feet in depth. At both the Pratt & Whitney 

and the 00 Chemicals wells, the Interface occurs at approximately 1 ,800 feet in 

depth. 

Confining Zone 

Eocene carbonates are the principal stratigraphic units providing confinement and 

have been found in every Injection well drilled in southeast Florida. The structure 

contour maps and Isopach-lithofacies maps Chen (1965) developed attest to the 

regional areal extent of the formations that provide confinement to the injection 

zone. An approximately 1,1 OO-foot-thlck confining sequence found at the North 

Port St. Lucie site Increases to a thickness exceeding 1 ,300 feet at the City of 

Stuart. 

Results of core analyses from the North Port St. Lucie well are shown in 

Table 3.5.1-4. The average permeability was found to be about 1.0 X 10-5 cm per 

second This is consistent with permeability values found in other wells in the area . 
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Depth 
(feet) 

2101.0-2101.8 
2101.0-2101.8 

2108.2-2109.0 
2108.2-2109.0 

2249.0-2250.0 
2249.0-2250.0 

2253.5-2254.0 
2253.5-2254.0 

2425.0-2426.2 
2425.0-2426.2 

2430.0-2431.0 
2430.0-2431.0 

2449.0-2450.0 
2449.0-2450.0 

2451.0-2451.8 
2451.0-2451.8 

2628.0-2629.0 
2628.0-2629.0 

2632.5-2633.0 
2632.5-2633.0 

Table 3.5.1-4 
CORE ANALYSIS SUMMARY 

NORTH PORT ST. LUCIE INJECTION WELL 

Orientation Coefficient of 
(Horizontal or Permeability 

Vertical) (cm/sec) 

V 4.5 x 10.5 

H 5.4 x 10.5 

V 4.4 x 10.5 

H 3.3 x 10.5 

V 3.5 x 10.7 

H 1.4 x 10.7 

V 2.8 x 10.3 

H 1.2 x 10.3 

V 6.7 x 10-4 
H 5.7 x 10-4 

V 1.6 x 10.5 

H 3.4 x 10-4 

V 3.5 x 10-6 
H 8.9 x 10.5 

V 2.3 x 10.5 

H 1.1 x 10.5 

V 4.1 x 10.5 

H 1.9 x 10-4 

V 5.0 x 10-4 
H 1.5 x 10-4 

Porosity 
(%) 

35 
35 

32 
31 

13 
9 

37 
32 

35 
35 

34 
36 

35 
38 

31 
30 

25 
30 

31 
32 

Note: Core analyses performed by Ardaman and Associates, Orlando, Florida . 
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These data' Indicate that the confining beds above the injection zone are of 

sufficient thickness and areal extent to retard the upward migration of fluids and 

should be present at the ICl site. 

Expected Hydrogeology at the Site 

The hydrogeology In the vIcinity of Indiantown is reasonably well documented from 

Injection wells that have been dnlled Within a 25-mile radius, test oil wells that have 

been drilled In the vicInity, and from published regional studies. The data strongly 

suggest that the formations used in south Flonda for injection and confinement will 

be encountered at the proposed ICl facility. Rock formations that are important 

to the Injection process are found throughout the region. They dip gently seaward 

(Miller, 1986) and lack structural features that could affect their suitability for 

Injection It IS expected that the hydrogeology and formation boundanes beneath 

the proposed site are similar to those beneath the Amerada Cowles and 00 

Chemicals sites . 

In the cross section shown on Figure 3.5.1-4, the injection zone occurs at about 

the same depths from north to south, at approximately 2,900 feet. The injection 

zone at the Pratt & Whitney well also occurs at that depth. 

Figure 3.5.1-5 shows the anticipated hydrogeology at the ICl site. The top of the 

Injection zone is expected to occur at a depth of approximately 2,900 feet and 

extend to a depth of 3,200 feet. The confining sequence is expected to extend 

from a depth of about 1,850 feet to the top of the injection zone. It is anticipated, 

based on the location of the 10,000 mg/I TDS interface at the Pratt & Whitney, 00 

Chemicals, Stuart, and Port St. lucie wells, that the 10,000 mg/I TDS interface at 

the ICl site Will occur between 1,750 and 1 ,850 feet bls . 
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Conceptual Design 

Injection System Plan 

The injection and monitor wells will be located on a reinforced concrete pad, 

typically 8 to 12 inches thick and approximately 80 x 180 feet In size. The pad will 

protect the Surficial aquifer from spills and supports drilling loads during construc­

tion and workovers. The proposed location for the injection and monitor wells is 

shown on Figure 3.5.1-6. 

The Injection system will include a main injection well, standby Injection well, a two­

zone monitoring well, pumps, surge tank, and instrumentation and controls. The 

wastewater will be collected in a tank and level switches In the tank will control the 

injection pumps. The wastewater will normally be pumped to the main injection 

well. If the main injection well is out of service, the standby injection well will be 

used. The injection piping will be connected to the hydraulic surge control system . 

The hydraulic surge control system Will be designed to dissipate hydraulic surges 

caused by an Increase or decrease In the flow velocity within the piping system. 

The surge control system will consist of a surge tank, air source, and a level 

control system. The system components will be sized based on actual flows and 

pressures. Figure 3.5.1-7 is a conceptual diagram of the Injection system. 

Water Supply 

The primary water supply for cooling tower makeup will be Taylor Creek/Nubbin 

Slough, located approximately 19 miles northwest of the site. Occasionally, 

makeup water will be required to be withdrawn from the Floridan aquifer. Taylor / 

Creek/Nubbin Slough will be used as long as specific hydraulic conditions are 

met in the canal system. During periods of extended drought, water will be 

required to be withdrawn from Floridan aquifer wells constructed at the facility . 
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Figure 3.5.1-6 
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The raw water quality of the two sources will result in different concentration cycles 

in the cooling tower. The resulting wastewater quality and quantity will be different 

depending on the raw water source. The estimated peak flow to the injection well 

when utiliZing the canal source is 250 gallons per minute (gpm). The estimated 

peak flow to the well when utiliZing the Floridan aquifer is 1,280 gpm. 

Injection Tubing Size 

The Flonda Department of Environmental Regulation (FDER) has developed a 

limitation on the flow velocity of injected flUids in the Injection casing or tubing. The 

maximum flow velocity allowed IS 8 feet per second (fps). ThiS criterion is typically 

the limiting factor In determining the capacity of an injection well. 

The Injected flow will reach rates up to 1 ,280 gpm when the Floridan aqUifer is 

utilized for water supply. A 10-lnch diameter Injection tubing will be required to 

accommodate thiS flow. At 8 fps flUid velocity, the allowable flow in the 10-lnch 

tubing Will be about 1,714 gpm. Each Injection well will be deSigned to accept the 

maximum wastewater flow, thereby providing 100 percent redundancy for the 

Injection well system. 

Material Selection Criteria 

The intermediate casings of the injection wells will be carbon steel as is typically 

used on Class I Injection wells. The injection tubing matenal will be selected to 

prOVide a rehable mechamcal system for Injection. The Injected fluid will be slightly 

brackish when utilizing Taylor Creek/Nubbin Slough, and will be moderately 

brackish when the Flondan aquifer is used for supply. The tubing material will be 

selected to be compatible With the brackish nature of the wastewater. Possible 

tubing materials Include carbon steel, Internally coated carbon steel, fiberglass 

reinforced plastiC, and other specialty metals. 

Final material selection will be based on suitable mechanical properties, capital 

costs, operation and maintenance costs, and corrosion resistance . 

20524 016\lnd'Bnln seA 3.5.1-15 



• 

• 

• 

Preliminary Design 

The conceptual design of the injection wells is based on providing capacity for 

maximum dally flow without any storage and on the regulatory limitation on flow 

velocity of 8 fps. The preliminary design of the Injection wells is presented on 

Figure 3.5.1-8. This design is based on the assumption that fiberglass reinforced 

plastic (FRP) tubing will be used for the Injection tubing. The FRP couplings in this 

size have an outside diameter of 12 625 inches. If coated steel or alloy steel IS 

used, the casing sizes may be reduced because the coupling dimensions are 

smaller than for a similar size FRP tubing. 

A 10-inch-diameter tubing set with a packer will be required to accommodate the 

maximum 1,280 gpm flow A 16-lnch-diameter final casing, set to the top of the 

injection zone, will be required to provide adequate clearance for the packer and 

tubing couplings The remaining casing sizes are proposed to be 26, 34, and 

42 Inches In diameter. Intermediate casings are included in Injection well designs 

to facilitate construction and to protect overlying aquifers . 

Construction and Testing Plan 

Drilling Program for Injection Wells 

The Injection wells will be constructed by advanCing the hole with a pilot hole, 

reaming the pilot hole, Installing casing, and progressing with the pilot hole to install 

the next smaller-sized casing. Testing will occur throughout the drilling process. 

The proposed dniling and testing program for each injection well is described 

below. 

1. Install by dnvlng or drilling a minimum 42-inch-diameter surface casing 

to about 25 to 40 feet In depth; cement the annulus back to surface if 

dnlled. Dnll a 12-lnch-diameter pilot hole through the Surficial aquifer 

and underlying clay Into the consolidated limestone at an approximate 

depth of 500 feet. Run geophysical logs . 
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2. Ream the 500-foot pilot hole to about 42 Inches in diameter; install 

approximately 500 feet of 34-lnch-diameter casing and cement the 

annulus to ground surface. Advance the 12-lnch-dlameter pilot hole to 

approximately 1 ,850 feet. Run packer tests to identify the base of the 

USDW. Run a suite of geophysical logs. 

3. Ream the pilot hole to total depth; Install a 26-inch-dlameter caSing to 

about 1 ,850 feet and cement the annulus to surface. Drill the pilot hole 

to a depth of 3,300 feet. During pilot hole drilling for one of the injection 

wells, obtain five 10-foot rock cores from the 2,000- to 2,700-foot depth 

Interval, run four packer tests In the same interval, and perform a suite 

of geophYSical logs. Packer tests Will be run to evaluate the confining 

beds and to select the lower mOnitoring zone. 

4 Set a bridge plug In the final pilot hole to permit installation of the final 

16-lnch-dlameter casing. The bridge plug will be set immediately below 

the intended casing installation depth of 2,750 feet. Ream the pilot hole 

to a depth of about 2,760 feet and Install the 16-inch-diameter casing 

to an approximate depth of 2,750 feet. Cement the annulus to the 

surface In stages. 

5. Run temperature and gamma logs Inside the 16-lnch-diameter casing 

after the first stage of cement to pick the top of that stage. Run a 

1-hour pressure test and a cement bond log on the final casing. 

6. Drill out the bridge plug and clean out the hole to a total depth of 

approximately 3,300 feet. Run geophysical logs to total depth. 

7. Install the 1 O-Inch-dlameter tubing with a packer assembly set just above 

the bottom of the final casing . 
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8. Run a suite of geophysical logs, TV survey, and a radioactive tracer 

survey. 

Drilling Program for Monitor Well 

The current regulatory requirements for monitoring the aquifers above the injection 

zone are to mOnitor the first permeable zone above the Injection zone and the base 

of the USDW. The first permeable zone above the injection zone typically occurs 

at a depth of about 2,000 to 2,100 feet and the water in this interval is salty. 

Because It is not a USDW, monitoring in this zone provides an early warning of 

injected fluid migration in the direction of the USDW. The 10,000 mg/I TDS 

Isochlor IS expected to occur between approximately 1 ,750 and 1 ,850 feet in depth 

at the ICL facIlity. 

The mOnitor well IS designed to monitor the two zones required by regulations. An 

open annulus between the 6- and 14-inch- diameter casings will be provided near 

the base of the USDW to mOnitor the interval from about 1 ,600 to 1 ,650 feet. The 

6-lnch diameter casing will be set to a depth of approximately 2,000 feet and the 

hole extended to mOnitor the Interval from about 2,000 to 2,100 feet. Figure 3.5.1-9 

shows the proposed mOnitor well design. 

Drilling of the pilot hole, geophysical logging, and reaming and casing installation 

Will be performed as follows. 

1. Install an approximately 30-inch-diameter surface casing by driving or 

drilling to about 40 feet in depth; cement the annulus back to surface 

if dnlled. Drill a 12-lnch-dlameter pilot hole through the Surficial aquifer 

and underlYing clay Into competent rock at an approximate depth of 

500 feet. Run geophysical logs. 

2. Ream the pilot hole to 500 feet in depth; install about 500 feet of 

20-lnch-dlameter casing and cement the annulus back to surface . 
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Continue pilot hole drilling to about 1,200 feet in depth. Run geo­

physical logs. Install a test pump and pump the well for the injection 

tests on the injection wells. 

3. Resume drilling the 12-inch-dlameter pilot hole to a depth of 1,600 feet. 

Run geophysical logs. 

4. Ream the 1,600-foot pilot hole to about 20 inches In diameter; install 

approximately 1,600 feet of 14-lnch-diameter casing and cement the 

annulus back to surface Run geophysical logs. Advance the 12-inch­

diameter pilot hole to approximately 2,000 feet and run a suite of 

geophysical logs. 

5. Install a 6-lnch-diameter casing to about 2,000 feet and cement the 

annulus up to about the 1,650-foot depth. Run a pressure test on the 

6-lnch diameter casing for 1 hour. Run geophysical logs . 

6. Dnll out the hole to a depth of 2,100 feet and run geophysical logs. 

Develop the lower zone by airlifting and allow the upper zone to flow 

until background conditions return and background water quality 

samples are taken. 

Casing Grout Program 

After each casing is set, it will be cemented in place by a multi-staged process 

using ASTM Type II neat cement mixed With 2 to 12 percent bentonite. A specific 

cementing program will be developed for each caSing and modified as necessary 

in the field based on data obtained during dnlling. The cement formulations are 

typically based on the fluid loss properties of the formations being cemented. 

Lighter formulations are used when highly permeable formations are encountered. 

After each casing is pOSitioned at the setting depth, a grout pipe is lowered inside 

the casing to Within approximately 25 feet of the casing bottom and a header is 
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Installed on the casing to seal the grout pipe and casing. The first stage of cement 

is pumped through the grout pipe, out the bottom of the casing, and upward into 

the annulus. 

After the first-stage cement has set, the depth to the top of the cement will be 

determined by geophysical logging and tagging Subsequent cement stages 

containing blends of from 2 to 12 percent bentonite will then be pumped through 

two grout pipes Installed in the annulus. The cement will be pumped to the ground 

surface for all injection well casings and intermediate monitor well casings. The 

6-lnch-dlameter casing for the mOnitor well will be cemented only up to a depth of 

about 1,650 feet to provide for the open annulus monitoring zone described 

previously. 

Geophysical logging Program 

Geophysical logs will be run in each pilot hole before it is reamed. These logs will 

be used to evaluate the hydrogeology of the strata penetrated by the exploratory 

hole. The casing setting depths will be determined and cement calculations 

prepared based on these logs. The proposed logging program for both the 

injection and mOnitor wells IS shown In Table 3.5.1-5. 

Hydrogeologic Testing 

Tests will be performed In both the Injection and monitor wells to determine the 

depth to the 10,000 mg/I TDS Interface, the permeability and thickness of the 

confining sequence, and the transmissIvity of the injection zone. Testing will 

Include taking drill cuttings, water quality samples, and rock cores, and performing 

geophysical logging, packer tests, and Injection tests. Background water quality 

samples will be sent to a certified laboratory for analysis and will be analyzed for 

parameters specified by FDER. 

Drill Cuttings - A sample of the drill cuttings will be taken every 10 feet, or at a 

formation change, during drilling and a lithologic description prepared from them. 

The drill cuttings will be used In conjunction with the geophysical logs to determine 
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Table 3.5.1-5 
GEOPHYSICAL LOGGING PROGRAM 

Interval 
Injection Wells (feet) Geophysical Logs 

12-lnch Pilot Hole ±O to 500 LSN,GR,CAL 

12-lnch Pilot Hole ±500 to 1,850 CAL, GR, IL, FM-p, TEMP-s, FLRES-
s, SON 

12-lnch Pilot Hole ± 1 ,850 to 3,300 CAL, GR, IL, FM-p, TEMP-s, FLRES-s, 
SON 

26-lnch Reamed Hole ± 1,850 to 2,750 CAL 

16-lnch Cemented Casing ±O to 2,750 TEMP, CBL, GR 

16-inch Casing and Open Hole ±O to 3,300 TV, TEMP, CAL, RTS 

10-lnch Tubing ±O to 2,750 TV, CAL 

Interval 
Monitor Well (feet) Geophysical Logs 

12-lnch Pilot Hole ±O to 500 LSN, GR, CAL 

12-inch Pilot Hole ±500 to 1,200 LSN,GR,CAL 

12-inch Pilot Hole ±500 to 1,600 LSN, GR, CAL, TEMP, FLRES 

14-lnch Casing ±O to 1,600 CBL 

12-lnch Pilot Hole ± 1,600 to 2,000 LSN, GR, CAL, TEMP, FLRES 

6-inch Cemented Casing ±O to 2,000 TEMP, CBL 

6-lnch Casing and Open Hole ±2,000 to 2,100 CAL, GR, ELEC 

Key ELEC 
CAL 
GR 
LSN 
TEMP 
FM 
FLRES 
IL 
SON 
TV 
P 
s 
RTS 
CBL 

Source CH2M Hili, 1990 
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Gamma Ray 
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Pumping 
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the depths at which each formation is encountered and to characterize the 

formations. 

Rock Cores - The confining beds above the injection zone will be cored to 

charactenze their lithology and hydraulic properties. Five cores will be obtained 

during dnlling of the 12-lnch-dlameter pilot hole for the injection well The cores will 

be obtained uSing a 10-foot-long core barrel. Representative portions of the cores 

Will be sent to a geotechnical lab for determination of the vertical and horizontal 

coefficients of permeability and porosity. Laboratory results and the lithologic 

descnptlons Will be compared to the geophysical logs for confirmation of the 

confining nature of the beds overlYing the injection zone. 

Packer Testing - Straddle packer testing IS proposed In the lowermost confining 

sequence to isolate a discrete Interval In the confining zone and to test its hydraulic 

characteristics. Packer testing Intervals Will be selected after reviewing the cores 

and cuttings, the geophysical logs of the pilot hole, and the dnlling rate. Dual 

Inflatable packers Will be set across the selected interval to be tested and the 

Interval pumped while water levels are recorded. Time-drawdown curves will be 

prepared and the transmissivity of the tested Interval will be calculated. Packer 

tests will also be run In the injection well to identify the base of the USDW and to 

help select the lower monltonng zone. 

Injection Test - After installing the 16-inch-dlameter casing, an injection test will be 

run to evaluate the hydraulic characteristics of the injection well. Brackish water 

from the monitor well Will be used for the Injection test. The injection rate in the 

16-inch-dlameter casing will be increased incrementally from 1 ,000 gpm to 

approximately 3,000 gpm, the duration of the test being approximately 8 to 

12 hours. The maximum Injection pressure and static head will be measured and 

the Injection pressure caused by the formation will be calculated. 

After installing the tubing and packer, a second injection test will be performed. 

The Injection rate will be Incrementally Increased from 250 to 1,725 gpm . 
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Mechanical Integrity Testing 

Tests to demonstrate the Initial mechanical Integrity of the injection wells will be run 

before the wells are placed in operation. The demonstration will be in two parts, 

the first requIring a showing that the casing has no leaks, and the second that no 

Injected fluid can leak up around the outside of the casing into a USDW. 

The Integrity of the 16-lnch-dlameter casings will be demonstrated with a casing 

pressure test, which requires that 1.5 times the Injection pressure be maintained 

for 1 hour with less than a 5-percent pressure drop. The absence of fluid 

movement behind the casings will be demonstrated with a radioactive tracer survey 

to satisfy the second part of the mechanical Integrity demonstration. The 8-lnch­

diameter tubings will be pressure tested after installation by an annular pressure 

test. 

Water Quality Testing 

The water quality profile at the site Will be developed through several means of data 

collection. Two primary purposes of water quality testing are to determine the 

depth to the 10,000 mg/I TDS interface and the background water quality of the 

Injection and monitOring zones. 

Reverse-air water samples will be collected every 30 feet while drilling the pilot hole 

in the Injection and monitor wells These samples will be analyzed in the field for 

temperature, specifiC conductance, and chlOride concentration, and the results will 

be used to help define the 10,000 mg/I TDS Interface. Water quality samples from 

the pilot hole packer tests also will be used to Identify the base of the USDW and 

the water quality In the confining zone. 

Background water quality samples of the injection and monitor zones will be taken. 

Water quality samples Will be taken after the final caSing is set and the well is 

developed to determine the background quality of the injection zone . 
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The monitoring zone will be allowed to flow for several days upon completion of 

construction to flush out all non-native water. To establish the background water 

quality in the monitoring zones, samples will be collected from the zones before 

Injection begins and will be analyzed for the parameters shown in Table 3.5.1-6. 

The pre-injection mOnitoring zone water levels will also be measured to establish 

natural background water levels and fluctuation in the mOnitoring zones. 

Characterization of the Injected Fluid 

Volume 

The volume of fluid to be injected Will vary with the source of water used to supply 

the plant. When the Taylor Creek/Nubbin Slough source is used, a maximum 

injection volume of approximately 250 gpm will be generated. When the Floridan 

aquifer source is used, a maximum volume of approximately 1,280 gpm will be 

generated. 

Chemistry 

When using the primary source of water makeup for the plant, the wastewater 

disposed of via the injection well is only cooling tower blowdown. All process 

wastewater from the plant is reused as lime slurry dilution water for the spray dryer. 

When using the backup sources of water for the plant, the wastewater disposed 

of via the injection well is a mixture of cooling tower blowdown and excess process 

wastewater that cannot be reused. As discussed in Section 3.6, the wastewater 

from this facility is expected to be non-hazardous. Table 3.5.1-7 is a summary of 

the estimated wastewater quality from the raw water sources. The cooling tower 

blowdown will also contain some sulfuric acid and chlorine because these 

compounds are injected in the tower basin to control scaling, pH, slime, and algae 

growth. The pH of the wastewater will be maintained by adjustment during the 

treatment process . 
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Table 3.5.1-6 
PARAMETER LIST FOR ESTABLISHING BACKGROUND WATER QUALITY 

Primary Drinking Water Standards 

Arsenic 
Barium 
Cadmium 
Chromium 
Fluoride 
Lead 
Mercury 
Nitrate (as N) 
Selenium 
Silver 
Sodium 
Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-0 
2,4,5-TP, Silvex 
Total trihalomethanes 
Trlchloroethene 
Tetrachloroethene 
Carbon tetrachloride 
Vinyl chloride 
1 ,1 ,1-trichlorethane 
1,2-dichloroethane 
Benzene 
Ethylene dibromide 
p-dlchlorobenzene 
1 ,1-dlchloroethene 
Turbidity 
Coliform bacteria 
Radionuclides 

EPA Methods 608,624,625 

Source: CH2M Hill, 1990 
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Secondary Drinking Water Standards 

Chloride 
Color 
Copper 
Corrosivity 
Fluoride 
Foaming agents 
Iron 
Manganese 
Odor 
pH 
Sulfate 
Total dissolved solids 
Zinc 

Others 

Calcium 
Magnesium 
Potassium 
Ortho phosphate as P 
Total phosphorus as P 
Hardness, total 
Specific conductivity field 
Total organic carbon 
Specific gravity 
Bicarbonate 
Carbonate 
Nitrite nitrogen as N 
Ammonia nitrogen as N 
Total kjeldahl, nitrogen as N 
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Table 3.5.1-7 
ESTIMATED WASTEWATER EFFLUENT QUALITY 

Cooling Water Source 

Parameter 

pH 
Alkalinity (as CaC03) 

Total Dissolved Solids 
Silica 
Calcium 
Magnesium 
Sodium 
Potassium 
Iron 
Sulfate 
Chloride 
Fluoride 
Nitrate 
Phosphate 

Taylor Creek/ 
Nubbin Slough 

(mg/I) 

6-9 
153 

3240 
25 

103 
26 

994 
61 
0.73 

1095 
832 

3.4 
1.9 

Note: Concentrations are in mg/I of the ion. 

Source: Bechtel, 1990 
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FlOridan 
Aquifer 
(mg/I) 

6-9 
118 

14800 
17 

285 
207 

4820 
96 
<0.06 

1480 
7700 

3.2 

<2.3 
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Compatibility 

The proposed fluids to be injected must be compatible with the injection zone rock 

material and the formation fluids contained within the pores of that rock material. 

Injected fluids incompatible with the formation fluids can cause plugging or may 

chemically react with the formation material, causing detrimental effects to the 

Injection or confIning strata. A fractured and cavernous injection zone precludes 

the need to remove suspended solids to within the range of 1 to 5 mg/1. Based 

on other high TOS wastewaters injected in south Florida and the fractured and 

cavernous nature of the injection zone, wastewater from the ICL facility is expected 

to be compatible with the formation and formation fluids. 

Injection System Operation and Monitoring Plan 

Injection system monitoring data will be collected to provide a record of system 

performance and to detect any movement of injected fluid into the USOW. The 

injection system monitoring plan will consist of monitoring the injection well 

capacity and the injection flow rate and pressure, the annular fluid tank levels, the 

water elevation in the upper and lower monitor zone, and the water quality of the 

two monitoring zones (Table 3.5.1-8). 

Contingency Plan 

Each of the two injection wells will have the capacity to accept the maximum 

anticipated wastewater flow. If one of the wells is out of service, the second well 

will be used for injection. This will provide 100 percent redundancy in the injection 

well system for reliability, maintenance, and testing. 

Injection Well Operational Monitoring , 

Injection well operational monitoring will consist of continuous recording, indicating, 

and totalizing the injection flow rate, and reporting the total daily flow, monthly 

average flow, monthly maximum flow, and monthly minimum flow. The injection 

pressure will be recorded, indicated, and totalized, and daily minimum and 

maximum and average pressure (psig) will be reported (Table 3.5.1-8) . 
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Monitoring 
Station 

Injection Well 

Monitoring Well 

Wastewater 

Table 3.5.1-8 
MONITORING PARAMETERS 

ICL FACILITY 

Parameter 

Flow 
Pressure 

Pressure /water level 
Conductance 
Chloride 
Standard complete chemical 

pH 
TOS 

Source: CH2M Hill, 1990 
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Frequency 

Continuous 
Continuous 

Continuous 
Monthly 
Monthly 
Annual 

Weekly average 
Weekly average 
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Continuous water level monitoring of the annular fluid between the tubings and the 

final casings will be provided, with an alarm for low level warning. Detection of 

leaks from the tubing, packer, or casing will be provided with this monitoring 

system. 

On a quarterly basis, a specific Injectivity test will be run on the active injection well. 

This test will evaluate the injection capacity of the well to detect any changes over 

time caused by plugging or other flow-restricting conditions. ThiS test will typically 

require the well to be out of service for less than 15 minutes. 

Monitoring Well Operational Monitoring 

Every month, water quality samples will be collected from the two monitoring zones 

in the monitoring well and tested for comparison with the pre-injection water quality 

to detect changes caused by possible migration of the injected effluent. The 

samples will be collected after flowing a minimum of two casing volumes from both 

zones. The flUid produced from the monitor well will be pumped to the wastewater 

collection tank, from where It will be pumped Into the injection well. The expected 

parameters to be analyzed for on a monthly basis are presented in Table 3.5.1-8. 

In addition, continuous water level monitoring of the two mOnitoring intervals will 

be provided by recorders. Daily minimum and maximum levels and monthly 

minimum and maximum levels will be reported, along with the water quality data, 

on a monthly baSIS to the FDER. 

Conclusions 

Based on the literature and data from several operating injection wells in the vicinity 

of the proposed ICl facility, Class I well injection is feasible at this site. The 

injection zone used throughout south Florida for Similar systems IS expected to be 

encountered at a depth of approximately 2,900 feet. Adequate confinement is also 

expected to be demonstrated . 
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The conceptual design of the Injection wells is dependent upon the type of material 

used for the tubing, as tubing material dictates tubing and subsequent casing 

sizes. Two injection wells with 10-inch-diameter FRP tubings and 16-inch-diameter 

final casings are anticipated at the ICL facility . 
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3.5.2 DOMESTIC/SANITARY WASTEWATER 

Domestic/sanitary wastewaters are generated by wash basins, showers, toilets, 

water fountains, emergency showers and eyewash stations, etc. All sanitary 

wastewater generated at the ICL site will be transferred to the Indiantown Company 

water services sewer connection. The 2,300 gpd wastewater is less than 1 percent 

of the Indiantown Company's design capacity of 1.0 MGD. The existing daily flow 

is 0.41 MGD, therefore, no impact from the ICL facility is anticipated. There is no 

onsite treatment of sanitary wastewater . 
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3.5.3 POTABLE WATER SYSTEMS 

Potable/drinking water for wash basins, showers, toilets, etc., is supplied via a 

connection to the Indiantown Company water services supply main. The 

Indiantown Company water service is designed for 1.30 MGD, while the average 

daily flow is 0.67 MGD. Therefore the tel plant's requirements of 2300 gpd will 

have no impact on the available water supply. There is no onsite treatment to 

provide potable water . 
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3.5.4 PROCESS WATER SYSTEM 

3.5.4.1 General 

The primary source of process water for the ICL plant is surface water from 

TC/NS. During periods of extended drought when water is not available from 

TC/NS, process water will be obtained from a mixture of TC/NS water (from the 

cooling water storage pond) and groundwater from the upper production zone of 

the upper Floridan aquifer. Water qualities for the TC/NS and upper and lower 

production zones of the upper Floridan aquifer are provided in Table 3.5.0-1. 

Process water is treated to meet the different water quantity and quality demands 

in the plant. Process water demands for large component cleaning such as air 

heater and boiler fireside and tube side cleaning occur when the plant is in an 

outage and are met with the treatment system augmented by the filtered water 

storage tank. Fire protection water is supphed from the cooling water storage 

pond. The process water treatment scheme and flowrates are shown in Figures 

3.5.0-3 and 3.5.0-4 for the primary and backup water sources, respectively. 

3.5.4.2 Process Water Demand/Uses 

Filtered and demineralized water is used to meet the following plant water 

demands: 

• Spray dryer lime slaking water is used to dissolve the lime used in the 

flue gas desulfurization system. The slaked lime is further diluted with 

reclaimed wastewater (as discussed in Section 3.6.2) prior to injection 

into the spray dryer. 

• Filtered service water is provided throughout the plant for washdown 

purposes, pump and equipment gland seal flushes, dust suppression 

in the coal handling area, manganese greensand and activated carbon 
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filter backwashes, demineralizer regeneration, and dilution at chemical 

feed stations. The service water flow shown on Figure 3.5.0-4 is higher 

than the demand shown on Figure 3.5.0-3 to account for the 

significantly higher demand for lime and soda-ash slaking water at the 

sidestream softener when using the lower production zone of the upper 

Flondan Aquifer as the source of cooling water makeup. 

• Demand for demineralized water in the plant consists of boiler makeup, 

ion-exchange resin regeneration, makeup of export steam losses, and 

other miscellaneous uses. 

3.5.4.3 Process Water Treatment 

With one exception, the use of TC/NS as the primary makeup water source 

dictates the approach to process water treatment for the plant. The equipment is 

then sized to accommodate use of the mixture of TC /NS water and groundwater 

from the upper production zone of the upper Floridan aquifer as a backup process 

water source. The exception (discussed in greater detail below) is that a reverse 

osmosis unit is utilized when using the backup sources of process water. 

The following typical treatment description applies to either water source, unless 

otherwise noted. Raw process water is first chlorinated to destroy color, organics, 

bacteria, etc. Only the iron levels in the two sources precludes direct use of the 

water as service water. Therefore, the chlorinated water is pumped through a 

manganese greensand filter. The manganese greensand filter removes iron and 

manganese from the raw water and filters out suspended solids. Potassium 

permanganate solution is added continuously to regenerate the greensand filter 

bed which in turn oxidizes the iron and manganese. The iron and manganese 

precipitates are trapped in the filter, along with other suspended solids, and 

transferred to the wastewater equalization tank when the greensand filter is 

backwashed. The filtered effluent has a suspended solids level of less than 1 mg/1. 
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The filtered water is stored In the filtered water storage tank to provide for demands 

such as demineralizer makeup, plant service water, and spray dryer lime slaking 

water. 

Water that requires demineralization is pumped from the filtered water storage tank 

through an activated carbon filter. The activated carbon filter removes residual 

chlorine and adsorbs organics. The activated carbon filter requires periodic 

backwashlng. The backwash is transferred to the wastewater equalization tank. 

When using the primary process makeup water source, product water from the 

activated carbon filter is transferred directly to the demineralizer system. However, 

as shown in Table 3.5.0-1, the sodium and chlonde levels in the groundwater from 

the upper production zone of the upper Floridan aquifer are very high, and would 

place a significant burden on the demineralizer. Therefore, a reverse osmosis unit 

is used to treat the process makeup water when using the backup process water 

source. The reverse osmosis unit uses a high pressure differential to force water 

through a membrane, separating the dissolved ions from the water. Brine from the 

reverse osmosis unit is transferred to the injection well. Product water from the 

reverse osmosis unit is transferred to the demineralizer system. 

The demineralizer system consists of two parallel trains, each with a strong cation, 

strong anion, and polishing mixed beds. The mixed bed has both anion resin and 

cation resin to remove residual ions. The return condensate from the Caulkins 

plant IS treated in the mixed bed unit to remove ions picked up from the piping and 

leaks in the system. For this reason, the mixed bed units are sized substantially 

larger than the primary beds. 

The demlneralizer resin beds are exhausted by the ions in the water being treated. 

The demineralizer beds are regenerated periodically with acid (cation beds) or 

caustic (anion beds). The regeneration waste stream consists of a backwash, an 

injection of acid or caustic to restore the resin capacity (the actual regeneration 

process), a slow rinse, and a fast final rinse to remove excess regenerant. Wastes 
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from demineralizer regeneration are transferred to the neutralization tank for 

treatment. 

Demineralized water is stored in the condensate storage tank. Water for boiler 

makeup, demlneralizer regeneration, etc., is withdrawn from this tank . 
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3.6 CHEMICAL AND BIOCIDE WASTES 

Operation of the Indiantown Cogeneration, L.P. (ICL) project requires the use of 

chemicals to treat or condition water, and results in the generation of wastewaters. 

These wastewaters are collected, treated, reused, or discharged. Figures 3.5.0-

3 and 3.5.0-4 show the wastewater treatment equipment and average annual flows 

when uSing the two different plant makeup water sources. 

The objective of the wastewater treatment scheme is to control pH, oil, and 

suspended solids levels; then discharge the wastewater to the Boulder Zone of the 

lower Flondan aquifer via an injection well (See Section 3.5.1.5). 

Two wastewater streams are recycled within the plant Boiler blowdown has a low 

total dissolved solids level and IS recycled to the cooling tower sldestream softener. 

Runoff and leachate from the inactive coal pile is also recycled to the cooling tower 

sldestream softener. In addition, a portion of the plant wastewater is used as spray 

dryer lime slurry dilution water . 

A summary of maximum dally, maximum monthly, and average annual wastewater 

discharges to the Boulder Zone of the lower Floridan aquifer when using the 

pnmary and backup sources of water IS presented In Table 3.6.0-1. The 

wastewater effluent quality for the average annual conditions when uSing the 

pnmary water source and the wastewater effluent quality for the maximum daily 

conditions when uSing the backup water sources are presented in Table 3.6.0-2 . 
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Table 3.6.0-1 
SUMMARY OF PROJECT WASTEWATER DISCHARGES 

Maximum Maximum Average 
Daily Monthly Annual 

Case. (MGD) (MG/Mo) (MGY) 

Pnmary Source of Water 0426 12.3 137 

Backup Sources of Water 1.84 52.9 154 

Notes: 

1 

2. 

3. 

4. 

Wastewater from the ICL plant IS discharged to the Boulder Zone of the 
lower Flondan aquifer via an Injection well. 
Maximum dally discharge flows are based on design flows through the 
cooling tower and 100 percent load factor for 24 hours . 
Maximum monthly discharge flows are based on the highest average 
monthly flows through the cooling tower at 100 percent load factor for 
31 days. 
Average annual wastewater flows when using the primary water source are 
based on the annual average flows through the cooling tower at 
100 percent load factor for 365 days. Average annual wastewater flows 
when uSing the backup water sources are based on the annual average 
flows through the cooling tower at 100 percent load factor for 3 months. 

Source: Bechtel, 1990 
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Table 3.6.0-2 
SUMMARY OF PROJECT WASTEWATER QUALITY 

~ v '1 t' A-f,\A IA.el r 
Primary Water 

t'\V\ "- iI Gt L r 'j 
Backup Water 

Source Source 
Parameter (mg/l) (mg/l) 

pH 6-9 6-9 
Total Dissolved 

Solids 3,240 14,800 
Total Hardness 

(as CaC03) 364 1,560 
Oil/Grease <15 <15 
Residual Chlorine <1.0 <1.0 
Alkalinity (as CaC03) 153 118 
Silica 25 17 
Calcium 103 285 
Magnesium 26 207 
Sodium 994 4,820 
Potassium 61 96 
Iron 0.73 <0.06 
Sulfate 1,095 1,480 
Chloride 832 7,700 
Fluonde 3.2 
Nitrate 3.4 
Phosphate 1.9 <2.3 

NOTES: 

Concentrations are in mg/I of the ion. 1. 
2. The wastewater effluent quality for the primary water source (Taylor 

Creek/Nubbin Slough) is based on average annual flows through the 
water and wastewater treatment system. These flows are based on the 
average annual meteorological conditions for the cooling tower, 100 
percent load factor and 24 hours per day for 365 days. The cooling 
tower operates at 10 cycles of concentration. 

3. The wastewater effluent quality for the backup water source (lower 
production zone of the upper Floridan aquifer for cooling water makeup 
and mixture of Taylor Creek/Nubbin Slough and upper production zone 
of upper Floridan aquifer for process water makeup) is based on 
maximum daily flows through the water and wastewater treatment 
system. These flows are based on design meteorological conditions for 
operation of the cooling tower and 100 percent load factor for 24 hours. 
The cooling tower operates at 3.5 cycles of concentration. 

Source: Bechtel, 1990 
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3.6.1 PLANT CHEMICAL AND BIOCIDE USE 

A vanety of chemicals and a biocide are used in the plant to obtain or maintain a 

desired quality of water as part of cooling water treatment, process water 

treatment, bOiler water treatment, and wastewater treatment. 

3.6.1.1 Chemical Use in Cooling Water Treatment 

Cooling water IS treated to control corrosion, scaling, and biofouling. These three 

processes are Intertwined and, over a penod of time, lead to heat transfer efficiency 

losses In both the condenser and cooling tower, adversely affecting the heat rate 

of the plant. Chemicals are used to control these processes. In addition, 

chemicals are used In the sldestream softener to allow the cooling tower to operate 

at higher cycles of concentration. 

Scale IS controlled by adding a polymenc form of organic phosphates. A residual 

of a few mg/I of a high molecular weight polymer keeps ions in suspension, pre­

venting them from depositing on the heat transfer surfaces. There are a variety 

of antl-scalants available for cooling water treatment applications. 

Corrosion Inhibitors are added to control the formation of metal oxides on heat 

transfer surfaces. These inhibitors are non-metal based (unlike zinc and chromium 

based corroSion Inhibitors of the past); therefore, the corrosion inhibitors do not 

add metals to the cooling tower blowdown. 

Sulfunc aCid IS added to the circulating water to prevent the pH from rising above 

about 8.3. Sulfunc acid also converts calcium carbonate to calcium sulfate which 

has a much higher solubility and does not form scale on heat transfer surfaces. 

The circulating water is chlorinated with sodium hypochlorite to kill bacteria and 

destroy organics which have the potential to foul the condenser and grow on the 

gnd in the cooling tower. The sodium hypochlorite may be either fed into the 
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cooling tower basin or injected at the inlet to the condensers. The consumption 

(or chlorine demand) exhibited by the cooling water depends on the number of 

organisms In the cooling water, the degree of biological fouling of the condenser 

tubes, and the amount of ammonia in the cooling water. The rate, frequency, and 

duration of chlonnation will be set by the operator in response to anticipated 

seasonal vanatlons in these parameters and review of condenser performance to 

maintain adequate control without over-chlorinating. 

Chlonnatlon IS only required for up to 2 hours per day. Free residual chlorine 

levels In the cooling tower blowdown are expected to be less than 1.0 mg/I. 

As discussed In Section 3.5.1.1, a portion of the circulating water is passed 

through a sldestream softener to reduce hardness, silica, iron, manganese, 

organics, etc. In the sldestream softener, lime and soda-ash (sodium carbonate) 

are added to the water. This causes calcium carbonate, magnesium hydroxide, 

and ferrous hydroXide to precIpitate out of the solution. Organic polymers are 

added to assist in settling the suspended solids and precIpitates to the bottom of 

the softener. The sludge from the clarifier is transferred to the wastewater sludge 

thickener, while the clarified effluent rejoins the circulating water. 

With the exception of the chemicals removed as precipitates in the sidestream 

softener underflow and the decay of sodium hypochlonte, all other chemicals 

utilized In the COOling water treatment leave With the cooling tower blowdown. 

3.6.1.2 Chemical Use in Process Water Treatment 

As discussed in Section 3.5.4, raw process water is treated to produce the quality 

required by different plant demands. 

The raw process water is chlonnated With sodium hypochlonte prior to entenng a 

small surge tank at the front end of the treatment system (pnor to the manganese 

greensand filter) The sodium hypochlorite IS used to kill bacteria and destroy 
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organics which have the potential to foul plant piping systems and ruin the ion­

exchange resins in the demineralizer. Sodium hypochlorite is fed continuously to 

the raw water. The feed rate will be set by the operator in response to seasonal 

variations in organics levels in the raw water (especially from the Taylor 

Creek/Nubbin Slough source). 

Iron is removed from the raw process water In a manganese greensand filter. The 

manganese greensand filter is regenerated either by a continuous or intermittent 

addition of a potassium permanganate solution to the process water upstream of 

the filter. The feed rate of potassium permanganate will be based on the iron and 

manganese content of the raw water. Excess potassium permanganate, beyond 

that required for iron and manganese removal, oxidizes other constituents in the 

raw water, such as organics or microorganisms. The potassium is ionized in the 

water, while the manganese in the permanganate forms insoluble manganese 

hydroxide and is removed by the filter. 

The reverse osmosis unit will be used when the backup sources of process water 

are needed. The membranes of the reverse osmosis unit will require occasional 

acid cleaning (possibly as often as once per week when In use) to remove 

accumulated scale. The wash water will be directed to the neutralization tank. 

The lon-exchange resins In the demineralizer beds require periodic regeneration. 

Sulfuric aCid is used to regenerate the strong cation bed. Sodium hydroxide is 

used to regenerate the anion bed. The acidic and alkaline waste streams are 

transferred to the neutralization tank after passing through the beds. 

3.6.1.3 Chemical Use in Boiler Water Treatment 

Even though process water is treated to meet the boiler feedwater quality require­

ments, boiler water undergoes chemistry changes and acquires metals as it circu­

lates through the steam cycle piping. Therefore, chemicals are added to maintain 

a desired water quality, to prevent corrosion and scaling in the steam cycle piping . 
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A sodium phosphate compound IS Injected into the boiler water to react with the 

hardness Ions and form an Insoluble compound called hydroxyapatite, which 

remains In suspension until it IS removed in the bOiler blowdown. 

Phosphate based polymers, which keep the precipitates formed in suspension by 

modifying their structure, are added to the bOiler water in a solution form. The 

suspensions are light weight and are flushed out with the boiler blowdown. 

Neutralizing amlnes, which are nitrogen containing organic compounds, are added 

in the steam cycle. These amlnes are volatile in nature and provide pH control in 

the steam piping as well as the return condensate loop. 

Passlvating amlnes are also nitrogen containing organic compounds which, when 

Introduced to the steam cycle, form a passivatlng (Inert) film on the steam piping 

internals to help control corrosion of the bOiler system . 

Dissolved oxygen in the boiler water (which leads to corrosion of the boiler tubes) 

IS controlled by the use of an oxygen scavenger. The chemical used is hydrazlne 

or an equivalent. Hydrazlne forms water and molecular nitrogen in controlling 

dissolved oxygen. The nitrogen IS removed in the deaerator. 

3.6.1.4 Chemical Use in Wastewater Treatment 

Wastewater from deminerallzer regeneration and chemical lab drains that may not 

have a neutral pH are directed to the neutralization tank where sulfuric acid or 

sodium hydroxide are used to adjust the pH to between 6 and 9. 

Coagulants and filter aids are used in the wastewater treatment clarifier to aid in 

removing suspended solids from the plant effluent and in dewatering the resultant 

sludge. Coagulant aids and filter aids are high molecular weight compounds that 

overcome the electrical charges which cause suspended particulates to repel one 

20524 016\lnd.antn SCA 3.6.1-4 



• 

• 

• 

another. The dose is usually between 0.5 to 2 mg/l, and is optimized once the 

plant is in operation. Coagulant aids are added to the sludge thickener to produce 

a sludge with a higher solids content that dewaters more easily. Filter aids are 

used In the filter press for a better solids capture and to produce a clearer filtrate. 

These organic chemicals are removed with the dewatered sludge (filter cake). 

lime IS used to adjust the pH of the runoff and leachate from the Inactive coal pile 

before It IS recycled to the cooling tower sidestream softener . 
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3.6.2 WASTEWATER TREATMENT DESCRIPTION 

The objective of the wastewater treatment scheme is to control pH, oil, and 

suspended solids levels; then discharge the wastewater to the Boulder Zone of the 

lower Floridan aquifer via an injection well. Figures 3.5.0-3 and 3.5.0-4 show the 

wastewater treatment equipment and average annual flows when using the two 

different plant makeup water sources. 

Section 3.5.1.5 discusses the compatibility of the injected fluids with the injection 

rock zone matenal. The wastewater to be Injected IS expected to be compatible 

with the formation and formation flUids of the Boulder Zone of the lower Floridan 

aquifer. The quality of the wastewater based on average annual flows using the 

pnmary source of water IS presented In Table 3.6.0-2. The "worst case" effluent 

quality at design flow rates uSing the backup sources of water is also presented 

In Table 3 6.0-2. No hazardous materials may be Injected into the well. Therefore, 

measures (e g., oily water separators, good operational practices, training of 

personnel, dikes around chemical treatment areas, etc) Will be taken to ensure that 

hazardous solvents, degreasers, or other chemicals that may be used at the plant 

Will not enter the floor drains or equipment drains connected to the wastewater 

equalization tank. 

The use of the spray dryer as the flue gas desulfunzatlon system provides an 

opportunity to dispose of wastewater In the spray dryer. The lime slurry dilution 

water can tolerate higher total dissolved solids levels than is found in the service 

water. Therefore wastewater IS used to meet this demand. 

When using the pnmary source of water for plant makeup, the wastewater flow 

from the plant (excluding cooling tower blowdown) does not provide sufficient 

quantity to meet the spray dryer dilution water demand. Therefore, cooling tower 

blowdown IS used to supplement wastewater from the wastewater treatment clari­

fier. However, when uSing the backup water sources, the wastewater flow (again 

excluding cooling tower blowdown) is sufficient to meet the spray dryer dilution 
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water demand. The cooling tower blowdown when using the lower production 

zone of the upper Floridan aquifer for cooling water makeup IS actually unsuitable 

for use as spray dryer dilution water because of the very high total dissolved solids 

and sulfate levels. 

A small portion of the total steam flow IS discharged from the boiler as a liquid 

blowdown to maintain a solids balance in the bOiler water. This waste stream 

contains dispersants, phosphates, and trace amounts of Iron and copper picked 

up from piping and equipment surfaces. Blowdown from the boiler is at an ele­

vated temperature and pressure. A flash tank recovers a very pure vapor with a 

low total dissolved solids level which can be recycled directly to the boiler water 

deaerator (after recondensation). The boiler water treatment chemicals remain with 

the blowdown The blowdown stream is recycled to the cooling tower sidestream 

softener. 

The aCidiC and alkaline waste streams from demineralizer regeneration are trans­

ferred to the neutralization tank. Other plant waste streams with the potential of 

being aCidiC or basIc, such as chemical lab drains, are also directed to the 

neutralization tank. In the tank, the aCidiC and caustic streams neutralize one 

another to a certain extent. Sodium hydroXide or sulfUriC aCid are used to adjust 

the final pH to between 6 and 9. The neutralized flows are then transferred to the 

wastewater equalization tank. 

Brine reject from the reverse osmosIs unit has a very high total dissolved solids 

level. The brine does not require pH adjustment or suspended solids removal; 

therefore, it IS transferred directly to the wastewater collection tank at the injection 

well. 

Equipment within the power block and the vicinity, such as transformers and 

motors, may contribute oil in small amounts dUring equipment washes. Potential 

oily wastes from floor drains are treated In an oil/water separator which uses the 

difference In specific gravity between oil and water to effect the separation. The 
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cleaned water is transferred to the wastewater equalization tank. The collected oil 

is held for disposal offsite by a licensed waste oil handler. 

Periodically, the manganese greensand filter and activated carbon filter are 

backwashed to clean the filter media. The backwashes have a high suspended 

solids level and are transferred to the wastewater equalization tank. 

Wastewater flows from the neutralization tank, oil/water separator, and filter 

backwashes are collected In the wastewater equalization tank to provide uniform 

flow and strength before being treated. The wastewater IS then transferred to a 

wastewater treatment clanfler where it is mixed with a coagulant aid to assist in 

settling suspended solids. The underflow from the clarifier IS transferred to the 

sludge thickener. 

When the plant IS operating uSing the pnmary water source, the clanfled effluent 

IS mixed with cooling tower blowdown, and a portion IS used to meet the spray 

dryer dilution water requirements. The remaining wastewater is transferred to the 

wastewater collection tank at the Injection well. 

When the plant is operating uSing the backup water sources, the clarified effluent 

alone IS used to meet the spray dryer dilution water demand. The excess clarifier 

effluent IS transferred to the wastewater collection tank at the Injection well. 

The wastewater collection tank at the injection well serves as a surge tank for the 

well pumps. The collected water is Injected into the Boulder Zone of the lower 

Floridan aqUifer. 

Underflow from the wastewater treatment clanfler and the sidestream softener 

underflow IS transferred to a sludge thickener. The sludge thickener further 

concentrates the suspended solids by gravity. The result is a very low volume of 

thickened sludge which is next sent to a filter press for dewatering. The super­

natant from the sludge thickener IS recycled to the wastewater treatment clarifier . 
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TO: 

FROM: 

DATE: 

SUBJECT: 

MEMORANDUM 

The Honorable Lawton Chiles, 
Governor 

The Honorable Jim Smith, 
Secretary of State 

The Honorable Robert A. Butterworth, 
Attorney General 

The Honorable Bob Crawford, 
Commissioner of Agriculture 

The Honorable Betty castor, 
commissioner of Education 

The Honorable Gerald A. Lewis, 
State Comptroller 

The Honorable Tom Gallagher, 
State Treasurer and Insurance commissioner 

Carol M. Browner, Secretary 

January 14, 1991 

AGENDA ITEM FOR SITING BOARD, JANUARY 22, 1991 
CABINET MEETING -- AES CEDAR BAY, INC. POWER 
PLANT SITE CERTIFICATION ORDER 

Attached are the Department's agenda items for the January 22, 
1991 Cabinet Meeting and supporting documents. For 
consideration by the Siting Board is a Recommended Order and 
Supplemental Recommended Order which would certify the AES 
Cedar Bay, Inc./Seminole Kraft Corporation's electrical 
cogenerating facility, located in Jacksonville, Florida, 
subject to the Conditions of certification. 
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Florida Department of Environmental Regulation 
Southeast District 

Lawton Chtles, Governor 

• 1900 S. Congress Ave, SUIte A 

Telephone 4071433-2650 
Fax. 407/433-2666 

TO: Buck Oven 
JUL 12 1991 

FROM: Linda McCarthy 

• 

SUBJECT: Sufficiency Response, Indiantown Cogeneration Plant 

West Palm Beach, Flonda 33406 

Carol M Browner, Secretary 

- We don't have any more questions to ask, but we would like to be able to 
recommend conditions to the certification. Attached are a few that have 
-been written by the SED's Waste Clean-up section that refer xo the 
groundwater_monitoring -plan. The proposed conditions are more specific -than 
those -submitted by the SFWMD. I'll Tbe sending a few more on-the wetland 
impacts-next week. 

--

Poor Original 

"',cycled a Paper 

-----~ 
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When the primary plant water source is being used, the filter press processes all 

of the sludge generated during the day during a single shift. However, a much 

larger quantity of sludge IS generated when the backup plant water sources are 

used, requIring the filter press to be operated two shifts per day. A sludge holding 

tank IS used upstream of the filter press to store the sludge. The filter press 

processes the thickened sludge to yield a cake of 35 to 50 percent solids by d~C--­
weight. Conditioning chemicals are usually added for better cake yield. The filtrate __ 

from the filter press IS returned to the wastewater treatment clarifier, while the cake' - __ 

IS taken off site to an approved landfill for disposal. 

Poor Or; ina 
Periodically, major equipment such as the air heater and the bOI e . 

and tubeslde) require cleaning to restore heat transfer areas. A large quantity of 

filtered water is used to flush the equipment, followed by use of chelating agent 

and aCid cleaning or other similar process to dislodge and remove scale and 

corrosion products accumulated while the component was in service. Proprietary 

chemicals used for cleaning and the final cleaning agent are usually alkaline 

solutions. Such equipment cleaning will be performed by an outside vendor during 

a plant outage. Initial flush and final rinse waters will be transferred to the 

neutralization tank, as these wastewater streams are not strongly acidic or basIc 

and do not contain high levels of metals. The wastewater from the actual acid 

cleaning and first rinse will be transported offsite for disposal by the contractor. L-

The Inactive coal storage area IS lined to prevent seepage of leachate into the 

groundwater. The storage area IS grassed over to prevent fugitive particulate 

emissions and minimize Impacts on runoff quality. Runoff and leachate from the 

inactive coal storage area are collected in a lined drainage ditch and directed to the 

coal pile runoff basin. The coal pile runoff basin is also lined to prevent seepage. 

Runoff and leachate are treated With lime in a flash mixing tank at the entrance to 

the runoff basin. The lime is used to adjust the pH of the runoff and leachate. The 

runoff basin serves as a surge tank and settling pond. The pH adjustment in the 

flash mixing tank causes some heavy metals to precIpitate out and settle in the 
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basIn wIth the suspended solids. The contents of the coal pile runoff basin are 

transferred to the cooling tower sidestream softener at a controlled flow rate. The 

relatIvely small peak flow rate at whIch the runoff stream IS mIxed into the 

cIrculatIng water mInImIzes the impact on the cooling tower operation. The lime 

and soda ash addItion In the sldestream softener also ensures that the quality of 

the runoff stream IS acceptable for Incorporation with the circulating water. 
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3.7 SOLID AND HAZARDOUS WASTE 

3.7.1 SOLID WASTES 

3.7.1.1 General 

The Indiantown Cogeneration, L.P. (ICl) project facility will generate solid waste 

from the operation of the combustion system, water and wastewater treatment 

system, and flue gas cleaning system (FGC) which includes the SDA system and 

the baghouse. In addition, miscellaneous solid waste, such as general office refuse 

and maintenance wastes, will be produced. These wastes are quantified in 

Table 3.7.1-1. 

The quantities and chemical constituents of the combustion system wastes (bottom 

ash and fly ash, including reaction products generated in the FGC system) are pri­

marily related to the characteristics of the fuel. The maximum expected per­

centages of ash and sulfur content, as well as the minimum heating value of coal 

were assumed in the calculations of by-product/solid waste quantities and 

composition. These estimates should be considered worst-case estimates. Actual 

quantities are expected to be less during normal operation. 

Water /wastewater system wastes -are generated during the water pretreatment 

(softening, clarification, filtering), wastewater neutralization and clarification, and 

deminerahzer resin replacement. The water/wastewater system wastes will take 

the form of a filter sludge cake. Demineralizer resins will need to be replaced 

periodically. 

The amount of filter sludge cake generated by the water treatment system is 

dependent on which source of water is used for COOling and process water for the 

plant. Taylor Creek/Nubbins Slough will be used as the primary source of both 

cooling and process water. During these times, filter sludge cake generation is 

expected to be a maximum of 115 tons per month (about 1380 tons/year). During 
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Table 3.7.1-1 
ICL FACILITY SOLID WASTE QUANTITIES 

Source Quantity Disposal 

Combustion Facility 

Bottom Ash (tons/yr) 30,484(1) Return to 
Mine 

Fly Ash plus 
283,150(1) SDA Solids (tons/yr) Return to 

Mine 

Water /Wastewater Treatment 

Treatment Solids (tons/yr) 3,435(2) Offsite 

Demlneralizer Resin Beds 
(yd3/yr) 180(1) Offsite 

Miscellaneous Wastes 

Office Refuse (yd3/yr) 2,500 Offsite 

Maintenance (yd3/yr) 100(1) Offsite 

Assumes worst case of 100% capacity. • (1 ) 
(2) Assumes worst case of 9 months per year using Taylor Creek/Nubbins Slough 

as water source and 3 months per year using Floridan aquifer as water source. 

Source: Bechtel, 1990 
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drought conditions when the Taylor Creek/Nubbins Slough is not available, the 

Floridan aquifer must be used as the source of cooling water. Since the quality of 

water from this aquifer is not as good as the Taylor Creek/Nubbins Slough, a 

maximum of 800 tons per month of filter sludge cake is expected to be generated 

during drought conditions. 

General office waste and maintenance waste are the typical consumable waste 

(paper, rags, etc.) found in any offIce or industrial facility. 

3.7.1.2 Methods of Treatment. Handling. Interim Storage. and/or Disposal 

Onsite Disposal 

There will be no onsite disposal of solid waste. 

Bottom Ash 

Bottom ash is removed from the boiler hopper via a submerged drag conveyor. 

Bottom ash is transported by conveyor from the submerged drag conveyor to a 

silo sized for approximately 3 days' storage capacity. The bottom ash will be 

loaded from the silo into railcars for disposal at the coal mine. 

Fly Ash and SDA Solids 

Fly ash and SDA solids (ash) are conveyed to the recycle ash silo for addition to 

the lime slurry used in the flue gas cleanup system. When the recycle ash silo is 

filled, ash is bypassed to an ash storage silo having approximately 3 days' storage 

capacity. From the ash storage silo, the ash is loaded into rail cars with special 

covers (to prevent the generation of fugitive dust) for disposal at the coal mine . 
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VVater/VVastevvater 

Operations of the water jwastewater treatment system will result in a nonhazardous 

sludge cake (from filter presses) composed primarily of calcium carbonates, 

hydroxipes of metals (aluminum, magnesium), and inert solids. This filter cake will 

be placed in containers or bins and loaded on trucks for offsite disposal. 

The nonhazardous wastes generated periodically from replacement of the 

demineralizer resin beds will be removed by their suppliers. 

Miscellaneous 

Miscellaneous office waste will be directed to licensed, offsite disposal areas. 

Spent air filters from the air inlet, damaged or used baghouse filter bags, etc., will 

be transferred to onsite storage-for-disposal areas prior to being transported to 

offsite disposal areas . 
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3.7.2 HAZARDOUS WASTE 

Florida's hazardous waste management program is based on statutory provisions 

of Chapter 403 of the Florida Statutes and Rules, codified in F.A.C. Chapter 17-

730. F.A.C. 17-730 tracks closely those regulations promulgated under 40 CFR 

Parts 260 through 266. These regulations address the identification and listing of 

hazardous waste, and apply to hazardous waste generators, transporters, and 

facility owners and operators. 

3.7.2.1 Definition of Hazardous Wastes 

A solid waste is a hazardous waste if it meets either of the following criteria: 

• It exhibits any of the characteristics of hazardous wastes identified in 40 

CFR 261 Subpart C. 

• It is listed in 40 CFR 261 Subpart D . 

Listed hazardous wastes are divided into five categories: non-specific sources, 

specific sources and discarded commercial products, off-specification species, 

container residues, and spill residues. Each listed hazardous waste has an EPA­

assigned alphanumeric identifier. 

3.7.2.2 Cogeneration Facility 

The facility may generate both listed and characteristic wastes. Those wastes can 

be categorized as follows: 

• Non-thermal waste 
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• Chemical product storage and transfer wastes (waste oils) 

• Miscellaneous wastes 

Non-Thermal Waste 

The category of non-thermal wastes is broad, including various wastewaters 

resulting from operation of the facility. Although not hazardous by definition, these 

wastes can contain chemicals which make them hazardous. The following non­

thermal wastes are produced: 

• Wastewater treatment filter effluent 

• Spent demlneralizer regeneration solutions 

• Boiler blowdown 

• Demineralizer resin beds 

• Metal cleaning wastes 

The water/wastewater treatment effluent contains dissolved solids removed during 

water pretreatment (softening, clarification, filtering, and demineralizer solids 

treatment). Due to the absence of hazardous constituents in the raw process 

water, the water treatment effluent from the facility is not expected to be 

hazardous. ThiS effluent is either used in the SDA system or injected through the 

deep well injection system. 

Spent acidic and basic solutions that have regenerated the demlneralizer resin bed 

ion exchangers Will be routed to a neutralization tank for pH adjustment. Thus, 

these wastes will be treated to eliminate corrosivity. Since these wastes will be 

treated in a totally enclosed elementary neutralization unit, they will not represent 
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hazardous wastes according to Florida Hazardous Waste Rules (F.A.C. 17-730) . 

Once treated, these wastes will be either used in the SDA system or injected 

through the deep well injection system. 

Though it may contain trace amounts of an oxygen scavenger, boiler blowdown 

represents a high quality stream which can be directed for use in the cooling tower 

system or Injected in the deep well injection system. 

The boiler tubes may require infrequent cleaning. This will involve application of 

an organic solution or nonhazardous citric acid solution (e.g., Citrosolv) to dissolve 

scale, followed by a water rinse and final application of a neutralizing alkali agent. 

The spent acid solution will be neutralized and recycled in the lime slaking system 

or injected into the deep well. The remaining spent chemical products and 

associated liquid wastes are termed metal cleaning wastes and may be hazardous. 

If corrosive only, these wastes may be pumped to the neutralization tank (totally 

enclosed elementary neutralization unit) and treated to render them nonhazardous. 

In the alternative, or if deemed hazardous under another criterion, these wastes 

would be collected and removed by a licensed contractor for offsite disposal. 

Chemical Product Storage and Transfer Wastes 

Chemical product storage and transfer operations at the proposed facility could 

result in infrequent waste generation. Accidental spills will be contained (bermed 

areas) and impacted areas will be thoroughly washed and rinsed. Dissolved and 

suspended solids, acids, alkalies, and oils will represent the primary constituents 

of the wastes generated. With the exception of oily wastes, these wastes will be 

directed to the wastewater treatment facility where they will be treated and 

discharged as filter cake and processed wastewater. The oily wastes will be 

separated from this collected runoff and will be recycled or disposed of by an 

approved contractor . 
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Miscellaneous Wastes 

Generation or use of potentially hazardous materials (paint, thinners, solvents, etc.) 

will be minimized through the judicious use of less hazardous or nonhazardous 

matenals or systems and through good housekeeping practices. If hazardous 

spent materials or wastes are generated, they will be stored in appropriate 

containers in segregated storage areas for a period not to exceed 90 days. These 

wastes will be treated or disposed of offsite by a licensed hazardous-waste 

contractor. 

3.7.2.3 Permanent Onsite Disposal and Storage 

Hazardous wastes, as defined by F.A.C. 17-730, will not be treated or disposed of 

onsite, and will not be stored onsite for a period in excess of 90 days or such other 

period as the regulations may allow . 
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3.8 SITE DRAINAGE 

3.8.1 EXISTING SITE DRAINAGE 

The topography of the Indiantown Cogeneration, L.P. (ICL) project site varies 

between EI. 35.0 and 31.0 feet, with the higher elevations in general occurring 

along the northern and western periphery of the site. The existing grade for the 

power block areas, including sWltchyard and cooling tower, varies between EI. 35.0 

and 33.0 feet. The prevailing grade along the existing transmission line corridor 

varies between EI. 35.0 and 33.0 feet. The area to the north of the transmission 

line corridor has an eXisting grade elevation of approximately 35.0 feet. Due to the 

relatively flat gradient and limited topographic relief, the stormwater runoff has a 

low flow velocity. Much of the site area is heavily vegetated with pine and wet 

pralne. A drainage ditch traverses the entire site from north to south carrying the 

site surface runoff, as well as surface runoff from areas north of the site, to the St. 

LUCie Canal approximately 2.5 miles away. In general, the site drains in a 

southerly direction toward the ditch. 

The ICL site is characterized by several isolated, naturally occurring nonforested, 

fresh water wetlands Interspersed over the site. The boundanes of these shallow, 

wet prairie wetlands, as shown on the Plot Plan (Figure 3.2.0-1), were developed 

from the field survey performed in the Spnng of 1990 . 
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3.8.2 DRAINAGE AREAS 

The estimated areas for the developed ICL site, as shown on the Site Drainage 

Plan (Figure 3.8.2-1), are: 

• Power block area: 21 acres 

• Coal handling area: 9 acres 

• Inactive coal storage area: 6 acres 

• Cooling water storage pond: 25 acres 

The other areas of the project not disturbed by development are: 

• Wetland preserves, Including ditch: 24.4 acres 

• Existing transmission power lines: 8 acres 

• Upland preserves, including wetland buffers: 58.3 acres 

• Miscellaneous areas north and west of rail loop: 22.7 acres 

For reference and further discussion purpose, these areas are defined as follows: 

• Power Block Area: 

Includes areas housing turbine, boiler, water treatment system, 

administration building, stack, scrubbers and bag house buildings, 

switchyard, various tanks, cooling tower, parking lot, oil storage tank, 

injection well, and three stormwater management basins . 
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• Coal Handling Area 

Includes areas housing coal storage bUilding, coal handling bUilding, 

conveyors, and a stormwater management basin 

• Inactive Coal Storage Area 

Includes areas dedicated to coal storage, emergency stackout, and 

coal pile runoff basin 

• Cooling Water Storage Pond 

Includes area dedicated to the cooling water storage pond 
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3.8.3 DESIGN CRITERIA AND APPLICABLE REGULATIONS 

3.8.3.1 South Florida Water Management District Criteria 

The surface water management system will be designed In accordance with the 

regulations and requirements of the South Florida Water Management District 

(SFWMD) , which has been delegated authOrity under FA C 17-25090 These 

regulations and requirements are outlined In the SFWMD Permit Manual 

(SFWMD, 1987) 

The surface water management system for the project faCIlities located Within the 

developed area will be designed such that the peak post-development discharges 

from the ICL site will not exceed the peak pre-development discharges Into the 

eXisting onslte drainage ditch Detention basins and discharge control structures 

will ensure that post-development peak discharges will not exceed the pre­

development peak discharge By virtue of the eXisting topography, the stormwater 

runoff from the undeveloped areas outSide the developed area Will continue to 

follow the eXisting course 

The follOWing design criteria are speCified In the SFWMD Permit Manual 

a Design Storms 

• 1 ~O-year, 72-hour storm for emergency spillway elevations of 

detention basins and bUilding elevations 

• 25-year, 72-hour storm for principal spillway elevations of 

detention basins, permanent swales and ditches, and culverts 

• 10-year, 72-hour storm for road crown elevations and temporary 

diversion ditches 
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c 

Rainfall Frequencies for the Site Area 

• 100-year, 24-hour 9 0 Inches 

72-hour 122 Inches 

• 25-year, 24-hour 70 Inches 

72-hour 95 Inches 

• 10-year, 24-hour 58 Inches 

72-hour 79 Inches 

• 3-year, 24-hour 43 Inches 

• Rainfall Distribution SCS-Type III 

Basin Outlet Structures 

• V-notch bleeder (control structure) IS to pass the first Inch of 

runoff 

• Combined discharge capacity of principal and emergency 

spillways to accommodate peak runoff from 100-year, 72-hour 

storm 

3.8.3.2 Runoff Analysis 

Power Block and Coal Handling Areas 

SCS Technical Release No 55, (TR55) , (USDA, 1986) was used to determine pre­

developed as well as post-developed peak runoff discharges for the site Weighted 

runoff coefficients were determined by percentage of Impervious area due to 

development and sOil type Based on the sOil types found In the site area, a slte-

20524 016\lndlantn SCA 383-2 



• 

• 

• 

wide SCS classification of sOil Type C was established (USDA, 1986) In 

conjunction with a particular storm event, runoff values were determined Based 

on these values, stormwater detention basins, ditches, swales, and culverts were 

sized to prevent excess discharges and thus maintain the pre-developed flow rate 

of the eXisting drainage ditch 

The basin sizes In the analysIs uSing TR-55 were determined for the maximum 

24-hour storm, but additional volume has been provided to Include the Incremental 

runoff volume due to the 48-hour precIpitation prior to the peak flow In the 72-hour 

storm, as defined by the SFWMD Permit Information Manual (SFWMD, 1987) and 

shown on Figure 3 8 3-1 The design criteria for basin sIzing as addressed In 

Section 3 8 3 1 Include the Incremental volume storage up to the 25-year storm 

dUring principal spillway operation, and the 100-year storm dUring emergency 

spillway operation The stormwater basins outlets have been sized to pass the 

peak flow from the 100-year, 24-hour storm 

Drainage ditches receiving water from detention basins are sized uSing the peak 

discharge from their respective basin For swales and ditches receiving only 

overland flow, an average peak runoff per acre was established uSing SCS 

Technical Release No 55 and a 25-year and 24-hour storm event For runoff curve 

numbers (CN) spanning the possible range of CN from 89 to 93, a discharge of 

4 cfs per acre was established 

Inactive Coal Storage Area 

The Inactive coal storage area basin was sized uSing a 100-year, 24-hour rainfall 

and a runoff coefficient of 073 (EPA, 1979) Additionally, direct rainfall on the pond 

Itself was added to the volume required Surface water runoff from the inactive 

coal pile area Will be collected In a lined detention basin The runoff Will be 

pumped to a wastewater treatment facIlity for processing for pOSSible use as 

process and cooling water needs 
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Wetland Runoff 

Seven naturally occurnng wetlands within the property boundary (234 acres) will 

be preserved An additional 1 acre of wetland In the form of a man-made ditch, 

as shown on Figure 3 1 1-1 (Site Plan), will be rerouted and then maintained on the 

project site A 50-foot buffer of pine flatwoods surrounding the three wetlands In 

the central portion of the property and a wetland on the northwest corner of the 

property Will also be maintained The other three wetlands are surrounded by 

preserved uplands and Will not be disturbed The Impact of facIlity access road 

and railroad spurs Will be minimized by Incorporating the wetland areas Into the 

project's surface water management plan such that excessive and unseasonal 

flooding or drying Will be avoided 

For the wetland adjacent to the COOling water storage pond, a 3-year, 24-hour 

storm event (assumed to be eqUivalent to the mean annual) was used In pre- and 

post-development runoff assessments The analYSIS was performed to determine 

the defiCient mean annual peak discharge required to feed the wetland from a 

detention basin (see Section 3 8 5 2) ThiS discharge to the wetland Will be through 

a np-rapped channel or grassed swale 
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3.8.4 CONSTRUCTION DRAINAGE 

Rerouting of a portion of the eXisting onslte drainage ditch and construction of the 

surface water runoff collection basins will be performed early In the project 

schedule This will faCIlitate site drainage and the use of these basins as 

sedimentation basins dUring clearing, rough grading, excavation, and construction 

A rough grading plan IS shown In Figure 3 8 4-1 

The construction activities Will result In disturbance of land In the follOWing areas 

• Power block and sWltchyard area 

• Construction laydown area 

• Coal handling and storage areas, including the rail car unloading faCIlity 

• Plant roads and railroad 

• Trenches for the circulating water piping system and other underground 

utilities 

• Cooling water storage pond 

• Runoff collection baSins 

• Drainage ditches, diverSion ditches, and the wetland water distribution 

channel 

• Rerouted portion of the eXisting north-south drainage ditch traversing 

the site 
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• Additional temporary construction bUildings Including offices, ware­

houses, and shops 

To collect the runoff water from these areas, a total of five collection basins will be 

bUilt as shown on Figure 3 8 2-1 DUring construction, these basins will be used 

as sedimentation basins The runoff water from these basins will be discharged 

to the eXisting drainage ditch, either directly or via perimeter ditches to the north 

and southwest of the plant area outside the railroad loop 

Natural characteristics affecting erosion and sediment transport Include rainfall 

Intensity, type of sOil, topography, and vegetation cover At the ICL Site, several 

of these Influences offset each other Although rainfall Intensity IS high, the 

topography IS relatively level, which will minimize the water flow velocity and 

sediment transport capacity The flat slope of the land will tend to limit the amount 

of material that could be transported by runoff EroSion control measures will 

Include provIsion of diverSion ditches, silt fences, straw bale dikes, and sediment 

traps Hydroseedlng and mulching will be used on all rough graded areas to 

establish a ground cover on slopes, drainage ditches, and swales 

The collection baSins that will be provided early In construction will be used to 

allow considerable time for suspended solids to settle prior to discharge They Will 

remain In operation dUring construction and Will be cleaned periodically to maintain 

their function The mitigation measures used for the erosion and sedimentation 

control dUring construction are discussed below The exact location, Size, and 

number of these control features have been established for the construction 

plannrng phase Considerations have been given to construction sequence, 

construction season, local topography, and final drainage scheme In establishing 

erOSion and runoff control details Additional measures, as reqUired dUring 

construction, Will be Implemented by the construction superintendent 
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3.8.4.1 Erosion and Sediment Control Measures 

Sediment and erosion control measures Will be strictly applied to limit the 

generation and transport of sOil by runoff The details of the erosion and 

sedimentation control plan for the project have been developed The control 

measures noted below In the text and Illustrated on attached figures have been 

used In developing these details All management, vegetative, and structural 

erosion and sedimentation control practices have been designed, and Will be 

constructed and maintained according to the requirements of the SFWMD 

Management Practuces 

The follOWing management practices Will be adhered to for erosion and sedimenta­

tion controls 

• A schedule of Installation Will be developed to minimize the disturbed 

area at any time 

• Construction traffic shall be limited to access easement roads and 

areas to be graded Traffic will be prohibited from entering the 

drainage ditches and wetlands 

• Protective measures (e g , Silt fences) Will be Implemented to prevent 

transport of sediment Into any wetland area or drainage course 

• The construction superintendent shall have overall responsibility for plan 

Implementation He shall also be responsible for ensuring that 

construction workers and subcontractors are aware of the provIsions 

of the plan 
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Vegetative Practices 

The following vegetative practices for erosion and sedimentation control will be 

Incorporated dunng construction 

Temporary Seeding 

The detention basin embankments, penmeter dikes, topsoil stockpiles, and areas 

to be rough graded dunng the Initial phase of construction shall be seeded or 

sodded as per SFWM D reqUirements 

Jute Mesh 

Jute mesh or other degradable channel lining matenal shall be used to aid In 

establishing grass growth It may also be applied on road and track side ditches, 

If required 

Structural Practices 

The structural practices to control and Intercept sediment from runoff and to retain 

coarse sediment particles from reaching surrounding water bodies, will Include 

provIsion of pen meter dikes, nprap outlet structures, straw bale dikes or barriers, 

Silt fences, diverSion dikes, graveled construction entrances, and detention baSins 

3.8.4.2 Description of the Control Facilities 

Temporary Construction Entrance 

Construction laydown and storage areas Will be accessed via roads that Will 

become permanent plant roads Roads In the construction area Will be upgraded 

With gravel to faCIlitate heavy truck traffiC as needed TYPical details of the 

temporary construction entrance from the main road are shown on Figure 3 8 4-2 
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1. 
2. 

3. 
4. 

5. 

6. 

7. 

STANDARD 

r 

STABILIZED CONSTRUCTION ENTRANCE 
not to scale 

6 

PROFILE 

PLAN VIEW 

CONSTRUCTION SPECIFICATIONS 

EXISTING 
PAVEMENT 

MOUNTABLE BERM 
(Optional) 

Stone Size - Use 2- stone, or reclaimed or recycled concrete equivalent. 
Length - As required, but not less than 50 feet (except on a single resi­
dence lot where a 30 foot minimum length would apply). 
Thickness - Not less than alX (6) inches. 
Width - Ten (10) foot minimum, but not leas than the full width at 
points where ingress or egress occurs. 
Filter Cloth - Will be placed Over the entire area prior to placing of stone. 
Filter will not be required on a single family residence lot. 
Surface Water - All surface vater flowing or diverted toward construction 
entrances shall be piped across the entrance. If piping is impractical, 
a mountable berm with 5:1 slopes will be permitted. 
Maintenance - The entrance shall be maintained in a condition which will 
prevent tracking or flowing of sediment onto public rlghts-of-way. This ~y 
require periodic top dressing with additional atone as conditions demand 
and repair and/or cleanout of any meaaur.a used to trap sedlment. All 
sediment spilled, dropped, washed or tracked onto public rights-af-way must 
be removed immedlately. 

8. Washing - Wheels ahall be cleaned to remove sedlment prior to entrance onto 
public rights-of-way. When washlng is required, it shall be done On an area 
stabilized with stone and which drains into an approved sediment traRping 
device. 

t. Periodic inspection and needed maintenance shall be provided after each rain. 

Figure 3.8 4-2 
TYPICAL DETAILS OF 
STABILIZED CONSTRUCTION ENTRANq;~ 0 - -nal Poor flgl 
Source USOAG SCS 
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Sedimentation (Detention) Basins 

Sedimentation (detention) basins will be developed as required by excavation to 

Intercept the runoff from the construction area and to prevent coarse sediment 

particles from reaching the surrounding water bodies The basin will have an outlet 

that permits draining at a slow rate dUring a storm, according to SFWMD 

requirements and as shown In Figure 3 8 4-3 These basins will remain In 

operation dUring construction, and will be mucked out periodically to maintain their 

function Upon completion of construction, the basins will be cleaned and will be 

Incorporated Into the stormwater management plan Typical features of the 

sedimentation basin are shown In Figure 3 8 4-4 

Swales and Ditches 

Swales will be formed to direct the runoff to sedimentation basins These swales 

will be excavated, graded, and stabilized with rock or by sodding or seeding The 

cross section of the swales will be V-shaped or trapezoidal and designed to carry 

runoff from contributing area with a velocity of 2 0 fps or the allowed non-eroSive 

velocity for the swale material TYPical details of the swales are shown In Figure 

384-5 

Straw Bale Dikes and Silt Fences 

Straw bale dikes will be constructed by placing the bale perpendicular to the flow 

They will be keyed In and stacked as shown In Figure 3 8 4-6 Silt fences (Figure 

3 8 4-7) will also be used to control the release of sediment laden runoff from the 

site 
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Figure 3 8 4-4 
EROSION AND SEDIMENTATION 
CONTROL - TYPICAL DETAILS 
(SHEET 2) 

I Poor Original 1 
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TEMPORARY SWALE 

SWALE A SWALE B CROSS SECTION 

C I' 

D 4' 6' 
~WO,5% OR STEEPER.DEPENDENTON TOPOGRAPHY FjOl 

OUTLET AS REQUIRED 
SEE ITEM 8 BELOW 

I 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

PLAN VIEW 
STANDARD SYMBOL 

A-2 B-3 
I / I COOSTRUCTlOO Sf£CIEIQ\TIOOS 

fti. TEMPORARY SWALES SHALl.. HAVE LI'lINTERRUPTED POSITIVE GRADE TO ~ OUTLET. 

DIVERTED RlA'JOFF FRO'1 A DIS1URBED AREA SHALL BE CONVEYED TO A SEDIf'ENT TRAPPING 
DEVICE. 

DIVERTED RUNOFF FRO'1 ~ UNDISTURBED AREA SHALL OUTLET DIRECTlY INTO ~ UNDIS­
TURBED STABILIZED AREA AT NON-EROSIVE VELOCITY. 

!\.L TREES, BRUSH, STlMPS, OBSTRUCTIONS, AND OTHER OBJECTIONABLE MATERIAL SHALL 
BE REf"OVED AND DISPOSED OF so AS NOT TO INTERFERE WITH THE PROPER FUNCTIONING 
OF THE SWALE. 

THE SWALE SHALL BE EXCAVATED OR StJAPED TO LINE, GRADE, AND CROSS SECTION AS 
REQUIRED TO MEET THE CRITERIA SPECIFIED HEREIN AND BE FREE OF BANK PROJECTIONS 
OR OTHER IRREGULARITIES IoIHICH WILL IMPEI:E NORt-'AL FLOW. 

FILLS SHALL BE CCl'1PACTED BY EARTH /"£lYING EQUIPMENT. 

fti. EARTH REMJVEI: AND NOT NEEDED ON CONSTRUCTION SHALL BE PLACED so THAT IT WILL 
NOT INTERFERE WITH THE FUNCTIONING OF M SWALE. 

8. STABILIZATION SHALL BE AS PER THE CHART BEL~ 

FUM QWID STABILIZATIOO 

~ - 8 ~ AC. QB LEss2 B ~ Ar. - 1Q ACl 
1 0.5-3.0% SEED AND STRAW r1Jt.CH SEED AND STRAW f'Ut..CH 

2 3.1-5.at SEED AND STRAW t1JLCH ~ USING JUTE OR 
CELSIOR 

3 5.1-8.0% ~ WITH J~ OR ~NED RIP-RAP 4-8" 
caSIOR, D CYCLED CoNcRETE EQUIVALENT 

4 8.1-2at LINED 4-8" RIP--RAP ENGINEERED DESIGN 

9. PERIODIC INSPECTION AND REQUIRED MAINTENANCE MJST BE PROVIDED AFTER EACH RAIN EVENT. 

Figure 3 8 4-5 
TYPICAL DETAILS OF TEMPORARY SWALE INDIANTOWN 

COGENERATION 
PROJECT 

IndIantown CogeneratIon, L P 

Source USOAG SCS 
'aar Original 
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STANDARD SYMBOL. 

L sao -r 
~---

ANGLE FIRST STAKE TOWARD 
PREVIOUSLY LAID BALE 

2 RE-BARS,STEEL PlC~OR z"aZ" STAKES 
II/Z' TO 2' IN IROUND, DRIVE STAKES.!IJm!.. 
WITH BALES. 

ANCHORING DETAIL 

cmsmx:rlOO 5ro:IElrATlOOS 

1. BALfs StW..L BE PLACED AT Tt£ TCE ~ A SL.Of'E OR ~ Tt£ ~ NlD IN A ~ WITH 
ENDS TIGHT1.. Y AlIlJTT ING n£ Jll»aNr IAI..ES. 

2. EAo4 BAU SKW.. BE EHBEIIED IN Tt£ SOli. A MINJPU1 ~ (4) INO£SI NlD PLACED so 
Tt£ BINDINGS ARE ~lZtMAL.. 

3. BALfs SIW..L. BE SEMELY ~ IN PL.ACE BY Ern£R '1W.) STAKES OR RE-BARS !RIWN 
MOI..GH Tt£ 1Al£. 11£ FIRST STAKE IN EACH BAU StW.J. BE !RIVEN~ Tt£ 
flREVr~Y LAID BAU AT N4 ~ TO FORCE Tt£ BAUS TOGETI£R. vl~ SHAU...!E 
!RIVEN FUJSH WITH Tt£ 1Al£. 

4. INSPECTI~ StW.J. BE FREQEHT NlD REPAIR R£PLACeo£NT Sl-AL.l. IE HADE PRCH"TLY AS 
NEEIED. 

5. BALfs SJoW..L BE REI'tJVED ~ n£Y ~V[ SERVED Tt£IR US£F\U£SS so AS t«rr TO BL.OCK 
OR IP'f'EDE STCR'I F~ OR IRAINAGE. 

Figure 3 8.4-6 
TYPICAL DETAILS OF STRAW BALE DIKE 

Poor Original 
Source USOAG, SCS 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration, l P 
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SILT FENCE 

0·/ 
0/' 

PERSPECTIVE VIEW 

WOVEN .IItE FENCE (I. yz GA MIN. MAX 
," MESH SPACING) WITH 'IL.TEIt CL.OTH OVEIt 

EMBED 'IL.TEII CL.OTH 
MIN ." INTO GltOUND 

SECTION 

j 
10· MIN. 

IHlISTUII8!D ClItOUNO 

.. " MIN STANOAItO SYM.OL. 

J ~S-----I--""'~ 

CIriSTIVCTlOO OOJES FOO fABRlCAlED SIU FENCE 

1. ~ WIRE FENCE TO BE FASTENED SECURELY 
TO FENCE POSTS WITH WIRE TIES OR STAPL.£S. 

2. FILTER Ct.DTH TO BE FASTENED SECURELY TO 
w:JVEN W4FJE FENCE WITH TIES SPACED 
EVERY 2 I AT TOP NlD MID SECTICJ04. 

3. ~ 1"f«) SECTIONS CF FILTER cumt 
ADJO IN EACH 0Tl£R 1l£Y SI-W..L B£ (MR-
LAPPED BY SIX INO£S NlD FOLDED. 

4. ~~INTENANCE SI-W..L BE PERFaKD AS 
~EEDED ~ Ml'TERIAL. REKMD \Ot£N 

BUL.GES lEVELOP IN 11£ SILT FENCE. 

Figure 3.8.4-7 
TYPICAL DETAILS OF SILT FENCE 

Source USDAG SCS 

Pa>l'S: STEEl. EI~ T OR U 
TYPE OR HARIWXlD 

FENCE: ~~I~5Hl~NG 

FILlER~: J~ X, IRAFI I STABI-E:: ~~ 
PIfF~I~ LtUT: GeoFABI 

IROFENC£, (J! APPRovED . 

Poor Original 

INDIANTOWN 
COGENERATION 

PROJECT 

IndIantown CogeneratIon. L P 
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Dewatering During Construction 

Dunng construction, dewatenng will probably be required Inside the work area 

Water will be pumped out of the excavation and diverted through a straw bale filter 

dike or silt fence or sedimentation basins pnor to release 

3.8.4.3 Construction Monitoring and Maintenance 

In general, all erosion and sedimentation control measures will be checked weekly 

and after each Significant rainfall The following Items will be checked In particular 

• 

• 

• 

Sedimentation basins will be cleaned out when the level of sediment 

bUildup reaches approximately 1 foot 

Gravel or nprap outlets will be checked regularly for sediment bUildUp 

If the gravel IS clogged With silt, It will be removed and cleaned or 

replaced 

Straw bale barriers or dikes will be checked regularly for undermining 

or detenoratlon of the bales 

• Seeded and sodded areas will be checked regularly Areas will be 

fertilized and reseeded as needed 

• Silt fences and filter barriers shall be Inspected after each rainfall and 

dunng prolonged rainfall Required repairs will be made Immediately 

• Should the fabnc on a silt fence or filter barrier decompose or become 

Ineffective pnor to the end of the expected usable life and the barrier 

stili be necessary, the fabnc will be replaced promptly 

20524 016\lndlanln SCA 384-6 
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• Sediment deposits at barners will be removed after heavy storm events 

They will be removed when deposits reach approximately one-half the 

height of the barner 

• Sediment deposits remaining In place after the silt fence or silt barrier 

IS no longer required will be dressed to conform with the eXisting grade, 

prepared, and seeded 

3.8.4.4 Permanent Stabilization 

Areas disturbed by construction will be stabilized with permanent seeding 

Immediately following finish grading FInish grading will Include regrading and 

seeding of the areas used by the construction faCIlities and perimeter dike system 

and return the areas to natural drainage Vegetated areas will be re-establlshed 

and stablhzed with appropriate seed mixture Discharge from the site dUring and 

after construction will be directed to the detentlon/stormwater management basins 

1 through 5 

20524 016\lndlantn SCA 384-7 
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3.8.5 PERMANENT SITE DRAINAGE 

3.8.5.1 Introduction 

The permanent drainage facIlities will consist primarily of a series of open ditches 

and swales, catch basins, oIl/water separators, storm drainage piping, culverts, 

stormwater detention basins, and a wetland water distribution channel (Figure 

3 8 2-1) The stormwater runoff from the developed area will be 'dIrected to the 

detention basins which Will have bleeder type devices to control the discharge rate 

In compliance with the SFWMD surface water discharge reqUirements Discharge 

Will be accomplished uSing a bleeder type v-notch weir contained In a two 

chambered structure as shown In Figure 3 8 4-3, and as recommended by the 

SFWMD The basins, Installed early dUring construction to proVide sediment and 

eroSion control, Will be cleaned upon construction completion and maintained 

thereafter to control site drainage or stormwater runoff 

Stormwater runoff from the newly added non-porous surfaces (I e , paved roads, 

parking lots, roofs, yard area, etc) Will be collected and conveyed to the detention 

baSins utilizing a system of curbing, catch baSins, and underground piping The 

system Will also Include deSign features (e g , oIl/water separators) as necessary, 

to treat and/or remove any potential contaminants, and to maintain acceptable 

water quality conditions The detention baSin outlet structure Will be prOVided with 

a manual control valve, or slUice gate, to prevent discharge from the baSins dUring 

contamination spills and, when needed, to control the release 

The site drainage system Will convey the onslte runoff to the eXisting drainage 

ditch, With some rerouting of ItS eXisting alignment With the exception of the 

runoff baSin for the inactive coal storage area, all of the stormwater runoff from the 

detention baSins Will eventually be discharged Into the eXisting drainage ditch 

traversing the central portion of the site The stormwater runoff from the Inactive 

20524 01 B\ Indlantn SCA 385-1 
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coal storage area will be detained and treated, and recycled for plant cooling and 

process water use 

The following sections address the management of the stormwater runoff from the 

proposed developed areas located within the railroad loop The site has been 

broken down Into the following general areas for analysIs 

• Power block area 

• Coal handling area 

• Inactive coal storage area 

3 8 5.2 Proposed Power Block Area Drainage System 

The total power block area IS approximately 21 acres This area will be elevated 

to a finished grade of approximately 39 feet NGVD Stormwater runoff from the 

area will be directed to three permanent collection basins (Nos 1, 2, and 3) 

Basins 1 and 2 lie to the west and east of the power block area, respectively 

Basin 3 IS located to the south of the power block area These basins are shown 

on Figure 3 8 2-1 

The stormwater runoff from curbed areas (potentially contaminated areas) will be 

channelled to catch basins and oIl/water separators before discharge to the basin 

The following table lists some key figures for detention basins 1 through 3 

Basin Size Max 
Drainage Peak Discharges Surface Volume WE 

Area Pre Post Area Req'd NGVD 
Basin (a c) (cfs) (cfs) (ac) (ac-tt) (tt) 

1 107 32 75 1 18 30 37 
2 45 13 33 80 1 5 36 
3 56 17 44 94 20 36 

20524 016\indiantn SCA 385-2 
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The depth of the basins below finish grade will be 5 feet This Includes a maximum 

water depth of 3 feet dUring emergency spillway operation and a minimum 

freeboard of 2 feet The bottom of the basins Will be above the eXisting ground­

water level of the area A total of 6 5 acre-feet of detention volume Will be provided 

by these three basins In the power block area for stormwater management 

purposes 

Discharge from basins 2 and 3 Will be directed to a rip-rapped apron and then 

conveyed to the eXisting drainage ditch A perimeter ditch Will convey the basin 1 

discharge to the eXisting drainage ditch, as shown on Figure 3 8 2-1 A portion of 

the runoff from basin 1 Will be diverted and distributed to the wetland Immediately 

south of the basin 

The area draining to the wetland adjacent and east of the cooling water storage 

pond has a pre-developed drainage area of 21 acres Due to the construction of 

the cooling water storage pond and plant layout, the contributing area IS reduced 

to 11 5 acres The eXisting pre- and post-peak discharges for the mean annual (3-

year, 24-hour storm event as provided by the SFWMD, 1987) storm, are 20 and 

13 cfs, respectively, as determined by SCS Technical Release No 55 (USDA, 

1986) As a result of this decreased contributing area, this wetland has a peak 

flow defiCiency of 7 cfs for the 3-year 24-hour storm event This defiCiency Will be 

compensated by providing runoff from basin 1 through a perforated vertical riser 

pipe surrounded by a rip-rap filter The discharge Will be distributed to the wetland 

by a rip-rapped discharge channel as shown on Figure 3 8 2-1 

3.8.5.3 Proposed Coal Handling Area Drainage System 

The coal handling area for the unit IS comprised of approximately 9 acres The 

area Will be elevated to a finished grade of approximately 38 feet NGVD at the 

center, sloping outward to swales, and eventually discharged to the reten-

20524 016\lnd.antn seA 385-3 
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tlonjdetentlon basin 4 The following table lists some key features for detention 

basin 4 

Basin Size Max 
Drainage Peak Discharges Surface Volume WE 

Area Pre Post Area Req'd NGVD 
Basin (ac) (cfs) (cfs) (a c) Cac-tt) (tt) 

4 91 27 60 1 11 25 36 

Basin 4 will detain a volume of 2 5 acre-feet for stormwater management purposes 

The discharge from basin 4 will be from the same type outlet structure as 

mentioned In Section 3 8 5 2 to a rip-rapped apron and then via a perimeter ditch 

to the eXisting drainage ditch 

3.8.5.4 Proposed Inactive Coal Storage Area Drainage System 

The Inactive coal storage drainage area (Figure 3 8 2-1) for the plant IS approxI­

mately 6 acres This area will be elevated to a finished grade of approximately 37 

feet NGVD at the center and slope outward to a collection basin The collection 

basin Will provide a detention volume of 3 6 acre-feet, as calculated according to 

methodology described In Section 3 8 3 2, for the stormwater runoff from the 

Inactive coal storage area This basin Will be located adjacent to the Inactive coal 

storage area and have an approximate surface area of 1 6 acres The maximum 

water depth Will be 3 feet with an additional 2 feet of freeboard provided The 

basin Will be 5 feet In depth below the final grading elevation 

DUring the construction phase, this collection basin Will function as a sediment and 

erosion control basin and Will thus reqUire the same type of discharge structure as 

mentioned In Section 3 8 4 2 Upon completion of construction, this structure must 

be sealed to prevent discharge to the drainage ditch Additionally, prior to the 

operation of the plant, the detention basin and the drainage swale In the coal 

20524 016\lndlantn seA 385-4 
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storage area will be lined with a synthetic Impervious liner to eliminate seepage of 

runoff 

The stormwater runoff from the Inactive coal storage IS considered to be 

wastewater Runoff collected from this area IS treated to adjust pH and detained 

In the basin Treated runoff IS transfered to the cooling tower sldestream softener 

for cooling tower use 

3.8.5.5 Proposed Cooling Water Storage Pond Area 

The cooling water storage pond will be sized to store water pumped from Taylor 

Creek/Nubbin Slough The pond will be lined and the water will be used for plant 

cooling and process water make-up The details of the cooling water pond are 

discussed In Section 3 5 1 2 

20524 01B\lndlanln seA 385-5 
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3.9 MATERIALS HANDLING 

3.9.1 CONSTRUCTION MATERIALS HANDLING 

Major components for the cogeneration plant Include 

• Main steam turbine 

• Turbine generator 

• Pulverized coal-fired boiler 

• Spray dryer absorber system 

• 8aghouse 

• Cooling tower 

• Transformers 

The components are expected to be delivered by rail or truck No off site or onslte 

upgrading of road or rail faCIlities IS expected, other than the new road and rail 

faCIlities reqUired for normal operations Once onslte, materials Will be unloaded 

and transported by uSing portable cranes and trucks Some of the heaviest Items 

Will reqUire rail delivery and special rigging for onslte handling 

The proposed location for construction operations which Include laydown areas, 

construction warehouses, fabrication shops, and equipment maintenance IS shown 

In Figure 3 8 4-1, entitled "Rough Grading Plan" 

20524 016\lnd,anln SCA 391-1 
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Fugitive dust, surface water runoff, and waste disposal associated with matenal 

handling In these areas will be controlled as follows 

• Dust suppression will be accomplished by watenng the roads, parking 

lots, and laydown areas, as needed 

• Runoff detention ponds will be used to settle suspended sediment from 

rainfall runoff 

• Related trash and other nonhazardous organic debns will be collected 

for off site disposal by a licensed contractor 

• Commercial salvage of metal wastes will be considered If salvage IS 

not feasible, these wastes will be removed from the site by a licensed 

contractor 

20524 016\lndlan1n SCA 391-2 
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3.9.2 OPERATIONS MATERIALS HANDLING 

The handling and storage of fuels (natural gas, No 2 011, and coal) are discussed 

In Section 3 3 Handling and storage of flue gas desulfurlzatlon byproducts, 

wastewater treatment sludges, and other low volume waste streams are discussed 

In Section 3 7 

Other operations materials Include lime, ammonia, water and wastewater treatment 

chemicals, lubrication Oils, and turbine generator coolant and purge gases 

Water and wastewater treatment chemicals (e g, aCid, caustic, sodium hypo­

chlOrite, carbohydrazlde) Will be stored In or near the water treatment bUilding 

Hydrogen and nitrogen gases will be stored In bottles on trailers or In sheds 

adjacent to the gas distribution system which serves the cogeneration plant 

Lime will be delivered to the site by self-unloading pneumatic railcars or self­

unloading trucks The lime will be pneumatically conveyed to the lime Silo which 

Will be equipped with a bin-vent type filter to minimize fugitive dust emissions The 

Silo Will have a total capacity of 1500 tons, representing a 5-day storage capacity 

when continuously firing the deSign fuel at full load The lime Silo Will be serviced 

by a dedicated track Siding sized to allow lime delivery twice a week by train 

consisting of 14 pneumatic self-unloading railcars 

The SNCR reagent Will be stored onslte In an appropriate storage facIlity located 

within appropriately sized containment walls 
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4.0 EFFECTS OF SITE PREPARATION AND PROJECT AND 

ASSOCIATED FACILITIES CONSTRUCTION 

4.1 LAND IMPACT 

4.1.1 GENERAL CONSTRUCTION IMPACTS 

The Indiantown Cogeneration, L P , project Includes 232 acres within the property 

boundary of the site A permanent easement of approximately 75 acres across the 

adjacent Florrda Steel Corporation property will be used for a new rail spur This 

easement will be between the Caulkins Citrus Plant and the abandoned Florrda 

Steel Company properties The only other land affected by the proposed ICL 

faCIlity Will be In the corndor for the cooling water pipeline routed along the CSX 

rrght-of-way (see Section 62) 

In accordance with the Martin County Planned Unit Development (Industrral) 

Agreement (PUD(I», 25 percent of the pine flatwoods, or 505 acres, of the land 

subject to the Agreement Will be set aSide as upland preserve and Will not be 

disturbed Designated upland preserve areas Will be subject to an upland preserve 

and restoration management plan designed to remove exotic vegetation, 

revegetate In partially disturbed areas, and protect eXisting vegetation by uSing 

staking and barrrcading procedures durrng construction The upland preserve 

areas that have been Identified for the project are along the southern portion of the 

site on the exterror of the rail loop as shown on Figure 4 1 1-1 
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4.1.1.1 lel Project Site 

The following construction activities are associated with overall development of the 

project site 

• Runoff storage basins and drainage ditches will be constructed and 

used as sedimentation basins to collect runoff dUring grading, 

excavation, and construction 

• The operational site drainage system {Inclusive of drainage swales, 

ditches, and runoff collection basins) Will be developed 

• Earthwork Will be performed (I e , removal of topsoil as necessary for 

constructing foundations for plant facIlities, construction of access 

roadways, grading to subgrades, excavating for placement of piping 

and condUit) 

• In areas where It Will be necessary, dewatering Will occur uSing wells, 

well pOints, and sumps (see Section 4 3 1) 

• The eXisting Caulkins entrance road from SR 710 will be extended to 

provide access to the ICL facIlity Other onslte permanent roads as well 

as temporary construction roads, Will be constructed 

• A new rail Siding Will be developed from the CSX railroad to the onslte 

rail loop across an easement on Florida Steel Corporation property 

This development Will Include construction of the rail bed foundation 

which IS composed of properly compacted sub-ballast (fill material) 

covered by crushed rock ballast SUitable drainage openings In this 

foundation will be provided to maintain eXisting drainage patterns 
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• Temporary (construction power) and permanent underground electrical 

and utility piping systems will be Installed 

• Temporary laydown and construction parking areas Will be constructed 

by grading and adding gravel to certain areas Once construction IS 

completed, the area Will be stabilized 

• The land disturbed by construction Will be approximately 118 6 acres 

Once construction IS completed 106 6 acres Will remain permanently 

disturbed due to bUildings and operations 

4.1.1.2 Power Block Area 

Construction of the proposed ICL power block area Will require clearing, grubbing, 

and grading In order to raise the area approximately 4 feet to EI 39 ft NGVD 

Where pOSSible, fill Will be obtained onslte, when brought In, It Will be obtained from 

non-wetlands areas The raising of thiS area minimizes the amount of dewatering 

that would be required due to the relatively high groundwater table An eXisting 

drainage ditch traverses the site and Will be relocated to the east of the power 

block, ItS final destination Will remain unaltered 

No explOSives are planned for use dUring construction In thiS area 

4.1.1.3 Coal Storage and Handling Areas 

The area where the Inactive coal pile and emergency coal pile are to be located Will 

be cleared, grubbed, graded, and a liner Installed to prevent any potential 

pollutants from entering the groundwater A runoff pond Will also be constructed 

With a liner to Intercept any water draining from these two coal piles A phYSical 

barner (described In Section 3.3 4) Will be constructed beneath the active coal pile 

to prevent groundwater contamination 
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The excavation of the coal car unloading hopper (approximately 40 feet deep) will 

encounter groundwater A cofferdam of similar construction technique will be . 
constructed around the perimeter of the unloading hopper to minimize the Influent 

of groundwater annd thereby minimizing any Impact on 'the groundwater table and 
v 

wetlands 

4.1.1.4 Construction Wastes 

Waste matenals will be disposed of In accordance with apphcable rules and 

regulations Construction wastes, such as scrap wood and metal, will be 

transferred to a specified storage area onslte where they will be separated and 

stockpiled for salvage General waste materials (I e , garbage) will be collected In 

appropnate waste collection containers for disposal at an approved off site location 

Waste 011 from construction vehicles and eqUipment will be collected In appropnate 

containers and transported off site for recychng or disposal at an approved faclhty 

Individual subcontractors will be responsible for handhng hazardous wastes 

resulting from their onslte activities This responslblhty Includes the proper offslte 

disposal of such wastes 
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4.1.2 ROADS 

Main access to and from the site will be provided by an extension of the eXisting 

Caulkins access road from SR 710, southward along the west side of Caulkins and 

the ICL site property as shown on the Plot Plan, Figure 3 2 0-1 This road will be 

constructed per Martin County standards It will extend around the south penmeter 

of the site and Intercept the South West Farm Road, providing a public throughway 

between South West Farm Road and SR 710 

A secondary access road will be provided from the southern penmeter road Into 

the power block area Other maintenance roads within the site boundary will be 

constructed to provide access to equipment and remote areas as necessary 

Construction access will be provided by a new road within the easement for the 

rail spur between Caulkins and Flonda Steel Corporation A portion of thiS 

easement may be used for construction parking along with the main 

laydown/parklng area Construction personnel may also use the secondary plant 

entrance for access Into the construction parklng/laydown area 
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4.1.3 FLOOD ZONES 

The lel site IS located In Zone 8 (100- to 500-year floodplain) as defined by Flood 

Insurance Rate Maps (FEMA) No part of the lel site IS within the 10D-year 

floodplain 
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4.1.4 TOPOGRAPHY AND SOILS 

The ICl site IS relatively flat, with eXisting grade elevation ranging from 

approximately 32 to 35 feet mean sea level (MSl) The site IS generally brush 

covered, with some lightly wooded areas, and IS crossed by several surface runoff 

ditches Some of these ditches contain standing water 

Excavations made on the site dunng construction will affect site runoff slightly In 

small, localized areas adjacent to the excavations EXisting ditches and ponds on 

the site currently collect stormwater, these elements will be maintained dunng 

construction An eXisting ditch running north/south over the site will be relocated, 

but stili maintained More Importantly, a detailed stormwater management plan 

will be Implemented, Involving construction of collection works and stormwater 

runoff ponds The effect on runoff IS, thus, expected to be minimal 

Site stnpplng operations will have an effect on percolation rates Again, the effect 

will be on localized areas, since stnpp,ng will take place pnmanly where roads or 

structures are to be constructed Consequently, percolation rates will be affected 

dunng construction only In these limited areas After construction, open disturbed 

land not occupied by roads or structures will be planted with grass, restonng the 

prevIous percolation rates 

The site IS currently vacant, removing any threat to eXisting structures from 

subsidence Subsidence over the site, as a result of construction activity, will not 

likely occur due the lack of any significant causal mechanism Pile dnvlng can 

density loose, upper deposits of sand, causing slight local settlement The 

subsurface exploration shows that the upper sand deposits generally Increase In 
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density with depth, typically becoming medium to dense at a depth of about 

5 feet This sOil IS too dense to settle significantly under pile driving operations 

Sink hole formation takes place below the ground surface, by the dissolving of 

carbonate sOils and rock by aCidic water As stated In Section 2 3 2, sink hole 

formation IS not expected to occur In the site area, nor will It be enhanced or 

affected by construction activities 

To lower a sOil deposit's bearing strength, In-situ shear strength must be lowered 

TYPical construction activities such as dewatering, pile driving, and the travel of 

heavy construction equipment will frequently density sand sOils, causing an 

Increase In shear strength Since the site's subsurface sOils are almost exclusively 

sands, construction will, therefore, not cause a reduction of bearing strength 

Excavations made dUring construction can potentially affect the stability of 

adjacent eXisting sOils The only significant excavation planned IS for the rail car 

unloading facIlity This excavation will require extensive dewatering, and sidewall 

sloping or shoring The safety of personnel working In and around this excavation 

will be ensured by the careful, thorough, and proper design of the dewatering and 

excavation support systems When the excavation IS made according to this 

process, with rigorous Inspection to ensure safe construction, stability will not be 

a problem 
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4.2 IMPACT ON SURFACE WATER BODIES AND USES 

4.2.1 IMPACT ASSESSMENT 

Possible surface water bodies affected by project development are the eXisting 

onslte drainage ditch, the St Lucie Canal, seven wetland areas within the property 

boundary, and the TC/NS near the Intake structure It IS the SFWMD's 

requirement that all drainage patterns return to pre-developed conditions and that 

peak discharges not be altered In the process 

Activities Within Surface Water Bodies 

The only construction activities directly affecting surface water bodies are the 

rerouting of the eXisting drainage ditch and the construction of the Intake structure 

The drainage ditch rerouting will be completed very early In the project and care 

will be taken to maintain the eXisting water level, quantity, and quahty of the 

discharge Silt fences and straw bale dikes will be employed, as descnbed In 

Section 3 8 4 2, where needed to filter runoff to the ditch Velocities In the ditch will 

be at a minimum to deter sediment and erosion transport Control measures will 

remain In place until the site runoff has stablhzed In an acceptable manner In 

regard to sedimentation and erosion 

Rerouting of the eXisting drainage ditch will not have any significant Impact on the 

off site drainage The rerouted portion of the eXisting drainage ditch will maintain 

eXisting hydrauhc capacity Post-development discharge from the site to the 

eXisting ditch will not exceed the pre-development peak discharge 

The underwater portion of the Intake structure will be Installed by constructing a 

temporary dnven sheet pile cofferdam In the canal, excavating from within the L--­
cofferdam to Install the Intake pipes, and then backfilling to cover the pipes Any 

leakage through the sheet pile wall will be Into the cofferdam, and thus there will 

be no sediment flow to the outside of the cofferdam dunng construction 
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Activities Affecting Discharge to Surface Water Bodies 

Due to the large amount of earthwork reqUired to raise the plant and coal 

storage/handling area elevations, stormwater runoff quality may be affected 

Management, vegetative, and structural practices, as descnbed In Section 3.8 4 1, 

Will be Implemented to mitigate adverse Impacts on water quality dunng 

construction These Will Include the control of sedimentation (erosion) by 

minimizing exposure of erodible SOils, minimizing water velOCity through use of 

milder slopes and diversion, use of grass and nprap covers, and channelization of 

stormwater runoff Into sedimentation basins 

Stormwater management plans (Section 3 8 5) and sedimentation and erosion 

control plans (Section 384) for the ICL have been developed and Will be 

Implemented pnor to and dunng earthwork The stormwater management plan Will 

utilize five stormwater detention basins, shown on Figure 3 8 2-1 and descnbed In 

Section 3 8 5, which Will act as sedimentation basins dunng the construction 

phase Approximately 9 acre-feet of detention volume Will be provided In the power 

block and coal handling areas An additional 3 6 acre-feet of detention volume for 

the Inactive coal pile runoff basin Will also be provided 

Dunng Installation of the stormwater management system, measures taken to 

minimize the Impact of surface water management activities Will Include 

• Mulching and seeding, With qUick germinating vanetles of grass, In all 

areas not subject to construction activities for more than 30 days 

• Treatment of runoff from active construction areas by Silt fences, gravel 

or rock filtration, straw bales, or other temporary erosion control 

measures 

• Diversion of runoff from undisturbed areas around construction areas 

20524 016\indlantn seA 421-2 
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• Use of physical sOil stabilizers such as straw, wood ChiPS, netting, or 

hay to protect exposed sOils 

• Installation of sediment filter devices where appropriate 

The methods described In Section 3 8 4 have Incorporated control measures to 

prevent Impacts to wetlands from sediment-laden runoff 
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4.2.2 MEASURING AND MONITORING PROGRAMS 

No waters of the state will be affected dUring construction and/or operation of the 

facIlity as discussed In Section 4 21 Therefore, no measuring and/or mOnitoring 

programs are proposed 
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4.3 GROUNDWATER IMPACTS 

4.3.1 IMPACT ASSESSMENT 

Section 4 1 1 descnbes the construction operations for the proposed project As 

discussed, wastes will be generated dunng construction In general, these wastes 

will consist of bUilding matenals which represent no threat to the groundwater 

system beneath the site Small amounts of garbage, waste 011, and other 

potentially harmful compounds will also be generated These wastes will be 

disposed of oftslte, as descnbed In Section 4 1 1, and pose no threat to the 

Surficial aquifer system 

Dunng construction, It may also be necessary to provide temporary onSlte storage 

facilities for fuels, solvents, etc Potentially hazardous fluids such as these will be 

provided with secondary containment to protect the Surficial aquifer In the event 

of an accidental spill on the ground surface 

Excavations will occur at several locations across the project site The deeper 

excavations will Intersect the water table and require dewatenng systems The 

SFWMD requires that no dewatenng operation may reduce the capacity of any 

eXisting permitted water user by more than 10 percent Furthermore, dewatenng 

systems may not reduce the hydrostatic head beneath wetland areas by 1 foot 

or more 

There are two excavations at the site which will utilize dewatenng operations that 

could conceivably Impact the Surficial aquifer These are systems which will 

withdraw groundwater at rates of more than 25 gpm The coal unloading bUilding 
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will have the deepest excavation (Figure 3 1 1-1, Site Plan) The excavation will 

be 20 feet wide, 50 feet long, and 40 feet deep at Its deepest pOint 

The other excavation site to utilize a dewatenng operation will only be about 14 

feet deep At this excavation, circulating water lines will be Installed below ground, 

running between the pump house and the administration bUilding (Figure 3 1 1-1, 

Site Plan) These lines will be placed In an excavation that IS 400 feet long, 

26 feet across at ItS widest pOint, and 14 feet deep 

Groundwater Modeling 

The geology of the site and the water-beanng layers which underlie the site are 

descnbed fully In Sections 2 3 1 2 and 2 3 2 1 The Surficial aqUifer occupies the 

upper 120 feet of sediments which underlie the site Based on site-specific data 

and published data from nearby sites (FPL, 1989), the Surficial aqUifer may be 

charactenzed for modelling purposes as a three-layer system composed of two 

water-beanng zones and one Intervening confining layer with parameters as 

follows 

LAYER 

L1 

L2 

L3 

THICKNESS 
(feet) 

30 

55 

35 

TRANSMISSIVITY 
(goo/ft) 

3300 

1500 

5600 

STORATIVITY 

015 

00004 

000013 

V, PERMEABILITY 
(gOO/ft3) 

003 

0002 

02 

Dewatenng operations to be conducted at the coal unloading excavation were 

simulated uSing the finite difference groundwater flow model, PLASM (Pnckett and 

LonnqUlst, 1971) The model was calibrated against a 3-day aqUifer performance 
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test conducted on the site (Section 2 3 2 1) The results of this simulation and a 

comparison with the aquifer performance test observations are Included In Section 

10 5 1 Section 10 5 1 contains a computer printout of all model Input parameters 

as well as the simulation results 

The model assumes that grooved sheet piling (or similar construction techniques) 

will penetrate Into layer 2 of the Surficial aquifer to a depth which IS 6 to 8 feet 

below the bottom elevation of the excavation at the coal unloading location The 

sheet pIling will surround and completely enclose the excavation, thus preventing 

seepage from entering the excavation as hOrizontal flow from layer 1 

As shown on Figure 3 1 1-1, Site Plan, the coal unloading site IS located about 

200 feet northeast of a wetland In order to minimize drawdowns within layer 1 

and protect the wetland from measurable Impacts, an Infiltration gallery will be 

constructed midway between the wetland and the excavation site Water from the 

dewatering system will be directed Into the Infiltration gallery to be discharged Into 

layer 1 as seepage 

The dewatering system was simulated as one sump or well, placed at the center 

of the excavation and within the sheet pIling perimeter The bottom elevation of 

the excavation will be within layer 2 of the Surficial aquifer When pumping 

begins, a cone of Influence In layer 2 expands outward from the excavation until 

the total pumpage (approximately 65 gpm) IS matched by an equal rate of leakage 

Into layer 2 from layers 1 and 3 

Because layer 3 was excluded from the dewatering simulations, all seepage Into 

layer 2 was assumed to be from layer 1, the unconfined aquifer, and therefore 

simulated drawdowns of the water table are actually greater than anticipated 

20524 01B\lnd.antn SCA 431-3 



• 

• 

• 

Three scenanos were simulated Scenanos 1 and 2 simulate continuous 

dewatenng for 180 days, the anticipated penod of excavation, dunng the dry and 

wet seasons when recharge as precIpitation IS available to layer 1 These 

simulations Indicate that the water table will not be lowered more than about 0 5 

feet within a radius of 200 feet of the excavation Scenano 3 simulated 90 days 

of continuous dewatenng with no recharge to layer 1 except for seepage from the 

Infiltration gallery at a rate of 3 gpm The simulation Indicates that dewatenng 

operations can continue through 90 days of drought without lowenng the water 

table as much as 1 foot at any location Computer pnntouts of the 3 scenano 

simulations, with model Inputs and simulation results, are presented In 

Section 10 5 1 

Based on the results of the computer simulation, Including the utilization of sheet 

pIling and an Infiltration gallery dunng the excavation penod, no adverse Impacts 

to wetlands are anticipated The nearest eXisting permitted groundwater users are 

located several thousand feet from the excavation site (Section 2 3 3) At this 

distance, the wells will not expenence any significant reduction IS capacity 

approaching the regulatory limit of 10 percent 

Dewatenng operations to be conducted at the circulating water lines excavation 

were simulated uSing the analytical methods developed by Theis (1935) Dewater­

Ing along the 400-foot ditch was simulated as three 15 gpm wells and one 20 

gpm well, spaced at 100-foot Intervals and screened within layer 1 of the Surficial 

aquifer Water from the dewatenng system will be directed Into a nearby storm 

water collection basin (Figure 3 1 1-1) Infiltration Into layer 1 from this basin was 

simulated as three 10 gpm recharge wells and two 5 gpm recharge wells The 

dewatenng operations were simulated for 45 days, the approximate time needed 

to excavate the ditch and bury the lines Figure 4 3 1-1 displays the results of the 
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simulation As shown, no significant Impacts to the nearest wetlands will occur 

dUring this brief dewatering period 

To summarize, a finite difference groundwater flow model and analytical methods 

were used to simulate the proposed dewatering operations and assess 

groundwater Impacts Based on SFWMD criteria, no adverse Impacts to wetlands 

Will occur because of dewatering operations at the site Furthermore, no 

measurable Impacts to eXisting users are anticipated 
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4.3.2 MEASURING AND MONITORING PROGRAMS 

Dewatering activities are the only kind of construction operation that could 

possibly Impact the Surficial aquifer In a measurable fashion In addition to the 

eXisting onslte Surficial aquifer mOnitor wells located at the corners of the site 

(Section 2 3 2 1), additional observation wells will be placed between the proposed 

excavation sites to be dewatered and the nearest wetlands Seasonal variations 

In the water table will be established before construction operations begin Once 

construction has started, these observation pOints will be used to document that 

seasonal variations In the water table are not being affected by dewatering 

operations 

20524 016\lndlanln SCA 432-1 
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4.4 ECOLOGICAL IMPACTS 

4.4.1 IMPACT ASSESSMENT 

4.4.1.1 Site Construction Plan 

A technical englneenng descnptlon of the operation and maintenance of the 

330 MW Indiantown Cogeneration, l P (ICl) Project faclhty IS provided In 

Section 3 0 The general descnptlon of construction of the faclhty and associated 

Impacts are provided In Section 4 1 

The ICl faclhty will be constructed over a 42-month penod For the purposes of 

this ecological Impact assessment, the project IS divided Into four components 

• Power block 

• Coal storage/handhng 

• Temporary construction laydown 

• Coohng water storage pond 

It can be assumed for the purposes of this Impact assessment that all of the 

natural vegetation cover within these areas Will be completely cleared 

4.4.1.2 Acreage Requirements 

Table 4 4 1-1 presents the acreage requirements for the construction and operation 

of the ICl faclhty, along with the vegetation community types affected The power 

block Will occupy approximately 21 acres of pine flatwoods Coal handhng and 

storage faclhtles will occupy approximately 15 acres of pine flatwoods 

Approximately 0 3 acre of pine flatwoods Will be required for the fuel 011 storage 

and handling facIlity The sWltchyard Will cover approximately 0 94 acre of pine 

flatwoods The coohng tower Will cover approximately 0 93 acre of flatwoods The 

20524 016\lndlanln SCA 441-1 
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Table 4.4.1-1 
ACREAGES OF VEGETATION COMMUNITIES TO BE IMPACTED, PRESERVED, 

AND RESERVED FOR POTENTIAL FUTURE USE OF THE ICL 

Vegetation Community 
Pine Wet Ruderal Total Total Total 

Flatwoods Pralne* Land + Uplands Wetlands Acreage 

Project site 199.6 24.4 8.0 207.6 24.4 232.0 

Power block 210 21 a 210 

Coal storage/handling 15 a 15 a 15 a 

Roads, railroads, miscellaneous 456 456 456 

Temporary construction laydown 12 a 12 a 12 a 
area 

Cooling water storage pond 250 250 250 

Total potential Impact area 1186 1186 1186 

Total preserve area 583 244 583 244 827 

Total remaining area 227 80 307 307 

Notes The remaining areas of land that will not be Impacted by the proposed develop­
ment or preserved Include eXisting land uses such as the transmission line nght-of­
way and roads or pine flatwoods that are for potential future use 

*Wet pralne Includes both the wetlands and the manmade ditch onslte The ditch, 
which encompasses approximately 1 acre, will be rerouted and then maintained 
onslte 

+ Ruderalland Includes the eXisting transmission line nght-of-way, roads, and 
cleanngs 

Source Bechtel, 1990 
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temporary construction laydown area will cover approximately 12 acres of 

flatwoods Finally, the cooling water storage pond located at the northwestern 

corner of the plant site will cover approximately 25 acres of pine flatwoods 

Approximately 83 acres of pine flatwoods will be preserved as natural, 50-foot 

contiguous buffers around three wet prairie areas located In the central portion of 

the development and another wet prairie site on the northwest corner of the 

property The balance of the 50 acres of flatwoods will also be preserved onslte 

as Visual screemng and upland wildlife preserve Approximately 23 4 acres of wet 

prairie Within the project site environs will also be preserved An additional acre of 

man-made ditch will be rerouted and then maintained on the project site 

Figure 4 4 1-1 provides a map of the preserved uplands and wetlands on the ICL 

site 

The remalmng acreage Includes eXisting transmission line right-of-way and roads 

that will be maintained Approximately 22 7 acres of pine flatwoods will also remain 

on the site for potential future plant use 

4.4.1.3 Environmental Management and Protection Plans for 
Construction 

The following categories Identify the environmental management protection 

procedures to be followed to protect or otherwise limit the Impact to the sur­

rounding ecological resources before, dUring, and after project construction 

• Clearing and grubbing 

• Site restoration 

• SOil erosion and sedimentation control measures 

• Wetland protection 
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Clearing and Grubbing 

1 A sUlVey Will be made of the area to be disturbed by prolect 

construction (I e , the areal extent of cleanng and grubbing as Identi­

fied on proJect englneenng drawings) The boundanes of thiS area Will 

be clearly marked on SIte plans and In the field before any 

construction activity commences Cleanng and grubbing or other 

construction actIVIties beyond thiS marked area Will be prohibited 

2 The prevention of damage to vegetabon outside construction areas Will 

be emphaSized In all construction operations, and careless or 

needless equipment operation Will be avoided Areas to be avoided 

by construction Will have barricades Installed to limit acllvltles therein 

3 Debns denved from cleanng and grubbing Will be hauled ollSlte 

4 To ensure the least pOSSible damage to the onslte vegetation, the use 

and storage of vehicles, equipment, and matenals Will be restncted to 

those areas which Will be permanently disturbed by reqUired 

deSignated construction activity or earthwork operations, or the 

temporary construction laydown area 

Site Restoration 

1 ICL Will require that contractors attain the follOWing goals for site 

restoration after construction IS completed 

• TImely srte stab,llzallon of disturbed SOil 

• TImely restoration of disturbed or altered areas through 

vegetative planllngs appropnate to the season and soli type 
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2 Fill slopes will be sodded or seeded and mulched 

Soli ErosIon and SedImentatIon Control Measures 

The sOil erosion and control measures to be used dunng construction are 

discussed In detail In Section 3 8 4 1 Highlights of these measures Include the 

following 

1 Barners are planned and will be maintained to Serve a continUing func­

tional role In erosion control before, dunng, and after construction until 

the areas are stabilized The proposed barners will consist of bales of 

straw or other sUitable filter matenal 

2 Stabilization techniques will be used to establish a stabilized working 

surface for construction, where necessary 

3 Contractors Will be required to Implement temporary stabilization 

measures to minimize loss of topsoil, excess sedimentation to the 

drainage ditch, and potential detenoratlon of water quality 

4 Pnor to construction, contractors Will be required to submrt plans for 

accomplishment of temporary and permanent erosion control work 

These plans Will detail the erosion controls for cleanng and grubbing, 

excavation, and final grading Within access and haul roads, the work 

Site, and the temporary construction laydown area 

5 All disturbed areas not otherwise stabilized will be mulched and/or 

seeded Within 15 days of exposure or as soon thereafter as seasonally 

practicable, except In areas where construction Will resume Within 

30 days Areas to be seeded Will employ qUick-germinating vanetles, 

such as winter rye grass, which proVides temporary cover and SOil 

retention properties 
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6 All exposed drainages will be sodded or mulched and seeded 

Immediately after each construction phase or disturbance 

7 Physical sOil stabilizers Will be used, where appropriate, to protect 

exposed sOil from failing or flowing water (e g , straw, wood ChiPS, 

netting, hay, etc) 

8 Sediment filter devices Will be Installed to prevent Siltation, accumula­

tion, or debriS 

9 Runoff from the disturbed areas Will be conveyed to the detenllon 

basins prior to release to the natural runoff 

10 After the complellOn of the construction, the detention basins will be 

cleaned, If necessary, and used for operations stormwater 

management 

Wetland Protection 

1 A 50-foot natural vegetallOn buffer will be established along the 

JUrisdictional wetland boundary of three wet prairies centrally located 

close to project development and another wet prairie srtuated at the 

northwestern corner of the project Me The 50-foot setbacks Will be 

surveyed and a barncade Installed along the surveyed lines 

2 No disturbance of any kind Will be allowed within the barricaded 

setback 

3 The other wet prairie areas located further away from site development 

are srtuated wrth,n natural pine flatwoods that Will be preserved There 

are significant expanses of upland preserved areas surrounding these 

wet prairies (I e , greater than 50 feet landward of wetiand JUrisdictional 
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boundanes) Upland preserve areas surrounding these wetlands will 

also be barricaded 

For more Information regarding wetland and upland preserve 

protection, refer to Section 4 4 1 4, Vegetation Communities, under 

Preservation Program 

4 4 1 4 Vegetation CQmmumtles 

PrQJect Impact 

Prolect construction Will remove all of the eXisting natural vegetallon located In the 

areas to be cleared and grubbed Table 4 41-1 speCifies the types and acreages 

of vegetallon to be affected Of the 232 aCres of project Site, about one-half of the 

s~e's acreage Wlil be Impacted Of the approximately 1186 acres to be affected 

by prOject construction, almost all of It consists of pine flatwoods (minor areas of 

less than 1 acre of cleanngs, trails, and roads were not subtracted from flatwoods 

acreage as ruderal land) 

No wetlands, except the drainage ditch to be rerouted, Will be encroached upon 

dunng construction and operation of the plant The remainder of the project area 

(49 percent or 1134 acres) IS compnsed of either preserved pine flatwoods 

(50 acres) and preserved wet pralne/dltch (244 acres), or land left for potential 

Mure plant use (22 7 acres) An additional portion of the pine flatwoods Will also 

be preserved (8 3 acres) conslsllng of natural upland buffers to three of the wet 

pralne areas located In the center and one wet pralne situated at the northwestern 

corner of the plant site The pine flatwoods to be developed on the ICL site are 

locally and regionally common In Martin County 
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Preservation Program 

The eXlsllng stresses to the vegetation on the project site have occurred as a resua 

of cattle grazing, aaeratlon of hydrologic regimes, and creation of disturbed areas 

by road and transmission line cOrridor construction and off-road vehicle trails 

Though Impacts to these natural communities are apparent, the eXlsllng com­

munities can be considered to exhibit moderate to good ecological diversity and 

function In addition, a significant portion of the srte (82 7 acres or 36 percent) will 

be preserved This Includes all of the wetlands/ditch (239 acres) and the 

583 acres (25 percent of the total pine flatwoods acreage) of the pine flatwoods 

(see Figure 441-1) 

ICL also proposes to re-route portions of the eXisting drainage ditch (approximately 

1 acre) traversing the central portion of the site This should enhance the hydrolo­

gy of the adlacent wet prairie by Improving surface water overland flow This wet 

prairie had some wetland plant elements displaced by upland speCies, and the re­

routing of the ditch may result In a return of more deSirable hydriC species 

ExotiC vegetation on the ICL site IS neither Widespread nor abundant Some punk 

tree and Brazilian pepper were observed In the pine flatwoods These Will be 

removed ExotiC plants are scarce to non-existent In the wet prairies Removal of 

exotic vegetation will not reqUIre revegetation wrth native flora due to the limited 

extent and numbers of these noxIOus plants 

A major goal of preservation management IS maintenance of the eXisting natural 

condition of upland and wetland communities, particularly wetland hydroperlods 

To do thiS, surface water and groundwater regimes must be artifiCially maintained 

or restored To the extent feaSible, or when necessary, the wetland areas Will be 

Incorporated Into the proJect's surface water management plan Through the use 

of Best Management Practices (BMPs), hydroperlods of affected wet prairies can 

be maintained Without exceSSive, unseasonal flooding or drying 
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A potenllal post-construction Impact to management of preserve areas IS disposal 

of solid wastes and coal storage All solid wastes generated by operallOn of the 

ICL facIlity will be removed for off site disposal Thus, no Impacts to preserved 

areas onslte due to solid wastes will occur The active coal pile will be stored In 

an enclosed facIlity and the coal conveyor to the plant will be totally enclosed to 

keep fugitive coal dust at a minimum In addition, the Inactive coal storage pile will 

be lined and grassed over Any runoff and leachate from the pile will be collected 

In a lined basin, treated, and recycled for process water needs 

In addition, the following preservation program management gUidelines will be 

adhered to 

1 All reqUired grade changes (I e , railroad and road) will be engineered 

so that any cut or fill will meet eXisting grade without encroaching Into 

the preserve area 

2 All exotic vegetation will be removed Stumps will be treated with a 

contact herbicide to prevent regrowth 

3 All of the preserve areas boundaries will be surveyed The surveyed 

preserve areas Will then be dellneated/ protected In the held uSing 

barn cades along the surveyed boundaries Prior to any clearing 

actIVIties 

4 Prior to any clearing, the barn cades Will be Inspected to ensure proper 

placement and construction by the Martin County Growth 

Management Department 

5 Barncades Will be constructed onslte and maintained Intact for the 

duration of construction 
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6 Where areas are proposed for cleanng (I e , building envelope, utilibes 

and drainage, road nght-of-way, etc ), the barricades will be offset at 

least 10 feet outside the preserve areas or placed at the dnpllne of the 

canopy trees, whichever IS greater 

7 Individual trees or groups of vegetallon that are to be saved Will also 

be barricaded according to the previously mentioned gUidelines 

8 All native vegetation which IS not located In areas requiring their 

removal as part of the development plans shall be retained In their 

undisturbed state 

9 AdVISOry or warning slgnage Will be posted 

10 Contractors Will be prOVided a set of the preservation program 

gUidelines and warned that any Violation of these gUidelines and 

damage to, or destruction of the preservation areas Will result In 

remedial action 

11 Prohibited activities In the preserve areas Will Include removal or 

destruction of native vegetation, dumping of fill, trash, or bUilding and 

construction matenals and debns, excavation, recreational vehicle use, 

or any activities detnmental to drainage flood control erOSion control, 

or Wildlife habitat conservation 

4 4 1 5 AquatiC Systems 

All of the wet prairies on the prolect site Will be preserved and protected from 

prolect construction Impacts Although the drainage ditch Will be rerouted on the 

prolect Site, the eXisting drainage pattern Will be maintained and enhanced through 

a surface water management plan Dunng the d~ch realignment, special 

:20624 016\lndlanln SCA 441-9 



• 

• 

• 

precautions will be taken to safeguard the downstream water quality from 

detenorauon through proper erOSion and sed,mentallon control practices 

Since no aquatic systems will be significantly affected by the proposed proJect, no 

proJect Impacts to aquatic ecological resources are expected before, dunng, or 

after construction 

4 4 1 6 Wildlife ResQurces 

The pnnclpallmpact on wildlife associated with proJect development will be the loss 

of up to approximately 1186 acres of onMe habitat Because pine flatwoods are 

the only dominant habitat to be affected, and pine flatwoods are regionally 

common, the partial cleanng of thiS habitat Will have Insignificant Impacts on 

regional Wildlife populations 

Although the more non-motile species Will be lost dunng construction, mammals 

and birds are expected to be displaced to the surrounding natural pine and wet 

prairie areas It IS not expected that Individuals of species populations which breed 

or winter onslte Will be displaced With the exceptIOn of the whrte-talled deer, 

eastern cottontail, raccoon, opossum, bobcat, gray squirrel, gray fox, feral pig, 

mourning dove, and bobwhite, recreallonal and commercially Important animal 

presence on the proJect Me and VICInity IS low Because hunting IS currently 

precluded on the Site, proJect Impacts on wildlife as a loeal recreational or 

commercial resource w1ll not occur 

4 4 1 7 Threatened or Endangered Species 

The ICL proJect Will not affect known breeding populations of animal species which 

are listed as threatened, endangered, or species of special concern [Table 2 3 6-2) 

Wading birds VISit the proJect area occasionally for feeding, however, no current 

breeding populations are known to occur In the proJect site area 
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Although alligators, indigo snakes, and gopher tortoises are expected to occur 

within the site enVIrons, no significantly adverse Impacts to these listed reptile 

species populallons would be expected from project construction Bachman's 

sparrows, loggerhead shnke, and other migratory birds that utilize site habitats Will 

find suitable and abundant habitat adjacent to the project site dunng and after 

construction No other listed animal species have been observed or are known to 

Inhabit the project site or ItS Immediate enVIrons 

No endangered or threatened plant species listed by USFWS on Table 23 6-1 

were located on the project site Only three fern species listed as threatened by 

FDACS were discovered within the wet pralnes and ditch on the project site 

Although these ferns species could also occur within the extremely small, wet 

weather depreSSions In the pine flatlands to be affected by development, no 

Significant Impacts to local species populallon are anticipated as a result of project 

construction Even If some ,nd,v,duals of these listed fern species should be 

affected, It would not be conSidered to be a significant Impact because of the 

follOWing factors 

1 The fern species on Table 2 3 6-1 are listed as threatened by FDACS 

pnmanly to discourage commercial exploitation, rather than providing 

a deslgnallon of the current species population status 

2 The fern species are Widespread In freshwater wetlands throughout 

Flonda 

3 The fern species are common locally and, therefore, the loss of some 

,nd,v,duals Will not affect the status of regional populations 

The Flonda coonbe (Zamla pumlla) may occur onslte based on habitat sUitability 

and range of d,stnbut,on However, no slghtlngs of thiS conspicuous cycad 

occurred dunng numerous surveys of the Impact areas of the project site 

Therefore, no Impacts to the Flonda coontle would be expected from project 
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development In summary, protected species populations of wildlife and plants 

should not be significantly affected by prolect construction 
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4 4 2 MEASURING AND MONITORING PROGRAMS 

4 4 2 1 Prolect Area 

No monitoring of the project area IS planned 

4 4 2 2 Preservation Area 

Since project construction and operation should not result In direct or significant 

secondary Impacts to the surrounding vegetation, monitoring of the pine and wet 

prairies to be preserved on the project srte IS not conSidered necessary 
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4 5 AIR IMPACT 

4 5 1 EMISSION SOURCES 

DUring the construction period, unavoidable air pollutant emissions are likely to 

occur from variOus construction-related actlvrtles The most prevalent construction 

emissions are fugitive dust However, minor emissions of nitrogen oXides (NOxl, 

sulfur dioxide (502), carbon monoxide (CO), particulate matter, and volatile organic 

compounds (VOCs) from equipment exhaust are also likely dUring construction 

Fugitive Dust 

Fugitive dust IS generally defined as natural and/or man-associated dusts that 

become airborne due to the forces of wind or human activity Construction-phase 

fugrtlve dust emisSions are generated dUring site clearing, grubbing and grading, 

excavation, and vehicular actiVities 

The quantity of fugitive dust emitted by the SIte construction vehicular traffiC 

depends on a number of factors, Including the frequency of operations, speCifiC 

operations being conducted, weather, and SOil conditions Many of the construc­

tion operations, such as land clearing and foundation excavallon, will be 

Intermillent and of a temporary nature Fugitive dust emissions due to concrete 

batchlng will not occur dUring construction Concrete will be brought to the site 

from nearby commercial batchlng facIlities 

other Air Pollutant Emissions 

It IS anticipated that the total gaseous emissions released Into the atmosphere 

dUring construction will be small Potential sources of VOC emissions are 

evaporative losses associated With onslte painting, refueling of construction 

equipment, and the application of adhesives and waterproofing chemicals The 

frequency and extent of these activities are limited 
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Exhaust emissions from construction equipment will also contain small amounts of 

NOx, S02' CO, particulate matter, and VOCs resulting from Incomplete combustion 

of fuel However, due to the nature of heavy-duty, diesel-powered construction 

vehicles, which allow for more complete combuslion and use less volatile fuels than 

spark-Ignited engines, these emissions are relatively low 

20524 016\lnd1antn SCA 451-2 



• 

• 

• 

452 AIR QUALITY CONTROL METHODS - BEST MANAGEMENT PRACTICE 

The typical approach used to reduce fug~lve dust emiSSions dunng construction 

activities of this type IS water spraying Reductions of 50 percent are readily 

achievable by watenng paved surfaces, and this can be Increased to about 

75 percern when followed by mechanical sweeping Emissions from unpaved 

roads can be reduced 50 to 75 percent by water spraying In both cases, the 

degree of control achieved depends on the application Intensity and the number 

of vehicle passes between applications, as well as climatological factors (e g , 

rainfall, evaporation rate, time of year) (EPA, 1984) In addition, a speed reduction 

program may further reduce emisSions from unpaved surfaces by 25 to 80 per­

cent (OhiO EPA, 1980) Trucks can be covered or the matenal wetted to 

substantially reduce the amount of matenal blown from the trucks In addition, 

wheel washing may be Implemented to prevern tracking sOil orno paved surfaces 

EmiSSions from the storage of excavated matenals or backfll and associated 

traffic can be controlled by up to 90 percent (EPA, 1988) by e~her covenng the 

storage piles or treatment with surfactants, and by the application of a watenng 

program on the associated service roads 

Contractors Will be Instructed to comply with any applicable state or local 

regulations governing open burning Areas disturbed dunng construction Will be 

seeded to stabilize or restore the SOil surface 
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4 5 3 AIR IMPACT ASSESSMENT 

Air quality Impacts resu~lng from construction activities Will tend to be short-term 

and localized Fugitive dust created by construction activities IS made of relatively 

large particles Therefore, the majority of these particles wlil settle near the 

construction activity areas S~e grading and excavation activities are of short-term 

nature, thus, fugitive dust emisSions created by these activities have very little 

threat to long-term ambient air quality levels In the proposed ICL site area 

Numerous abatement measures as discussed In Section 4 5 2 can be taken If 

necessary, as part of best management practice to further minimize any of these 

minor short-term Impacts from construction-related actiVities 

Similarly, gaseous pollutants generated by the diesel-powered construction 

equipment are also of short-term nature Diesel-powered construction eqUipment 

IS not a significant pollutant emitter In general, If It IS properly maintained and 

periodically Inspected 

In summary, air quality Impacts dUring the construction phase of the proposed 

ICL project Will be temporary and generally minor The Impacts Will cease when 

construction activities are terminated for operation Therefore, the proposed 

project IS not expected to have any Significant construction-related air quality 

Impacts to the public heatth and welfare 
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46 IMPACTS ON HUMAN POPULATIONS 

4 6 1 PROXIMITY OF RESIDENTIAL AREAS 

As previously discussed In Section 2 23 3, the majority of lands wrthln the 5-mlle 

study area are agrlcuijural or undeveloped The exceptions to these agricultural 

or undeveloped areas wrthln the 5-mlle study area Include the eXisting FPL Martin 

power plant site, the eXisting Industrial developments located In the Immediate 

VICInity of the ICL srte, and areas within the unincorporated communrty of 

Indiantown Because the properties directly adjacent to the ICL srte are erther 

Industrial or agrlcuijural In nature, no residential developments are located directly 

adjacent to the srte 

The majority of residential populations within the 5-mile study area are located In 

the unincorporated communrty of Indiantown, approximately 3 to 4 miles from the 

site As previously described In Section 2 2 7 4, the Indiantown community 

contains a total of 1,627 dwelling units, of which 1,443 or, 887 percent, are 

conSidered to be In good condrtlon The largest residential district In Indiantown 

IS the Indlanwood mobile home development Indlanwood currently IS planning 

to expand an additional 1,465 mobile home units on 565 acres (Indiantown Action 

Plan, 1990) 

With the exception of the previously deSCribed residential areas within Indiantown, 

the remainder of the 5-mile study area contains relatively few reslderrtlal structures 

Utilizing 1989 tax roll data obtained from the Martin Courrty Property Appraiser's 

Office, It was determined that there are 109 dwelling unrts within the 5-mile study 

area that are outside Indlarrtown The population estimate for these 109 dwelling 
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un~s, based on the statewide average of 247 persons per household (U S 

Department of Commerce, 1988), IS 269 persons 

Because the malorlty of residents hve over 2 miles from the site, the nOise from 

construction of the site Will have very little Impact on the community For those 

residences that are closer to the SIte, the fact that construction IS projected to 

occur dUring a normal 40-hour work week and that there Will be no blasting 

onslte, Will result In low Impacts to this nearby area 
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4 6 2 CONSTRUCTION WORKFORCE 

Construction of the ICL facility IS anticipated to cover a period of 42 months, 

commencing In July 1992, and ending In December 1995 The last 6 months of 

this time penod will be concerned with startup activities for the plant 

Table 4 6 2-1 shows the projected construction schedule over ItS 42-month 

duralion ThiS schedule IS based on a single-shift operating 40-hour work weeks 

However, due to unanticipated and uncontrollable delays due to weather and 

equipment deliveries, the temporary Implementation of shift work may be required 

to keep the project's construction on schedule The construction workforce IS 

expected to peak at 800 persons for 4 to 6 months dunng the third year of 

construction 

The commuling distance for thiS construction workforce IS anticipated to be 

between 30 and 60 miles However, construction workers could pOSSibly commute 

as far as 100 miles, which IS not conSidered to be unusual Thus, the construction 

workforce could be drawn from Martin, Okeechobee, St LUCie, and Palm Beach 

Counties, but may also be drawn from the Fort Lauderdale and metropolitan Miami 

areas However, the majority of the construction workforce IS expected to be 

drawn from the urban areas Within 60 miles 

Though thiS workforce IS predicted to commute, ICL Will encourage carpooling and 

Will study the pOSSibility of utiliZing private transit bus service for construction 

workers to reduce the number of vehicles transporting construction workers to the 

ICL site 
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Table 462-1 
CONSTRUCTION WORKFORCE INVOLVED IN THE ICL PROJECT 

Year of 
ConstrucliOn 

1 

2 

3 

4 

TIme Penod 

07/92 - 12/92 

12/92 - 12/93 

12/93 - 12/94 

12/94 - 12/95 

Number of 
Construction Workers 

200 

400 

600' 

200 

'Constructlon workforce IS expected to peak at 800 employees for 4 to 6 months 
dunng thiS time penod 

Source ICL, 1990 
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463 CONSTRUCTION WORKFORCE IMPACTS ON HUMAN POPULATIONS 

Because properties drrectly adjacent to the ICL srte do not contain residential 

developments, no Impacts to reSidential populations are predicted In the 

Immediate vlclnrty of the ICL site 

Impacts to human populations resu~lng from the construction workforce are 

expected to resu~ from the Influx of people and of the Indrrect population requrred 

to service and support the constructron workforce However, as stated previously, 

most of the construction workforce IS expected to commute dally from therr 

eXisting reSidences Thus, In-migration to the local area due to the construction 

workforce IS expected to be minimal and any Impacts to human populations Will 

also be minimal A detailed analYSIS of economic, employment, transportation, 

hOUSing, and community services Impacts durrng construction of the ICL project 

IS found In Section 7 0 
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4 7 IMPACT ON LANDMARKS 

As previously described In Section 2 2 5, only one area valued for Its natural, 

scenic, or cultural significance IS located wlthm the 5-mlle study area of the ICL 

site This natural feature, Barley Barber Swamp, IS located at the extreme western 

portion of the 5-mlle study area, adJacent to the eXisting FPL Marlin power plant 

cooling pond, approximately 4 5 miles west of the ICL site 

Construction at the ICL srte IS not expected to have any affect on this natural 

feature Surface water qualrty (see Section 4 2 1) will not be adversely affected 

dUring construction Groundwater effects (see Section 43 1) should be limited to 

onslte dewatering dUring construction Dust suppression measures which will be 

Implemented dUring the construction at the ICL site (see Section 45) will be 

adequate to maintain state air quality standards Construction activities will not 

be VIsible from Barley Barber Swamp, and access will not be affected 
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48 IMPACTS ON ARCHAEOLOGICAL AND HISTORIC SITES 

A summary of the evaluation of archaeological and hlstonc srtes wrthln the 

boundanes of the ICL site was previously presented In Section 2 2 6, and a copy 

Of the cultural resource assessment IS appended In Section 10 8 This assess­

ment found no previously recorded archaeological sites and a low probablhty of 

finding additional hlstoncally significant resources within the ICL site No 

archaeological or hlstonc srtes ehglble for registration In the National Register of 

Hlstonc Places were found (Piper, 1990) 

In the event that a potentially significant archaeologlc or hlstonc resource IS 

discovered dunng construction, those construcllon actlvrtles which may potentially 

disturb these finds Will be halted until their potential significance can be 

determined by a professional archaeologist If the matenals are beheved to be 

significant, the State Hlstonc Preservation Office (SHPO) will be contacted to 

determine appropnate mitigation measures 
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49 SPECIAL FEATURES 

No special features as described In the FDER SeA gUidelines are expected to be 

associated with the construction of this prolect 
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410 BENEFITS FROM CONSTRUCTION 

Benefits resulting from the site preparabon and construction at the ICL s~e are 

expected to Include Increased employmem opportUnities, and additional county 

revenues 

The construction of the ICL project Will proVide many employment opportunities 

w~hln Martin County, adjacent counties, and the region As previously descnbed 

In Section 4 6 2, the construction IS scheduled to commence In July 1992, and 

end ,n December 1995 The construction workforce IS expected to peak at 

800 employees for 4 to 6 momhs dunng the third year of construction Many of 

these construction pos~lons Wlil be relatively high-paying skilled positions A 

detailed analYSIS of the sOCioeconOmiC benefits resulting from the construction of 

the ICL project IS provided In Secbon 7 a 
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• 4 11 VARIANCES 

There are no variances from applicable standards due to construction actIVIties 

• 

• 
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50 EFFECTS OF PLANT OPERATION 

51 EFFECTS OF THE OPERATION OF THE HEAT DISSIPATION SYSTEM 

51 1 TEMPERATURE EFFECT ON RECEIVING BODY OF WATER 

Since treated wastewater will be discharged to an Injection well, thiS section IS not 

applicable 
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51 2 EFFECTS ON AQUATIC LIFE 

Since a heated effluent Will not be released to a receIVIng body of water, thiS 

section IS not applicable 
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51 3 BIOLOGICAL EFFECTS OF MODIFIED CIRCULATION 

This secllon IS not applicable Since a heated effluent IS not discharged to a 

receiving body of water The design of the Intake structure to minimize effects on 

the aquatic enVIronment IS discussed In Section 3 5 1 1 
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5 1 4 EFFECTS OF OFFSTREAM COOLING 

5 1 4 1 Proposed System 

The heat dlsslpallOn system proposed for the Indiantown Cogeneration, l P (Iel) 

project will be a hnear mechanical draft coohng tower 

The proposed tower will be equipped with a bank of ten cells to meet the closed­

loop coohng reqUirements of the plant Tower design parameters are presented 

In Table 5 1 4-1 

The drift loss rate of the proposed tower IS 0 002 percent or 5 3 gallons per minute 

(gpm) Under normal operation, the total dissolved sohds of the circulation water 

IS about 2,800 mllhgram per hter (mg/I) DUring periods of extended drought (I e , 

a once In 10-year frequency for a maximum of 3 months), the backup coohng 

water from the Floridan aqu~er could resu~ In a total dissolved sohds concentration 

In the circulating water as high as 16,200 mg/I For the coohng tower Impact 

assessment, only the normal operating cond,llOns were analyzed because the 

backup water source IS used Infrequently 

The analyses showed that 

• There will be no Impact on the vIsible plume on air traffic In the area 

• There will be no Impact from ground fogging on the vlslblhty along 

nearby roads 

• There will be no ICing conditions associated with the freezing of vapor 

plume and drift depOSition on surrounding areas 

• The Impact due to depOSition of the drift on agricultural and citrus land 

and orchards will be minimal 
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Table 51 4-1 
ICL MECHANICAL-DRAFT COOLING TOWER DESIGN PARAMETERS 

USED IN MODEL 

Number of Cells 10 

Heat Load 1,655 MMBtu/Hr 

C"culatlng Water Flow Rate 265,000 GPM 

Design Wet Bulb Temperature 80 'F 

Approach 10 'F 

Range 90 'F - 102 'F 

A" Flow Rate Per Cell 1,575,000 ACFM/Cell 

Dnft Loss Rate 0002% 

Tower Dimension 60'x 600'x 56' 

Fan Diameter 328' 

Source ICL, 1990 
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5 1 4 2 Identification of Potential Impacts 

The proposed coohng tower will emit mOisture Into the atmosphere In the form of 

water vapor and water droplets, defined as dnft loss for the facility If the ambient 

air IS cold and/or mOist, a portion of the emitted water vapor will condense to form 

water droplets This IS seen as a vIsible white plume emanating from the coohng 

tower Under most condlliDns, the plume evaporates as It moves downwind 

because of mixing with unsaturated air and from adiabatic heating The frequency, 

persistence, and Size of a vIsible plume depends on the type of coohng system and 

the local chmate An entire vIsible plume or a portion of a vIsible plume can be 

brought to the ground through high winds or turbulent eddies Ground-level 

fogging can be produced from a coohng system plume when the vIsible plume 

reaches the ground 

As the normal service and circulating water flows through the fill section of the 

cooling tower, the Impact of the falling water on the splash bars create small water 

droplets, some of which are carned away by the air stream moving through the 

tower These entrained droplets, or dnft which leave the cooling tower, contain 

dissolved solids that may cause a bUildup of salt concentration In the sOil and/or 

deposit on the surtace of nearby vegetaliDn Therefore, operaliDn of the coohng 

system has the potential to cause Impacts on sOil and vegetation In the 

surrounding areas In addition, operation of a coaling system at sub-freezing 

temperatures can also produce ground-level ICing 

5 1 4 3 Assessment Methodology 

The EPRI-sponsored Seasonal! Annual Cooling Tower Plume Impact model (EPRI, 

1984) was used to quantify the Impacts This computer code IS an outgrowth of 

an earlier model evaluation study carned out by Argonne National Laboratory 

(ANL) Improved plume and dnft models In the code have been calibrated With 

eXlsling field and laboratory data and then subsequently venf,ed with new data not 

Included In the calibraliDn process ThiS model has been widely used In prepanng 
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environmental assessments of cooling towers by utilities and their consultants 

This program can predict the seasonal and annual Impacts of the coohng tower 

plume's potential for dnft, ICing, and fogging 

The SACTI model IS used to calculate plume dispersion and dnft deposrtlon for the 

proposed coohng tower The same 5-year set of meteorological data (1982-1986) 

collected at the West Palm Beach NWS station was used for the air qualrty 

analyses In Section 5 6 and with the SACTI model to estimate coohng tower 

Impacts The coohng tower parameters that are modeled to determine hours of 

fogging, hours of ICing, and potential salt deposition are presented In Table 5 1 4-1 

The spatial vanatlon of the drift deposition rate IS strongly dependent on the droplet 

size distribution The larger droplets In the plume fall to the ground closer to the 

tower than the smaller droplets Since there are no drift droplet size distribution 

data available for the proposed coohng tower, the dnft spectrum provided In the 

Users Manual of the SACTI model was used (see Table 5 1 4-2) 

5 1 4 4 Impact Assessments 

The following subsections discuss the assessment of enVIronmental Impacts 

associated wrth operation of the ICL plant cooling tower Chmatologlcal effects 

addressed Include enhanced frequencies of fogging and ICing, their extent and 

duration, and potential obstruction to ground and airborne traffic The potential for 

Impacts to salls and vegetation In the site area, due to coohng tower sa~ dnft 

deposition, IS also discussed 

Fogging Potential 

The VISible plume may reduce vlslblhty rt It crosses the path of ground-based or air 

traffic The only nearby public road IS US Route 710 (see Figure 51 4-1) Its 

closest approach to the plant site IS at least 750 meters to the northeast At this 

distance, the SACTI model predicts a plume height of about 150 meters above the 

20524 018\lnd,amn SCA 5 1 4-3 



• 

• 

• 

n -
C1UlliNS 
tHIlUS 

I'IIO"ES51MCS 

COOLING TOWER 

It 

/ 

, , , 

\ 

• • • • 
! 
o 

I 

-I 
" I 

SCALE 1" = 300 1 

Figure 514-1 

COOLING TOWER LOCATION 

Poor Original 

Source Bechtel 1990 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration l P 



TABLE 5 1 4-2 

COMPOSITE COOLING TOWER DRIFT EMISSION SPECTRUMa 

• 
dl dl' Mnss 

Interval iE!!!l iE!!!l Fractlon(%) 

1 0 10 0.00 
2 10 20 0.53 
3 20 30 4.43 
4 30 40 7.41 
5 40 50 6.51 
6 50 60 5.48 
7 60 70 3.51 
8 70 90 3.26 
9 90 110 1.78 

10 110 130 0.95 
11 130 150 0.76 
12 150 180 1.10 
13 180 210 1.17 
14 210 240 1.32 
15 240 270 1.41 
16 270 300 1.82 
17 300 350 2.67 
18 350 400 2.33 
19 400 450 2.29 
20 450 500 1.51 

• 21 500 600 4.33 
22 600 700 3.51 
23 700 800 3.82 
24 800 900 2.73 
25 900 1000 1.71 
26 1000 1200 3.19 
27 1200 1400 3.32 
28 1400 1600 6.43 
29 1600 1800 2.21 
30 1800 2000 3.07 
31 2000 2200 15.4 

a - Source: EPRI, 1984. 
b - Droplet diameter lower (<I{) and upper (du) size range in 

microns (um) for qiven interval. 

• 
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ground Since terrain around the plant SIte IS essentially flat, vIsibility on nearby 

roads IS not expected to be degraded by the formation of thiS elevated Visible 

plume 

Table 5 1 4-3 shows the frequency of elevated, vIsible plume formation and Its 

length as a function of wind direction The frequency of vIsible plume formation In 

all directions reduces to about 2 percent on an annual baSIS at 600 meters (0 36 

mile) downwind of the tower With respect to potential Vlslblilly Impacts to air 

traffic, the nearest private airport IS located 2 5 miles north of the plant site At that 

distance, the vIsible plume IS not expected to hinder the safe operation of aircraft 

dUring take-off or landing 

Induced ground-level fogging will occur dUring plume downwash conditions 

However, thiS locally Induced fog will be diSSipated rapidly due to the high winds 

associated with such plume downwash conditions Table 5 1 4-4 shows that most 

of the ground-level fogging eXists within 300 meters of the plant The south and 

south-southeast are the two directions for which plume fogging persists up to a 

distance of 1 25 kilometers for about an hour per year Since the northwest­

southeast Oriented Route 710 IS more than 750 meters to the northeast of the 

cooling tower, Induced ground fog will not obstruct the traffiC flow on Route 710 

ICln9 Potential 

The SACTI model predicted no occurrence of Induced ICing In thiS subtropical area 

(see Table 5 1 4-4) Therefore, no ICing potential eXists as a direct resu~ of cooling 

tower operations 

Salt Deposition Impacts on SOils 

Seasonal and annual salt depOSition rates were calculated out to a distance of 

10 km downwind of the cooling tower Annual salt depOSition rates are presented 

In Table 5 1 4-5 In terms of kgjkm2.mo These depOSition rates can be converted 
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TABLE 5 1 4-3 

• VISIBLE PLUME FREQUENCY 
Sheet 1 of 2 

• ••••••••••••••••••••••••••• , •••••••• PLUME LEMGTH FREQUEMCY TAILE •••••••••••••••••••••••••••••••••••• 
INDIANTtMI. 1982-16 WEST PAI.M lUCK MET DATA (LMDCT. 10 CTCLES) 
SEASOII·ANNUAL 

DISTANC! ••••••••••••••••••••••••••••••••••••••••••••• WIND ,~ •••••••••••••••••••••••••••••••••••••••••••••• 

'''" 0 OOE OE EOE E ESE IE lIE • ... .. wsw • III. NW ow .... 
TOWE' •••••••••••••••••••••••••••••••••••••••••••• PLUME HEADED ............................................ 

CM) • .... .. IIS1/ • '"'" ow I11III • .ME ME ENE • ESE IE lIE .... 
50 530 ... ... 7741561 '621042 6 .. ... '53 , .. ,D 5 .. '76 510 4.93 100 00 ... • 54 1.7 • ... .11 ... .30 .. . .. .22 217 2.57 • 17 .. .37 ••• .33 15 02 

150. ... ... .$J • 77 ... ... . .. ... ... ... . .. ... .. .30 .. .. 719 .... ... .sr . ., ••• ... ... .. ... ... • 51 ." ... ... .30 .. •• • 08 .... ••• ... ... ••• ... ... . .. . .. ... 1.15 141 ... . .. 30 ... .01 ... 
300 • 00 • 21 ... ... ... ... ... ... ... ... 1.21 ... ... . .. . .. ... 31 • 
350 ... 17 • 15 ... ... ... ... ... ... ... ," ... .. . .. . .. ... 267 .... .. • 17 .. ... ... ... ... ... ... .. . .. ... ... , .. . .. .. 2.67 ... ... •• 7 .15 .. .. .. ... .. ... ... .... .. . .. . .. . .. 00 267 
5 .. .. .. . .. ... ... ... .. ... ... ... .7.1 ... . .. . .. . .. 00 '11 
550. .. ... ... .. .. .. .. .. .. .. 7.1 .. 00 . .. . .. . .. .11 ... • 00 .. .. .. .. .. . .. . .. .. .. .7.1 ... ... I • . .. .00 ZOO 
65 •• ... ... • 12 .. ... .. ... ... ... .. 7.1 .. .. I. .. O • .08 
700 ... • 11 ... ... ... ... .. ... .. .. 7.1 00 ... • 1. ... .00 .08 75. 00 ... .12 .. .. .. . .. .. ... .. .7.1 .. .. I • ••• .. '08 
BOO .00 .. 12 • 00 • 00 .. .. ... 00 ... .7.1 ... ... •• .. O • .08 
850 .. .. .. 00 00 .. • 02 • 00 • 00 ... .7.1 ... .00 .1 • .. .. '08 .... .0' ... 12 .. 00 .. .02 ... ... .. 7.1 .. .. .1 • . .. .00 .08 ... .00 .. 12 00 00 .. 02 00 00 .. 7.1 • 00 00 .1 • .24 .00 .08 

100. ... .. 12 00 .. .. . .. 00 00 .. .7.1 • 00 .. .1 • .24 00 ZOO 

• 1050. ... ... .. ... .00 ... .02 ... 00 ... 7.1 00 • 00 • • .24 00 .08 
1100 ... .. .12 00 .. ... .02 .. .. .. 73 O. .00 IB .24 O • .08 
"50 00 .. 12 .. 00 .. .. 00 .. .. .7.1 O. O. IB .24 00 .08 
1200 • 00 ... .. .. ... .. .. .. .. ... .7.1 .. ... I • 24 ... '08 
1250. .. .. .12 .. ... .. 02 .. .. ... .7.1 ... .. • • 24 .. ZOO 
1300. .00 ... .12 ... • 00 ... .0' ... .. ... .7.1 ... .. I • .24 O • ZOO 
1350 ... ... 12 ... ... ... .02 ... .. ... • 7.1 .. .. •• 24 .. '08 
14 .. ... ... .12 ... 00 ... .02 ... ... ... 7.1 .. .. • • .24 O • .08 
1450 .00 .. 12 00 00 .. 02 00 • 00 ... 73 O. .. • 1. .24 .00 ZOO .... .. .. 12 00 00 .. .. .. .. .. 7.1 00 • 0' • •• ... .00 .08 .... .. .. 12 .. .. .. 02 .. .. .. 7.1 • 00 .00 .1 • .24 00 ZOO 
1600 ... ... I. • 00 .. ... 02 .. .. .. .7.1 ... ... I • .24 00 .08 
165' ... .. • 12 ... .. ... .02 .. ... ... .7.1 00 .. I • 24 O. .08 
1700. ... .. 12 .. .. ... 02 .. .. .. .7.1 .. 00 I. 24 .. ZOO 
.75. .00 • 11 .12 ... .. .. 02 .. .. .. 7.1 .. .. .1 • .24 ... ZOO 
• BOO ... ... 12 .. .. .. 02 .. .. ... 7.1 .. ... .1 • 24 .. .08 
1asO. ... .. 12 .. ... .. 02 ... .. .. .7.1 .. .. I • 24 .. .08 
• 00. .. .. .12 .. ... ... .02 ... .. ... .7.1 00 00 I. 24 .. '08 .... .. ... .12 .. ... ... ... ... ... ... .7.1 .. .. •• .24 00 .08 
• 000 .. ... • 12 .. ... ... .02 ... ... ... .7.1 .. ... .1 • .24 .00 .08 
205'. ... .. .12 ... .. ... .02 .. ... ... .7.1 .. ... • •• .24 .00 '08 
2100 ... ... .12 .. .. .. .02 ... ... . .. 7.1 .00 • 00 • •• .Z' .00 '.08 
2150 ... ... • 12 ... .. ... 02 .. 00 .. .7.1 .00 .00 • •• .24 00 .08 
22" ... .. I • ... .. .. 02 .. 00 .. .7.1 .. .. I • 24 .00 ,DB 
225 •• .. ... 12 .. ... ... .02 .. ... ... .7.1 .. .. •• .24 O • '08 
2JOO 00 1~ 12 .. ... ... ... • 110 ... ... .73 ... ... • •• .24 .0' 'DB 
2350. .. U .1' • 110 ... ... ... .110 • 110 ... 7.1 ... .00 • •• •• 00 .08 
2400 • 110 .. • 12 • 110 .. ... ... 110 ... ... .7.1 ... .110 •• 24 00 .08 
2450 00 .11 12 • 00 • 110 ... .. .. .. ... .7.1 ... 00 I. .24 .. '08 
"00. • 00 ... • 12 .. 110 .. .. .. .. ... .7.1 • 110 .. • •• .24 ... ,DB 

• 



TABLE 5 1 4-3 

• VISIBLE PLUME FREQUENCY 
sheet 2 of 2 

I •••••••••••••••••••••••••••••••••••• PLUME LENGTH FREQUENCY TABLE •••••••••••••••••••••••••••••••••••• 
11CD1ANTM. 1982·86 WElT PAL. lEACH MET DATA (LJCCT. '0 cya.ES) 
SEASON·ANNUAL 

DISTANCE ~ ...................................... WIND FIOM •••••••••••••••••••••••••••••••••••••••••••••• ,,, .. • ... .. . .. • ... .. SSE • .... III ..... • ..., NY .W aM 
1M. ~ ••••••••••••••••••••••••••••••••••••• PLUME HEADED •••••••••••••••••••••••••••••••••••••••••••• 

CO, • SIll III ..... • .... NIl ... • ... .. ENE • . .. IE ... aM 

25S0. • DO .13 I • .DO .DO .CO .D2 .DO .DO .62 7> .DO • DO .1 • .24 .DO ,08 ..... .DO .13 .1' DO .DO .CO .D2 .DO .DO .62 .7> .DO • DO .1 • .24 .DO '08 .... .DO .13 .1' DO .DO .CO .D2 DO .DO .62 .7> DO • DO .1 • .24 .DO ,08 
2100. .DO .13 I. DO .DO .CO .D2 DO .DO .62 .7> .DO • DO I • .24 .DO .08 
215 •• .DO .13 .1' .DO .DO .CO .D2 DO .DO .62 .7> .DO • DO .1 • .24 .DO '08 .... .DO .13 .1' 00 .DO CO .D2 DO .DO .62 .7> .DO • DO I • .24 .DO .08 ..... .DO .13 .1' .DO DO CO .D2 .DO DO 62 .7> .DO DO .1. .24 DO '08 ..... .DO .13 .1' .DO .DO CO .D2 .DO .DO .62 .7> .DO • DO .1 • .24 .DO .08 
295'. .DO .13 .1' .00 00 CO D2 00 .DO 62 .7> .00 • DO I • .24 00 .08 .... .00 .13 .1' .00 .00 .CO 0' .00 .00 .62 .7> .00 • 00 .1 • .24 DO ,01 
305' .00 .13 .12 .00 DO CO D2 DO 00 .62 .7> .00 • DO I • .24 DO .01 
3100. .00 .13 12 DO 00 03 D2 .00 00 62 .7> .DO 00 I. .24 .00 '08 
31S0. .DO .13 .12 .DO 00 03 .D2 .DO .DO .62 7> .DO 00 .1. .24 .00 '01 ..... DO .13 12 DO 00 03 .. .00 00 .62 .7> .DO 00 .1. .24 .00 .08 
32S0 .DO 13 .12 DO 00 CO .0' DO DO 62 7> 00 DO I. .24 00 '08 
3300 .00 13 12 00 00 .03 .02 DO .DO .62 7> 00 00 .1. 24 .00 ,01 
33S0. .00 .13 12 00 .DO .03 .02 .DO DO 62 .7> 00 00 I. .24 00 .01 
34DO .00 .13 .12 00 .00 03 02 00 00 62 7> 00 O. I. 24 DO '01 3450. .DO .13 .12 .DO .00 .03 .D2 DO DO 62 7> 00 • 00 .1 • 24 .00 ,08 
"00 DO .13 12 00 .00 .03 .02 00 00 62 7> DO .00 .IS 24 DO .01 
3550 00 13 12 .00 DO 03 D2 DO 00 62 7> 00 00 I. .24 00 ,01 
3600 .DO .13 .12 .00 .DO .03 .D2 00 00 62 .7> .DO .DO .IS .24 .DO .08 • 365. 00 .13 .12 DO 00 03 D2 DO DO 62 7> 00 • DO .1 • 24 00 ,08 
'100. DO 13 .12 .00 DO 03 .. 00 00 62 7> .00 00 I. 24 .0 ,08 .... .DO .13 .12 .00 .DO .CO .D2 DO 00 62 .7> .00 • 00 .1 • .24 .DO ,08 .... .DO .13 12 .00 .00 03 D2 00 DO 62 7> 00 00 I. 24 DO .08 ..... .00 13 .12 .00 00 03 D2 00 00 62 7> 00 • 00 I • .24 .00 ,08 .... .DO .13 .12 00 .00 .03 .02 DO 00 62 7> .00 .00 .IS .24 .00 '08 
'''0 00 .13 .12 .00 .DO 03 .D2 DO 00 62 7> 00 00 IS 24 O • • 08 ..... .DO .13 12 00 .00 .03 .D2 DO DO 62 71 DO .00 .IS 24 O • • 08 .... .00 13 12 00 DO .OJ .02 .DO DO 62 7> 00 00 .1. .24 .DO '.01 
.. DO .DO .13 12 00 • DO .OJ .02 DO DO 62 7> O • O. I. .,. 00 '08 .,50 .DO .13 .12 .DO 00 .CO .02 .DO .DO 62 7> 00 00 I. ••• 00 ZOO .... DO 13 .12 • DO DO .03 OZ .00 DO .62 .7> 00 00 I • •• .DO .01 
4250 .DO .13 .12 .0' 00 03 D2 .00 00 .62 7> 00 00 I. .24 00 '01 4100. .00 .13 .12 .00 00 03 D2 .00 DO .62 .7> .00 00 I. .24 .DO ,01 
4350. .00 .13 .12 00 DO 03 D2 00 00 62 7> 00 00 I. 24 O. ZOO 
"DO. .00 IS .12 .DO .00 03 .. 00 00 62 .7> DO • DO I • 24 .00 .08 "50. .00 .13 .12 .DO .DO .03 .D2 DO DO 62 .7> .00 • 00 I • 24 .00 .08 
"DO .DO 13 12 00 DO 03 D2 DO .DO 62 7> DO .DO .1. 24 O' .08 
4550. .DO .13 12 00 DO 03 D2 DO 00 62 71 00 • DO .1 • •• O' ZOO .... .00 .13 .12 DO .DO .OJ .D2 .DO .DO .62 .7> .00 • DO .1 • .24 DO .01 ..... .00 13 .12 .DO .00 .DS .02 .DO .DO .62 71 00 .DO .1 • 24 DO ,01 
'100. .DO .13 12 DO .DO .03 • D2 .111 .DO .62 7> DO • 00 .1 • .24 00 .08 
.150 DO .13 .12 DO III CO .02 .DO .OB .62 .7> • 00 00 .1. ••• .00 ,01 .... 00 .13 12 .111 .00 .DS .02 III III 62 .7> .DO DO . 1. ••• DO .01 .... .00 " .12 .111 00 03 D2 .00 00 .62 .71 • 00 00 .1. •• 00 ,01 .... III Il .12 .00 DO DS D2 .DO 00 62 7> .DO 00 I. .24 .DO ,08 .... .DO 13 12 .DO 00 .03 0' 00 00 62 7> .DO 00 I. 24 .00 .08 ..... .DO .13 .12 .00 .DO 03 .D2 00 DO .62 .7> .00 DO .1. .24 .DO ,08 

Source Bechtel, 1990 
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• TABLE 5 1 4-4 

FOGGING AND ICING FREQUENCIES 

, .................................... lOURS Of PilIIE FOGGING TABLE •••••••••••••••••••••••••••••••••••• 
INDIAN1OW. 1982-16 WEST 'AUt IEACI ME'. DATA CUDCT) 
IElSONeANNUA1. 

DISTANCE ~ •••••••••••••••••••••••••••••••••••••• WIND FlaM •••••••••••••••••••••••••••••••••••••••••••••• , ... • ... IE .IE • ... .. ... • ... .. "'" • ... IV OW .,. 
'1M. ............................................ IiAJNE lEADED •••••••••••••••••••••••••••••••••••••••••••• 

1M) • ... .. ... • ... IV ... • - • ... • ... .. ... . .. 
,OIl. 4.7 67 .. ,. I ... •• •• •• • f .. t.S .. ,.s .1 .1 .f 51.' 
'SO 7S Z6 5 7 235 J7.1 IS .5 1.5 1.5 .5 .4 .1 S.I .. .5 "'D07 ... 71 .4 •• 16.9 54. " ., I.' 1.1 .1 .1 .1 SO .1 .1 "' ns .... 6. • 1 •• 1S.D ... •• •• ,.7 ,.7 •• •• •• Z.6 • • • • z. 547 
SOD '.1 .1 •• 55 12.5 •• •• .f • f • 1 •• •• ,., .1 .1 Z •• .. . 
JI. I • • •• •• •• •• •• •• •• •• •• • 1 • • •• •• Z •• • •• .... Z. •• 0 •• •• •• •• • 0 •• •• •• .0 .0 •• • • Z • • • 4'D. Z. •• • • 0 •• •• •• •• •• •• •• •• • • • • .1 Z •• • • SDO •• • • 0 • •• • •• •• •• •• •• •• • • • • •• 4 • .... , , •• •• •• •• •• •• • 0 •• •• • • •• •• • • • • IS s • .... , . • • •• • •• •• •• •• •• •• •• • • •• •• , .. • • , .... , . •• •• •• •• • • • 1 .1 •• • 0 •• •• •• • • .1 '.0 .. 

IZS. • 7 •• • • .0 .0 •• •• •• •• •• •• • • .0 • .f IS 
.. DO • 0 • .0 .1 • .1 •• .0 .1 .1 .1 •• .1 .1 .1 .1 .1 , ... • • .0 • .1 •• .1 .1 .1 • 0 •• .1 .1 .0 .1 •• • • .... •• I 0 •• .1 •• 0 .1 0 .0 .1 .0 .0 •• .1 •• .1 

• , .................... ~ ••••••••••• HOURS Of liME lelK; tAIL! •••••••••••••••••••••••••••••••••••••• 
INDIANTCIoIN, 1952-16 WEST PALM lEACH MET DATA (&JI)CT) 
SU.$ONaANNUAL 

DISTANCE .................... ~ .......... ~ .. WINO flaM ~ ......................................... 
fRO< • NN' " ENE • ESE .. ... • ... IV ... • - .. OW A .. 

• 'MO • ........................................... 'L~ NEADED ............................................ 
CM) • I1V IV ... • - .. ... • lIE IE EN' • ... .. m . .. 
'DO • • •• .0 .1 .1 •• .1 .1 •• .1 • 1 • .1 •• .1 • ... •• •• •• •• •• •• • .1 • 1 •• •• .1 •• • • .1 .1 • • 00 •• • • • •• • 1 •• • •• •• .1 •• .1 .1 • • •• • .... •• • •• •• •• • 1 • 1 •• •• • 1 • 0 •• •• • • • 1 • • .1 
300 • • • • 0 .1 • 0 .0 • • 1 •• •• •• • • • 1 •• •• ss. .0 • •• • .0 .1 • 1 .1 •• .1 •• .1 .1 •• • 1 • • • .DO • • .1 • • 1 •• .1 • 1 • 1 •• •• • 1 • 0 •• •• .0 •• ... •• • 1 0 •• I • I .1 0 •• I .0 .1 • • •• .0 
'DO .0 • • •• •• • • •• •• •• • 1 •• •• • • •• • .1 .... • • •• I •• • 1 • 1 •• •• • 1 .1 •• • 1 .1 .1 •• • • ... • •• •• • • • 1 • 1 •• •• .1 .1 .1 • 1 .1 .1 •• • • 

tODD • • •• •• •• .0 • 1 •• .1 .1 .1 .1 .1 •• •• .0 • , .... •• .1 .0 •• •• .1 .1 • 1 .1 • 0 •• .1 .1 .0 •• .1 .1 
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to units of Ib/acre-mo by applYing a mU~lplicatlon factor of a 0089 As shown In 

Table 5 1 4-5, most of the drrft IS deposited onslte within 100 meters of the COOling 

tower 

The maximum annual average offslte sa~ deposition rate IS 18 1 Ibs/acre-mo This 

value occurred 200 m north of the tower on the property of the Caulkins Citrus 

processing facIlity At 500 meters north of the cooling tower, the maximum 

depOSition rate reduces to 1 8 Ibs/acre-mo At thiS same downwind distance, the 

mlnrmum salt depOSition rate of a 4 Ib / acre-mo occurred south-southwest of the 

tower 

One mechanism for the Impact of saline drrft on plants IS through the absorption 

of salt accumulated In the soil Accumulation Will occur If the annual deposition of 

salt exceeds the rate at which salt IS washed from the SOil by rainfall The resu~s 

of studies (MPPSP, 1979, pp 4-18 to 4-23) With sandy loam SOil suggest that a 

deposition rate of about 89Ibs/acre-mo (100 kg/Ha-mo) of NaCI can cause some 

accumulation of salt In the SOil As stated above, the maximum annual average 

offslte salt depOSition rate IS 18 1 Ibs/acre-mo Durrng the summer months, the 

SACTI model predicts a higher maximum depOSition rate of 24 7 Ibs/acre-mo 

Since these values are lower than the monthly threshold value that could cause sa~ 

accumulation In soil, no significant SOil Impacts are expected 

Salt Deposition Impacts on Vegetation 

An Investigation of the potential effects of cooling tower drrft on vegetation was 

conducted In which predicted salt deposition rates were compared to available 

known sa~ Injury thresholds A predicted salt deposition rate IS presented as the 

amount of salt deposited over a unit area per season and year at a certain 

direction and "distance" away from the tower 

Near the proposed power plant site boundary, salt deposition rates on an annual 

baSIS range from a 42 to 216 9 Ibs/acre-year These are obtained by multiplYing 
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the predicted monthly deposrtlon rates by 12 The greatest concentrations are 

located to the north and east of the proposed power plant, where eXisting Industrial 

facilities are located 

A cautionary IImrt of 100 pounds of san per acre-year can be used for agricultural 

areas based upon known san Injury thresholds to other crops (e g , tobacco, 

214 Ibsjacre-year, corn, 107Ibsjacre-year, and soybean, 107-154lbsjacre-year), 

(Mulchl, Wolf, and Armbruster, 1978) 

Citrus, a potentially senSItive plant to salt depoSItion, IS present In large groves 

from the south-southeast clockwise through the southwest, and to the northwest 

of the cooling tower The closest groves are about 4,000 feet to the southwest 

and about 4,200 feet to the south of the cooling tower At these locations, the 

highest levels of salt deposition over an annual period are about 0 6 Ibjacre-yr and 

1 1 Ibsjacre-yr, respectively, which should not result In any Significant foliar, shoot, 

or fruit damage or any long-term reductions In growth, Yield, or photosynthesIs 

Cooling tower drift Will also deposrt salt on the Improved pasture, truck crops, dairy 

farms, and sugar cane agricultural land In the area around the proposed plant SIte, 

but at greater distances from the tower than the citrus groves The agrlcunural 

land around the proposed plant should not be enected by these emiSSions, Since 

the maximum amount of salt deposited Will only amount to about 1 Ibjacre-year at 

the closest distance of agricultural activities near the site (I e , the citrus groves) 

That IS, the proposed plant operation should not cause the cautionary IImrt for 

agriculture to be approached or exceeded within agricultural areas 

Based upon a literature review, one of the most sensrtlve native plant species to 

salt Injury IS flowenng dogwood (Comus florida) The lowest Injury threshold for 

flowering dogwood IS reported at 81 Ibsjacre-year (CUrtiS, ~ al ,1978) Although 

flowering dogwood IS only naturally occurring much further north of Martin County, 

a similar dogwood species, stiff cornell (Comus foemlna) would be expected wrthln 

the mixed and cypress swamps In the Immediate area (approximately 2,900 feet 

2052~ 016\lndlantn SCA 5 1 4-6 
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southeast of the cooling tower) On the basIs of the reported Injury threshold and 

a predicted maximum annual salt deposilion rate of 2 7 Ibsjacre-year In the vIcinity 

of forested wetlands olfslte, no adverse effects to dogwood or other Indigenous 

vegetation IS expected olfsrte 

Native vegetation associated wrth pine and wet pralrlBs occurs onSile and along the 

property boundaries Salt deposilion could, at a maximum, range from 1728 to 

2169 Ibs of salt per acre-year on the northern property boundaries, and at higher 

rates within the SIIe Such high levels could result In plant Injury However, the 

"unrts" of the modeling result In Table 5 1 4-5 Imply that the deposition rate value 

applies over an area, a square-kilometer, for example The value that IS 

determined for each receptor pOint IS calculated assuming that the rate of 

deposition IS the same over the unit area As the values In Table 5 1 4-5 show, 

close to the cooling tower there IS a large gradient In deposrtlon values between 

adjacent wind direction sectors and successive 1 DO-meter Increments of downwind 

distances which can only occur If the deposition rate varies significantly over the 

unrt area Therefore, the deposrtlon rates for these close-In receptor pOints must 

be used with caution In evaluating potenllal effects on plants as they could greatly 

overestimate Impacts 

Based upon the assumption that ambient salt deposilion rates In the region are 

minimal, Incremental sa~ deposited from the cooling towers should have no 

significant adverse effect on natural vegetation or crops Just outSide srte 

boundaries or In the region of the proposed plant srte 
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5 1 5 MEASUREMENT PROGRAM 

This section IS not applicable since there will not be a heated effluent discharged 

to a receiving body of water Ambient air quality mOnitoring IS discussed In 

SecliDn 562 
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5 2 EFFECTS OF CHEMICAL AND BIOCIDE DISCHARGES 

521 INDUSTRIAL WASTEWATER DISCHARGES 

When uSing the pnmary source of water, Taylor Creek/Nubbin Slough (TC/NS), 

for process water makeup, wastewater from the plant (excluding cooling tower 

blowdown) IS reused to meet the spray dryer lime slurry dilution water demand 

When uSing the backup sources of water for process water makeup (mixture of 

TC/NS water from the cooling water storage pond and groundwater from the 

upper production zone of the upper Flondan aquifer), the malonty of the 

wastewater from the plant (excluding cooling tower blowdown) IS reused to meet 

the spray dryer lime slurry dilutIOn water demand The remainder IS mixed With 

bnne from the reverse osmosIs unit and cooling tower blowdown and sent to the 

Injection well Table 5 2 1-1 summanzes the wastewater flows (both process 

wastewater and cooling tower blowdown) from the ICL plant 

Section 3 6 2 discusses the wastewater treatment scheme to control pH, all, and 

suspended solids Section 3 5 1 5 addresses the discharge of the wastewater Into 

the Boulder Zone of the Floridan aqu~er Via the Injection wells There IS no 

wastewater discharge from the plant to a surface receiving body of water 

Table 5 2 1-2 presents the quality of the wastewater discharged via the Injection 

well for two cases average annual flows uSing the pnmary source of water and 

maximum dally flows uSing the backup sources of water 

No hazardous matenals may be discharged via the Injection well Therefore, the 

measures descnbed In Section 3 5 1 5 will be taken to ensure that any hazardous 

solvents, degreasers, or other chemicals that may be used at the plant will not 

enter the floor drains or equipment drains connected to the wastewater 

equalizatIOn tank 
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Table 521-1 
SUMMARY OF WASTEWATER DISCHARGES FROM THE ICL PROJECT 

Primary Source of Water 

Plant Wastewater 
Cooling Tower Blowdown 
Reuse as Spray Dryer 

Dllullon 

TOTAL TO INJECTION WELL 

Backup Sources of Water 

Plant Wastewater 
Cooling Tower Blowdown 
Reuse as Spray Dryer 

Dilution 

TOTAL TO INJECTION WELL 

Notes 

Maximum 
Dally 
(MGD) 

0215 
0446 

-0235 

0426 

0444 
163 

-0235 

184 

Maximum 
Monthly 
(MGfMo) 

657 
130 

-728 

123 

135 
467 

-728 

529 

Average 
Annual 
(MGYJ 

775 
145 

-85 Z 

137 

404 
135 

-21Jl 

154 

1 Wastewater from the ICL plant IS discharged to the Boulder Zone of the 
lower Flondan aqUifer via an Inlectlon well 

2 Mru(lmum dally discharge flows are based on design flows through the 
COOling tower and 100 percent load factor for 24 hours 

3 Maximum monthly discharge flows are based on the hlghesl average 
monthly flows through the cooling tower at 100 percent load factor for 
31 days 

4 Average annual wastewater discharge flows when uSing the pnmary source 
of water are based on the annual average flows through the cooling tower 
at 100 percent load factor for 365 days Average annual wastewater 
discharge flows when uSing the backup source of water are based on the 
annual average flows through the cooling tower at 100 percent load factor 
for 3 months 

Source Bechtel, 1990 
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Table 521-2 
SUMMARY OF THE lel WASTEWATER QUALITY 

Pnmary Water Backup Water 
Source Source 

Parameter (mg/I) (mg/I) 

pH 6-9 6-9 
Total Dissolved 

Solids 3,240 14,800 
Total Hardness 

(as CaC03) 364 1,560 
a,l/Grease <15 <15 
Residual Chlonne <1 0 <10 
Alkalinity (as CaCO,) 153 118 
SIlica 25 17 
CalCium 103 285 
Magnesium 26 207 
Sodium 994 4,820 
Potassium 61 96 
Iron 073 <006 
Sulfate 1,095 1,480 
Chlonde 832 7,700 
Fluonde 32 
Nitrate 069 
Phosphate 068 <23 

NOTES 

Concentrations are In mg/I of the Ion 1 
2 The wastewater effluent quality for the pnmary water source (Taylor 

Creek/Nubbin Slough) IS based on average annual flows through the 
water and wastewater treatment system These flows are based on the 
average annual meteorological conditions for the cooling tower, 100 
percent load factor and 24 hours per day for 365 days The cooling tower 
operates at 10 cycles of concentrallOn 

3 The wastewater effluent quality for the backup water source (lower 
production zone of the upper Flondan aqUifer for cooling water makeup 
and mixture of Taylor Creek/Nubbin Slough and upper production zone of 
upper Flondan aqUifer for process water makeup) IS based on maximum 
dally flows through the water and wastewater treatment system These 
flows are based on deSign meteorological conditions for operation of the 
cooling tower and 100 percent load factor for 24 hours The coohng tower 
operates at 3 5 cycles of concentration 

Source Bechtel, 1990 
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The quality of the groundwater In the Boulder Zone of the Floridan aquifer Onto 

which wastewater from the plant IS being discharged) resembles that of seawater 

A typical quality IS shown In Table 5 2 1-3 The quality of the plant effluent will not 

degrade the quality of the groundwater In the Boulder Zone There are no known 

users of groundwater from the Boulder Zone of the lower Floridan aquifer, erther 

for Industrial process water or for potable water Therefore, there are no significant 

Impacts due to the Injection of wastewater from the ICL plant Into the Boulder Zone 

of the lower Floridan aquifer 
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Table 5 21-3 
TYPICAL WATER QUALITY FOR LOWER FLORIDAN BOULDER ZONE 

Parameter 

pH (Lab) 
Total Dissolved Solids 
Total Hardness 
Alkalinity 
Calcium 
MagnesIum 
Iron 
Sulfate 
Chloride 
Fluoride 

NOTE 

(mgtl) 

74 
38,200 
6,470 

100 
2,800 
3,670 
076 

2,680 
19,400 

062 

This analYSIS was of a sample taken from a 3,320-foot deep well approXImately 
24 miles from the ICl plant 

Source CH2M HIli, 1990 
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52 2 COOLING TOWER BLOWDOWN 

When uSing the primary source of water for cooling water makeup (Taylor 

Creek/Nubbin Slough), a portion of the cooling tower blowdown IS reused to meet 

the spray dryer lime slurry dilution water demand The remainder of the cooling 

tower blowdown IS discharged to the Boulder Zone of the lower FlOridan aqUifer 

via the Injection well When uSing the backup source of water for cooling water 

makeup (lower production zone of the upper FlOridan aqUifer), all of the cooling 

tower blowdown IS discharged to the Boulder Zone of the lower FlOridan aqUifer 

Table 5 2 1-1 summarIZes the cooling tower blowdown flows from the plant under 

various operallng conditions 

The chemicals used to treat the Circulating water are described In Section 3 6 1 1 

Section 5 2 1 addresses Impacts due to the discharge of wastewater Into the 

Boulder Zone of the FlOridan aqUifer via the Injection wells 
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52 3 MEASUREMENT PROGRAMS 

The Injection well monltonng pJan IS fully descnbed In Section 3 5 1 5 This pJan 

Includes measunng wastewater quality and measunng water quality In the 

monltonng well to detect changes caused by posslbJe mlgralion of the Injected 

wastewater 
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53 IMPACTS ON WATER SUPPLIES 

531 SURFACE WATER 

This section discusses the effects of plant water withdrawal from the Taylor 

Creek/Nubbin Slough (TC/NS) on the C-59, L-63N, and L-63S Canals water levels, 

Lake Okeechobee, other users, and the groundwater level 

5 3 1 1 Plant Water Withdrawal 

As discussed In Sections 35 and 10 9, the annual average plant water requrrement 

IS about 7 5 cIs and the hlstonc average flow In the TC/NS IS 146 4 cfs Therefore, 

the annual average plant withdrawal from the canal IS about 5 percent of the 

TC/NS flow, and the Impact on the flow IS minimal 

The predicted water levels In the TC/NS canals caused by the plant water 

Withdrawal are discussed comprehenSively In Section 10 9 Based on that analYSIS 

for the selected minimum deSign water level crrterra of 16 feet-MSL, the predicted 

water levels In the canal Will not deViate slgnrtlcantly from the hlstoncal levels at S-

191 dunng a normal year Figures 5 3 1-1 through 5 3 1-16 compare the predicted 

water levels against the hlstonc ones Dunng the drought conditions, the canal 

water level may drop 2 to 3 feet below ItS hlstonc water levels 

Depending on the drought frequency, the duration of low water levels may last 

lrom a lew days to 60 consecutive days The effect of the canal water level drop 

on the adjacent groundwater IS discussed further In Section 53 1 3 

5 3 1 2 Lake Okeechobee 

As discussed In Section 2 3 4 I, the mean annual discharge from S-191 Into Lake 

Okeechobee amounts to about 106,000 acre-feet per year, which represents about 
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3 percent of the total annual ,nflow to the lake of approximately 3,500,000 acre-feet 

The plant annual water Withdrawal from TC INS IS 5,430 acre-feet The plant 

w~hdrawal will cause a reduction In the total annual Inflow to the lake by ° 16 

percent The effect of such Withdrawal on the lake's annual water budget IS 

negligible 

However, relative to the Impact on the lake's annual water budget, the effect of 

plant water Withdrawal on the reduction of phosphorous discharged to the lake 

from TC/NS IS slgnrtlcant Based on the data presented In the "Interim Surface 

Water Improvement and Management Plan" (SFWMD, 1989) and Section 2341, 

approximately 143 tons of phosphorous are discharged from TC INS to Lake 

Okeechobee annually The plant water Withdrawal of 7 5 cfs can reduce the annual 

discharge of phosphorous to the lake by 7 3 tons ThiS amounts to 1 2 percent 

reduction of total phosphorous to Lake Okeechobee annually 

5 3 1 3 Groundwater Level 

DUring prolonged drought conditions, lowering the canal water levels can lower the 

adlacent connected water table of the SurfiCial aquifer and consequently affect any 

wells and wetlands located In the area Influenced by the lowered water table The 

extent of such an effect IS mainly a function of canal water level drop and ~s 

duration 

To quantify such effects, an analYSIS was made to estimate the Impact of lowering 

the canal water level caused by plant water Withdrawal on the adjacent surfiCial 

water tables The method of analYSIS was based on one-dimensional unsteady 

computerized groundwater flow In an unconfined aquifer as discussed by 

McWhorter and Sunada (1977) 

The adjacent surfiCial aqurter properties are estimated from the reference materials 

(SFWMD, 1987, Ardaman & ASSOCiates, 1989, CH2M Hili, 1990, USDA, 1971 and 

1981) The geological formallon of surfiCial aquifer consists of shell, sandstone, 
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limestone, and fine sand (SFWMD, 1987, USDA, 1971 and 1981) The estimated 

hydraulic conductivity of the top 30 feet of the Surficial aqu~er at the VICInity of the 

TC/NS canals IS about 5 x 10 3 cm/s (SFWMD, 1987, Ardaman & Associates, 

1989, CH2M HIli, 1990, USDA, 1971 and 1981) The speCifiC Yield of the surficial 

aquifer IS 0 2, within the normal range for this parameter (SFWMD, 1987) 

In the analysIs, ~ was assumed the water level In the aqu~er IS Initially the same 

level as the canal water level A water level drop scenario representing a severe 

drought condition, was selected The canal water level was dropped by 2 5 feet 

In 40 days and was maintained at that level for an additional 90 days Then the 

canal water level was raised by 2 5 feet In 20 days, and was maintained at this final 

level for an additional 30 days (Figure 5 3 1-17) A total of 180 days was used for 

simulation 

From the analysIs, the total number of days at which the groundwater level 

dropped more than 1 foot IS found for selected distances from the canal These 

are presented below 

Distance from Total No 
the Canal (ltl of Days 

100 116 

300 87 

500 28 

700 0 

For the Simulated drought scenario, the 1-foot drop In water table does not extend 

to a distance of 700 feet from the canal throughout the Simulation time 

The Simulated drought condition IS more severe than the drought conditIOn of 1981 

(Figure 5 3 1-8) As discussed In Section 109, the drought cond~lon of 1981 IS the 

most severe dUring the available period of precIpitation data In addition, the 

annual precIpitation dUring 1981 was the lowest of 34 years m record for Port 
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Mayaca Station Furthermore, Since the pumping of the plant water from the 

canals will be stopped at the low water level of 165 feet-MSL, the Impact of such 

a drought on the groundwater table should be mInImal and the 1-Ioot lowenng 

should be hmrted to a dIstance of abou1 500 feet from the canal 

5 3 1 4 Impact on Other Surface Water Users 

Three eXIstIng agncultural water users from Taylor Creek are reported and are 

listed In Table 233-5 From this table, two of the users are on the old sectIon of 

Taylor Creek, whIch IS connected to Lake Okeechobee, and one potentIal user wrth 

annual allocatIon of 94 MG (180 gpm) IS on Canal L-63N 

As dIscussed In SectIon 5 3 1 1, the canal water levels are not affected by the plant 

water consumption In a normal year DUring severe drought condItIons, the canal 

water level may drop 2 to 3 feet below normal operatIng water level, resultIng In a 

lower head at the Intake of the above potentIal user However, Since low water 

level periods last for a short penod of bme, the Impact of such low water level on 

the water WIthdrawal capablhty of the user should be minimal 
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532 GROUND WATER 

Both the Surficial and the Floridan aquifers are susceptible to potential Impacts 

from operations at the ICL faclhty The plant design was developed wrth an 

understanding of the aquifers' vulnerablhty, and, therefore, the proposed plan 

Incorporates features to safeguard the aquifers and maintain pre-proJect water 

quahty Within the groundwater regime 

5 3 2 1 Surficial Aquifer Potential Contammants 

The Surficial aquifer occupies the upper 120 feet of sediments that underhe the site 

The aquifer may be divided Into two maJor water-bearing zones An upper, 

unconfined or water table zone occurs Within the layers of Interbedded sand and 

silt which are exposed at the ground surface and extend to a depth of about 

30 feet A semi-confined zone, the maJor production Interval of the Surficial aqUifer, 

IS composed of sand and shell layers which occupy an Interval between 85 and 

120 feet below the ground surface These two water-bearing zones are separated 

by 55 feet of less permeable sand, silt and clay layers which restrict the vertical 

flow of groundwater between the two zones 

Throughout the Site, the water levels Within the upper, unconfined zone of the 

Surficial AqUifer are Within 5 feet of the ground surface DUring at least part of the 

year, the water table Intersects portions of the ground surface, occurring as 

wetland ponds The close proxlmily of the water table to the ground surface 

makes the Surficial AqUifer especially vulnerable to any contaminants that might 

enter the aquifer as seepage or leachate from the ground surface 

Potential sources of contamination would Include the coal and lime stored onslte, 

the bottom ash and fly ash generated onslte, the coohng water storage pond, and 

any other sohd or hazardous wastes generated onslte 
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Coal storage will conSist of an active use facility and a grassed, Inactive pile, sized 

to store enough coal for 30 days at full load The active use coal storage facility 

will be completely enclosed Because the coal will not be exposed to the elements, 

leachate and runoff problems are eliminated Section 5 3 4 discusses Impacts on 

the Surficial aquifer due to leachate and runoff from the Inactive coal storage area 

Small quantities of lime will also be utilized onsrte as part of the coal burning 

process lime will be delivered by rail and stored In an enclosed facility prior to 

usage Once again, the enclosed facility will eliminate the problems associated 

With leachate and runoff 

Section 5 4 addresses the disposal of solid and hazardous wastes at the site 

The cooling water storage pond will contain water from Taylor Creek/Nubbin 

Slough As discussed In Section 3 5, the quality of this water IS comparable to 

background water Within the Surficial aquifer However, the pond will be lined to 

keep pond seepage from mixing With the potable water of the Surficial aquifer 

Potential leakage from the wastewater Injection well also represents a source of 

contamination to the Surficial aquifer As described In Section 3 5 1 5, the many 

precautions and casing Integrity tests that are required as part of Injection well 

Installation provide reassurance that no leak In the well casing could go 

undetected, either prior to or dUring wastewater Injection operalions 

As shown on Figure 2 3 2-3, the water table gradient IS generally to the south 

toward the St Lucie Canal Potenlial off site receptors of a hypothetical plume 

generated onslte Include the St Lucie Canal and two Surficial aquifer wells to the 

southeast of the srte (Figure 2 3 3-1) As discussed In Seeton 5 3 5, the 

positioning of monitor wells along the southern boundary of the srte ensures that 

no contaminant plume could move offsrte undetected 
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5 3 2 2 Floridan Agulfer Groundwater Withdrawals 

As discussed In Section 3 5, the analysIs of historic water levels In Taylor 

Creek/Nubbin Slough Indicates an alternative source of cooling water Will be 

reqUired for a maximum of 90 conlinuous days dUring an extreme drought year 

The lower permeable hOrizon of the upper FlOridan aquifer, which lies about 1,400 

feet below the ground surface at the Site, IS proposed as thiS a~ernatlve source of 

water A wrthdrawal rate of 4,000 gpm Will be necessary to meet cooling water 

demand 

Figure 5 3 2-1 presents simulated drawdowns assuming 90 days of conlinuous flow 

from four 1,000 gpm wells, placed at the corners of the project site Steady-state 

conditions are approached Within the first day of Withdrawal due to the extreme 

magnitude of transmissIvity Within thiS permeable hOrizon Recovery rates Will be 

just as fast The projected drawdowns ,nd,cate negligible Impacts upon the 

proposed FPL wells at the Martin Project Site 

Figure 5 3 2-2 presents the resu~s of the 90-day simulation as they affect 

hydrostatic pressures Within the uppermost permeable hOrizon of the FlOridan 

aquifer The model simulated drawdowns due to Induced seepage of up to 

o 9 foot In the Immediate VICInity of the proposed wellfield 

The maximum capacity of free-flowing artesian wells IS directly proportional to the 

height of the closed-In hydrostatic pressure above the well casing In the project 

area, hydrostatic pressures are 15 feet above ground level A decrease In 

hydrostatic head of about 1 5 feet equates to a 10 percent decrease In the 

maximum capacrty of the well The slmulaled maximum drawdown of 0 9 foot 

Indicates that no eXlsling well Will experience a reduction of 10 percent In flow 

capacity 

To summarize, the plant deSign Incorporates many features that Will function to 

preserve the chemical quality of the Surficial aquifer These features Include totally 
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enclosed faclhtles for the active coal pile and hme storage areas, a hned Inactive 

coal pile, a hned pond and basins, and procedures to remove wastes such as 

bottom ash and fly ash from the srte Dunng normal dry and wet seasons, Taylor 

Creek/Nubbin Slough will provide plant cooling and process water 

When prolonged droughts occur, It will be necessary to withdraw water from the 

Flondan aquifer for coohng water at rates of 4,000 gpm for up to 90 days 

Simulations of thiS wrthdrawal from the base of the upper Flondan aquifer Indicate 

that Induced seepage from the more heavily utlhzed parts of the upper Flondan will 

not exceed estabhshed crrtena which protect eXisting users 

5 3.2 3 Alternative Soyrce of Process Water DUring Drought PeriOds 

As discussed previously, It IS anticipated that there will be times when severe 

drought conditions cause water In Taylor Creek/Nubbin Slough to drop below the 

minimum Intake level It IS also proposed to withdraw 300 gpm from the 

uppermost permeable honzon of the Flondan aqUifer for process water purposes 

Withdrawals of 300 gpm for 90 days from the uppermost permeable hOrizon of the 

Flondan aqUifer were Simulated uSing analytical methods The Simulation results 

are Included In Section 10 5 1 as a computer pnrrtout of Input parameters and 

calculated drawdowns 

Figure 5 3 2-3 presents the Simulated drawdowns caused by a Single well, flOWing 

at 300 gpm for 90 days The figure shows that no eXisting Flondan aqUifer wells 

Will lose as much as 1 foot of hydrostatic head dunng the Withdrawal penod As 

discussed In thiS section, the capacity of a free-flowing artesian well IS directly 

proportional to the height that the hydrostatic head of the aqUifer extends above 

the top of the well casing At the prolect Site, reductions of 1 foot In hydrostatic 

head would not reduce the flOWing capacrty of any eXisting well by as much as 

10 percent Therefore, Withdrawals of 300 gpm for 90 days would not create 

drawdowns that would exceed SFWMD crrtena for prohlbrtlve well Interference 
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533 DRINKING WATER 

In the project area, the potable water supply IS the Surficial aquifer Figure 2 3 3-1 

and Table 2 3 3-6 In Section 2 3 3 show the locations of wells w~hln 1 mile of the 

site boundaries, and list well owners, permit numbers, well construction 

SpeC~lcatlons, and purpose of the well (Industnal, agncultural, potable use) 

Because no water will be withdrawn from the Surficial aquifer for plant use, there 

will be no Impacts on surrounding wells Into the Surficial aquifer that withdraw 

water for dnnklng purposes 

The regional groundwater gradient IS almost due south at 8 feet per mile This 

results In seepage velocIties of 20 to 80 feet per year, depending upon sediment 

poros~ It IS conceivable that wells 62 and 63 on Figure 2 3 3-1 might Intercept 

a hypothetical contaminant plume generated at the project site However, the 

monitor wells Installed Into the Surficial aquifer on the site are positioned to detect 

any contaminant plume before It crosses property hnes Should an event such as 

a spill take place, these wells would be used to detect the plume In advance of 

It reaching an eXlsllng user, thereby allowing time for remedial action to be 

Implemented 
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534 LEACHATE AND RUNOFF 

The only source of leachate or runoff that could adversely Impact the Surficial 

aqUifer IS the Inactive coal storage area The Inactive coal storage area Will be 

covered and lined as described In Section 33 1 In addition, runoff and leachate 

from rainfall Will be treated and collected In the adjacent coal pile runoff baSin, as 

described In Section 3 6 2 The active coal pile Will be enclosed and a physical 

barner to the groundwater Will be Installed beneath the coal pile 

The Inactive coal storage area IS grassed over ApprOXimately 25 to 30 percent of 

the rainfall percolates through the grass to contact the coal The composrtlon and 

characteristics of leachate from coal piles varies substanllally depending on the 

source of the coal The leachate from the coal storage area IS estimated to contain 

7500 mg/I of total dissolved solids, 5000 mg/I sulfate, 200 mg/llron, and a pH In 

the range of 3 - 4 The quality of the runoff (which only contacts the grass) IS 

much better than the quality of the leachate, effectively diluting the leachate 

Runoff and leachate are treated to adjust the pH prior to entering the coal pile 

runoff baSin, as deSCribed In Section 36 2 Treated runoff and leachate from the 

coal pile runoff baSin are transferred to the sldestream softener of the cooling 

tower 

Runoff from other areas of the plant (as discussed In Section 38) are directed to 

the eXisting drainage ditch which eventually leads to the St LUCie Canal 

Activities Affecting Discharge to Surface Water Bodies 

Excess runoff due to an Increase In Impervious areas causes runoff quality and 

quantity changes Due to a higher runoff coeffiCient caused by Increased 

ImperviOUS area, onslte stormwater runoff Will Increase In order to maintain the 

pre-developed peak flow In the eXisting drainage ditch, detention baSins Will be 

employed to store excess runoff The runoff from the plant area to the drtch Will 

be controlled by methods deSCribed In Sections 3 8 4 and 3 8 5 Since peak flows 
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before and aiter SIte development will not be changed, no adverse Impacts 

concerning quantity of flow are anticipated 

For paved areas and areas where grease or oil may be blended with the runoff 

(e g , sWltchyard, 011 storage tank, railroad, parking lot, and power block), catch 

basins will be used In conjunction with oIl/water separators for removal of the 

oIl/grease deposits 

The runoff from the Inactive coal storage area will be detained In the lined coal pile 

runoff basin and treated to adjust pH Treated runoff will be transferred to the 

cooling tower sldestream softener and used In the cooling tower 

By detaining and treating water where needed, the quality and quantity of the water 

In the eXlsllng drainage drtch will be maintained The eXisting drainage ditch In the 

plant area IS a continuation of a drainage ditch extending from State Route 710 and 

extends 2 5 miles further to the St Lucie Canal Since the drainage ditch will not 

be adversely affected, the St Lucie Canal likewise will be unaffected 

The mltlgallon measures to control Impacts to the wetland adjacent to the cooling 

water storage pond are discussed In Secllon 3 8 5 2 The rernalnlng SIX wetlands 

wrthln the property boundanes have been analyzed, and It has been determined 

that no Significant drainage pattern changes will be made Based on the 

developed plan, It can be concluded that there will be no adverse Impacts to the 

wetlands 

FlOOd Plain Encroachment 

The ICL site IS entirely within Zone B (100- to 500-year flood plain area) as defined 

by Insurance Rate Maps Therefore, there will be no encroachment on the 

1 DO-year flood plain and off SIte Impacts on the 1 ~O-year flood level are precluded 
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5 3 5 MEASUREMENT PROGRAMS 

Section 3 5 1 5 describes the monitoring well that will be Installed to detect 

changes caused by possible migration of the wastewater Injected Into the Boulder 

Zone of the lower Floridan aquifer upwards Into the upper Floridan aquifer Since 

there are no wastewater discharges to surface waters or to other groundwater 

aquifers, no other monitOring programs are proposed 
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54 SOLID/HAZARDOUS WASTE DISPOSAL IMPACTS 

54 1 SOLID WASTE 

The Indiantown Cogeneration, L P (ICL) plant will generate solid waste from the 

combustion of coal, operation of the water and wastewater treatment system, and 

operation of the flue gas cleaning system In addillon, miscellaneous solid wastes 

such as general office refuse and maintenance wastes will be produced 

As discussed In Secllon 3 7 1, there will be no ons~e disposal of solid waste 

5 4 1 1 Bottom Ash and Fly Ash 

Bottom ash and fly ash will be removed from the site on rail cars for disposal at 

the coal mine The ash will be disposed of In areas that have been worked out 

These areas do not generally serve another purpose Therefore, there will be no 

Impact on usage of the disposal area 

5 4 1 2 Other Solid Wastes 

All other solid wastes generated on the SIte (filter cake from the water and 

wastewater treatment system, offIce wastes, non-hazardous maintenance wastes) 

Will be transported off SIte for disposal In licensed solid waste facll~les 

The Palm City Landfill No 2 In Martin County has capacity to remain functional 

beyond the year 2000 (Martin County, 1989) The ICL plant Will consume less than 

1 5 percent of the available capac~ at the landfill belween the time the plant opens 

and the year 2000 As discussed In Section 3 7 1, the amount of water and 

wastewater treatment filter cake generated by the plant IS greatly affected by the 

extent to which the backup water sources must be used If the backup water 

20524 016\I~dlantn SCA 541-1 



• 

• 

• 

sources are not required before the year 2000, the solid waste from the plant will 

consume less than 0 2 percent of the capacity of the landfill 

Martin County IS currently studlylng opbons to dispose of solid waste after the 

eXisting landfill capacity IS reached (Martin County, 1990) Impacts of the 

continUing operation of the ICL plant beyond the year 2000 cannot be quantified 

until a solid waste management program IS finalized by Martin County 
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542 HAZARDOUS WASTE 

The ICL plant may generate hazardous wastes In the form of chemical product 

storage and transfer wastes, or other miscellaneous wastes 

As discussed In Section 3 7 2, there will be no treatment of hazardous wastes 

unless the treatment occurs In an "elementary treatment facIlity" or a "wastewater 

treatment unit" as defined by FDER and EPA hazardous waste regulations In 

addlllOn, hazardous wastes will not be stored onSile In excess of 90 days or such 

other period as FDER or EPA regulations allow 

Hazardous wastes generated onSlte will be collected and stored In segregated 

storage areas, then transferred off site by a licensed hazardous waste contractor 

for treatment of disposal As discussed In Section 3 7 2, the volume of these 

wastes will be small and IS not expected to result In significant Impacts to treatment 

system capacity or land use 
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55 SANITARY AND OTHER WASTE DISCHARGES 

All other plant wastewater, other than sanitary, have been addressed In Section 

52 

All sanitary wastewater generated at the Indiantown Cogenerallon, l P (lCll plant 

are transferred to the Indiantown Company water services sewer connection 

There IS no onslte treatment of sanitary wastewater The average dally discharge 

of sanitary wastewater IS less than 2 gpm No significant Impact on the Indiantown 

Company wastewater treatment system IS expected from this small flow Since the 

system IS designed for 1 0 MGD capacity 
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56 AIR QUALITY IMPACTS 

5 6 1 IMPACT ASSESSMENT 

This section summarizes the air quality Impact assessment for the proposed 

Indiantown Cogeneration, L P (lCL) facility, as documented In the Prevenllon of 

Significant Deterioration (PSD) of Air Quality permit application contained In 

Secllon 10 1 5 

5 6 1 1 Regulatory ApplicabIlity and Scope of AnalysIS 

The ICL site IS located In Martin County, Florida, and IS Included In the Southeast 

Florida Intrastate Air Quality Control Region (AQCR) (40CFR81 49) The area 

Immediately around the facIlity IS In attainment or cannot be classified for all cr~erla 

air pollutants (I e, meets the ambient standards) (40CFR81 310) Palm Beach 

County, about 9 km south of the site, IS the only non-attainment area (for ozone) 

In the vIcinity of the proposed facIlity Martin County and the surrounding counties 

are designated as Class II PSD areas for S02' N02, and particulate matter (TSP) 

(40CFR 52 21 (e)(3)) There are no Federal Class I PSD areas Within 50 km of the 

proposed site The closest Class I PSD area IS the Everglades National Park 

(40CFR81 407) located about 140 km to the south 

The ICL facIlity IS a fossil fuel-fired steam electriC plant of more than 250 MMBtujhr 

heat Input and has the potential to emit more than 100 tons/year of any regulated 

pollutant It IS therefore considered to be a new, malor stallonary source 

(40CFR5221(b)(1)) 

New, malor stationary sources proposed to be located In an attainment area are 

subject to the Federal PSD regulations, In thiS case, as Implemented by the State 

of FlOrida PSD review IS required for any regulated pollutant With a net emiSSions 

Increase greater than speCific levels conSidered to significant by EPA 
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Table 5 6 1-1 lists the mBl"mum expected total emissions for the facility and the 

corresponding significant emission levels 

ThiS review Includes an analysIs of air quality Impacts to demonstrate that the 

ambient standards will be met and that Incremental Impacts due to the new source 

will not exceed specified amounts Under PSD, a control technology must be 

selected and defended for all pollutants emitted at significant levels The oblectlve 

IS to achieve the maximum reduction In emiSSions, usmg current technology, While 

taking Into conslderabon energy requirements and enVIronmental and economiC 

Impacts ThiS process IS referred to as the Best Available Control Technology 

(BACT) analYSIS, and IS discussed In Section 3 4 3 These controls must be 

applied when the plant becomes operational Finally, an analYSIS of other air 

quality-related effects associated With the prolect must be performed, Including 

Impairment to VISibility, cooling tower effects (Section 5 1 4), Impacts from 

Industrlal/resldental growth that may occur because of the prolect, Impacts on 

solis and vegetallon In the site area, and potential health risks due to trace element 

emisSions from the faCility The follOWing subsecllons summanze additional details, 

Including the resu~s of these analyses 

5 6 1 2 General Modeling Approach 

The air quality Impact assessment consisted of a determlnallon of the significant 

Impact area for the plant, a PSD Increment consumption analYSIS, a demonstration 

of compliance With federal and state ambient air quality standards, and an 

evaluallon of other air quality-related effects (see Section 5 6 1 1) Methodologies 

followed EPA and FDER modeling gUidelines, as appropnate An air quality 

modeling protocol was prepared by the appkcant and approved by the FDER pnor 

to conducting the vanous analyses The follOWing subsections summanze key 

elements of the analytical approach and Input Infonmatlon A detailed diSCUSSion 

IS found In Sections 3 and 4 ofthe PSD permrt application In Section 10 1 5 of thiS 

report 
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TABLE5611 
PSD SIGNIFICANT EMISSION RATES AND MAXIMUM TOTAL EMISSION 
RATES FOR THE PROPOSED INDIANTOWN COGENERATION PROJECT 

Significant Maximum Total BACT and AQ 
EmIssion Rate Emission Rate AnalysLS 

Pollutant (tons/yrt {tonstvrt Required? 

PartIculate Matter (TSP) 25 3061 e Ves 

PM-l0 15 2762' Ves 

Sulfur DIoXide 40 26294 Ves 

Nltrogen Oxides 40 28505 Ves 

Volatile Organic Compounds 40 566 Ves 

Carbon Monoxide 100 18584 Ves 

Lead 06 0152 No 

Mercury 01 0172 Ves 

Beryllium 00004 0041 Ves 

FlUOrides 3 2226 Ves 

Asbestos 0007 0 No 

Vinyl Chlonde 1 0 No 

Total Reduced Sulfur 10 0 No 

Hydrogen Sulfide 10 0 No 

Reduced Sulfur Compounds 10 0 No 

Sulfunc Acid Mist 7 651 No 

Any other pollutant regulated 
under Clean Air Act Any rate 

Benzene 0 No 

r norgamc Arsenrc 0766 Ves 

Each regulated pollutant Any rate causmg an Impact of 1 No' 
(24-hr average) or greater In any Class I 
area within 10 km of source 

a Source 40CFR52 21 (b) 
b Maximum total emiSSions are based on the maximum hourly emiSSion rate, 8760 hrs/yr and 1000 

hrs/yr of operation for the main and aUXIliary boilers respectwely wrth an annual load factor of 100 
percent for both boilers 

c Maximum total TSP and PM 10 emiSSions are conservatwely assumed to be the same and Include 
fugJtwe emiSSion sources listed In Table 4·2 

d • The closest Class I PSD area IS the Everglades National Park located about 140 km south of the 
proposed ICl plant Therefore, air quality analyses are not required on thiS baSIS 

• Source Bechtel 1990 
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Dispersion Model Selection 

The analysIs referred to above reqUired the use of three different dispersion 

models to estimate 

• Incremental Impacts due to the proposed and nearby sources 

• Potenltal vIsibility Impairment due to emissions from the ICl plant stack 

• Cooling tower dnft and deposition 

Incremental air quality Impacts were determined uSing the EPA Industnal Source 

Complex - Short Term (ISCST) disperSion model (EPA, 1987) The model was 

selected because of ItS ability to simulate the disperSion of emissions from multiple 

pOint and area sources In addition, the model IS capable of accounting for 

bUilding wake effects on disperSion, allOWing for vanable emission rates with bme 

and meteorological cond~lons (e g , wind erosion), and consldenng the effects of 

particle depOSition by gravitational settling ThiS latter phenomenon occurs with 

a slgnmcant fracllon of the relatively large particle sizes found In fugitive dust 

emissions These capabilities have resulted In EPA's deSignation of ISC as the 

preferred model for esltmanng concentrations from sources with these charactens­

tiCS (EPA, 1986) 

Potential vIsibility Impairment on the distant Everglades Nalional Park (140 km to 

the south) was eSbmated uSing the EPA VIsibility Screening (VISCREEN) model 

The algonthms are based on the technical gUidance provided In the Workbook for 

Visual Plume Impact Screening and AnalySIS (EPA, 1988) The model evaluates 

particulate and NO, stack emissions under hypothetical worst-case meteorological 

conditions Visual Impairment IS quantified In terms of atmosphenc discoloration 

from NO" particulate, and secondary aerosols, and visual range reduction (I e , 
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Increased haze) from particulates and sulfates Additional Information IS presented 

In Section 6 of the PSD permrt appllcallon (see Section 10 1 5) 

Emissions Data 

Sources of airborne pollutants at the ICL plant consist of stack emiSSions from the 

coal-fired main bOiler (under vanous load condillons), emisSions from an auxIliary 

boiler fired by either No 2 fuel 011 or natural gas (and released from a separate 

stack), and fugitive dust emisSions generated by matenal handling and storage 

actlvrtles These activities Include coal unloading, conveyance, transfer, and 

crushing, and ash and lime handling Other nearby sources of air pollutants, erther 

located within or having a significant Impact on the modeled S02 and N02 Impact 

areas caused by the plant, were determined In consultation with the FDER 

Maximum Incremental Impacts due to plant stack emiSSions were based on Bither 

S02 emissions from the main bOiler at full (100 percent) load or the No 2 oil-fired 

auxIliary bOiler, also at full load The respective S02 emission rates for these two 

operallng scenanos are 582 6 Ibsjhr and 17 73 Ibsjhr Impacts for other cntena 

and trace element pollutants were scaled In proportion to the respective emission 

rates for these pollutants to the S02 emissions Detailed emissions Information for 

the ICL plant (stack and fugitive) and other nearby sources IS presented In Section 

4 of the PSD permit appllcallon (see Section 10 1 5) Trace element emission rates 

are discussed In Section 5 1 4 of the PSD permrt application 

Stack Height 

A single stack will be used to exhaust emiSSions from fuel combustion In the main 

bOiler The height of the stack, approximately 495 feet, conforms to good 

englneenng pracllce (GEP) regulations established by the EPA (1985) The 

regulations were promulgated to ensure that the emisSion control IImrtatlon 

reqUired for any pollutant would not be affected (I e, made less stnngent) by the 
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Increased dispersion (and decreased Impacts) resulting from a stack which 

exceeds GEP height, or by any other dispersion technique Section 123 of the 

Clean Air Act defines GEP stack height as 

" the height necessary to ensure that emisSions from the stack do not 

result In excessive concentrations of any air pollutant In the Immediate 

vIcinity of the source as a result of atmosphenc downwash, eddies, or 

wakes created by the source Itself, nearby structures, or nearby terrain 

obstacles" 

While a source may construct a stack to any height allowed under any other 

regulation, credit may be taken only up to the GEP height, If the actual height IS 

greater than GEP Therefore, construction of the ICL plant stack for the main 

bOiler to GEP height will avoid downwash effects and the resu~lng "excessive 

concentrations" compared to a stack wrth a lower height 

On the other hand, a separate stack (90 feet high) will be used to vent emisSions 

from the auxIliary bOiler This stack IS adlacent to the main bOiler bUilding, which 

IS a taller structure, and this stack IS therefore less than GEP height As a resu~, 

wake effects were considered In the disperSion analYSIS of auxIliary bOiler 

emissions This configuration does not lead to "excessive" Impacts as the results 

In Section 5 6 1 3 demonstrate 

Meteorological Data 

The air quality modeling analyses were based on sequential, hourly surface 

meteorological data and concurrent twice-daily upper air soundings from the 

National Weather Service (NWS) station at West Palm Beach, Flonda, about 26 

miles to the east-northeast These data cover the 5-year penod from 1982 to 1986 

and were provided by the FDER 
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In lieu of uSing onslte meteorological data, the EPA considers that use of a 

representative, ollSile 5-year data set adequately reflects the range of dispersion 

condrtlons expected In the site area Accordingly, highest second-highest, short­

term modeled concentrations are used to determine total air quality Impacts for 

comparison With ambient standards and for comparison against applicable PSD 

Increment levels Compliance With the ambient standards and PSD Increments are 

wntten such that one exceedance of the corresponding numencal value IS 

allowable dUring each calendar year Use of the highest second-highest value 

presumes that one such an exceedance occurs However, annual average total 

and Incremental Impacts are based on the use of the highest concentration from 

among the 5 years of mOdeled data because these long-term standards are not 

to be exceeded at any time 

Background Air Quality Levels 

Total air quality Impacts represent the sum of the Incremental Impact due to the 

proposed source, concentrations due to nearby emisSion sources (If expected to 

result In a significant concentration gradient Within the Impact area of the proposed 

source), and ambient background concentrations attributable to all other sources 

(e g, natural sources, minor sources, and distant malor sources) This third 

component, ambient background levels, may be determined by uSing site-specific 

monitoring data or measurements taken at nearby mOnitoring stations and 

demonstrated to be representative of condrtlons In the site area 

Site-specific monitoring data were not collected In the pre-construction phase of 

this project for two reasons First, representative data from several nearby stations 

were available, and second, Impacts due to the proposed source were estimated 

to be less than significance levels otherwise reqUiring mOnitoring to be conducted 

An exemption from pre-construction monrtorlng was Issued by the FDER for the 

ICb 
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Three cntena are considered In determining whether data from eXisting mOnltonng 

stations are representative of conditions In the Site area (1) monitor location, (2) 

data quality, and (3) currentness of data The FDER has Indicated that data from 

the 1-year (October 1988 to September 1989), pre-construction PSD monrtonng 

program for the FPL Marlin CG/CC project (SO" NO" and PM-10), and from 

FDER stations In Martin and Okeechobee Counties (TSP) and Palm Beach County 

(CO), from 1987 to 1989, generally meet these cntena and conSiders these data 

acceptable for estimating total air quality Impacts (FDER letter, July 23, 1990) 

Background SO, levels are assumed to be 61 ug/m' (3-hour), 126 ug/m' (24-

hour), and 1 3 ug/m' (annual average) For NO" a 1-hour average background 

value of 62 ug/m' and an annual average value of 5 4 ug/m' are used In the 

Impact analYSIS Short- and long-term ambient PM-10 levels are assumed to be 

39 and 133 ug/m' on a 24-hour and annual average baSIS, respectively 

Background TSP levels were based on the highest 24-hour average TSP 

concentration (105 ug/m') measured at the FDER site In Okeechobee County In 

1989, and the highest annual average TSP value (40 ug/m') measured In Martin 

County, again In 1989 For CO, 1-hour and 8-hour average background values 

(8,001 and 5,766 ug/m', respectively) measured at the FDER stallon In Palm 

Beach County In 1988 were used 

The selection of these data IS discussed further In Section 5 3 1 of the PSD permit 

application (see Section 10 1 5 of thiS report) 

5 6 1 3 Incremental Impacts 

This section summanzes the maximum Incremental Impacts due to emiSSions from 

the proposed ICL plant and other nearby sources A PSD Increment consumption 

analYSIS IS reqUired for SO, and NO, because the maximum concentrallons 

attributable to the plant exceed the EPA Significant Impact levels Maximum 

particulate Impacts are below the corresponding Significance levels and were not 

20524 OI6\lnd...,un $CA 561-7 



• 

• 

• 

considered further In that regard Based on discussions WIth the FDER, other 

nearby sources of SO, and NO, emiSSions that consume available Increment levels 

In the s~e area were Included In the analysIs A demonstration IS also made that 

total air quality Impacts for SO" NO" TSP, PM-10, CO, and lead will not exceed 

or threaten to exceed the national and State of Florida Ambient Air Quality 

Standards (NAAQS/FAAQS) As mentioned before, total air quality Impacts 

represent the sum of the modeled Incremental Impact due to the proposed source, 

modeled concentrations due to nearby emiSSion sources, and measured ambIent 

background concentrations attributable to all other sources An Inventory of the 

other sources to be conSidered was developed In consultallOn With the FDER 

Finally, maximum Incremental concentrations of trace element emisSions (I e , 

beryllium, flUOrides, Inorganic arseniC, and mercury) are estimated and compared 

to the corresponding FDER "no-threat" levels 

A detailed diSCUSSion of all of the above Incremental Impacts IS found In Section 

5 of the PSD permit application (see Section 10 1 5) 

MaXimum Incremental Impacts 

This subsection summanzes the maximum Incremental Impacts for the crltena 

pollutants (SO" NO" TSP, PM-10, CO, and lead), as well as the non-criteria trace 

element emisSions (beryllium, fluorides, Inorganic arseniC, and mercury) Where 

appropriate, these values are compared With corresponding significant Impact 

values In the case of the trace element emissions, values are compared With 

threshold levels speCified by the FDER as posing no threat to the public health 

SO,lmpacts 

SO, Impacts from the proposed faCility were estimated by the ISCST model (see 

Section 5 1 6 2) For short-term Impacts, the highest second-highest concentra­

tions are reported because the analyses were based on the use of 5 years of 
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representative meteorological data For long-term (annual) Impacts, the overall 

mID(lmUm concentration estimated from among all 5 years was used 

Of the 5 years modeled, the maximum annual average concentration IS 1 15 

I1g/m3, only slightly more than the significance level of 1 119/m3 The maximum 24-

hour average Incremental value (11 6 I1g/m3) also occurs at the same location, 250 

meters from the main stack EmiSSions from the main bOiler contribute nothing to 

these concentrations These values are the result of bUilding wake effects on the 

auxIliary bOiler stack emissions that result when firing fuel 011 The 24-hour average 

value IS above the 5 I1g/m3 significant Impact level, but stili below the significant 

mOnitoring threshold level of 13 I1g/m3 The maximum 3-hour average value 

(24 7 I1g/m3) occurs much farther downwind (about 2 km to the northwest) ThiS 

concentration IS due to auxIliary boiler emissions as well, but not the resu~ of 

building downwash effects ThiS value IS less than the corresponding 3-hour 

average significant Impact level of 25 I1g/m3 

Overall, these results Indicate that maximum Impacts are dominated by emisSions 

from the auxIliary bOiler stack SO, emission rates are greater from the main 

bOiler However, the disperSion that occurs, before the maximum Impact location 

for thiS source IS reached, offsets the difference In emissions relative to the 

auxIliary boiler Because the 24-hour and annual average concentrations are 

above their corresponding slgnrtlcant Impact levels, a PSD Increment consumption 

analYSIS IS required 

Particulate Impacts 

Maximum Incremental particulate Impacts are due to fugitive dust emissions from 

material handling actIVIties, rather than from the main or aUXIliary bOilers Fugitive 

dust IS generated near ground level, IS non-buoyant, and undergoes gravitational 

settling As a resu~, these Impacts occur at the plant property line BUilding wake 

effects Influence the disperSion of aUXIliary bOiler stack emissions such that these 

Impacts overlap the fugl~ve dust Impact area The composrte resu~ ,nd,cate that 
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maximum Incremental particulate concentrations are 3 3 /lg/m' (24-hour average) 

and 026 /lg/m' (annual average) The annual average value IS a conservative 

estimate based on the sum of the maximum Incremental concentrations from both 

source types, although the Impact locations do not overlap 

These maximum short- and long-term values are below the corresponding 

significant Impact levels (5 /lg/m' for 24 hours, and 1 /lg/m' for annual average) 

Therefore, a determination of PSD Increment consumption IS not reqUired for this 

pollutant 

Dunng operations, fugitive dust could be produced by truck tralllc, loadout of lime 

for the FGD system, loadout of collected fly ash, and exposure of matenal that can 

easily become wmdborne However, measures are planned to minimIZe their 

occurrence Plant roadways carrying truck trallic Will be paved, and those trucks 

carrying readily suspendlble matenal Will be either covered or enclosed ProVISions 

are made for dustless loadout of the matenal ,nd,cated above (e g, pneumatic 

conveyance from enclosed trucks or railcars) The active coal storage pile Will be 

enclosed The Inactive coal storage pile will be covered with sOil and seeded 

Areas of the site that were disturbed dunng construction, but not utilized dunng 

operation, will be seeded or covered with gravel, as appropnate, and left as open 

space 

NO" CO, and Lead Impacts 

The maximum annual average S02 concentration (1 15 /lg/m') IS the result of 

emissions from the aUXIliary bOiler stack when fuel 011 IS burned The ratio of the 

maximum hourly NO, emisSion rate for the aUXIliary bOiler (68 2 Ibs/hr) to the 

corresponding S02 emission rate (17 73Ibs/hr) IS 3 847 The resulting maximum 

annual average Incremental N02 value IS 4 42 /lg/m', which IS greater than the 1 

/lg/m' Significant Impact level, but more than three times below the corresponding 

monitoring exemption level of 14 /lg/m' 
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Maximum 1-hour and 8-hour average CO Impacts were estimated directly by the 

ISCST model because of the disparity In the ratios of CO and S02 emission rates 

tor the main and auxiliary boilers and the relative contnbutlon of each source to the 

maximum modeled concentrations The maximum 1-hour CO Incremental Impact 

IS only 78 2 I'g/m3
, the maximum 8-hour average value IS 50 9 I'g/m3 Both of 

these Impacts are due to auxIliary bOiler emissions The 1-hour value IS about 25 

times less than the corresponding significance level (2,000 I'g/m3
) The maximum 

8-hour value IS about 10 times lower than the a-hour significance level (500 

I'g/m3
) 

Maximum estimated total lead emiSSions from the plant are less than the 

corresponding significant emiSSion level (see Table 56-1), thus, no air quality 

analysIs for lead IS reqUired 

Non-Cnterla Pollutants 

There are four non-cmena pollutants, which are trace elements, that will be emitted 

from the ICl main bOiler In Significant amounts Maximum hourly emission rates 

for these pollutants are beryllium (00094 Ib/hr), fluondes (508 Ibs/hr), Inorganic 

arsenic (0175 Ib/hr), and mercury (0067 Ib/hr) The ratios of these emisSion 

rates to the maximum hourly S02 emission rate from the main bOiler (582 6 Ibs/hr) 

were determined In turn, these ralloS were used to scale the maximum 

Incremental 8-hour, 24-hour, and annual average S02 concentrations due to the 

main boiler alone to determine the eqUivalent concen-tratlons for each of these 

non-cntena pollutants The results were then compared to corresponding "no­

threat" levels, developed by the Flonda Air Toxlcs Working Group, to evaluate 

potential health effects because of these emissions 

Maximum Incremental S02 Impacts from the plant are due to emiSSions from the 

aUXIliary bOiler stack because of downwash effects on dispersion, as reported 

above However, trace element emisSions from the aUXIliary bOiler are, In general, 

three orders of magMude lower than from the main bOiler The maximum 
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Incremental S02 concentrations due to the main bOiler only are 13 1 Ilg/m3 (8-

hour), 5 7 Ilg/m3 (24-hour), and a 56 Ilg/m3 (annual) Therefore, maximum trace 

element Impacts will be due to emissions from the main boiler 

Maximum 8-hour, 24-hour, and annual average beryllium Impacts are about two 

orders of magnitude less than the corresponding "no-threat" levels (0 02, a 005, 

and a 0004 Ilg/m3, respectively) A similar difference In magnitude IS shown for 

flUOrides The maximum 8-hour and 24-hour Incremental concentrations are about 

220 and 120 times less than the respective "no-threat" levels (25 Ilg/m3 for 

8 hours, and 6 Ilg/m3 for 24 hours) A threshold level for fluonde has not been 

specified on an annual average basiS 

Maximum 8-hour and 24-hour Inorganic arsenic Impacts are about two orders of 

magnitude less than the corresponding "no-threat" levels (2 and a 54 Ilg/m3, 

respectively) The maximum annual average Incremental Impact IS 84 percent of 

the annual threshold value (0 0002Ilg/m"j For mercury, maximum 8-hour and 24-

hour Impacts are also about two orders of magnitude less than the respective "no­

threat" levels (0 1 and a 024 Ilg/m3, respectively) like fluondes, a threshold level 

for mercury has not been speCified on an annual average baSIS 

Overall, It may be concluded that trace element emiSSions from the plant pose no 

Significant health risk ,n the site area A detailed diSCUSSion of thiS analysIs IS 

found In SeClion 5 1 4 of the PSD permit appllcalion (see Section 10 1 5) 

PSD Increment Consumpbon Determination 

As the prevIous subseclion Indicates, a determination of the amount of available 

PSD Increment consumed by the ICL plant and other sources speCified by the 

FDER IS reqUired for S02 and N02 Since maximum particulate Impacts were 

shown to be InSignificant, such a determination was not necessary for that 

pollutant 
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Maximum composite S02 Impacts for the 3-hour, 24-hour, and annual average 

periods are 176 8 "g/m', 49 4 "g/m', and 3 98 "g/m', respectively, and occur at 

distances greater than 3 km from the ICL stack to the west and northwest These 

values are about 35, 54, and 20 percent of the corresponding maximum allowable 

PSD Increment levels (I e, 512, 91, and 20 jig/m', respectively) The ICL plant 

contributes nothing to the combined maximum 3- and 24-hour Incremental Impacts, 

and only about 13 percent to the annual compoSIte Impact level This demon­

strates that operation of the facllrty poses very little threat of exceeding allowable 

Increment levels 

For N02, the maximum composIte annual average Incremental Impact IS 6 53 

jig/m' and occurs ad,acent to the eastern part of the ICL property line AuxIliary 

bOIler emISSions contribute about 68 percent of thiS Impact However, th,s value 

IS only about 26 percent of the corresponding maximum allowable Increment level 

(25 "g/m'l As Wllh S02' the composite results demonstrate that operatIon of the 

proposed facIlity poses very little threat of exceedIng allowable Increment levels 

AmbIent Air Quality ComplIance DemonstratIon 

AS a conservative approach, maximum Incremental concentrations of crltena 

pollutants, due to emissions from the ICL plant and other nearby sources, were 

evaluated With,n the S02 SIgnIficant Impact area around the site ThiS Impact area 

extends 4 25 km downwind 

Maximum S02 Impacts Within thiS study area are not sIgnificantly Influenced by 

emIssIons from the ICL plant On the contrary, maxImum concentrations due to 

other nearby sources Impacting the study area are 1820 jig/m' (3-hour), 485 

"g/m' (24-hour), and 6 77 jig/m' (annual) When combIned WIth the respective 

mOnitored ambient background levels (61 0, 126, and 1 3 jig/m'), the resu~lng 

total Impacts are 2430 jig/m' (3-hour), 61 1 jig/m3 (24-hour), and 818 jig/m' 
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(annual), respectively All total Impacts are well below the corresponding 

NAAOS/FAAOS 

Maximum particulate Impacts wrth,n the study area are dominated by fugrtlve 

emisSion sources at the ICL Site, and are 3 3 fJg/m' for 24 hours and 0 26 fJg/m' 

on an annual average basis For thiS analysIs, these concentrations are assumed 

to apply to particles In the TSP and PM-10 size ranges Total TSP Impacts, uSing 

the background values reported In Section 5 6 1 2, are 1083 and 40 26 fJg/m' for 

24-hour and annual average periods, respectively These values are below the 

state primary and secondary TSP standards For PM-10, measured background 

levels of 39 0 and 13 3 fJg/m' are used to determine 24-hour and annual average 

total Impacts of 42 3 and 1356 fJg/m', respectIVely These values are below the 

corresponding ambient standards of 150 fJg/m' (24-hour) and 50 fJg/m' (annual 

average) 

Total annual average N02 Impacts wrthln the study area are based on an 

Incremental concentrallon of 4 42 fJg/m' from the ICL plant, 1 68 fJg/m' from other 

nearby sources, and a monitored ambient background level of 5 4 fJg/m' The 

total value (11 5 fJg/m') IS far below the federal and state ambient standard (100 

fJg/m') 

Maximum Incremental CO Impacts for 1- and 8-hour averaging periods due to the 

ICL plant were determined to be 78 2 and 50 9 fJg/m', respectively When 

combined with the assumed background CO levels (see Section 5 6 1 2), the total 

Impacts (8,079 fJg/m' for 1 hour, and about 5,766 fJg/m' for 8 hours) are well 

below the corresponding NAAOS/FAAOS of 40,000 and 10,000 fJg/m' 

Overall, It may be concluded from these results that emissions from the proposed 

facllrty alone or In combination with other nearby sources are well below the federal 

and state ambient air quality standards and pose no threat of causing an 
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exceedance Section 5 3 of the PSD permrt application provides more detail wrth 

respect to this compliance demonstration (see Section 10 1 5) 

5 6 1 4 Potential VISibility Impairment 

A Level-1 analysIs was made to determine the potential for vIsibility Impairment at 

the Everglades National Park, 140 km south of the ICL, the closest Class I PSD 

area to the site The Level-1 analysIs makes conservative assumptions with 

respect to meteorological conditions and maximum stack emission rates The 

model generates critical Indices for plume perceptibility and plume contrast against 

the sky or terrain and compares these values to threshold levels An exceedance 

of these values Indicates that some type of vIsibility Impairment IS possible and that 

a more refined analysIs (e g , Incorporating more detailed emiSSion characteristics 

and actual meteorological data) IS necessary 

The results of the Level-1 VI SCREEN analysIs Indicate that all Indices for plume 

perceptibility and contrast are below these threshold levels The screening resuns 

also demonstrate that the farthest distance at which the ICL stack plume might be 

observed IS between 60 and 65 km away Overall, these results are not 

unexpected, considering the source-receptor separation, that emissions will be 

controlled through the application of BACT, and that opacity of emisSions from the 

facility will be limrted to 20 percent or less Therefore, rt may be concluded that 

operation of the ICL plant will not Impair vIsibility 

A more detailed diSCUSSion of the potential vlslbilrty Impact analysIs IS found In 

Section 6 of the PSD permit application (see Section 10 1 5) 

5 6 1 5 Other Air Quality-Related Effects 

Several air quality-related effects have been addressed In prevIous sections 

potential health risks of trace element emiSSions (Section 56 1 3), Impairment to 
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VISIbility (Section 5 6 1 4), and cooling tower Impacts (Section 5 1 4) This section 

addresses the other effects reqUired to be evaluated under the PSD review 

process Impacts from Industrial/residential growth that may occur because of the 

project, and Impacts on salls and vegetation In the site area 

Potential Growth Impacts 

The area surrounding the ICL site IS currently zoned as agricultural and has been 

histOrically used for the same purposes There are a few Isolated rural Industrial 

facIlities, as eVidenced by the Caulkins Citrus processing plant (the steam host 

facIlity for the project) No areas of speCial value, sceniC Vistas, or recreational 

areas eXist within the Immediate site area 

Minimal growth associated w~h the construcllon and operallon of the plant IS 

expected An adequate work force currently eXists In the site area to support 

construction without the need for Importing workers, although some temporal)' 

relocallons Will occur DUring operation, some additional relocation of plant 

personnel will be reqUired However, In both cases, these numbers Will be within 

planned area growth projections and Will not be the cause of any Increased 

development 

Process steam Will be consumed by the host faCIlity and some Will be used for 

electrical power generation Some of the power IS Intended to satisfy In-house 

loads, most Will be sold to FPL Therefore, no direct effect of electrical or steam 

production on Industrial or reSidential growth IS expected In the site area 

As a result, no air quality-related Impacts, directly attributable to the expected 

minimal growth associated with the proposed plant, are anticipated Construction 

and operation of the plant Will eliminate the cattle grazing that currently occurs on 

the site 
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Potential Impacts on Salls and Vegetation 

The primary effect of SO, and NO, deposition and absorption by 50115 IS the 

resu~ant lowering of soil pH Low 5011 pH will have an Influence on most chemical 

and biological reactions In the 5011 It accelerates minerai weathering and the 

release of phytotoxIc Ions to the sOil solution, ~ affects the migration of clay and 

organic materials down through the sOil-profile development process, and It Will 

affect the level and avallabll~ of most plant nutrients In the 5011 Based on the 

maximum Incremental and total SO, and NO, Impacts discussed In Seclion 5 6 1 3 

and the fact that they are well below the NAAQS/FAAQS, adverse effects on 50115 

In the site area are not anticipated 

Particulate depos~lon may affect 50115 by altering soil pH and by potenllally 

Increasing the avallabll~ of heavy metals In the soil for plant uptake However, ~ 

has also been determined that uptake by vegetation will not Increase dramatically 

unless the deposited trace elements are considerably more available than 

endogenous forms Considering the results In Section 5 6 1 3, those levels are not 

expected to be surpassed 

Potential Impacts to vegetation from SO, and NO, have been evaluated with 

respect to dose response curves that have been developed for various plant 

species and their sensllivlty to these pollutants Plants have been ranked as 

sensitive, IntermedIate, or resIstant In thiS regard 

For SO" the lowest 3-hour concentration expected to cause Injury or damage to 

sensitive vegetation IS about 390 Ilg/m3 From Section 5 6 1 3, the highest 

Incremental 3-hour average SO, Impact IS 24 7 Ilg/m3 due to the ICL plant alone, 

and 182 a Ilg/m3 for the plant and other, nearby sources combined The 

maximum total Impact, which Includes a background level of 61 a Ilg/m3, IS 243 

Ilg/m3, or about two-thirds of the sensitive species threshold value for possible 

Injury It IS reasonable to conclude that operation of the plant Will not damage 
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vegetation In the srte area based on SO, emissions from the proposed facIlity alone 

or In combination with other eXisting nearby sources 

A Similar conclUSion IS drawn with respect to potential InJury to vegetation resu~lng 

from NO, emissions Threshold levels of response for 3-hour and 24-hour 

averaging penods are 1,890 and 750 pg/m3
, respectively Maximum 3-hour and 

24-hour Incremental NO, Impacts due to the ICL plant are 973 and 45 7 pg/m3, 

respectively Ambient background levels are not routinely determined for NO, over 

these short-term penods because the federal and state standards are written on 

an annual average basIs (I e , 100 pg/m3) While It IS recognized that short-term 

ambient background levels are likely to be higher than the annual average 

background concentration (54 pg/m'J, the srte area IS In attainment for NO, The 

combined Impact (maximum Incremental plus short-term background) Should be 

much less than the threshold Injury levels which are at least an order of magnitude 

higher than erther of the Incremental or background components of the total 

Dose-response curves reflecting Injury potemlal due to exposure to particulate 

matter have not been generated because thiS matenal vanes greatly In Size and 

chemical composition Most data pertain to the effects of settleable dusts Total 

short-term and long-term TSP and PM-10 Impacts are less than the Significance 

level (see Section 5 6 1 3) Therefore, plant Injury IS not expected as a result of 

these fugitive dust-related Impacts 

In companson to other pollutants, relatively little research has been done regarding 

the effects of CO on vegetation Available Information Indicates that a potential for 

Inlury does eXist, but only at concentration levels far In excess of those estimated 

to occur from operations at the ICL plant The 1-hour maximum Incremental value 

IS 25 times less than the corresponding Significant Impact level, the 8-hour value 

IS 10 times lower than the 8-hour Significance level (see Section 5 6 1 3) At these 

levels, damage to vegetation by CO emisSions from the plam IS not amlclpated 
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A more detailed discussion of potenlial effects on vegetation IS found In Section 7 2 

of the PSD permrt application, Section 10 1 5 of this report 
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5 6 2 MONITORING PROGRAMS 

This section discusses the applicability of air quality-related mOnltonng programs 

to the proposed ICl faCIlity Emission IImllalions are established through the air 

quality permitting process These limits represent the measures used to ensure 

that ambient standards Will be met and that acceptable Impacts Will result from a 

proposed action Compliance with these limitations IS established through an 

emisSions monltonng program Compliance with ambient air quality standards 

represents a test of the effectiveness of those controls and the acceptability of the 

resuiling Impacts after the faCIlity IS operating Similarly, air quality measurements 

In the pre-construction phase of a proJect represent a means for defining ambient 

conditions pnor to a proJect's development 

5 6 2 1 Pre-Construction Ambient Air Quality Monitoring 

Background air quality data, representative of ambient conditions In the site area, 

were available from nearby mOnltonng stations to perlorm the reqUired air quality 

Impact analyses for the proposed faCIlity Furthermore, results of a preliminary 

modeling analysIs were used to demonstrate that Incremental Impacts were below 

the threshold levels that would reqUire ambient monltonng to take place The 

FDER has agreed that suffiCient background data are available and has Issued an 

exemption from any pre-construction monltonng reqUirements, With the condition 

that emissions used In the final modeling Will not exceed those used In the 

preliminary modeling 
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5622 Post-Construction Ambient Air Quality MOnitoring 

The EPA's Ambient Monitoring GUidelines for PSD (EPA, 19B?) Indicate that the 

permit granllng authOrity may require post-construction air quality monitoring, ~ 

o The proposed facility IS a malor source for the purposes of new source 

review 

• There IS an apparent threat to the ambient air quality standards 

• The proposed source Impact IS uncertain or unknown (e 9 , the source 

IS located In complex terrain or In the presence of fugitive emissions, or 

has uncertain source or emiSSion charactenstlcs) 

• There IS a potential adverse Impact on a Class I PSD area 

There are no plans to establish a post-construction ambient air quality monitoring 

program for the ICL plant ThiS rationale IS discussed In the following subsections 

,n the context of these four potenllal areas of concern to EPA 

Malor Source Concern 

The proposed ICL plant IS a malor stationary source sublect to PSD and new 

source review However, the Implementation of BACT, under the PSD program, 

will substantially mitigate emissions 

Threat to Ambient Air Quality Standards 

The EPA considers the ambient air quality standards to be threatened ~ the 

Impacts due to the proposed source are prolected to be equal to or greater than 

90 percent of the ambient standards when the source becomes operational The 
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ICL s~e IS located In an attainment area for all criteria air pollutants 

Representative background mOnitoring data for the SIte area corroborate thiS 

designation and Indicate that ambient cond~lons are well below the corresponding 

standards (see Section 5 6 1 5) 

The results In Section 5 6 1 6 Indicate that maximum Incremental Impacts for 

particulates and CO are well below the corresponding significant Impact levels 

Although maximum Incremental S02 and N02 concentrations are above the 

significant Impact levels, total Impacts (which Include the effects of other nearby 

sources of these emissions and measured background levels) are well below the 

corresponding NAAOS and FAAOS Therefore, It IS reasonable to conclude that 

emiSSions from the proposed facIlity pose no threat of exceeding e~her the 

ambient standards or available PSD Increment levels 

Uncertainty of Emissions Characteristics 

Emissions from the main and auxIliary boilers represent well-defined pOint sources 

based on known fuel-flnng scenanos and vendor design specifications 

Furthermore, emissions Will be controlled both through the application of BACT 

Fugitive emiSSions are not expected to be a major concern and Will be controlled 

both through the application of traditional mitigation measures and non-traditional 

methods In that the matenal handling systems Will be totally enclosed and vented 

through fabriC filters The dispersion model used to estimate Impacts from these 

sources Incorporates EPA-approved algOrithms to account for the various 

characteristics of these releases Therefore, It may be concluded that the 

emiSSions and resulting estimated Impacts can be readily quantified uSing 

applicable regulatory gUidance, with a reasonable degree of certainty 
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Impact on Class I PSD Areas 

The closest Class I PSO area to the ICL site IS the Everglades National Park, about 

140 km away Given the distance from the proposed source, ne~her significant 

Incremental air quality Impacts nor unacceptable Impairment to vIsibility IS 

expected 

5 6 2 3 Air Emissions Monitoring 

The proposed facIlity IS subject to the New Source Peliormance Standards codified 

at 40 CFR Part 60, Subpart Oa (Standards of Peliormance for ElectriC Utility Steam 

Generating Units) The FlOrida Air Pollution Rules for new SOurces (at FA C 17-

2 660) adopts Subpart Oa by reference 

In accordance with these requirements, a continuous emiSSions monitoring system 

(CEMS) will be Installed, calibrated, maintained, and operated for measuring 

opacity of vIsible emissions and S02 and N02 emiSSions discharged to the 

atmosphere A CEMS will also be provided to measure the oxygen or carbon 

monoxide content of the flue gases 

Inillal performance tests Will be conducted after plant startup and testing In 

accordance with FlOrida Air Pollution Rule 17-2 700 F A C for those pollutants for 

which a BACT analysIs IS required Compliance determination test methods and 

procedures applicable to the ICL emisSions monitoring program are speCified In 

FA C 17-2700 (6), and by reference, where appropriate, In Section 6048a of 

Subpart Oa and AppendiX A to 40 CFR Part 60 
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S 7 NOISE 

NOIse levels have been calculated that could be expected along the perimeter of 

the sIte and at the nearest residence due to the operatIons of the IndIantown 

Cogeneration, L P (ICL) plant The locatIons that were selected for Impact 

assessment are shown on FIgure 5 7 0-1 Locations B, C, and D were selected to 

be representatIve of nOise levels at the plant boundary that are closest to the 

sources of greatest nOise emiSSions Locations A and A are considered to be 

representative of nOIse levels which would be expected to occur at the nearest 

residences 

Modeling of the nOise Impacts was performed uSing a spreadsheet model based 

on the EdIson Electric InstItute publicatIon, "Electric Power Plant EnVIronmental 

NOIse GUIde" (Vol 1, 2nd edItIon, 1984) ThIs model was used to predIct nOIse 

levels at each of these locattons uSing typical nOIse levels and spectra for each of 

the maIn sources of nOIse emiSSions Ground sound absorption effects (draft ISO 

standard) were accounted for In assessIng Impacts from all low elevatIon sources 

ThIs accounts for the soft absorptive fields between the ICL plant and nOIse 

receptors 

There are no state or local nOIse regulatIons for the Indiantown area Therefore, 

the EPA gUIdeline (EPA, 1974) recommended to protect public health and welfare 

for outdoor actIvIty In residentIal areas and farms WIth a margin of safety was used 

ThIS nOIse level, a daY!nlght weIghted average (Ldn) of 55 dBA, represents the 

sound energy averaged over a 24-hour period With a 10 dB nighttIme weighting to 

account for the difference In nOise perception dUring the nighttime hours as 

compared to the daytIme hours An Ldn of 55 dBA translates Into a contInuous 

24-hour nOIse level of 49 dBA that would be allowed from the power plant from all 

nOIse sources that normally operate at the plant 

The 12 major sources of nOIse WIthIn the ICL plant are listed In Table 5 7 0-1 Each 

was analyzed to determIne their IndiVidual contributIons to the total nOIse Impact 
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Table 570-1 
MAJOR SOURCES OF NOISE WITHIN THE ICL PLANT 

Induced Draft Fan Slack Outlet 
Induced Draft Fan Dueling 
Induced Draft Fan Housing 
Forced Draft Inlet Opening 
Forced Draft Fan dueling 
Forced Draft Fan Housing 
Cooling Towers 
Main Baller 
Main Transformer 
Coal Crusher 
Steam Turbine Generator 
Outdoor Fan Motors 
Coal Unloader 
Train 

Source Bechtel, 1990 
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at each of the receptors The results of the analysIs are presented In Table 5 7 0-2 

where the total Impact at each receptor IS listed, as well as the Individual 

contributions from each of the sources The Impacts of the 12 major nOise 

sources are ranked by magnitude of effect for each receptor on this table 

Additionally, the octave band frequency analysIs for each source IS presented on 

this table 

The need for mitigation of any sources of emiSSions IS determined from the sum 

of the contribulions of all sources for any receptor and comparing this value to the 

Ldn of 55 dBA The Individual sources that need to be mitigated are then 

determined from the relative ranking of their contributions to the total Impact at the 

receptor In question The type of mitigation and the amount of nOise level 

reduction that IS achievable for each source IS assessed through an analysIs of the 

octave band frequency dlstribulion and the height of emisSion of each source 

Thus, at receptors A and R, which are representative of Impacts that could be 

expected at the nearest reSidences, It was determined that nOise abatement 

measures would be required for the 10 fans and the FO Inlets because the total 

Impact exceeded the Ldn of 55 dBA The required silencer Insertion losses for the 

10 fan and FO Inlet silencers were calculated for use In the analysIs 

The plant IS deSigned with extensive nOise abatement measures to limit nOise 

emissions at localion R, the closest reSidence, to a level of 42 dBA (41 9 dBA, 

Table 5 7 0-2), and 44 6 dBA at Localion A This level IS 7 dBA below the federal 

EPA gUidelines of 49 dBA for 24-hour per day plant operation 

The deSigned-in margin of 7 dBA IS based on measurements of the eXlsling 

background sound levels These measurements were found to range from a low 

of 34 dBA dUring early morning, calm and stili wind conditions, to a more typical 

level range of 38 to 42 dBA ThiS range IS typical of those found In rural and very 

qUite suburban reSidential areas 
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Table 570-2 

SUMMARY OF SOURCES AND IMPACTS AT 
RECEPTORS A THROUGH R 

OCT .we BANO CENTER FREQUENCY KZ OVERAll. 
OESCI\lPTOA 315 G3 1~ 2!10 r.oo 1000 2000 _000 1000 AWTD 

SU.MARY OF SOURces AT POSITION A (RESIDENTIAL DIRECTION) 

~ '" OXUNGrowERS 7 H 50 43 38 36 33 25 ;; 68 378 
CIIJT'IXlC»'IFN>lIo'OTOFIS 12 363830293133301538 359 
OOALctflUSliEl'li'J 10 50 U H U 32 31 26 10 .5 353 
sreAM1\JRSINEOENEFlATOFl " U 51 .3 35 32 29 n 0 61 349 
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SubJectlveJy, the JCL plant sound Will be detectable and audible only dUring calm 

and stili Wind conditions Such conditions occur about 5 percent of the time At 

other times, the plant Will be Inaudible, as the plant sound IS not greatly above the 

measured normal ambient sounds consisting of far-off road sources, rustling 

grasses, trees, bird, and Insect sounds 

Based on the above analYSIS and diSCUSSion, ICL plant operational sound IS not 

expected to have any Impact on adjacent reSidences located on South West Farm 

Road 

The estimated nOise levels at locallon R due to the ICL plant emissions are 

compared to the measured ambient levels at the site on Figure 5 7 0-2 The 

abatement measures discussed above are applied to the major sources of nOise 

that Impact this receptor These abatement measures were mainly directed 

towards redUCing the peaks that occurred In the 150 to 250 Hz octave band center 

frequencies 

570-3 
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.0. EST PLANT NOISE X UPPER RANGE ABOUT 400 X LOWER RANGE REMOTE FROM 
EMISSIONS FROM RT710 RT710 AT NEAREST 

RESIDENCE 
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Figure 570-2 

ESTIMATED NOISE EMISSIONS AT POSITION R 
COMPARED TO AREA RESIDENTIAL (L90) AMBIENT 
RANGE 

Source Hessler and Assocrates 1990 
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58 CHANGES IN NONAQUATIC SPECIES POPULATIONS 

581 IMPACTS 

The flatwoods vegetation and wlldlrte habitat situated on the IGl site are targeted 

for removal or modification, except for those areas set aSide for upland and 

wetland preservation or future use (see Section 4 4) It IS the biota associated wrth 

areas that are to remain on or near the project srte that Will be discussed In the 

follOWing paragraphs In terms of potential long-term changes In species 

populations resuiling from air emisSions from the project operation 

The effects of long-term (chrOniC) exposures to concentrations of S02' NO" 03' a 

mixture of S02-NO" a mixture of S02-03' G02, VOG, trace elements, and fugitive 

dust below those concentrallOns that result In acute Injury symptoms, IS not well 

documented In the literature However, the literature does report that chroniC Injury 

symptoms do occur when plants are exposed to concentrations below Injury 

threshold levels Even If chrOniC Injury symptoms were manifested by srte 

vegetallOn, It IS not anticipated that the Injury Will be severe enough to result In 

changes In species diverSity and composition 

Factors, such as water availability, light, and soli nutrients, would tend to have a 

greater effect on species diverSity and composrtlon than exposure to low levels of 

air contaminants 

20524 016\lndlnnln seA 581-1 



• 5 8 2 MONITORING 

It IS not expected that monitoring of Me nonaquatlc species will be necessary 

• 
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59 OTHER PLANT OPERATION EFFECTS 

Traffic Impacts resuiling from the operation of the ICl prolect are discussed In 

Section 70, and a complete traffic analysIs IS located In Section 100 A beneficial 

effect from the operatIOn of the plant IS the supplYing of process steam to Caulkins 

Citrus and the availability of process steam to any operating or future requirements 

by light Industry All other effects resulting from the operation of the ICl plant are 

discussed within the appropriate sections of the SCA 

20524 016\indlan1n SCA 590-1 
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510 ARCHAEOLOGICAL SITES 

As previously discussed In SectIOn 2 2 6, and as discussed In detail In 

Section 10 8, no archaeological or hlstonc resources were previously hsted In the 

location of the Indiantown Cogeneration, l P (ICl) project s~e In add~lon, no 

archaeological or hlstonc resources ehglble for Inclusion In the NatIOnal Register 

of HlstOfiC Places were found dunng research and field assessment Therefore, 

activities Involved with the operation of the plant should have no Impact on 

significant archaeological or hlstonc resources 

Should post-construction actIVIties cause the discovery of unanticipated 

archaeological matenals, those actIVIties which potentially would disturb such 

matenals will be postponed until a professional archaeologist can evaluate their 

potential significance In the event the matenals are beheved to be significant, the 

State Hlstonc Preservation Office (SHPO) will be contacted to Identify appropnate 

measures 

20524 01B\lndlantn SCA 5100-1 
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5 11 RESQURCES COMMITTED 

511 1 WATER RESOURCES 

The ICL plant will utilize surface water from Taylor Creek/Nubbin Slough (TC/NS) 

as ~s primary water source ThiS will have the benef~ of reducing the amount of 

phosphorous currently being discharged to Lake Okeechobee The backup 

source of water will be the FlOridan aqUifer, which has a high TDS level This will 

be used only dUring extended periods of drought when TC/NS water IS 

unavailable 

No water Will be w~hdrawn from the surficial aqUifer, a source of potable water for 

reSidences No wastewater Will be discharged to a surface body of water 

Wastewater Will be reused w~hln the plant to the extent practicable and the 

remainder Will be discharged to the Boulder lone of the FlOridan aquifer 

ro524 016\lnd,antn SCA 5 11 1-1 
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5112 BIOLOGICAL RESOURCES 

Except for the flatwoods eliminated dUring construction, operation of the plant will 

not require the commitment of addrtlonal wildlife habitat or other terrestnal or 

wetland vegetation, and will have no measurable effect on wlidl~e species 

populations, Including threatened or endangered species The lel plant emissions 

Into the air are also not expected to have a measurable effect on the growth and 

productivity of surrounding vegetation, Including agricultural crops 

ro524 016\II'\d,antn seA 5 11 2-1 
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5113 ECONOMIC AND CULTURAL RESOURCES 

Economic resources committed to the ICL plant are expected to Include wages 

and labor, financial Investment, and the displacement of other economiC uses of 

the srte Specific characterization of the operational workforce IS contained In 

Section 7 2, which describes a projected permanent workforce of 80 persons 

These 80 posrtlons represent a permanent commitment for the duration of the 

proJect, regardless of the tenure of Individuals employed at the ICL plant 

Therefore, the 80 Individuals employed at the ICL project represent a permanent 

commitment of a workforce which Will not be available for employment elsewhere 

Economic commitments are also discussed In detail In Section 70 As wrth labor, 

the financial Investment represents an Irreversible commitment which Will not be 

available for other uses as long as the ICL plant remains In operalicn Additional 

tax revenues and Impact fees generated as a resu~ of the project, as discussed 

In detail In Seclicn 7 1 2, are expected to be suffiCient to support additional public 

services and Infrastructure required for the operation of the ICL plant A detailed 

long-term, benefit-cost analYSIS IS proVided In Section 7 2 The need for 

commitment of additional governmental financial resources required to fund public 

services beyond those funded by the additional tax revenues and Impact fees IS 

not expected 

The displacement of current economic uses due to a change In land use are 

predicted to be relatively Insignificant because the SIte IS currently under-ubllzed for 

limited grazing purposes Many alternative sites are available In the Immediate 

area and Within the region, and therefore, the loss of these grazing lands should 

not represent a significant Impact on agricultural land uses In the area There are 

no other eXlsling or planned economic uses of the srte 

Because no cu~ural resources are expected to be Impacted on the project srte, no 

commitment of archaeological resources IS anticipated 

20524 016\lndlantn seA 511 3-1 
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512 VARIANCES 

At the present time, there are no variances from applicable standards of the state 

certification proceedings 

20524 016\lndlantn SCA 5120-1 



• 

• f 

• 



• 

• 

• 

REFERENCES 

Section 51 

Electnc Power Research Institute (EPRI) User's Manual Coollng-Tower-Plume 
Prediction Code Argonne Nalional Laboratory EPRI CS-3403-CCM 

Moon, M L (Editor) Overview of the Chalk POint Cooling Tower Project The 
Johns Hopkins UniVersity, Laurel, Maryland 

Mulchl, C L ,DC Wolf, and J A Armbruster Cooling Tower Effects on Crops and 
SOils Chalk POint Plant Cooling Tower ProJect, FY'78 Final Report, Post 
Operational Report No 3, Water Resources Center, University of Maryland, 
Maryland Power Plant Siting Program PPSP-CPCTP-23, WRRC Special Report No 
11 July, 1978 

Section 531 

Ardaman & Associates, Inc, October 17, 1989, Remedial Investigation Report, 
Phase II, Flonda Steel Corporalion, Indiantown Mill Site, Martin County, Flonda, 
Volume I 

CH2M Hili Technical Memorandum No 3, SCA Section 2 3 2 1, Subsurface 
Hydrologic Data, Indiantown Cogeneration, Facility, Indiantown, Flonda 
October 30, 1990 

McWhorter, 0 B , Sunada, 0 K Ground-Water Hydrology and Hydraulics, Water 
Resources Publication, Fort Collins, CO 1977 

South Flonda Water Management Dlstnct Draft Intenm Surface Water 
Improvement and Managements (SWIM) Plan for Lake Okeechobee, Part I Water 
Quality 1999 

South Flonda Water Management Dlstnct Martin County Water Resource 
Assessment, S Trost and 0 Nealson Editors, Resource Planning Department 
1987 

U S Department of Agnculture SOil Conservation Service, SOil Survey, Martin 
County Area, Flonda 1981 

US Department of Agnculture Soli Conservalion Service, SOil Survey, Okeechobee 
County, Flonda 1971 

Section 541 

Martin County ComprehenSive Growth Management Plan (Adopted) Martin 
County Growth Management Department 1990 

20!!2<1 016\lndtantn seA R5-1 



• 

• 

• 

Section 561 

U S Environmental Protection Agency Industnal Source Complex (ISC) 
Dispersion Model User's GUide-Second Edition (Revised), EPA-450/4-88-002a, 
Office of Air Quality Planning and Standards, Research Tnangle Park, NC 
December, 1987 

U S EnVIronmental Protection Agency Workbook for Visual Plume Impact 
Screening and AnalysIs, EPA-450/4-88-015, Office of Air Quality Planning 
Standards, Research Tnangle Park, NC September, 1988 

Section 562 

U S Environmental Protection Agency, Monltonng GUidelines for Prevention of 
Significant Detenorallon (PSD), EPA-450/4-87-007, Office of Air Quality Planning 
and Standards, Research Tnangle Park, NC May, 1987 

Section 57 

U S EnVIronmental Protection Agency, Information on Levels of Environmental 
NOise RequIsite to Protect Public Health and Welfare With an Adequate Margin of 
Safety EPA 550/9-74-004 1974 

20~24 016\lndlanln seA R5-2 



• 

• 

• 



• 

• 

• La·1 



6 0 LINEAR FACILITIES 

6 1 TRANSMISSION LINE 

There will be no transmiSSion line constructed Since the connection will be to the 

FPL 230 kV line that traverses the northern boundary of the srte Therefore, 

Section 6 1 IS not applicable to the ICL prolect 

'DDr Origina\ 
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62 WATER PIPELINE 

62 1 PROJECT INTRODUCTION 

The Indiantown Cogenerallon, l P (lCl) facility Will reqUire a 19-mlle, single, 18-

to 24-lnch diameter water pipeline In Okeechobee and Martin Counties to support 

ItS operations The pipeline will onglnate at a new Intake structure to be located 

at the lunctlon of Taylor Creek/Nubbin Slough and the C-59 canal In Okeechobee 

County From thiS new Intake structure, the buned water supply pipeline will be 

run along SR 710 and the CSX Railroad line (w~hln the railroad ROW) Into Martin 

County, terminating at the ICL site ThiS railroad ROW vanes between 100 and 

200 feet In width Since the pipeline IS to be located within the railroad ROW, no 

new cOrridor IS requested for thiS prolect 

e--
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622 CORRIDOR LOCATION AND LAYOUT 

The location of the pipeline IS within the CSX ROW extending laterally about 50 feet 

on each side of the rail line and IS shown In Figure 622-1 The cOrridor for the 

water pipeline that IS being licensed for the ICL project IS the CSX ROW between 

the ICL site and the ICL water Intake at Taylor Creek/Nubbin Slough 

0--
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623 WATER PIPELINE DESIGN CHARACTERISTICS 

The pipe will be approximately 18- to 24-lnch diameter carbon steel or polyethylene 

pipe manufactured according to American Water Works AssoclallDn (AWWA) 

standards The pipe sections will be hydrostatically tested to at least 125 percent 

of the design pressure to confirm the pipe Integrrty and check for leakage 

~ the pipe IS carbon steel, rt will have a protective external coating Such coating 

will be checked electrically for breaks In the coating prior to shipping and prior to 

Installation In the ground The pipe will be Installed In accordance with the 

requirements of AWWA and the regulatory agencies with IUrlsdlctlon over 

crossings A cathodic protection system will be Installed If sOils tesllng shows ItS 

IS necessary to prevent corrOSion 

Since the pipeline will be constructed within the CSX ROW, no new access roads 

or bridges will be reqUIred 
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62 4 COST PROJECTIONS 

On a per mile basIs, a 24-lnch diameter pipeline IS estimated to cost approximately 

$368,400 The total cost of the 19 miles of pipeline IS estimated at $7,000,000 

(Bechtel, 1990) 
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62 5 CORRIDOR SELECTION 

Since the CSX Railroad rlght-ol-way runs adjacent to the Taylor Creek/Nubbin 

Slough and the Indiantown Cogeneration, L P s~e, It was the only cOrridor 

considered lor the project The use 01 an eXisting railroad ROW results In minimal 

Impacts to the environment and to the general population Since the ROW IS lor 

an operational rail line, no additional disturbance to the environment Will occur for 

maintenance 01 the ROW or 01 the pipeline 
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62 6 SOCIOPOLITICAL ENVIRONMENT OF THE CORRIDOR 

62 6 1 Governmental Jurisdiction 

The cooling water pipeline associated w~h the Indiantown Cogeneration, l P (ICl) 

prolect commences at the project site located In Section 34, Range 3SE, Town­

ship 39S, and traverses northwesterly along SR 710 and the CSX Railroad line Into 

Okeechobee County with ItS terminus located at Taylor Creek/Nubbin Slough The 

location of this pipeline, with a 0 5-mlle corridor extended laterally on each side of 

SR 710, IS shown In Figure 626-1 

Lands w~hln thiS cOrridor fall under the Junsdlctlon of several governmental 

agencies which Include the follOWing Martin County, Okeechobee County, 

TCRPC, Central Flonda Regional Planning CounCil (CFRPC), and SFWMD 

The pipeline cOrridor follows eXisting roadway and rail ROWs and does not cross 

any local, regional, state, or federally deSignated or protected lands as descnbed 

In the FDER Instruction GUide for Certification Applicatons 

6 2 6 2 ZOning and Land Use Plans 

The ICl cooling water pipeline COrridor crosses lands under the Junsdlctlon of 

Martin and Okeechobee Counties Each county has ItS own comprehenSive plan 

and zOning regulations 

As previously descnbed In Section 2 2 2, the Martin County Growth Management 

Department has prepared the Martin County CGMP In accordance With 

requirements of the local ComprehenSive Planning and Land Development 

Regulation Act, Chapter 163, Part II, FS, and FAC, Chapter 9J-5 The Martin 

County CGMP was adopted by the Martin County Board of County Commissioners 

on February 20, 1990 (Martin County CGMP, 1990) 

20524 016\lndlantn SCA 626-1 
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Land use deslgnalions crossed by the pipeline cOrridor within Marlin County are 

shown In Figure 6 2 6-2, and primarily are agricultural In nature The spec~lc 

Martin County land use plan categories within the plpehne cOrridor are as follows 

• Agricultural (AG) 

• Agricultural ranchette (AR) 

• General commercial (CG) 

• Industrial (INO) 

• Pubhc utlhtles (PU) 

Summary descriptions of these categories are Included In Section 103 The only 

pohcy Identified In the Martin County CGMP which appears to be apphcable to the 

coohng water plpehne cOrridor IS Pohcy A 3 h Included In Chapter 11, Potable 

Water Service ThiS policy states 

"All pubhc and private water system Improvements shall be located, 

designed, and Installed In a manner which IS cost-effective, 

functional, responsive to fire protection needs of eXisting and planned 

future development, and compatible With surrounding natural 

systems The extenSion of water mains shall be ahgned and Installed 

In a manner which prevents undue loss of estabhshed tree canopies 

or SOil through Induced erosion Exlsling features of land altered by 

construction shall be returned as close as IS reasonably pOSSible to 

the original condition The timing and staging shall be scheduled In 

a manner that minimizes disruptive Impacts, Including Impacts on 

reSidential quality of hfe and traffiC flow" (Martin County CGMP, 

p 11-19) 

The location of the coohng water plpehne Within an eXisting railroad ROWand 

employment of the construction methods deSCribed In Section 6 2 8 ensure that the 

plpehne Will comply w~h the above pohcy 
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MA. -----
PlEASE NOTE IRIGOOIL DOCOONTS 

SUNNED FOB TIDS REtORD WERE OF POOR 
QUAlm. 

, , 



• 

• 

• 

LEGEND 

012 ...--.-....----
scale 

Pipeline Corridor Boundary 

- - - - Land Use Designation Boundary 

AlTURE LAND USE: 

Marlin County 

PU Public Utilities 

INO Industrial 

CG 

AR 

AG 

General Commercial 

Agricultural Ranchette (1 OUtS Ac.) 

AgriCUltural 

Ok ..... oboe County 

RLD Residential Low Density 

AIDS AgrlCUhurallOpen Space 

3 
3 

Figure 626-2 (Page 1 of 4) 

LAND USE PLAN 
DESIGNATIONS WITHIN 
ONE-HALF MILE OF 
THE INDIANTOWN 
COGENERATION PROJECT 
WATER PIPELINE 

poor Origina' 

Sources USGS 1983 Martm County Growth 
Management Department 1990 Central Florida 
Regional Planning Council 1990 ECT 1990 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration l P 



• 

, 
o 

• 
o 

• 

• 

LEGEND 

o 1 
~ = 
scale 

2 

0::::::::::::1 _ _ _ Pipeline Corridor Boundary 

3 
i 

miles 

- - - - Land Use Designation Boundary 

FUTURE LAND USE: 

IIartIn Coonty 

PU 

INO 

CG 

AR 

AG 

Public UtIlities 

Industrial 

General Commercial 

Agricultural Ranchette (1 DUI5 Ac.) 

AgrIcultural 

Okeechobee Coonty 

RLD Resldentlal Low DensRy 

AIOS A.grlcultural/Open Space 

Figure 626·2 (Page 2 of 4) 

LAND USE PLAN 
DESIGNATIONS WITHIN 
ONE-HALF MILE OF 
THE INDIANTOWN 
COGENERATION PROJECT 
WATER PIPELINE 

poor Original 

Sources USGS 1983 Martm County Growth 
Management Department 1990 Central Flonda 
Regional Planning CounCil 1990 ECT 1990 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration l P 



• 

• 

• 

o 1 2 3 

~""'~-~-~-~=~=~i 
scale miles 

LEGEND 

- - - - Pipeline Corridor Boundary 

- - - - Land Use Designation Boundary 

FUTURE LAND USE-

lIartin County 

PU Public Utilities 

INO 

CG 

Industrial 

General Commercial 

AR Agricultural Ranchette (1 DUIS Ac) 

AG Agricultural 

RLD Residential Low Density 

AlOS Agricultural/Open Space 

Figure 626-2 (Page 3 of 4) 

LAND USE PLAN 
DESIGNATIONS WITHIN 
ONE-HALF MILE OF 
THE INDIANTOWN 
COGENERATION PROJECT 
WATER PIPELINE 

Poor Original 

Sources USGS 1983. Martin County Growth 
Management Department 1990 Central Flonda 
RegIonal Planning Council 1990 ECT 1990 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration LP 



• 

\ , , 

• , 
'-

+LAKE OKEEt-CHOBE£ 

• 

LEGEND 

o 1 ............... 
scale 

2 

- ___ Pipeline Corridor Boundary 

3 
! 

miles 

- - - - Land Use Designation Boundary 

FUTURE LAND USE 

IIaotin Counly 

PU 

IND 

CG 

Public Utilities 

Industrial 

General Commercial 

AR Agricultural Ranchette (1 DUI5 Ac.) 

AG Agricultural 

RLD Residential Low Density 

Alas Agncultural/Open Space 

FIgure 626·2 (Page 4 of 4) 

LAND USE PLAN 
DESIGNATIONS WITHIN 
ONE·HALF MILE OF 
THE INDIANTOWN 
COGENERATION PROJECT 
WATER PIPELINE 

poor Original 

Sources USGS 1983 Martin County Growth 
Management Department 1990 Central FlOrida 
Regional Planmng Council 199{} ECT 1990 

INDIANTOWN 
COGENERATION 

PROJECT 

Indiantown Cogeneration L.P 



• 

• 

• 

ZOning districts crossed by the plpehne cOrridor In Martin County are shown In 

Figure 626-3 Utlhtles "with the exception of normal distribution and/or collection 

faclhtles (I e, poles, hnes, cable In trench, and associated equipment)" are 

regulated as advertised conditional uses In Martin County [Section 35-5 5(A)(9), 

Martin County Code 1 The water plpehne IS considered a "normal distribution 

and/or collection faclhty," not subject to advertised condlbonal use reView, and IS, 

therefore, a permitted use within all zOning districts No other applicable zoning 

regulations have been Identrfled 

Okeechobee County has not yet adopted a comprehensive plan In accordance 

with the Local Government Comprehensive Planning and Land Development 

Regulation Act (Chapter 163, Part II, FS) and Chapter 9J-5, FAC The 

comprehensive plan currently In effect In Okeechobee County was adopted In 

1980 According to the Future Land Use Plan, the plpehne corridor crosses the 

Agriculture/Open Space and Residential (low density) land use categories 

Although the plan does not define these categories, It does hst general land use 

pohcles deahng with agricultural and resldenllalland uses Excerpts from the plan 

are Included In Section 10 3 There are no land use pohcles that appear to be 

apphcable to a water plpehne However, the Ubhty Element of the adopted 

Okeechobee County comprehensive plan states 

"Whatever support faclhtles are needed to provide electric utility 

service to eXisting land uses, to such future land uses as are 

authorized by other elements of this plan, and to such future land 

uses as may be lawfully authorized by the commission, shall be 

permitted In any use category and shall be deemed to be consistent 

wrth this comprehenSive plan" (Okeechobee County ComprehenSive 

Planning Program 1979 Update, p 143) 

The Intake water plpehne IS a necessary support faclhty to the ICL project 

20524 Ol6\lndlantn SCA 626-3 
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As shown In Figure 6 2 6-3, the malorlty of the land crossed by the pipeline 

cOrridor In Okeechobee County IS zoned AC, Agricultural Conservation Other 

zoning districts crossed Include the follOWing 

• Residential general (RG) 

• ReSidential rural (RR) 

• Residential single-family (RSF) 

• Residential mobile home (RMH) 

• Commercial (C) 

Section 7 9 of the Okeechobee County ZOning Ordinance states 

"9 Essential Services Essential services shall be permitted In any 

zoning district Essenllal services are hereby defined to Include and 

be limited to water, sewer, gas, telephone, and electrical systems, 

Including sub-stations, 11ft stations, and Similar Installations necessary 

for the performance of these services, prOVided, however, that thiS 

subsection shall not be deemed to permit the location In a district of 

such establishments as electriC or gas generating plants, sewage 

treatment plants, or water pumping or water aeration faclhtles from 

which they would otherwise be barred, and prOVided further that thiS 

subsection shall not be deemed to Include the erection of structures 

for commercial actIVIties such as sales or the collection of bills In 

districts from which such actiVities would be otherwise barred Under 

thiS subsection, where structures are Involved, such structures shall 

conform Insofar as pOSSible to the character of the district as to 

architecture and landscaping" (Zoning Ordinance, Okeechobee 

County, FlOrida, p 18a) 

The COOling water Intake structure at Taylor Creek/Nubbin Slough, desCribed In 

Section 3 5 1 1, IS located In the AC zoning district According to Section 6, 

Schedule of Dlstnct Regulations, of the Okeechobee County Zoning Ordinance 
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(1974), water pumping facIlities are not barred from the AC district Therefore, the 

cooling water pipeline and the Intake structure are permitted uses under the 

Okeechobee County ZOning Ordinance 

62 6 3 Easements, Title. Agency Works 

The pipeline ROW Will be located within the eXisting CSX Railroad ROW located to 

the west of SR 710 The northern terminal of the pipeline ROW Will cross a small 

portion of land belonging to SFWMD Approval for crossing such state and county 

roads, easements, and agency works (e g, county drainage districts) Will be 

obtained as part of this SCA Table 6 2 6-1 lists the facIlities under title, easements, 

or agency works that Will be crossed by the proposed pipeline 

6 2 6 4 VICInity Scenic. Cultural. and Natural Landmarks 

The pipeline cOrridor follows eXisting road and ""I ROWs and does not cross any 

sceniC, cultural, or natural landmarks 

62 6 5 Archaeological and Hlstonc Sites 

A comprehensive evaluation of archaeological and historic resources within the 

cooling water pipeline cOrridor was conducted by Piper Archaeological Research, 

Inc, and IS located In Section 10 8 

This research revealed no preViously recorded archaeological SItes within the 

pipeline cOrridor, and a low probablhty of finding additional Significant histOrical 

resources DUring research and assessment, no archaeological or hlstonc sites 

were found which would be eligible for Inclusion on the National Register of Historic 

Places (Piper, 1990) 

In an area south of the pipeline cOrridor In Section 2, Township 39 South, Range 

27 East, a historic feature was found Named the Zana Railroad Water Reservoir, 

20524 016\lnd,anln SCA 626-5 
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Table 626-1 
EASEMENTS, TITLE, OR CROSSING APPROVALS 

NORMALLY REQUIRED FOR CONSTRUCTION OF THE 
COOLING WATER PIPELINE 

Type of 
FaCIlity Affected Agency Approval 

CR 15A Okeechobee County Utility Permit 

CR 15B Okeechobee County Utility Permit 

FEC Railroad FEC Railroad Crossing Permlt* 

Myrtle Slough FDER,SRNMD, USACE' General Permit (FDER) 
Lettuce Creek Industnal Wastewater 
Henry Creek Permit (FDER) 
Nubbin Slough Works of the Dlstnct 
Unnamed streams Permit (SRNMD) 

Section 404 Dredge-
and Fill Permit 
(USACE) 

Vanous Indiantown Drainage Utility Permit 
unamed Dlstnct 
ditches and Troup-Indiantown 
canals Drainage District 

Coquina Water 
Control District 

*Pnvate permit not subject to local, county, or state JUriSdiction 
+ Permit mayor may not be required depending on construction method of 
pipeline (I e, attached to eXisting bndge structure versus buned under stream) 

Sources FDOT, 1990 
CSX, 1990 
Okeechobee County, 1990 
SRNMD,1990 
USACE,1990 
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the feature contains a small camping shack and an angular concrete structure 

The research conducted by Piper Archaeological Research, Inc speculated that 

this site may have been a water reservOir for steam locomotives However, this 

feature was not found to be eligible for listing In the National Register of Hlstonc 

Places (Piper, 1990) 
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6 2 7 BIOPHYSICAL ENVIRONMENT OF THE CORRIDOR AREA 

6 2 7 1 Land UseNegetatlon 

The proposed pipeline will be located within the eXlsllng CSX Railroad right-of-way 

(ROW), with the excepllon of Its northern terminus, which will cross a short secllon 

of maintained grassland belonging to SFWMD 

Land use and vegetation along the 19-mlle long cooling water pipeline corridor and 

within 1/2-mlle of the ROW are presented In Figures 6 2 7-1a and 627-1 (pages 

1 through 5) The mapped Information IS labeled uSing the Level III deslgnallons 

of the SFWMD Land Use and Land Cover Classification Code (see Chapter 10) 

The cOrridor was surveyed by plant ecologists/taxonomists In July and October 

1990 

The predominant agricultural land use type crossed by the cOrridor IS Improved 

pasture (API M) Other conspicuous agricultural land use types occurring along the 

cOrridor are citrus groves (AMCT), sugar cane fields (ACSC), and dairy farms 

(AFDF) The cOrridor also crosses several areas classified as urban or bUilt-Up, 

which are pnmanly reSidential In nature The urban land uses located within the 

corridor consist of the follOWing Single-family reSidential (URSL), mobile home 

resldenlial (URMH), Industrial (UI), and water supply plants (UTWS) In addition, 

the COrridor Includes SR 710 and the CSX Railroad 

Vegetallon communities found In the cOrridor are Included In the descrlpllons 

prOVided In Section 2 3 5 The dominant forest types are pine and wet prairie 

(WXPP), old fields/forested old fields (FMOF), and cypress swamp \'NFCY) Other 

vegetation types occurring within the cOrridor Include pine/cabbage palms (FMPC), 

cabbage palm/oaks (FMCO), pine flatwoods (FEPF), and levees (Bl) 

One land use type that occurs within 1/2-mlle of the pipeline cOrridor and was not 

previously desCribed for the ICl prolect site IS levees TYPically, levees have very 

~~4 016\lnd'ar1ln SCA 627-1 
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little or no vegetation and limited ability to support life The only mapped levee 

within the plpehne comdor IS a raised, earthen berm situated along the Taylor 

Creek/Nubbin Slough (TC/NS) waterway connected to Lake Okeechobee Only 

opportunistic, ruderal herbs and shrubs such as begger's tick, groundsel bush, 

Caesar's weed, partridge pea, and others would be expected along the levee 

The most Important wetland types within 1/2-mlle of the cOrridor are cypress 

swamps and wet prairie Cypress swamps occur along dralnageways and are 

dominated by bald cypress Wet prairies are usually hydrologically Isolated and 

OCcur In depreSSIons wIthin pIne flatwoods (I e , pine and wet praIrie assOCIatIon) 

or In Improved pasture 

SInce the pIpeline ROW IS located within the CSX ROW, the land to be potentIally 

affected by the pIpeline has been prevIously altered and has low ecologIcal value 

VegetatIon communitIes adjacent to the proposed COrridor route (Within 1/2-mlle 

of either side) are common In the region 

6 2 7 2 Affected Waters and Wetlands 

The preferred water plpehne corndor alignment was selected, In part, to minimiZe 

Impacts to the enVIronment IncludIng water bodIes and wetlands As a result, the 

cOrridor was collocated with eXistIng linear facilities, and SIted In a hIghly dIsturbed 

area located along eXlsllng raIlroad and road ROW Because of the flat and low­

lYIng physIography of the regIon and the lInear nature of the proposed faCIlity, the 

corndor cannot totally aVOid wetlands along ItS 19-mlle distance 

The area of the preferred cOrridor IS characterized by previously disturbed sOils 

and low, flat, sandy sOils SOils near the surface generally have high permeabilIty 

and slow runoff rates Runoff IS channelled to an eXistIng dItch paralleling the 

raIlroad ROW or to SR 710 draInage dItches DraInage IS toward TC/NS The 

southern part of the cOrridor has Similar types of drainage systems whIch draIn 

runoff to the south, leadIng ultImately to the St LUCIe Canal 
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The corridor crosses no major water bodies, only small canals and ditch systems 

which have generally been excavated for drainage of agricultural land located to 

the east of SR 710 Several such drainage ditches are shown within the cOrridor 

on USGS 7 5-mlnute quadrangle maps In Martin County, Including Myrtle Slough 

Lettuce Creek, Henry Creek, and Nubbin Slough are the major drainages crossed 

by the cOrridor In Okeechobee County 

6 2 7 3 Ecology 

Terrestrial Biology 

This section discusses the status and potential for occurrence of species Identified 

as endangered, threatened, or species of special concern by USFWS, FGFWFC, 

TCRPC, FCREPA, and/or Martin County In and along the 19-mlle coohng water 

p'pehne ROW located within the eXisting CSX ROW Thorough descriptions for 

these species, which potentially occur In Martin County and surrounding counties 

and which can occur at the project SIte, were previously presented In Section 2 3 6 

Plant and ammal species status hsted In that section (Tables 23 6-1 and 23 6-2) 

apply, to a degree, to the cooling water plpehne cOrridor The natural vegetation 

community types occurring In the cOrridor are similar to those occurring at the 

project site (I e, pine flatwoods), but most of the corndor consists of ruderal 

roadside habitat In vanous stages of succession and maintenance 

The probablhty of occurrence of threatened and endangered species In the 

preferred corridor IS based on seasonal ground surveys, habitat analyses, and 

diScussions With agency personnel Due to the high degree of habitat alteralion 

and the disturbance caused by the use of the CSX rail hne and adjoining SR 710, 

there are no records of nesting or breeding occurrences for any threatened or 

endangered animals In the COrridor or ItS vIcinity listed species such as herons, 

egrets, IbiS, osprey, and alhgator, for example, have been observed along TC/NS 

on the northernmost end of the ROW The remaining ROW, offers no sUitable 
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habitat lor species such as sandhill crane, woodstork, red-cockaded woodpecker, 

gopher lrog, round-tailed muskrat, Sherman's lox squirrel, or Flonda mouse 

The vegetation In the cOrridor IS dominated by maintained rlght-ol-way and other 

ruderal assoCiatIOns With the exception 01 narrow wetland zones along 

watercourses, the cOrridor contaIns no mature, unlmpacted vegetatIon communi­

ties 

No endangered plant species are known to occur within the COrridor Climbing 

dayflower may occur along the banks 01 TC/NS and other canals, creeks, and 

sloughs connected to Lake Okeechobee that cross the pipeline cOrridor This 

plant IS listed as threatened by both FCREPA and FDACS and IS under review lor 

lederal IIsling 

62 7 4 Other EnVironmental Features 

No additional Information IS reqUIred 
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628 EFFECTS OF RIGHT-OF-WAY PREPARATION AND PIPELINE 

CONSTRUCTION 

6 2 8 1 ConstructIon Technoques 

Survey 

FollowIng CSX approval 01 the rlght-ol-way (ROW) applicatIon, the entire route WIll 

be surveyed The centerline 01 the p'peline ROW WIll be marked at about 200-loot 

Intervals 

RIght-Of-Way Clearing. GrubbIng. and ExcavatIon 

Prior to clearing, fIeld personnel responsIble lor clearing actlvltoes WIll be made 

lamlilar WIth condItIons 01 easements, permIts, regulatory approvals, and CSX 

raIlroad requirements Clearing WIll be restricted to those areas WIthIn the 50-loot 

ROW required lor dItchIng, pIpe laYIng, and related actIvItIes Temporary gates and 

lences WIll be Installed when necessary and removed lollowlng constructIon The 

dIsturbed land surface WIll be graded, seeded, and returned to Its lnotoal contour 

Where clearing 01 trees and brush WIll be required, chaIn saws or bulldozer-type 

machInery WIth specIal cuttIng blades WIll be used Slash and brush WIll be hauled 

offslte Tree stumps and roots WIll be mechanIcally removed and dIsposed 01 In 

a Similar manner 

The pIpe trench WIll be excavated to a mInImum WIdth to prOVIde clearance for the 

pIpe and any buoyancy control deVIces as needed ExcavatIon of a mInImum 01 

8 Inches on eIther SIde of the pIpe WIll be required A typIcal trench IS shown In 

FIgure 6 2 8-1 A combInatIon 01 backhoes, clamshells, and dragllnes WIll be used 

MattIng WIll be used to support heavy machInery In wetlands areas Temporary 

dItch crossIngs lor equIpment WIll be proVIded where necessary 
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Pipe Installation 

Trucks or ali-terrain vehicles will be used to transport pipe to the ROW, where the 

pipe will be placed on the side of the trench To cross wet areas, pipe will be fitted 

up on the adlacent ROWand pulled or floated Into place No additional staging 

areas will be required 

Bending and welding (If required) will take place within the ROW Welding 

procedure qualilication tests will be conducted In accordance with applicable 

codes Welders will be qualified In accordance with applicable codes by 

completing test welds, uSing the approved welding procedures The field weld and 

adlacent uncoated pipe will be coated with a matenal that IS compatible with the 

eXisting coating After beveling of the eXisting coating, the bare area will be 

machine cleaned to remove dirt, rust, etc, to obtain a clean surface for coating 

Construction Involves the Installation of pipeline segments at a depth of 3 to 5 feet 

per CSX requirements In the ROW Bedding matenals may be required In the 

pipeline trench In areas where the bottom IS Irregularly shaped or where the 

excavated spall matenals are unacceptable for backfilling around the pipe due to 

possible coating damage To protect the pipe In these areas and for support, sand 

or gravel, crushed rock and screened spall matenals, or a combination of each 

may be used for bedding This bedding matenal will be placed In the bottom of the 

trench to a minimum depth of 6 Inches pnor to lowenng of the pipe IntO place 

Only salls excavated from the pipeline trench and Imported bedding matenals will 

be used for backfilling, no other salls from the ROW will be used SOil removed 

from the trench line will be used to form a slight crown over the trench centerline 

to compensate for sOil settlement Openings will be left In the completed crown to 

permit lateral surface drainage 
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When backfilling has been completed, accumulated construction debris will be 

removed from the ROW, and drainage ditcheS, terraces, roads and fences Will be 

restored to their former cond~lon Potholes, ruts, and depressions will be filled, 

and the pipeline ROW will be left In a neat condition Pipeline markers and warning 

signs Will be erected and maintained at roads, watercourses, and other pOints In 

accordance w~h applicable regulations All surplus materials and construction 

equipment Will be removed 

Major highways and railroads crossings Will be bored and casing Installed If 

required All crossings Will be constructed In accordance with applicable 

regulations A minimum of 3 feet of covering Will be utilized over the top of the 

pipe or casing except at water crossings where the pipe IS above grade 

On unsurfaced and lightly traveled rural roads, road crossings may be made uSing 

open cut, conventional trenching methods (where permitted) ProvIsions Will be 

made for temporary passage of traffic by either a detour acceptable to JUrisdictional 

agencies, by temporary bridging over the excavated trench, or a combination of 

both Detour and warning signs, lights, flagmen, barricades, pilot vehicles, 

watchmen, and any other features reqUIred for maintaining safe passage of traffic 

Will be supplied and maintained as necessary Construction pipeline crossings, 

Including repair, restoration, and cleanup operations, Will be expeditiously 

conducted In a neat and orderly fashion to minimize any disturbances 

All canal crossings Will be Installed In accordance with Industry practice and 

applicable regulatory specifications Conllnuous concrete-coated pipe, concrete 

weights placed over the pipe, or screw anchors may be employed to overcome 

buoyant forces In wet area crossings Concrete weights Will be fabricated by 

concrete structure manufacturers located near the proposed pipeline route as 

needed An acceptable pad Will be used to protect the pipe and pipe coating from 

pOSSible damage Placement of the weights over the pipe will be accomplished by 

the use of side booms or cranes SpeCial care Will be taken to ensure that no 

damage IS done to the pipe coaling Excavation of the pipeline trench, stream 
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banks, and approaches will be performed by conventional trenching and grading 

equipment Siltation from water disturbances will be held to a practical minimum 

In addition, the following erosion control measures will be adhered to 

• Ditch and canal crossings will be made as close to perpendicular as 

possible 

• Cutting of banks and slope approaches Will be held to a minimum 

Effort Will be made to minimize suspended sediment release IntO watercourses 

dUring trench excavation Backfill operations Will be performed slowly to minimize 

agitation In addition, silt curtains Will be Installed on each Side of the ROW dUring 

construction to minimize turbidity effects Pipe trenches at the banks Will be 

backfilled with stable materials Immediately after the pipe IS laid so as to reduce 

erosion of fine materials from the trench Immediately adlacent to the channel 

Hydrostatic Testln9 

The hydrostatic testing of the pipeline Will be conducted In accordance with the 

regulations contained In AWWA or applicable ANSI standards The pipeline Will be 

pressure-tested to substantiate the proposed maximum allowable operating 

pressure and to locate any leaks It IS proposed that hydrostatiC tesllng be 

employed With water as the testing medium Where test sections are continuous, 

the quantity of water required Will be held to a minimum by reusing the water, 

where feasible, from one tested section to the succeeding test section The length 

of the test section Will depend on factors such as elevation, availability of water, 

and scheduling All manifold valvlng Will have a working pressure, based on the 

maximum test pressure The test heads and man~old pipe Will be deSigned and 

fabricated so that no component Will be stressed beyond ItS safe working strength 

Water for thiS testing Will be taken from local streams or trucked In as reqUired 
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Squeegees (pigs) will be positioned ahead of, as well as behind, the water fill 

connection for controlled filling and dewatering In the filling process, the 

squeegee will be steadily pushed ahead by the water, forming a seal to eliminate 

air entrapment 

Erosion Sediment Control Measures 

Unless otherwise noted, all management strategies, vegetative practices, and 

structural eroSion and sediment control practices will be developed and maintained 

according to Flonda standards and speCifications 

Management Strategies 

• Activities will be scheduled to minimiZe erOSion of disturbed areas 

• Excavated areas will not be exposed to construction traffic 

• Protection measures will be Implemented to prevent transport Into any 

stream, wetland area, or adjacent storm water management system 

StockpIling of excavated material will be away from the wetland areas, • 
and surrounded by Sl~ fence or hay bales 

• Wetland banks and beds will be stabilized after construction 

• Surface areas will be restored to at least Original cond~lon 

• The construction superintendent will have overall responsibility for plan 

Implementation He shall also be responsible for seeing that 

appropriate construction workers and subcontractors are aware of the 

provIsions of the plan 

Vegetative Practices 

• TopsQII Stockpile Topsoil shall be stripped from areas to be graded, 

and stockpiled for later use Stockpile 10caMns shall be approved by 

the construction superintendent They Will, however, be placed away 

from wetland areas and contained by structural measures (I e, Silt 

fencing or hay bales), as determined by the construction super-

1ntendent 
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• Seeding After construction IS complete any previously vegetated areas 

WIll be established by seeding with an approved mixture 

Structural Practices 

• Silt Fencing Silt fencing will be utilized In areas of high sediment 

transport potential In general, fencing will be used to protect adjacent 

properties It can be placed along the run of construction utilizing a 

minimum of space Fencing can also be reused along the route, If 

properly maintained Essentially, as a pipeline segment IS excavated silt 

fencing IS placed along the outside of the work area (See Figure 

3 8 4-7) This creates an enclosed and controllable area 

Silt fence construction will be held to the following gUidelines 

20524 OHI\lnd'amn seA 

The height of a slit fence shall not exceed 36 Inches (higher 

fences may Impound volumes of water suffiCient to cause failure 

of the structure) 

The filter fabriC shall be purchased In a continuous roll cut to the 

length of the barner to avoid the use of JOints When JOints are 

necessary, filter cloth shall be spliced together only at a support 

post, with a minimum 6-lnch overlap, and securely sealed 

Posts shall be spaced a maximum of 10 feet apart at the barner 

location and driven securely Into the ground (minimum of 12 

Inches) When extra strength fabriC IS used without the wife 

support fence, post spacing shall not exceed 6 feet 

A trench shall be excavated approxlmate~ 4 Inches Wide and 4 

Inches deep along the line of posts and upslope from the barner 

When standard strength filter fabriC IS used, a wife mesh support 

fence shall be fastened securely to the upslope Side of the posts 

uSing heavy duty wife staples at least 1 Inch long, tie wlfes, or 

hog rings The Wife shall extend Into the trench a minimum of 2 

Inches and shall not extend more than 36 Inches above the 

original ground surface 
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The standard strength filter fabnc shall be stapled or wired to the 

fence, and 8 Inches of the fabnc shall be extended Into the trench 

The fabnc shall not extend more than 36 Inches above the anginal 

ground surface Filter fabnc shall not be stapled to eXisting trees 

When extra strength lilter fabnc and closer post spacing are used, 

the wire mesh support fence may be eliminated In such a case, 

the lilter fabnc IS stapled or wired directly to the posts wrth all 

other provIsions of the Item above applYing 

The trench shall be backfilled and the sOil compacted over the 

lilter fabnc 

Silt fences shall be removed when they have served their useful 

purpose, but not before the upslope area has been permanently 

stabilized 

Post of silt fences shall be either 4-lnch diameter wood or 1 33 

pounds per linear foot steel with a minimum length of 5 feet Steel 

posts shall have prolectlons for fastening Wire to them 

Wire fence reinforcement for silt fences uSing standard strength 

filter cloth shall be a minimum of 42 Inches In height, a minimum 

of 14 gauge and shall have a maximum mesh spacing of 6 Inches 

Dewatenng During Construction 

Dunng construction It will probably be necessary to remove groundwater from 

Inside the work area That water will be pumped out of the excavalion and diverted 

through a hay bale filter Into the eXisting stream down slope of the actlvrty 
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Construction MOnitoring and Maintenance 

In general, all erosion and sediment control measures will be checked weekly and 

after each significant rainfall The follOWing Items will be checked In particular 

• All seeded areas will be checked regularly to see that a good stand IS 

maintained Areas shall be fertilized and reseeded as needed 

• Silt fences and filter barners shall be Inspected Immediately after each 

rainfall and at least dally dUring prolonged rainfall Any reqUired repairs 

shall be made Immediately 

• Should the fabric on a silt fence or filter barner decompose or become 

Ineffective prior to the end of the expected usable life and the barner 

still be necessary, the fabriC shall be replaced promptly 

• Sediment deposits should be removed after heavy storm events They 

must be removed when deposits reach approximately one-ha~ the 

height of the barner 

• Any sediment deposits remalrllng In place after the Silt fence or filter 

barner IS no longer reqUired shall be dressed to conform With the 

eXlsllng grade, prepared, and seeded 

Permanent Stabilization 

Prior to removal of the lateral Silt fencing, the pipeline trench Will be backfilled, 

compacted, graded over, and vegetation re-establlshed All vegetated areas Will 

be re-establlshed and stabilized by an approved seeding mlldure 

6 2 8 2 Impact on Water Bodies and Uses 

For almost the entire run of the pipeline from the Taylor Creek/Nubbin Slough to 

the project site, the pipeline Will be located underground and In the CSX ROW, 

approximately parallel to and W 18 feet to the south of the center hne of the 

railroad track Except for the crossings at eXisting creeks, sloughs, and ditches, 
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as shown on Figure 6 2 8-2 and listed In Table 6 2 8-1, the pipeline will be entirely 

located In an area where It will not Impact any waters of the state Further, 

depending on the width of the creek being crossed, the pipeline at most locations 

will either be supported from eXisting railroad bridges In accordance with the 

reqUirements of the CSX railroad or from new supports placed on either side of the 

creek away from the shoreline (Figure 6 2 8-3) However, some of the large pipe 

spans over streams such as Nubbins Slough, Henry Creek, and Lettuce Creek 

may require the addition of a pre-cast pile support(s) to be placed In the stream 

DUring the design phase of the proJect, the option of uSing the railroad bridges to 

support the pipe will be analyzed If the bridges are SUitable and CSX agrees with 

the approach, these mid-stream supports may be eliminated Since with these 

types of crossings the pipeline will remain above the waterline of the creeks which 

are not navigable, the Impact on the quality and quantity of the water will be 

precluded In addition, the pipe crossing will not affect the water level In the creeks 

crossed by the pipeline 

At a location south of Myrtle Slough, the pipeline will be traversing the edge of an 

elongated swamp Since the length of the swamp parallel to the pipe run IS 

suffiCiently large, It will require an additional Intermediate support In the middle of 

the water crossing as shown In Figure 6 2 8-3 ThiS support will be a 12-lnch 

diameter round pre-cast concrete pile driven Into the ground ConSidering the Size 

of the proposed support and lis location (I e, close to the edge of eXisting 

railroad), It IS determined that thiS structure will have an Insignificant Impact on the 

eXisting swamp The proposed construction will not reqUire any dredging or 

bUilding of cofferdams In the eXisting water body and Will be made from the railroad 

ROW 

62 8 3 Solid Wastes 

Construction solid wastes such as trees, tree stumps, roots, etc, Will be minimal 

and Will be hauled offslte to an approved landfill 
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COrridor Containing 
CSXROW 

CR Pipeline Crossing No 

Pipeline routed parallel to and 
approximately 18 feet from <t 
of railroad track on the south side 

Sources USGS 1983 SFWMD 1986 ECT 1990 
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• Table 628-1 
LIST OF PIPELINE CROSSINGS 

CROSSING RAILROAD WIDTH OF CROSSING 
NQ. DESCRIPTION MARKER CROSSING DETAILS 

1 Nubbin Slough 9150 93 ft Fig 628-3 

2 Henry Creek 9183 129 ft Fig 628-3 

3 Lettuce Creek 9197 100 ft Fig 628-3 

4 Myrtle Slough 9237 26 ft Fig 628-3 

5 Swamp 9270 Fig 628-3 

6 BR-34 (*) 9283 34 It Fig 628-3 

(*) Per USGS 4SE Quadrangle 7 5 minute senes 

• Nole For crossing number, see Figure 6 2 8-2 

• 
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6 2 8 4 Changes to VegetatIon. WIldlife. and AquatIc life 

No sIgnifIcant permanent changes to anImal and plant populatIons are expected 

Most of the area around the corndor IS currently In open land. as a resu~ of the 

land beIng maIntaIned In an early ecologIcal successIonal state as part of the 

raIlroad ROW FollowIng constructIon, vegetatIon In these open areas, IncludIng 

wetlands, WIll be allowed to return to Its onglnal condItIon 

Forested areas, such as p,ne flatwoods, WIll be cleared only as reqUIred for 

construction 

No threatened and endangered anImals or endangered plant specIes are known 

to occur In the area No mItIgatIon measures are planned beyond envIronmental 

protectIon procedures Implemented dunng constructIon 

6 2 8 5 Impact on Human PopulatIons 

ConstructIon will begIn once fInal regulatory approval has been receIved, and IS 

expected to take about 6 months to complete 

PopulatIon density In the vIcInity of the proposed p'peline corndor IS generally 

sparse The Impact of the pIpeline on the surroundIng human populatIon wIll be 

negligIble The use of eXlsllng ROWand the short duratIon of constructIon 

actIVItIes wIll mInImIze any Inconvemence whIch mIght occur 

62 8 6 Impact on RegIonal SceniC, Cultural. and Natural Landmarks 

There are no areas IdentIfied In SectIon 6 2 6 1 as beIng valued speCIfIcally for theIr 

scenIC, cultural, or natural SIgnIficance WIthIn the proposed pIpeline corndor, 

therefore, no Impact needs to be assessed 
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6 2 8 7 Impact on ArcheologIcal and HIstone SItes 

No archaeologIcal or hlstonc resources were prevIously listed along the sectIon of 

the CSX ROW where the water p'pel,ne WIll be constructed (see SectIon 108) In 

addItIon, no archaeologIcal or hlstonc resources eligIble for InclusIon In the NatIonal 

RegIster of Hlstonc Places were found dunng research and field assessment 

Therefore, actIvItIes Involved wIth the constructIon of the pIpeline should have no 

Impact on SIgnificant archaeologIcal or hlstonc resources 

Should constructIon actIvItIes cause the dIscovery of unantIcIpated archaeologIcal 

matenals, those actIvItIes whIch potentIally would dIsturb such matenals WIll be 

postponed untIl a professIonal archaeologIst can evaluate their potentIal 

sIgnIfIcance In the event the matenals are believed to be SIgnifIcant, the State 

Hlstonc PreservatIon OffIce (SHPO) WIll be contacted to IdentIfy appropnate 

measures 
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629 POST-CONSTRUCTION IMPACTS AND EFFECTS OF MAINTENANCE 

62 9 1 Maintenance Technlgues 

The pipeline IS to be constructed In the CSX right-of-way (ROW), therefore, no 

additional maintenance techniques are proposed beyond current maintenance 

procedures 

6 2 9 2 Multiple Uses 

No multiple or JOint uses, such as agriculture, are proposed for the lands w~hln the 

CSX ROW, the proposed location of the ICL pipeline OIher linear facilities, such 

as optical fiber telephone lines, have been Installed In thiS ROW Use of thiS ROW 

IS controlled by CSX 

6 2 9 3 Changes In Species Populations 

The status and potential for occurrence of Important species In and along the 

proposed pipeline ROW was discussed In Section 6 2 7 The aVOidance of 

ecologically unique or valuable habitats was achieved through collocation of the 

pipeline with the eXisting CSX railroad ROW 

Changes In local species populations are not expected as a result of the pipeline 

presence and maintenance Displacement of ,nd,v,duals from the Immediate ROW 

area which might occur as a resu~ of construction activities would be temporary 

These displaced species are expected to re-Inhablt or repopulate the ROW area 

No animal or plant species IS expected to be permanently displaced out of the 

project area as a result of construction In the pipeline ROWand subsequent 

maintenance In a short time, ground cover over the disturbed land will be 

indistinguishable from surrounding vegetation except for those small areas that are 

forested Here, a decrease In structural diverSity (loss of canopy trees) will occur, 

however, due to collocation with the CSX ROW, only a narrow striP of canopy will 
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be lost In these areas, clearing of overstory vegetation will not result In the loss 

of significant portions of regional wlldlrte habitat types 

No threatened or endangered plants or animals are known to require land Included 

Within the pipeline ROW The current land use as ROW for the CSX railroad has 

resulted In habitat types poorly sUited for habitallOn by such species In summary, 

there are expected to be no measurable changes to populations of Important 

species after construction or as a result of maintenance activities 

6 2 9 4 Effects of Public Access 

No additional public access roads are proposed as part of the pipeline cOrridor 

Therefore, no additional exposure to the public by wildlife should result as part of 

maintenance of the pipeline cOrridor 
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6210 OTHER POST-CONSTRUCTION EFFECTS 

Because the proposed pipeline will be bUried underground, no additional post­

construction effects are expected 
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7 0 ECONOMIC AND SOCIAL EFFECTS OF PROJECT 

CONSTRUCTION AND OPERATION 

The development of the ICl project will have overall beneficial economic effects on 

Martin County, the surrounding region, and statewide ICl will actively encourage 

the hlnng of all operational employees from the local area or the relocation of new 

employees within Martin County As such, operational-related economic and social 

effects are expected to be concentrated within Martin County Construction-related 

economic and social effects are expected to be more widely dlstnbuted over a 

larger geographic area, due to the commuting nature of construction workers 

ThiS area may Include Martin, Okeechobee, St lUCie, and Palm Beach Counties, 

as well as the Fort lauderdale and Miami metropolitan areas 

Any potential socioeconomiC effects created by the development of the ICl Me 

would pnmanly be the result of any population growth due to the construction and 

operations workers Involved In the prOject D,scuss,ons of the benents and costs 

of the construction-related activities are found In Sections 7 1 1 and 7 2 1, 

respectively, diSCUSSions of the benefits and costs of the operational-related 

activities and workforce are found In Sections 7 1 2 and 7 2 2, respectively 

The projected size of the construction workforce, as previously descnbed In 

Section 4 6 2, IS expected to reach a peak of 800 ,nd,v,duals for 4 to 6 months 

dunng the third year of construction The projected operational workforce IS 

expected to total 80 persons These operational workers Will be employed after 

the construction IS complete and startup of the unit IS commenced which IS 

expected In July 1995 The plant IS expected to be placed In service In December 

1995 The employment positions generated by the operation of the ICl plant Will 

also create Indirect positions required to service and support the direct operational 

workers 
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The anticipated population growth resulting from the employment of the construc­

tion and operational workforce Will have positive and, to a lesser extent, negative 

effects on the socioeconomic character of Martin County and the surrounding 

region The positive Impacts Will Include the additional payroll generated by these 

new employment positions and additional revenues generated by the taxes levied 

on cap~al Investment In the plant and additional expend~ures In the region 

The potential negative effects resulting from the construction and operation of the 

ICL plant revolve around any potential need to expand Infrastructure and public 

services for thiS population Elements of Infrastructure typically Include roads, 

parks, public landfills and solid waste management services, gas and electrrc 

utilities, potable water supply, and domestic wastewater treatment faCilities Public 

services which may be affected could Include police and frre protection, education, 

and medical S81VIces 

The local supply of hOUSing IS another socioeconomic characterrstlc which may be 

Impacted by the add~lonal population However, the potential effects on 

community services and hOUSing are expected prrmarrly to be Involved w~h the 

long-term tlmeframe associated With the operation of the faCility Because of the 

commuting nature of the construction workforce, very few permanent relocations 

are anticipated durrng the construction perrod Therefore, Significant new 

reSidential construction and Increased demands on the eXisting Infrastructure and 

public services to support the construction workforce are not expected 

The follOWing assumptions were made for the analYSIS of potential Impacts caused 

by the construction and operation of the ICL plant 

• Most of the construction workers are expected to commute dally from 

their current reSidences It IS not uncommon for construction workers 

to commute up to 100 miles one-way, as opposed to relocating closer 

to the s~e ThiS 1 ~O-mile commuting distance therefore Includes the 

urbanized areas of Miami, Fort Lauderdale, and West Palm Beach ThiS 
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construction workforce IS charactenzed by those specialized craftsmen, 

technicians, and construction workers typically Involved In the 

construction of power plants Some workers may be expected to 

temporanly relocate (I e , dunng weekdays only), wrthout families, to 

available rental housing and mobile home Units Within the Martin County 

and surrounding region 

• For thiS analYSIS, It IS assumed that all of the 80 projected operational 

workers are assumed to relocate to Martin County ICL will actively en­

courage any employees hired from outside the county to relocate to the 

local area 

• Since ICL will actively encourage the hlnng of local residents to the 

extent possible, It IS likely that some of the 80 direct jobs Wlil be filled 

by persons who currently live and work In Martin County However, 

because these Individuals are most likely currently employed In Martin 

County and will vacate eXisting poMlons for employment at the ICL 

plant It IS assumed that newcomers will fill those vacated positions 

Therefore, the assumption that 80 posrtlons will be filled by newcomers 

remains unaffected In the event that new positions are filled by local 

residents that are currently unemployed, thiS assumpllOn will slightly 

overstate the number of newcomers reqUIred to fill all positions 

• It IS assumed that all Indirect employment, or those positions In the 

service Industry created to support the project-related workforce, will be 

filled by workers who migrate to the area This assumpllOn IS validated 

by the hlstoncal pattern of In-migration accounting for 100 percent of 

the region's population growth (Bureau of Economic and Business 

Research, 1988) In the event that these ,ndirect jobs are filled by local 

residents that are currently unemployed, thiS assumption will again 

overstate the number of newcomers to the area 

20524 Ol6\lndoantll SCA 7 0-3 



• 

• 

• 

• The final assumption IS that the average household of In-migrating 

workers will equal the statewide average of 2 47 persons per 

household, with 0 9 children per household (U S Department of 

Commerce, 1988) It IS also assumed that 75 percent of the children 

are of school age 
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7 1 SOCIOECONOMIC BENEFITS 

A pnmary benefit resulting from the ICL facility will be the provIsion of a new, 

efficient, and reliable energy source In addition to the provIsion of energy, the 

ImplementatIOn of the ICL power plant will provide temporary economic benefits 

dunng construction and long-term benefits dunng ItS operation to the local, 

regional, and statewide economiCS 

SectIOn 7 1 1 discusses the temporary benefits associated With construction, which 

may Include the direct benefits of the employment and payrolls, and Indirect 

benefits such as Increased rent payments, spending Within local and regional 

economies, and additional revenues generated through sales taxes 

Section 7 1 2 discusses the long-term benefits associated With the operation of the 

ICL facility These benefits are expected to Include Increased employment and 

payrolls, and greater revenue sources through property and ad valorem taxes, 

and also through Impact fees, pnmanly In Martin County Some of these 

operational-related positive Impacts are single-event benefits that will not 

accumulate over time, such as Impact fees, while others, such as property taxes, 

will be cumulative over the 30-year life of the project 
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7 1 1 CONSTRUCTION-RELATED BENEFITS 

SOCioeconomiC benefits anticipated within Martin County and the surrounding 

region as related to the construction of the ICl facIlity Include additional employ­

ment and payrolls, add,llonal rents and Increased levels of spending, and additional 

sales tax revenues on localized spending and Investment In construction supplies 

and matenals 

Based on the size of the available workforce In the region (I e , wIthIn a 100~mlle 

commuting distance), most of the construction workers for the project are expected 

to commute dally from their current residences Therefore, any relocation of 

construction workers to Martin County and the region IS expected to be minimal, 

and any population growth and resulting demands on public services In the region 

dUring the construction activItIes are also expected to be minimal 

This anticipated commuting and non-relocatIon pattern will result In mInImizing any 

potential negative socioeconomic effects of the ICl project from direct and Indirect 

populallon growth In the region dUring construction However, the project con­

struction act,v,lles will have posrtlve effects on the local and regional economies by 

providing employment opportunities and associated payrolls which will maintain or 

Increase (I e , to the extent unemployed workers are hired) spending levels In 

Martin County and the region The Marlin County, regional, and statewide 

economies will also benefit from the purchase of supplies, matenals, and services 

required for the construcllon of the project 

Table 7 1 1-1 provides the estimated number of direct employment positions 

created due to the construcllon of the ICl plant and annual payrolls The 

construcllon payroll IS estimated to be as large as $177 million dUring the third 

year of construction This was determined by multiplYing the projected number of 

employees by the total work hours In a year based on a 40-hour work week 

(2,080 hours), and multiplying that by the average heavy construction wage of 

$1421 as reported to the FlOrida Department of labor and Employment Securrty 
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Table 7 1 1-1 
ESTIMATED NUMBER OF DIRECT CONSTRUCTION EMPLOYMENT 
POSITIONS AND ANNUAL PAYROllS (IN 1989 DOLLARS) DURING 

THE CONSTRUCTION OF THE ICl PROJECT 

Average 
Annual Change 

Construc- from 
Construction tlon PrevIous Construction 

Period Jobs Year Payroll 

7/92 - 12/92 200 +200 $2,955,680 

12/92 - 12/93 400 +200 $11,822,720 

12/93 - 12/94 600 +200 $17,734,080 

12/94 - 12/95 200 -400 $5,911,360 

12/95 - 12/96 0 -200 0 

TOTAL $38,423,840 

Sources Bechtel, 1990 
Florida Department of Lebor and Employment Security, 1990 
ECT, 1990 
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for 1989 Over the 4 years of construction, the total estimated payroll IS 

$38 million 

The construction-related workforce IS also expected to create Indirect economiC 

benefits to the region through those Individuals that temporanly relocate closer to 

the ICL SIte dunng weekdays These Individuals will create posrtlve economic 

Impacts through rental payments for housing, such as multi-family and mobile 

home units, or recreational vehicle lots Since a few ,nd,v,duals may permanently 

relocate dunng construction, potential benetrts may also be created by mobile 

home or Single-family home purchases The eXisting housing stock Within the 

region IS adequate to meet the needs of the few expected permanent relocations 

Therefore, additional revenues In the form of ad valorem taxes and Impact fees for 

new reSidential development are expected to be minimal 

The construction workers commuting through the local area and those who 

temporanly live In the region dunng the weekdays should also Increase levels of 

spending at retail establishments In the region ThiS potential Increase In spending 

will generate additional revenues to Martin and surrounding counties and the state 

through sales and gasoline taxes 

Addrtlonal sales taxes will also be generated In the region and statewide from 

projected Investment In construction matenals and supphes Anticipated 

expenditures totaling $4,264,215 for construction matenals are estimated Within the 

local area, equating to a total $255,600 In sales taxes The use of heavy 

equipment for construction of the facility will also generate a personal property tax 

of approximately $158,000 per year of construction 
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7 1 2 OPERATIONAL-RELATED BENEFITS 

Socioeconomic benefits resulting from the operallon of the ICL power plant are 

expected to take the form of additional employment and payroll, additional 

revenues from the capital Investment In the plant facilities, land, and heavy 

eqUIpment, additional ad valorem taxes associated with the anticipated reSidential 

relocations, and Impact fees collected for the development of the ICL faCility and 

for potential new reSidences associated with the anticipated relocations These 

economic benefits are expected to occur primarily In Martin County 

The operational workforce Will be 80 employees Of this permanent operational 

workforce, 65 are expected to be employed dunng the weekdays, dlstnbuted In 

three shifts The day Shift, working 7 a m to 4 pm, will be the largest and IS 

expected to total 45 persons, with the remaining 20 Individuals equally diVided 

between evening and night shifts The other 15 employees Will work weekends, 

also diVided In three shifts 

Table 7 1 2-1 contains the estimated annual payroll for the employees directly 

Involved In the operation of the ICL faCility ThiS estimate IS based on the 1989 

annual average salary of $28,687 for all workers listed under the category of 

transportallon, commUniCation, and public utilities In Martin County by the Flonda 

Department of Labor and Employment Security (FDLES, 1990) The estimated 

operational-related payroll for the ICL faCility IS therefore prolected to be approxI­

mately $2 3 million annually In 1989 dollars Assuming that the operallonal wages 

remain constant In 1989 dollars, a total of $68 8 million In direct wages would be 

generated as a long-term cumulative benefit primarily to Martin County over the 

3D-year life of the faCility The total number of operational workers IS predicted to 

remain constant throughout the life expectancy of the prolect Therefore, thiS 

estimated payroll IS also predicted to remain relatively constant, with respective 

Increases due to Inflation and cost-at-living Increases 
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Table 712-1 

ESTIMATED NUMBER OF DIRECT AND INDIRECT OPERATIONAL-RELATED 
EMPLOYMENT POSITIONS AND ANNUAL PAYROLLS (IN 1989 DOLLARS) 

CREATED BY THE OPERATION OF THE ICL PROJECT IN MARTIN COUNTY 

Indirect 
Opera- Jobs Opera-
IIOnal (193 IIOnal Indirect 
Jobs mutllpher) Payroll Payroll 

80 155 $ 2,294,960 $ 2,986,400 

$68,848,800 $89,592,000 

Sources Bechtel, 1990 
Flonda Department of Labor and Employment Secuniy, 1990 
ECT,1990 
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The total estimated annual payroll for the 155 Indirect Jobs created by the 

operational workforce IS also shown on Table 7 1 2-1, and IS estimated to be 

approximately $3 0 million annually This estimate was first calculated by multiply­

Ing the projected 80 operalional employees by a 1 93 Indirect multiplier as used In 

the U S Department of Commerce, Bureau of Economic AnalysIs RIMS II 

economic model to determine the estimated Indirect employment positions (U S 

Department of Commerce, 1989) This estimate of Indirect employment was then 

multiplied by the average annual 1989 wage for all Industries In Martin County as 

reported to the Florida Department of Labor and Employment Security ($19,267) 

Assuming that the Indirect wages remain constant at 1989 levels, total long-term 

eCOnomic benefits of $89 6 million In wages would be generated over the life of 

the faCIlity 

Operation of the ICL project IS also expected to generate considerable public 

reVenues In Martin County These revenues are expected to be generated In the 

form of add~lonal property taxes levied on the ICL faCility once It IS fully Improved, 

ad valorem taxes levied against home purchases made by operalional employees 

relocating to the area, and Impact fees paid to develop the ICL faCIlity and for new 

home purchases The total projected revenues for Martin County In 1996, the first 

year of plant operation, are shown In Table 7 1 2-2 

The largest source of revenue generated by the ICL faCIlity will be through property 

taxes levied against the property and faCIlities once fully Improved and operational 

As shown In Table 7 1 2-2, uSing the 1989 millage rate applied to a capital 

Investmentiorecasted In 1996 dollrs, an estimated $4 0 million In property taxes Will 

be paid to Martin County annually In 1996 dollars by ICL The revenues generated 

through property taxes Will be cumulative Over the 3D-year life of the project 

(based on 1996 dollars and 1989 millage rate), the ICL faCIlity Itself would generate 

approximately $120 0 million In property tax revenues to Martin County 

Additional revenues for Martin County Will also be generated from resldenllal 

property taxes Based on the assumplion that all operational workers Will purchase 
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a home Instead of renting, and uSing the assumpllon that the residences pur­

chased will be new homes, an estimated 80 new home purchases may occur In 

Martin County If this occurs, the estimated residential property tax revenues 

generated within Martin County IS shown In Table 7 1 2-2 Because rt IS assumed 

that all operallonal employees Will purchase a new home, the figures shown In 

Table 7 1 2-2 represent the maximum tax benefit The potential resldenllal property 

tax revenues are calculated by uSing the estimated 1996 seiling price less a 

$25,000 homestead exemption and Martin County's 1989 millage rates The 

estimated residential values were calculated for 1996 USing a 5 percent annual 

escalation rate applied towards the average 1989 home value The total annual 

property tax revenue for Martin County IS estimated to be approximately $138,000 

for the direct employees associated with the operation of the ICL prolect 

Since ICL Will encourage the operational workforce to be hired from or relocate to 

Martin County, It IS reasonable to assume that population growth resu~lng from 

new Indirect service Jobs created to support the operallonal employees and their 

families Will also occur In Martin County Based on 1989 Florida Department of 

Labor and Employment Security data, lower annual Incomes are typical for retail 

or service-related occupations Due to estimated lower Incomes for this Indirect 

population, It IS likely that a lower percentage would be able to afford new homes 

Data from the Bureau of the Census and U S Department of Housing and Urban 

Development's Annual Housing Survey for Florida Households (Bureau of 

EconomiC and Business Research, 1988) Indicates that 55 percent of those 

Individuals earning between $10,000 and $19,888 annually live In owner-occupied 

homes The remaining 45 percent of these Individuals within this Income range 

occupy rental units Table 7 1 2-2 shows the predicted tax revenues to be 

generated by those ,ndirect employees purchaSing homes, as based on the 

assumption of 55-percent owner -occupied households The total property tax 

revenues generated within Martin County from ,ndirect employment IS estlmarted 

to be $56,625 This IS based on 1989 eXisting market home values escalated 

5 percent annually to an average 1996 home value 
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Impact fees are assessed by local governments to offset the costs of providing 

additional cap~al facilities and public services such as roads, parks, and police and 

hre services as necessitated by new developments Industrial development, such 

as the ICl facll~, IS subject to both road and public facll~ Impact fees In Martin 

County As shown In Table 7 1 2-2, the total Impact fee on the plant facll~les 

collected by Martin County IS $28,770, uSing a constant 1989 Impact fee rate The 

estimated road Impact fee generated by the development of the ICl faCIlity IS 

$25,240, and the estimated publiC faCIlities Impact fees generated by the ICl faCIlity 

IS $3,530 

Impact fees within Martin County are also assessed against reSidential develop­

ments, and Include a park Impact fee In addition to the road and public cap~al 

faCIlities Impact fees Because It IS estimated that all of the direct employment 

population will In-migrate to the area, Impact fees from new reSidential development 

attributable to the project-related populallon growth can be calculated A total of 

$73,680 In Impact fees IS estimated to be generated by reSldenlia1 development as 

related to the ICl plant, as shown In Table 7 1 2-2 ThiS Impact fee calculation 

assumed 1989 rates would remain constant ThiS total IS estimated to be broken 

down as follows $50,160 In road Impact fees, $15,200 In publiC capital faCIlities 

Impact fees, and $8,320 In park Impact fees These projected reSldenlia1 Impact 

fees related to operallonal workforce relocations would be Single-event economic 

benefits that would not reoccur over the life of the faCIlities 

Table 7 1 2-2 also summarizes several other sources of Increased revenues to 

Martin County These other revenues Include shared state revenues and 

education funds local school districts receive state educallonal funds which are 

distributed based on populallon and need JUrisdictional need for funds IS 

determined by the student population and by availability of local revenues from ad 

valorem taxes and Impact fees For the 1989-1990 school year, Martin County 

received $1,087 per full-time eqUivalent student (Martin County School Board, 

1990) The additional revenues generated by new student population attnbutable 

to the ICl project IS shown on Table 7 1 2-2 
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7 1 3 OTHER BENEFITS 

Another economic benefit of cogeneration IS the production of waste steam as a 

supplementary source of energy for a secondary user A significant rationale for 

sIting the ICl plant In this particular location IS because of the cogeneration 

opportunities available, due to the proximity of the Caulkins Crtrus processing plant 

Excess steam IS expected to be sold to the Caulkins facIlity as a source of energy, 

thus offsetting a portion of the facIlity's energy requirements 
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Table 7 1 2-2 
PROJECTED PUBLIC REVENUES IN MARTIN COUNTY IN 1996 ASSOCIATED 

WITH THE ICl PROJECT (1996 DOLLARS) 

Revenue Source 

Property tax'--plant facilities 

Impact fees'--plant facilities (combined county-
wide average) 

Resldenllal ad valorem taxes3 (operallOnal 
employees) 

Residential ad valorem taxes3 (Indirect employment) 

State revenue shanng' ($80 84 per capita) 

State educallOnal funds5 ($1,087 per full-time 
equivalent student) 

Impact fees--new residential development from 
operational workforce home purchases (road 
Impact fee portion of total represents a 
per-dwelling unit county-wide average) 

TOTAL 

Note 'Cumulative value of capital Investment 
'Calculated at bUild-out 
31989 millage rates 
'Flonda Department of Banking and Finance, 1990 
5Calculated for 160 students 

1996 

4,000,000 

28,770 

137,824" 

56,625" 

12,530 

173,920 

73,680 

4,483,349 

"values escalated 5 percent annually for estimated 1996 values Millage rates, 
Impact fee rates, revenue shanng, and educational funds were assumed to be 
constant at 1989 rates 

Sources ICl, 1990 
ECT,1990 
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7 2 SOCIOECONOMIC COSTS 

It IS projected that both short- and long-term socioeconomiC costs associated with 

the ICl facIlity will not be significant and will be offset by the anticipated project 

benefits These projected benefits are expected to come In the form of additional 

payrolls due to the related population growth, enhanced tax base, and Increased 

revenues, primarily Within Martin County 

As previously described In Section 5 11 3, the ICl site IS currently used for limited 

cattle grazing purposes This IS the only land use that will be displaced due to the 

proposed power plant development, and IS not expected to represent a significant 

economIc loss to Martin County, or the region In general 

Section 7 2 1 discusses the temporary costs associated With the construction of the 

ICl facIlity Section 7 2 2 addresses the long-term costs primarily associated With 

the operation of the plant These costs are primarily confined to offSile considera­

tions associated With the projected population growth due to In-mlgrabon, and the 

movement of the workforce, materials, and machinery Some of these long-term 

operallonal-related economic costs are considered to be single-event Impacts that 

will only Inilially occur upon completion of the ICl faCIlity 

These Inillal, single-event Impacts may Include any reqUired expansions to 

roadways and recreational areas The long-term operational-related costs 

associated With educallonal and public services represent Initial expanSions to 

support the operational workforce and their families However, once the additional 

manpower has been Incorporated, those associated additional costs will remain 

constant, and the expanded employment will be absorbed In the eXisting 

workforce 

Section 7 3 compares the benefits and costs Within Martin County and IS primarily 

concerned With comparing the projected additional costs of proViding the 
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necessary services reqUIred to support the proJect-related populallOn growth, to the 

additional revenues generated by the development of the project 
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7 2 1 TEMPORARY EXTERNAL COSTS 

Temporary external costs are those costs Impacting persons and local govern­

ments within the defined region of Influence In this analysIs, the term temporary 

IS defined as the 42-month period dUring which construction takes place, from July 

1992 to December 1995 

Construction IS anticipated to commence In July 1992, with an estimated workforce 

of 200 DUring the first year and a half of the construction schedule, the activities 

anticipated Will Include heavy CIVil engineering and construction work which Will 

Include clearing and grubbing eXisting vegetation, hauling fill material, and pouring 

ready mix concrete, and later, deliveries of steel and plant faCilities machinery (ICl, 

1990) The construction workforce IS anticipated to reach peak employment of 800 

dUring the third year of construction The construction schedule IS based on a 

Single shift operating 40-hour workweeks 

As discussed previously, It IS assumed that most of the construction workforce Will 

commute dally to and from the Site, Wlth a few workers temporarily (I e , dUring 

weekdays) occupying various forms of rental housing available Within Martin 

County and the region The available workforce Within a reasonable commuting 

distance (I e, up to 100 miles) IS of suffiCient size to proVide the construction 

employment reqUIrements of the ICl project In addition to Martin County and the 

surrounding counties of Palm Beach, Okeechobee, and St lucie, the construction 

workforce could also be drawn from the large metropolitan areas of Miami and Fort 

Lauderdale 

Since most of the construction workforce IS expected to commute dally from their 

current reSidences, the Impacts on publicly supplied faCilities and services such as 

schools and hospitals In Martin County and In the surrounding region are not 

expected to be Significant The small portion of the construction workforce 

expected to temporarily relocate to Martin County or the region dUring the 

weekdays would be expected to occupy eXisting rental housing or mobile home 
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stock within the region As such, the commuting pattern and temporary or 

potential minor permanent relocations of the construction workforce are not 

expected to create the need for new reSidential construction, which would In turn 

require expansion of the Infrastructure In Martin County or the region 

Temporary Impacts on public potable water and sanitary sewer services due to the 

construction workforce are not expected to be significant Temporary potable 

water and san~ary sewer services will be supplied at the site by ICL, and therefore, 

will not create any Impacts on those eXisting services Temporary Impacts on 

other public services and facilities In Martin County, such as police and fire 

protection services, educational facilities, and medical services, are also expected 

to be Insignificant due to the commuting nature of the construction workforce 

Land use Impacts on adjacent properties are also not expected due to the 

developed nature of adjacent facilities Because of the proximity of this project to 

eXisting power generating and Industnal and prevIous Industnal developments, 

potenllal land use Impacts are expected to be minimal 

Visual Impacts resulting from the construction of the ICL facll~ are expected to be 

minimal, due to a lack of directly adjacent residential populallOns, the set-back 

distance of the site to SR 710, and limited access to the site In addition, a screen 

of vegetation will be preserved along the west side of the CSX railroad to Visually 

buffer the proposed power plant from travellers on SR 710 

Primary access to the ICL site will be provided by an eXisting Intersection on SR 

710 A secondary entrance on Southwest Farm Road IS also proposed An 

emergency entrance will also be provided on SR 710 via the eXisting FSC entrance 

road For conservative traffic analysIs purposes, It was assumed that all of the 

project triPS will be generated through the main entrance 

Dunng the peak of the construction schedule, It IS estimated that BOO construction 

workers will be employed at the site for 4 to 6 months dUring the third year of 
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construction It IS also assumed that the entire construction workforce would be 

employed In a single daytime shift dUring the weekdays A complete traffic 

analysIs, conducted In accordance with cnterla established In the Martin County 

CGMP Traffic Impact Study GUidelines, IS provided In Section 1010 A vehicle 

occupancy rate of 1 3 IS anticipated at a triP generation rate of 2 0 ThiS equates 

to a peak of a total of 1,200 peak construction dally tripS to the SIte These 

600 Inbound a m peak hour triPS and 600 outbound p m peak triPS, In addition 

to a total of 20 dally constructIOn vehicle triPS Yield an estimated 1,240 total dally 

triPS dUring the peak of construction When these triPS are combined with a 

56-percent annual average growth rate of background traffic In 1994, the level of 

service on SR 710 In northwest and southeast directions dUring morning and 

evening rush hours IS expected to be at LOS C or better LOS C IS the accepted 

Martin County standard for level of service on roadways outside the urban service 

boundary (Martin CGMP, 1990) Based on the traffic analysIs, the construction of 

a southbound right-turn lane on SR 710 at the prOlect entrance IS recommended 

to assist traffic operations, prior to the Initiation of construction of the ICL facility 

(Klmley-Horn 1990) Due to the remoteness of the Site, a vehicle occupancy rate 

higher than 1 3 may result, equating to even lower construCtion-related traffic 

Impacts 

In an additional attempt to minimize construction-related traffic Impacts and 

Improve the effiCiency of construction workforce transportation, ICL IS currently 

examining means of providing private transit transportation of construction workers 

by bus to the site In the event that thiS busing program IS Implemented, 

construction-related traffiC Impacts Will be greatly reduced 

construction-related recreational Impacts are expected to be Insignificant since the 

commuting workforce are expected to utilize recreational facilities In relation to their 

eXisting residences 
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722 LONG-TERM EXTERNAL COSTS 

Long-term external costs are those costs which may accrue to the local govern­

ment resu~lng from the permanently employed operatIOnal workers and their 

families, and the populations filling the Indirect employment poMlons created to 

service and support the additional operatIOnal-related populations 

Within Martin County, the project-related population growth may necessitate some 

additional public services, at an add~lonal cost to the county government These 

additional services may Include educatIOn, police and fire protection, recreation, 

and transportation The projected costs for providing these add~lonal services to 

Martin County are shown In Table 722-1 

Population growth In Martin County IS expected to result from the direct workforce 

Involved In the operation of the ICL plant, and the projected Indirect population 

reqUired to service and support the direct employees and their families A total of 

80 operational employees IS anticipated for the JCL plant The In-migration ell these 

workers to Martin County IS expected to create an add~lonal 155 Indirect Jobs In 

the county 

The educatIOnal system In Martin County IS experiencing growth In nearly all grade 

levels The projected additional costs due to population growth associated With the 

ICL project for additional educatIOnal services In Martin County are shown on 

Table 7 2 2-1 Table 722-1 shows that approximately 10 new teachers would be 

reqUired In Martin County to maintain eXlsllng teacher-to-student ratios 

Projected long-term transportation Impacts resulting from the operation ell the ICL 

plant are expected to be caused by the additional vehicles accessing the site as 

occupied by the plant's operational workforce, and also by rail deliveries of coal 

A copy of comprehensive operational traffiC analYSIS study IS proVided In 

Section 107 
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Table 7 2 2-1 
INCREASED COSTS TO MARTIN COUNlY FOR 1996 ASSOCIATED WITH THE 

OPERATION OF THE ICL PROJECT 

Item 

Total number of workers (direct and Indirect) 

Total associated population growth1 (247 persons per household 

Education 

1989-1990 average teacher/student r8tl02 

Addn:/onal school-age children (0 68 per household) 1 

Additional teachers required 

Additional teachers salaries reqUlred3 

Additional capital outlay reqUlred 3 

Public Safety 

Officers per 1,000 populatlon4 

Additional officers required 

Additional officers salanes 

Firefighters per 1 000 populatIOns 

Additional firefighters required 

Additional firefighters salanes requrred5 

Transportation 

Additional new dwelling Units 

Additional lane miles per dwelling unite 
(0003128 per dwelling unit) 

Cost ($372882 per lane mile) 

Recreation 

Level of service standard (AC per 1,000 populatlOn)7 

Additional recreational acreage required 

AcquIsition and development costs' 

General Governmental SeNlce7 

TOTAL ANNUAL 

PER CAPITA EXPENDITURE 

Sources IUS Department of Commerce 1990 
2 FlOrida Department of Education, 1990 
a Martin County Board of Education 1990 
4 Martin County Shenff s Department, 1990 
5 Martin County Fire Department 1990 
6 Treasure Coast Regional Planning CounCil 1969 
7 Bureau of Economic and Business Research 1986 

Martin 
County 

235 

581 

1 16 

160 

100 

$386,3908 

$126640 

1270 

064 

$196428 

1360 

085 

$23,2158 

80 

025 

2 

048 

$472798 

$39,950 

$738,336 

$3,133 

8 Calculated by uSing 1988 values appllecl against a 5 percent annual escalation rate to estimate 
a value on 1996 dollars 
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The analysIs of the projected traffic voJumes generated with the proposed power 

pJant operating show that roadway links and Intersections wrthln the study area are 

expected to operate at acceptable levels of service (Klmley-Horn, 1990) The 

acceptable LOS rating for roadways outside the Martin County Urban Service 

Boundary IS LOS C (Martin CGMP, 1990) Because the projected Increase In 

operational traffic IS not expected to lower the eXisting capacrty of roadway 

segments within the study area, no Improvements are warranted However, for the 

benefit of traffic operations, It IS recommended that a southbound right-turn lane 

on SR 710 at the project entrance be constructed prior to the IMlatlon of 

construction of the proposed ICL facility 

As previously discussed In Section 2 2 7 6, FOOT currently has an Improvement 

scheduled on SR 710 within Indiantown, wrth construction commencing In 1993 

(FOOT, 1990) This Improvement will consist of Widening SR 710 to a five-lane 

facility with continuous-turn center lane for a length of approximately 2 2 miles 

This programmed roadway Improvement IS expected to reduce traffiC congesllon 

through Indiantown Also, FOOT has committed to a maintenance Improvement 

of resurfacing and repaving essentially the entire length of SR 710 In Martin County 

(FOOT, 1990) This maintenance Improvement should address any deteriorating 

conditions of SR 710 

As shown on Table 722-1, new lane miles as projected to be required for new 

resldenllal development associated With reSidential relocations wrth,n Martin County 

are expected to be minimal Less than one-fourth mile of new lanes would be 

potenllally required for new reSidential roads 

Additional minor transportation Impacts associated With the operation of the ICL 

faCIlity may resutt as part of weekly rail deliveries of coal It IS estimated that 

between two and three 90-car unrt trains per week Wlil deliver coal to the site from 

mines In Appalachia This averages to 130 coal deliveries per year, which IS not 

expected to result In a significant Impact on transportation systems In the area 
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Long-term Impacts on public potable water and sanitary sewer services due to the 

operation of the ICL facility are expected to be minimal due to the eXlsbng available 

capacities at the Indiantown Utilities Company and other water and wastewater 

services In Martin County The operation of the ICL facility and residential 

relocations resulting from the operational workforce are not expected to Increase 

demand beyond these eXisting capacrtles 

Impacts on public safety services such as police and fire protection associated with 

the projected populabon growth resu~lng from the operation of the ICL plant are 

not expected to be Significant As shown on Table 7 2 2-1, less than one additional 

police officer and firefighter are prolected to be reqUired to maintain current service 

raltos per 1,000 population Impacts on medical faCilities are also expected to be 

minimal Public safety services to the ICL faCility will be proVided by shenff's and 

fire stallons located In Indiantown EMS faCilities are located In the Indiantown 

station, and response time for both police and fire service IS projected to be 

between 8 and 10 minutes 

Because of the amount of eXisting parks and recreallonal faCilities, new additional 

acreage for parks reqUired to support the population growth resu~lng from the 

operallon of the ICL facility IS expected to be minimal As shown on Table 7 2 2-

1, uSing Martin County's recreallonal LOS standard would result In reqUIred 

additions of less than 1 acre of recreallonal land 

Visual Impacts resulting from the operation of the ICL faCility affecting the aesthetiC 

character of the region are expected to be minimal The Immediate vIcinity of the 

proposed ICL plant contains eXisting Industrial development, and the addition of a 

cogeneration faCility should not be In Visual conflict With the character Of eXisting 

development Dense vegetallon eXists along SR 710, which should effectively 

screen the view to the ICL srte from travellers on SR 710 The eXlsbng screen of 

pine trees along the west Side of the CSX rail line Will be preserved to act as a 

Visual buffer to the site 
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Within the ICL site, Martin County landscape reqUirements Will be satisfied for areas 

surrounding the administration bUilding and employee parking areas A 3~-day 

Inactive coal pile Will be grassed over to minimize visual Impact and fugitive dust 

emissions Also, as part of the PUD(I) submittal reqUirements, significant wetlands 

and uplands habitats Will be preserved onslte, which Will represent a positive visual 

Impact 
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73 BENEFIT/COST ANALYSIS 

Table 7 3 0-1 provides a summary of the benefits and costs w~hln Martin County 

resulting from the operation of the ICl facility for the year 1996, the first year of 

operation The figures shown In Table 7 3 0-1 are based on those calculations 

previously presented In Tables 7 1 2-2 and 7 2 2-1 ThiS table Illustrates a 

significant net benefit to Martin County As shown on Table 7 3 0-1, the net benefit 

to Martin County IS projected to be $3,747,013 In 1996, the first year of operation 

of the ICl facility 

In summary, primarily because of additional revenues associated with ItS operation, 

the ICl facility IS expected to have net positive economic benefits for Martin County 

In 1996 and will continue to provide positive economic benefits to the county over 

the 30-year life of the facility 
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Table 730-1 
BENEFIT ICOST SUMMARY FOR MARTIN COUNTY IN 1996 AS 
ASSOCIATED WITH THE OPERATION OF THE ICL PROJECT 

Benefits 

Costs 

Net benef.t 

Source ECT, 1990 

2OS24018\lnd"",ln SCA 

Martin 
County 

($) 

4,483,349 

736,336 

3,747,013 
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80 SITE AND PLANT DESIGN ALTERNATIVES 

The proposed Indiantown Cogenerallon, L P plant IS designed to generate and 

export steam to the Caulkins Citrus Processing FacIlity which IS located to the 

north of the site It IS necessary for a cogenerallon plant (steam supplier) to be 

within a close proxImity of the receiving processing facIlity (steam user), which In 

thiS case IS the Caulkins CitruS Processing FacIlity Therefore, alternative srte 

locallons and plant designs are not applicable 

20524 O,e\lnd,amn SGA 80-1 



• 

• 

• 



• 

• 

• 

90 COORDINATION 

The following table lists people within federal, state, regional, and local government 

agencies who were contacted to provide Input to this prolect 
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LIST OF CONTACTS WITHIN FEDERAL, STATE, REGIONAL AND LOCAL 

GOVERNMENT AGENCIES CONCERNING INDIANTOWN COGENERATION PROJECT 
(Page 1 of 8) 

Date Prolect Sublect Agency Contact 
Rep 

5/9/89 Bechtel Cross Sections of C-59, L63 COE J Veanl 
5/16/89 N&S 

5/23/89 Bechtel S-191 & St LUCie Water Quahty SFWMD B Jones 
Data 

7/26/89 Bechtel Opera~on Procedure of 8-191 SFWMD J Lane 
Structure 

1/11/90 Bechtel S-191 Water Level and Flow SFWMD S Coughanour 
Data 

1/16/90 Bechtel Evaporallon Data of SFWMD T Morns 
Okeechobee Field Station 

2/23/90 Bechtel Rainfall/Evaporation Data - SFWMD E Gallego 
Martin and Okeechobee 
Counties 

4/6/90 ICL Prolect Introduction FDER HOven 

4/17/90 ICL Water Resources SFWMD S Coughanour 

4/26/90 Bechtel Ash Rules (draft) DER J Reese 

4/26/90 Bechtel UIC list of Contractors DER K Conrardy 

5/10/90 Bechtel UIC Permit Process DER A Mueller 
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Date Project Subject Agency Contact 
Rep 

5/10/90 BechteJ SFWMD Permit FIJes SFWMD S Coughanour 

5/23/90 ICl PSC Overview of Project PSC J Dean 

6/7/90 Bechtel Amendments to PPSA DER HOven 

6/7/90 Bechtel Flondan/Surtlclal Aquifers SFWMD S Coughanour 

6/19/90 Bechtel Use of Caulkins Flondan SWFMD S Coughanour 
Aquifer Well 

7/5/90 Bechtel Air Modeling Protocol DER T Rogers 

7/6/90 ICl Water Resources Update SFWMD S Coughanour 

7/6/90 ICl S-191 Operations SFWMD R Mlreau 

7/16/90 Bechtel Pipeline Aenals DER HOven 

7/19/90 Bechtel Canal Modeling SFWMD S lin 

7/26/90 Bechtel S-191 Operations Procedure SFWMD J Lane 

8/3/90 ICl BACT Meeting DER B Andrews 

8/17/90 Bechtel POS Comments/Aquifers SWFMD S Coughanour 

8/20/90 Bechtel Use of FPl's APT SFWMD J Giddings 
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Date Project Subject Agency Contact 
Rep 

9/27/90 Bechtel Field Work In ROW SFWMD T Fratz 

9/28/90 Bechtel St Lucie Canal Water Levels COE J Veanl 

10/4/90 ICL PUD(I) Pre-Ap Meeting Martin County H Epstein 

10/8/90 Bechtel Fire Protection Martin County T Seawell 

10/8/90 Bechtel Potable Water Supply Indiantown Water Co W Hanna 

10/9/90 Bechtel Groundwater Analyses SFWMD G Rawl 

10/11/90 GYS PUD(I) Submittal Martin County H Epstein 

10/16/90 Bechtel TC /NS Water Users SWFMD P Bomgardner 

10/16/90 Bechtel Impact AnalySIS SFWMD S Coughanour 

10/18/90 Bechtel Deepwell Injection Permit DER HOven 

10/23/90 Bechtel Deepwell Injection TAC Meeting DER A Mueller 

11/2/90 GYS PUD(I) Sufficiency Martin County H Epstein 

11/6/90 ICL Surface Water AnalysIs DER S Coughanour 

7/10/90 ECT Future land use deslgnaltOns Martin County Growth C Homg 
and maps, status of Management Department 
comprehensive plan 
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Date Prolect Sublect Agency Contact 
Rep 

7/10/90 ECT Zoning designations and maps Martin County Zoning N Ihle 
Department 

7/11/90 ECT Regional policy plan Treasure Coast Regional B St HIli 
Planning Council 

7/11/90 ECT Future land use designations Martin County Growth C HOnig 
and maps, status of Management Department 
comprehensive plan 

7/16/90 ECT Labor force and employment Flonda Department of Labor SCannell 
and Employment Secunty 

7/16/90 ECT Populallon growth, housing University of Flonda, Bureau C Mclarty 
statistics, bUilding actIVIty, of Economic and Business 
Income Research 

7/16/90 ECT Future land use designations Martin County Growth C HOnig 
and maps, status of Management Department 
comprehensive plan 

7/16/90 ECT School and student charac- Martin County School Board R Madison 
tenstlcs 

7/16/90 ECT Educational charactenstlcs and Flonda Department of L Harageones 
teacher-to-student ratios Education, D,v,s,on of Public 

Schools 
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Date Prolect Sublect Agency Contact 
Rep 

7/16/90 ECT Revenues and expenditures Florida Department of H Foy 
Banking and Finance, Bureau 
of Local Government 
Financing 

7/17/90 ECT Sheriff's department characo Martin County Sheriff's Sgt Bates 
terlstlcs Department 

7/18/90 ECT Capacity of public utll~les Martin County Ullllt,es E Falken 
Department 

7/18/90 ECT Capacity of landfill Palm City Landfill L Yates 

7/19/90 ECT Medical facll~les characteristics Martin County Medical C Coffee 
Society 

7/19/90 ECT Martin County medical faCIlities Department of Health and R Pannell 
characteristics Rehabilitative Services, 

MonitOring Department 

7/25/90 ECT Aerial photographs Martin County Property DSouza 
Appraiser's Office 

7/25/90 ECT Aerial photographs Okeechobee County Property L Chandler 
Appraiser's Office 

7/30/90 ECT Population growth, hOUSing University of FlOrida, Bureau C Mclarty 
statistiCS, bUilding actiVity, of Economic and BUSiness 
Income Research 

2O!524.016\lndlantn SCA 
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• la.0-1 • (Page 6 of 8) 

Date Project Subject Agency Contact 
Rep 

7/30/90 ECl Population growth, housing Umverslty of Florida, Bureau C Mclarty 
statistics, bUilding actovlty, of Economic and Business 
Income Research 

8/8/90 ECl Future land use designations Central Florida Regional J Hopper 
and status of comprehensive Planmng Council 
plan 

8/16/90 ECl PUD(I) requorements Martin County (Growth D Saskowsky 
Management Department) 

8/17/90 ECl Future land use designations Central Florida Regional J Hopper 
and status of comprehensive Planmng Council 
plan 

8/29/90 ECl Wetlands JUrisdiction verl- Martin County M Goralski 
flcatlon 

9/5/90 ECl Zoning designation boundaries Martin County Zomng L Eule 
Department 

9/10/90 ECl Zoning designation boundaries Martin County Zoning L Eule 
Department 

9/13/90 ECl Sheriff's department charac- Martin County Sheriff's Lt Atchison 
tenstlcs Department 

9/13/90 ECl Fore department charactenstlcs Martin County Fore Chief Billington 
Department 

20524 Ol6\lndlllllln SCA 
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• Ta.0-1 • (Page 7 of 8) 

Date PrOject Subject Agency Contact 
Rep 

9/18/90 ECT Zomng maps Okeechobee County BUilding E Hrapchak 
and Zoning Department 

9/26/90 ECT Revenues and expend~ures per Flonda Department of E Manlnero 
capita Banking and Finance 

10/4/90 ECT Zomng ordinance Okeechobee County BUilding L Turner 
and Zoning Department 

10/4/90 ECT Future land use deslgnallons Central Flonda Regional J Hopper 
and status of comprehensive Planning Council 
plan 

10/5/90 ECT Programmed turnpike Improve- Flonda Turnpike Authonty S Damels 
ments 

10/5/90 ECT Programmed roadway Improve Flonda Department of M DeRosa 
ments In Martin County Transportation, Dlstnct 4 

Office 

10/15/90 ECT Future land use deSignations Central Flonda Regional J Hopper 
and status of comprehenSive Planmng Council 
plan 

10/15/90 ECT Future land use deslgnallons Martin County Growth Mana- C Homg 
and maps, status of com- gement Department 
prehenslve plan 

10/17/90 ECT County millage rate Martin County Tax Assessor L Lyon 



Source ECT, 1990 

20524 018\lndlanln SCA 
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100 APPENDICES 
• TABLE OF CONTENTS 

• 

• 

10 1 FEDERAL PERMIT APPLICATIONS OR APPROVAL 

101 1 
101 2 
101 3 
1014 
101 5 
101 6 
101 7 

316 Demonstrations 
NPDES ApplICations/Permits 
Hazardous Waste Disposal ApphcallOns/Permlts 
Section 10 or 404 Apphcatlons/Permlts 
PSD Apphcatlons/Permlts 
Coastal Zone Management Certifications 
F M Permit Apphcatlon 

102 ZONING DESCRIPTIONS 

102 1 Excerpts From Chapter 33 Zoning of the Martin County Code 

10 2 2 Excerpts From the Martin County Land Development Code 
10 2 2 1 Okeechobee County Zoning Ordinances 

1023 Article VIII of Chapter 23 of the Martin County Code 

1024 Resolution Number 86 8 34 of the Board of County Commis­
Sioners, Martin County, Flonda 

10 2 5 Excerpts From the Okeechobee County Zoning Ordinance 
Section 7 9 - Essenlial Services 

10 2 6 Excerpts From the Okeechobee County ZOning Ordinance 
Schedule of District Regulations 

103 LAND USE PLAN DESCRIPTIONS 

103 1 Excerpts From the Martin County Comprehensive Growth 
Management Plan 

10 3 2 Excerpts from the Martin County Comprehensive Growth 
Management Plan Pertaining to Goal K 

1033 Excerpts From the Martin County Comprehensive Growth 
Management Plan Pertaining to Goal M 

1034 Excerpts From the Martin County Comprehensive Growth 
Management Plan Pertaining to Section 4-5 

1035 Excerpts From the Martin County ComprehenSive Growth 
Management Plan Pertaining to Section 4-6 

10-1 



100 APPENDICES 
TABLE OF CONTENTS (Continued) 

10 3 6 Excerpts From the Okeechobee County Comprehensive Plan, 
1980, Pertaining to Land Use Element 

10 3 7 Okeechobee County Comprehensive Plan, 1980 

10 4 EXISTING STATE PERMITS 

105 MONITORING PROGRAMS 

10 5 1 Geology/Subsurface Hydrology 
10 5 1 1 Detailed Site lithologic Description 
105 1 2 Subsurface Hydrologic Data for the Site 
105 1 3 Groundwater Impacts 
105 1 4 Impacts on Water Supplies - Groundwater 
105 1 5 Bathymetric Studies 
105 1 6 Aquatic Biology Studies 

106 PROGRAMMED TRANSPORTATION IMPROVEMENTS 

1061 Martin County 
10 6 1 1 Martin County County Road Elements of the Capital • 

Improvements Element of the Comprehensive Growth 
Management Plan 

1061 2 FDOT Martin County Five-Year Work Program, 1990-
1991 (FY 91) Through 1994-1995 (FY 95) 

106 1 3 Florida Turnpike Authority (Martin County) 

107 SOUTH FLORIDA WATER MANAGEMENT DISTRICT LAND USE AND 
LAND COVER CLASSIFICATION CODE 

108 CULTURAL RESOURCE ASSESSMENT SURVEY OF THE PROPOSED 
MARTIN COUNTY POWER PLANT SITE AND PIPELINE RIGHT-OF-WAY 

109 PLAN WATER REQUIREMENTS AVAILABILITY STUDY FROM TAYLOR 
CREEK/NUBBIN SLOUGH 

1010 TRAFFIC ANALYSIS 

10 11 UIC PERMIT APPLICATION 

REFERENCES 

20524 0IB\lnd"ontn SCA 10-11 
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101 FEDERAL PERMIT APPLICATIONS-OR APPROVAL 

101 1 316 DEMONSTRATIONS 

No 316 demonstrations are required because the wastewater will be discharged 

Into an Inlectlon well and the Intake structure location, design, construction, and 

capacity reflect the best available technology 

~4 016\lnchamn seA. 



10 1 2 NPDES APPLICATIONS/PERMITS 

NPDES permits/applications are not applicable to the Indiantown Cogeneration 

Project Since pollutant discharges are not released to the surface waters 

20!>24 018\+nd,.",n SCA 
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• 

• 

• 

101 3 HAZARDOUS WASTE DISPOSAL APPLICATIONS/PERMITS 

Since the disposal of hazardous wastes will not occur on site, applications and/or 

permits are not applicable 

~4 016\lndlantn SCA 



101 4 SECTION 10 OR 404 APPLICATIONS/PERMITS 

Any required Section 10 or 404 appllcallon will be provided In early 1991, per 

discussion with Hamilton Oven, DER Siting Coordinator, on December 14, 1990 
• 

• 

• 



1015 P5D APPLICATIONS/PERMITS 

• A BACT AnalysIs 

B AIr QualIty Impact AnalysIs 

• 

• 
20524.016\lndoantn SCA 
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PWSE NOTE THE OHIGINW DOOJMENTS 
SUNNED FOR ms REtORD WERE OF POOR 

QIlWTY. 
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STATE OF FLORIDA 

-~---DEPARTMENT=OF-ENVIRONMENT AL-REGULA TION--

• 'TW\N TOWERS ~CE BUILDING 
2eOO BLAIR STONE ROAD 
TAI...1..AHA$SEE. FL,.OAIOA 3Z3i'W4OCI 

APPLlCATIOK TO OPEIATE/COHSTaDC7 All POLLUTION SOaaCES 

BOB MAATlNEZ 
GOVERNOFI 

DAI.! TWACHTMANN 
seCRETARY 

SOUll.C% Tln. Powet Generation Facility [x1 Nev1 [J Ex~.t1ngl 

AP1'!. lCATION rYl'E Opera t10n [] 

\ 
Partnership 

Kocil.f lcat loon 

COMPANY NAME. Indiantown Cogeneration, Ltd • COUNTY __ M~.~r~t~jDD-______ ___ 

Ideutl.fy the .peel-flc. «ml.SSl.OQ POl-llt lource(.) addressed 1ft thl.. appllc.atl.On (1 C L1:e 

~lll No.4 Vl.th Veuturl. Scrubber; Pe.xl-1l1 Olllt No.2, G •• Fl.red) -"S~e~e~T~.~b~l~e~I"-__________ __ 

SOlll1.CI LOCAtION Street SR 710 Cl.ty Indiantown 

North 2990 692 Km 

1.&t1. tude 27 • ---1,.1 -2Q."N Lcugl.tude ~. --..lll..1 ~ ... 

Al'1'!.ICANT NAJiE AND TITLE ________________________________ _ 

APPLICANT AODaESS ___________________________________________ __ 

• A. AP1'!.ICANT 
Indiantown Cogeneration, 

I am ~e uncerll.gned owner or autborl.:ed representatlve- of L1m1ted Partnersh1p 

I cer~l.fy ~h.t the .tat.ements made ],:'11 thl.s 4opp11cat10n for _ .,..,=--,=,...,,,,,,..,,,.,.._-,.,=== 
per=4 t are true, correct and camplete to the best of my k11owleoge ano oe!~e: Fur:~e~ 
1 agree to II:I.&JJ:l.tal.U and operate the pollutl.on coctrol s~rce and pollu.tlon c:one=o 
facl.lul.es 1D such. manDer as to comply v1th the prov1S10D of Chapter 403, :!Orl.Q 
Statutes, and all the rules and regulatlous of the department and reV1Sl0ns thereof. 
also u11de:-Stand that a penu.t, 1: ,ranted by the depar~ent, "'111 oe non-t.:-ans!e:-aol 
and I v111 prQmPtly not1ty the deparemeDt upon sale or legal t~ansfer of t~e pe~.:~e 
establunmeut. 

WAttaen letter of autborl.:atl.on Sl&ned __________________________________ __ 

•• 
Name an~ Iltle tilease type) 

Date ______ _ Telepbone No. ____________ _ 

•• PROFESSIONAL ENCINEER REGIS~RED IN FLORIDA (where reqUl.red by Chapter 471, :.5.) 

Thl.S 15 to certl.fy that the engl.Deer1DI features of thl.S pollutloa cor:rol proJee: nav 
heeu deslgned/u;alZlU1ed. by me _ud found to be l.D coofonu .. ty "'lth lDooeru englnee:-ltl. 
prl.ncl.ples .'Ppll.cable to the treatment and dlSp0s..al.. o.f po' '''C.ants c:har-ac:ter:.:ec. ... :1 eh 
perml.t applleatl.Ou. There 15 reasonable assurance, 111 =y professl.onal Juogment. tna 

~l See Flcrlda Adml.nlstratl.ve Code 1ule 17-2.100(57) aud (104) 

DIR Form 17-1.202(1) 
Effect~ve OctoDer 31 , 1982 Page 1 of 12 



tho ,ollution control rDcl111i •• , whon ,ro~.rly •• lntolnoO onG oporatod, .111 dlach.tV. 
on .ffluent that coopli •• with .11 .p,licablo at.tut •• 0' tho Stat. or rlorldo ond tho 
rul •• and rovulation •• f tho doport.ont. It 1 •• 10. 09, •• 0 that tho undar,ivnoa Will. 
(yrnioh, l' authorizod by tho .wnor, tho applicant a .ot .( In.truettono 'or tho prop • 
•• int.nonco and op.r.tion .( tho pollutIon control r.clllti •• and, l' .pplicabl., 
,ollution aoute ••• 

51
9.

0
° ________________________________________ ___ 

"0111n9 Addr ••• (Pl •••• Typo> 

Dot., ______________ __ Tolophono Noo __________________ __ 

SECTIDN II, CENtRAL PRDJECt l"rDINATION 

~ O •• crib. tho natura ond axtont ., tho ,roJoct. R.r.r to ,ollutlon control .~uip •• nt. 
ond •• poctod 1.'r ••••• nt. in aoutea p.rrorAonco ••• t.oult ., lnatall.t~on St.te 
~heth.r the proJect _111 reeult in full co.pli.nce. Attach additional ahe.t ~f 
n.c •••• ry. 

See Attached 

--------------------------------------------------------------~. 

Start of tonatruction 7/92 12/95 

:. toat. of pollution control .yat •• C.), (Hota: 
for inG1~ldual co.pon.nta/unita of the proJ.ct 
l"for •• t~on on .ctual cost. Ihall b. furniah.d 
,.roit.) 

Sho_ braakdown 0' •• t~ •• ted coat. only 
•• rwin9 pollution control purpo' •• 
_ith the .pplication for oper.t~on 

Capital o & M 

Selected Non·Catalytlc Reduction System $ 8,108,000 $ 2,939,400 
Spray Dryer Absorber System $32,271,000 $20,145.000/year 

Saghouse $20,524,000 $ 5,999.000/year 

». lndicat •• ny previous D£R Peraits, ord.rs .nd notice •• ssociated _itn the •• ias~on 
,oint, lncludinV par.it i.auonce and expiration dataa. 

No prevlOUS permlts have been lssued 

~[R for. 17_1 202(1) 
t".ctl~. Octob.r 'I, 1'82 'av. 2 0' 12 • 
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• 

• 

TABLE I 

INDIANTOWN COGENERATION EMISSION SOURCES 

Main Boiler Stack 

Auxiliary Boiler stack 

Coal Handling Areas 

Ash Handling Areas 

Cooling Tower 

Lime Handling Areas 



--------

• 

• 

• 

, 

II.A. The Indiantown Cogeneration Plant will generate 330 MWe 
(net) of electrical power (with zero export process steam) 
using a pulverized coal reheat boiler and an extraction­
condensing turbine generator. During the period from 
November to June, approximately 225,000 pounds per hour of 
export process steam can be supplied to the caulkins 
citrus processing plant. 

The pollution control equipment for the project is noted 
below. The project will result in full compliance with 
all applicable federal, state and local air quality 
regulations. 

Pollution Control Equipment 

Selected Non-Catalytic Reduction System 

Spray Dryer Absorber System 

Baghouse 



-----

e· Requested perM~tted equ1p~ent operating tl •• nra/day 24 days!wk_7 __ , wks/yr 52 

If power plant, nte/yt 8760. if •••• onal. deaerlbe 

f. If thls 18 • new aource or ~ajor ~odiflcation. anawer the followlng questlona 
(Vaa or No) 

• 
" 

1 

2 

3 

Is thlS source in a non-attslnMent area for a partlcular pollutant? 

• If yes, has "offset .. been app11ed? 

b If yes, has "lowest Achlsvable [~i •• lon Rals" bean 8pplled? 

If yea, liat non_attslnMsnt pollutants N/A 

Does beal ayallable control technology (BACT) apply to thlS source? 
If yea, see 5ectl0n VI 

Does the State uPreventlon of Slgnlflcant Detetl0rlstlon' (PSO) 
requlrement apply to this source? If yes, see Sectlons VI and VII 

4 Do "Standards of Performance for New Stat10nary Sources" (NSPS) 
apply to th~s source? 

5. 00 "Natlonal Em1sSlon Standarda for Hazardous Air Pollutants" 
(NESHAP) apply to thlS source? 

00 "Reasonably Available Control Technology" (RACT) requ1rements apply 
to thlS source?' 

No 

N/A 

N/A 

Yes 

Yes 

Yes 

No 

No 

• If yea, for what POllutants? ____ ~N~/~AC_ __________________________________________ __ 

• 

b If yes, 1n addltion to the 1nformat1on requ1red in this form, 
any 1nformat1on requested 1n Rule 17-2 650 must be sub~ltted 

Attach all s~pportive lnformatlon related to any answer of "Yes" Attach any Just1f.-
catlon for any answer of "No" that m1ght be considered quest10nable 

Refer to PSD Permlt Appllcatlon Documentatlon 

DER torm 17-1 202(1) 
Effective OctOber 31, 1982 Page 3 of 12 



Name of 
Contam1nant 

Emission 
Max. Actual 
#/Hr. T/Yr. 

Allowed 
Em1ss10n 
Rate 

Allowable 
Em1ss10n 
#/Hr. 

Potential Relate to 
Em1ssion Flow D~a 

#/Hr. T/Yr. (1Oc.#) 
====================================================================--====== 

Main stack 
Lead 
Beryllium 
Mercury 
Arsenic 

(cont1nued): 
0.064 
0.0094 
o 040 
0.175 
5.09 Fluor~des 

Auxiliary Boiler: 
Sulfur D~ox1de 
Part1culates 
N~trogen Diox1de 
Carbon Monox1de 
voe 
Fuq1tive Emissions: 
Part1culate 
Particulate 
Particulate 
Particulate 
Particulate 

ePart1culate 
Part1culate 
Particulate 

• 

Part1culate 
Particulate 
Part1culate 
Salt 

17.8 
1.4 

68.2 
47.3 

0.63 

0.34 
0.696 
0.0007 
o 
0.288 
0.001 
0.209 
0.059 
o 0012 
o 0012 
0.0024 

43 

0.28 
0.041 
0.172 
0.765 

22.3 

8.9 
0.7 

34.1 
23 7 
o 32 

1.49 
3.05 
0.0031 
o 
1.26 
0.0044 
0.915 
0.26 
0.053 
0.0053 
0.011 

188 

None 
None 
None 
None 
None 

0.80 
0.03 
0.3 
None 
None 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

None 
None 
None 
None 
None 

27.3 
10 2 

102.5 
None 
None 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

3.19 
0.46 
0.08 
5.81 

25.38 

17.8 
1.4 

68.2 
47.3 

0.63 

34.5 
3.78 
0.352 
o 

144.4 
0.51 

104.4 
29.4 

6 
0.6 
1.2 

43 

13.97 
2.03 
0.34 

25.47 
111.14 

8.9 
0.7 

34.1 
23 7 

0.32 

151.1 
16.6 
1.54 
o 

632 3 
2.26 

457.3 
128.8 

26.3 
2.63 
5.26 

188 

12 
12 
12 
12 
12 

11 
11 
11 
11 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
13 
15 



INDIANTOWN 
FUGITIVE DUST EMISSIONS TABLE 

2ISTIDRI\GEITRANS TOWER IFAEIRIC FILTER 30000 60 

3 RECLAIM AREA FILTER 

• 

• 



• 
• 

• 1:1. ControlOeviceu (Se. Section V. It •• 4) 

• 

• 

..... and Type tont •• tnent [rriehney 
•• ~ •• • or P"'~d" 

Size Collected 
_.~." ro, 
(tfleioncy 

(Hodel 6 Serial No ) (J.n .icron~~) (Section y 
(If ••• Ue.bl, J tom " 

~ 
.lyt1, 

37~ N/A 0, ,+. , 
95~ N/A n, ,+, 

late 99+% • 0 1 Data , 

Conaum tion· 
Type (Be SpecU'!c) Ha.i.um He.t Input 

.YClthr .o. /h, (IoIHBTU/hr) 

Coal 290 000_ #/hl" - 3422 

Natural Gas 350 000 Ft3/hr - 358 

Fuel 0,1 2500 oallhr - 341 6 

• Unit.: Hatural C •• -_HHCf/hr, ruel Oils--gallona/hr, Coal, wood, refuse. other--lb./h: 

Tuel aNl"ai..&.: Coal 

Percent Sulfur 2% Percent Aoh -"lu2u%L-________________________ _ 

Oenalty: 45 #/Ft3 lbo/gal Typical P.r~ent Nitrogen ____ ~1~.~1~6c_ ______ __ 

Hut Capacity· n,BOO (m1n 1 BTU/lb 

Ulhar ruel Cont •• inant. (which •• y cou •• aIr pollution)' ________________________________ ___ 

r. It applicable, ..indicate the percent of fuel ned 'or apace hutl";_ N/A 

Annl,.l Avu'age 

~. Indicate liQuld ar .alld ••• te. generated and •• thad af dlopaoal 

nCR fara 17-1.2D2(1) 
[frecti.fI Navember 3D, 1982 

Attached 

Page 5 of 12 



H [_18810n Stack Ceo~etry and Flow Charlclerlatlca (Provlde dala for eacn stack) 

Ma,o Boller Stack 495 Stack tlel.gnl _____ "-''''-__________ ft. Stack Ci •• aler ___ --'-16"--_____ " • Ca. flow Ralet 1123665 ACrM __ ~9~7~8~O~6~3 ____ 'DsCrH Cas [~l.t Temperature _----.!1"'-40"--___ o , 

~ater Vapor Conlent 15 ~ Velocity _______ ~1~O~O ______ ,ps 

Aux,l,ary Bo,ler Stack (see attached table) 
SECTION IV: INCINERATOR INfORMATION - N/A 

Type " Type 0 Type I Typ e II TYpe III Type IV Typ e V T yp e VI 
Was te (P leslle.) (Rubbuh) (Refuee) (Carbage) (Patholog ( L HI • Ca. (Soll.d By-prod ) 

leal) By-prod ) 

Actu.l 
Ib/hr 

lnclner_ 
Bled 

Uncon-
trolled 

(lbs/hr) 

Deacr~ptlon of Waste 

lotal \IiIught lnclnerated (lbs/hr) Oes1gn Capaclly (lbs/hr) _______________ e 
Approximate Number of Hours of Operation per day day/wk wkS/yt 

Hanu facturer _____________________________________________ _ 

Date Constructed Hodel No 

Volume Heat Release Fuel Temperature 
(ft) J (BTU/hr) T yp e BTU/hr ( D F") 

Prlmarv Chamber 

Secondar Chambe 

5 t.ack Height Stack Olamtet Stack Telllp 

Cas flow Rate _______ AcrH _____________ 'P5 

·rr ;0 or more t~~~ peT day de~lgn capaclty, submlt the emlssions rate ln gralns per stan­
dard CUblC foot dry gae corrected to 50~ excess alr 

Type of pollution control deVlce 

DER rorm li_l 202(1) 
Effectlve November JO, 1982 

( ) Cyclone [) Wet Scrubber [ ] Afterburner 

t ) Other {apecify) __________________________________ __ 

Page 6 of l2 • 



• 

• 

• 

III. G. Liquid and Solid waste Generation and Disposal 

Liquid wastes 

Sanitary wastes 
Wastewater 

Spent Solvents 
Coal Pile Runoff/Leachate 

Solid wastes 

Office wastes 
Air Filters 
Resin Beds 
Bottom Ash 
Fly Ash and Reaction Products 

Disposal 

sent to Indiantown Municipal System 
Treated, then reused in process 
where possible remainder to deep 
well injection 
Off-site disposal 
Treated and Bent to cooling tower 

Off-site disposal 
Off-site disposal 
Off-site disposal 
Off-site disposal 
Off-site disposal 

at coal 
at coal 

mine 
mine 



INDIANTOWN 

AUXILIARY BOILER STACK PARAMETERS 

AUXILIARY BOILER 

NO 2FUELOIL 
:qt )1"< ' .... v "- < 

!iATU"q;~1 f /// F, ~~¥, / ,. ~v"" 

EXHAUST STACK TEMP 500°F 480°F 

STACK EXIT VELOCITY 103 FT/SEC 102 FT/SEC 

STACK HEIGHT 90FT 90FT 

STACK EXIT DIAMETER 55FT 55FT 

• 

• 



81"le' deacrlptlon of operatlng eharacterlatlca of control devic.s 

.--------~-------------------------

Ultimate di8poaal of any a'fluent othar than that emitted from the atack (ecrubber .ater, 
.ah9 atc ) 

Nort Itema 2, J, "', 6, 7, 8, and 10 in Sactlon V muat be lncluded where appllcable 

SECTION V, SUPPLEMENTAL REQUIREMENTS 

Please provlde the followlng aupple~ent9 where reQuired for thls app!lcatlon 

N/A 1. 

•• 
3. 

Total process lnput rate and product we19ht Show derlvatlon [Rule 17_2 lOO(127)} 

To a constructlon applleatlon, attach baBls of emlssion aatl~ate (a 9 , ae&lgn ealcu1a­
tlons, deslgn drawlngs, pertlnent m.nufacturer's teat dat., etc.) and attach proposeG 
.. ethoda (e 9 , F'R Part 60 foI.ethods I, 2, J. 4, 5) to ahow proof of cOlllpllance w.th ap­
plleable atandards To an operation appl1catlon, attach test results or methODS used 
to ahow proof of co~pl1ance InfOr.atlon provided when applying for an operatlon per­
IfIlt from a construcUJ)n permit shall be indlcatlve of the tlJlle at whlCh the test was 
lIIade later 

Attach basis of potentlal dlseharve (e 9 , ellllS810n factor, that la, AP42 test) 
Refer to PSD Perm,t Appl,cat,on Documents 

Wlth constructlon perllllt applicatlon, include oes19n details for all air pollutlon con­
trol aystema (e g , for baghouae lnclude cloth to elr ratio, for acrubber include 
croas_aectlon aketch, dealon pressure drop, etc.) Refer to PSD Permlt Appllcatlon 
Documents 

s. With eonatructlon perlllit applieatlon, attach derivetlon of control devlee(s) efflcisn-
cy Includa test or de81gn data Itellla 2, ) and S should be conalstent actual elllis_ 
510ns a potentlal (l.efflclsncy) Refer to PSD Permlt Appllcatlon Documents 

6. An B 1/2" x 11- flow dlaoralll WhlCh I0Il111, without reveallng trade aecrets, identify the 
lndlvidual operatlons and/or proceaaas Indicate where raw lIIaterlals enter, where aol­
~d and 11quid wsste eXlt, where gaaeoua sal.Slona and/or alrborne particles are evolved 
and where finishad produeta are obt.lned Attached (Flg. 3 4 4-1) 

7. An B 1/2- x 11R plot plan ahowlng the location or the establiahment, and pOints or alf­
bor"'le allllsaiona, in relation to the aurrounding area, resldenees and other permanent 
structures and roadways (txample Copy or relevant portlon of USGS topographlc lIap) 
Attached (FiQ 2 I O-I) 

£I. An 8 1/2" x 11" plot plan of faci11ty Showing the locatlon of manufacturing processes 
and outleta for alrborne .mlaalona Relate all flowa to the flow dlaoralll 

• 
Attached (F,g 3 2-4) 

tR Form 17-1 202(1) 
[ffectlve November )0, 1982 Page 7 or 12 



9. The appropriate application fee in accordance with Rule 17-4 OS 
lIade payable to the Departllent of (nvlronllental Regulatl0n 

The check should be 

10. Wl.th an application for operation perlll.t, attach a Certlficate of COllpletl0n of con. 
struetl0n indlcating that the source ""a. constructed a. ahown in the conatruct.1o 
per_it 

SECTION VI, 8EST AVAILABLE CONTROL TECHNOLOGY 

A. Are atandarda of perforllance for na. stationary sources purauant to 40 era Part 60 
applicable to the aource? 

[XI 'OS [ No 40 CFR 60 Subpart Da 

aate or Concentration 

See tables .n PSD Permit Appl.cat.on 

Documents 

B. Ha. EPA declared the beat aval.lable control technology for thl11 class of sources (I f 
yes, attach copy) 

I ] ha [X) No 

Contalll.1nant Rate or Concentrat.10" 

Refer to PSD Perm.t Appl.cat.on DOCUments 

----------------~. 

~. What elllis810n levele do you propo.e a. beet available control technology? 

Contalllinant Rate or Concentration 

See Table .n PSD Perm.t Appl.cation 

Documents 

o D.ecribe the exiating control and treetllent technology (If any) 

1. Control Device/Systell 

). [fficiency· 

.(xplain lIIethod of determining 

DER ro~. 17-1 202(1) 
Effective November JO, 1982 

2. Operating Principlea 

4 Capital Costa 

Page 8 of 12 • 
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r 

• 

, Useful Llfe , OperatIng Coats 

7 Energy 8 Haintenance Cost 

9 EIII18510ns 

Contallllnan!; Rate or ConcentratIon 

10 Stack Parameters 

• b D.1.meter ft 

c flow Rate AC F"M d Temperature 0' 
• VelocIty '" 
OeSCfloe the control and treatment 
use addItIonal pages If necessary) 

technology aV811ab1e (As many types 85 appllcable, 

Refer to PSD Permlt Appl1catlon Documents 
1 

a • 

c. 

• 
9 

, 
J. 

k. 

2 

a 

e 

• 
9 

,. 

Control Devlce b Operat.l.ng Prlnclples 

Efflclency 1 d Capital Cost 

Useful Ll fe f Operating Coat 

Energy 2 h Malntsna"ce Cost 

Avellablllty of constructIon materlals and process chemlcals 

Appllesbl11ty to manufacturIng processes 

AbJ.llty to construct .... .1th control devlce, lnstal1 1n available space, and operate 
wlthln proposed levels 

Control DeYlee b Operatlng Prlnclp1ea 

EfflClency 1 d Caplta1 Cost 

Useful L.i f e , Operstlng Cost 

Energy 2 h Halntenance Cost 

Aval1abl1ity of conetructlon materla1s and process chemlca1s 

1txp1aln method of determlnlng efflclency 
2Energy to be reported 1n unlts of e1ectrlca1 power _ KWH deslgn rate 

411tER rorm 17-1 202(1) 
Effectlve Novelllber 30 I 1982 Page 9 of 12 



r 

J AppllCab1lity to .anuracturlng proce8aea 

k 

3 

• 
c 

• 
9 

Ab1llty to construct wlth control deYl.ce. lnst.ll 1n aYal.lable spsce, 
withl.n proposed levels 

Control Device b Operatlng Prl.ncl.plea 

(rrl.Clency 1 d Capltal Coat 

Uaeru! Li re , Operatl.ng Cos t 

Energy 2 h Iotalntenance Cos t 

1 Avallabll1ty or construct1on msterlsls and process chemlcals 

and operate. 

k Ablilty to conatruct loth control dev1ce, install ln aval.lable space, and operate 
wlthl.n proposed levels 

• 
• Control Devl.ce b Operatlng Prlnclples 

c. E rrl.ciency 1 d Capltal Costs 

e. Us e ru 1 L l. re , Operat.lng Cost 

9 Energy 2 h IotBlntenance Cost 

A.Ya.llabll1ty 0' construction msteria!s and process chemlce!s • j Appll.cablll.ty to manuracturlng proce~ses 

k. AbllJ.ty to construct with control devlce, lnstall J.n avaJ.Iable space, and operate 
with1n proposed levels 

OeaC"ibe tho control teChnology selected See BACT for PSD Perm,t Appl,cat,on 
1 Control Device 2 E rrl.cJ.ency 1 

3 CapltaJ Cos t • Userul Ll.re 

> OperatJ.ng Cos t 6 Energy 2 

7 Haintenance Coat • e Manuracturer 

, Other locatl.ons where employed on silllllar processes 

a U) Company 

(2 ) HaJ.1l.ng Addreas 

()) CJ.ty ( .) Stat e 

lExplal.n method or determlnl.ng errl.cl.ency 
2(nergy to be reported 10 unJ.ta or e!ectrJ.cal power _ KWH deslgn rate 

OER Form 17-1 202(1) 
Errectlve November 30, 1962 Page 10 or 12 • 



• (5) [nv~ron~ental Hanager 

(6) Telephone No 

(7) ElliaBlons 1 

Conteml.nant 

(8) Process Rate 1 

b (l) Company 

(2) Haillng Address 

(3) Clty 

(5) Envlronmental Manager 

(6) Telephone No 

(7) (misslons 1 

Contaml.nant 

Rate or Concentratlon 

(4) State 

Rate or Concentratlon 

.~---------------
(8) Process Rate 1 

10 Reason for asleellon and deSCrl.ptlon of systema 

lAppllcant must provide th18 information when .vallable 
.ya~lable, appll.cant ~u8t atate the reason{s) why 

Should thl.s .\nforlllutlon not be 

A. 

SECTION VII - PREVENTION or SI~lrlcANT DETERIORATION 

Company Honl.tored Oat. 

1 _______ "0 altes 

Period of Monitor~ng 

Other data recorded 

A,r qual1ty lmpact below the level requlring monltorlng (see 
attached PSD appllcatlon document') 

TSP () so;r· Wl.nd spd/dlr 

/ I to / / 
month day year month day vear 

Attach all data or statist~ca1 summar~es to th~s app1~caL~on 

.spec~f)' bubbler (8) or cont~nuous (C) 

OER torm 17-1 202(1) 
Effect~ve November }O, 1982 Page 11 of 12 



• ~as instrumentatIon EPA referenced or ita equivalent? [ ) Yes J No 

b Was lnatrUgentatlon callbrated 1n accordance wlth Department procedures? 

[ ] Yes (] No [] Unknown • 
8 MeteorologIcal Data Used (or AIr Quality ModelIng 

C 

1 5 Year(s) of data (ro~ 1 I 1 I 82 to 12 I 31 I 86 
.onth day year lIonth day year 

2 Surface data obtained from (lOC.tlon) ___ W~e~s~t~P2a~1~m~B~e~a~c~h~.~F=L ________________________ __ 

, Upper alr (mIxIng heIght) data obtained from (loc.tlon) __ ~W~e~s~t"-~P~a~l~m~B~e~a~c~h~.~F~L,-____ __ 

4 StabIlIty wind roae (STAR) data obtaIned (rom (locatlon) West Palm Beach. FL 

Computer Mooels Used 

1 ISCST (vers,on 88348) Hodl. (lI,d? 

2 (no mod,f,cat,ons) ModIfied? 

, 
• 
Attach coples o( all 
c~ple output tables 

Hod.lfled? 

Hodl f lad? 

(lnal model runa sho .. ung lnput data, 
Attached to DER AQ subm,ttal only 

If yeB, at t Be h deSctlptlon 

If yes, attach deact.lptlon 

If y 8&. at tach descrlptlon 

I f yes, attach deSCrl.ptlon 

receptor locatlons, and prln-

D Applicants Max~mum Allowable Emlselon Dsta 

Pollutant 

,"p 

50 2 

(Ma,n Stack) 

7 8 

73 

EmlSSlon Rate • grams/sec 

grallls/aec 

E EIIIls610n Data Used ln Modellng 

r 

Attach list o( alll~SSlon sources Elusslon data requlred lS source name, descrlptlon of 
point source (on NEOS pOlnt QUmber), UTM c:oordl.nates, stack data, allowable emlSS10nS, 
and normal operat~ng tlllle See PSD Appllcatlon Documents 

Attach all other lnformation auppcrthe to the PSD reVlew See PSD Appllcatlon Documents 
.t D~acuas the social and economlC ~mpact of the selected technology versus other app!l.cs-

ble technologles (~e , Jobs, payroll, productlon, taxes, energy, etc) Include 
a88esslllent of the envlronmental llllpact of the sources 

see BACT 
H Attach seientiflc, engIneering, and technical lIIater~al, reports, publu:atlons, Jour­

nals, and other competent relevant ~nforlllatl.on descrlblng the theory and appllcatlon of 
the requested best available control technology 

see 8ACT 

OER Form 17-1 202(1) 
Effeetlve November )0, 1982 Page I: of 12 
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1 0 INTRODUCTION 

1 1 Project Description 

PG&E/Bechtel Generaling Company IS propOSing to Install and operate a coal·fired cogeneration 
faCIlity near Indiantown FL capable of generaling 330 net megawatts (MW) of power from a PC 
bOller·based generallng plant DUring the period from November to June, 225,000 Ib/hr of 
process steam Will be supplied to Caulkins Crtrus Processing, dUring these periods the plant Will 
supply a nominal 310 MW of electrical power to the local utility grid 

Major eqUipment for the faCIlity Will consist of a pulverized coal boller, an extraction-condensing 
turbine electrical power generator, air pollution control equipment, a water·cooled suriace 
condenser, boiler ieedwater systems Oncludlng condensate and feedwater pumps, feedwater 
heaters and a deaerator). a Circulating water system (Including Circulating water pumps, a 
mechanicallY-induced draft cooling tower, a water supply pipeline, and a water storage pond), 
coal unloading and storage facllrtles, ash handling equipment, water treatment facillues, an 
aUlollalY fuel·oll or natural gas fired bOiler, as well as plant support equipment Including HVAC, 
fire protection, plant 81f, potable water and sanitary sewer hnes 

The main bOiler heat Input at full load IS estimated at 3,422 MMBtu/hr The heat Input of the 
auxlllalY bOiler firing #2 fuel OlliS estimated at 342 MMBtu/hr (358 MMBtu/hr finng natural gas) 
The aUXiliary boiler Will operate an estimated 1 ,000 hours per year 

The flue gas cleanup system for the PC bOiler Will consist of spray dlYer absorbers (SDAs) for 
desulfunzatlon and aCid gas control, and a baghouse for particulate matter (Including trace 
metals) control 

Flue gas from the air heater Will enter the two SO·percent capacrty SDAs, where n will be 
humidified and cooled by spraying wrth lime slurlY Simultaneously, the flue gas Will prOVide 
dlYlng energy to the atomIZed slurlY The cooled gas, along wrth the entrained reaction products 
and fly ash, Will flow to the the fabriC filter where solids Will be separated from the gas 

The system Will use lime (calCium hydrOXide) slurry as the absorbing medium Pebble lime Will 
be slaked In the lime preparation system, diluted and stored In the lime feed tanks I.Ime slurlY 
will be pumped from the feed tank to the agitated atomizer head tank, from which the SlurlY Will 
be pumped to the absorbers 

R\PUBS\PROJECTS\5402008\400S1 I·' 



Ume will be delivered to the site by rail or self-unloading truck and stored In a totally enclosed • 
structure to eliminate fugitive emissions 

Flue gas from the FGD system will enter the baghouse through an Inlet mandold, which will 
distribute the gas to the bag filter compartments Gas will pass through the fabric olthe bags 
from the Inside to the outside, collected parbculate will be retained on the InSide surface of the 
bags When the particulate bUildup on the surface of the bags produces a preset flue gas 
pressure drop, an automatic reverse-air cleaning cycle will be Initiated 

Hoppers below the bags WIll collect the parbculate released from the bags dUring the clea",ng 
cycle A pneumatic transer system will transport the particulate ash from the hoppers to the ash 
storage silo, In preparation for off srte disposal 

1 2 Emission Estimates 

The faCIlity WIll be an emission source of nrtrogen OXides, suHur dioXide (SO,,), particulate matter 
(PM), carbon monoxide (CO), and unburned hydrocarbons (UBHC's) and other regulated 
pollutants Peak hourly and annual average emiSSion rates are shown In Table 1·1 Total facility 
emiSSion rates are shown In Table 1-2 

1 3 Proposed BACT 

1 3 1 PC Boller 

For the pulverized coal bOiler, the proposed BACT level for NO, IS 0 17Ib/MMBtu, which will be 
achieved through the use of Selective Non·Catalytic Reduction (SNCR) and advanced 
combustion controls The proposed BACT level of SO,IS 0 171b/MMBtu, which will be achieved 
through the use of lime spray drying The proposed BACT lor particulate matter IS 0018 
Ib/MMBtu, which will be achieved wrth a fabric fiijer For CO and VOC, the proposed BACT 
levels are 0 11 and 00036 Ib/MMBtu, respectively, achieved through advanced combusbon 
controls For beryllium, mercury and arse",c, the proposed BACT levels are 2 73 X 10", 11 4 X 
10", and 51 1 X 1 O"lb/MMBtu, respectively Control of particulate matter through fabnc filtration 
will slmuijaneously achieve control of beryllium and arse",c, while control of SO, wrth spray 
drying will also control mercury emissions 
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TABLE 1·1 

• FACILITY EMISSION RATES 

Full Load 100% CapaCIty 
Pollutant IblMMBlu (Iblhr) (tonlyr) 

PC BOILER 
Nrtrogen OXIdes 017 582 2549 
Carbon Monoxide 011 376 1647 
Hydrocarbons 00036 123 54 
PartIculate Matter 0018 616 270 
Sulfur DIoxide 017 582 2549 
Lead 187 X 10" 0064 028 
Beryllium 273xl0" 00093 0041 
Mercury 114xl0" 0039 0172 
Arsenic 511xl0" 0175 0765 

AUXILIARY BOILER 
(based on #2 011 firtng) 

Nitrogen OXides 020 684 342 
Carbon Monoxide 014 473 237 
Hydrocarbons 00018 063 031 

• PartIculate Matter 00041 1 4 07 
Sulfur DIOXide 0052 178 89 
Lead 105xl0' 36 X 10' 18x 10' 
Beryllium 120 x 10" 41 x 10" 20 x 10' 
Mercury 149 x 10" 51 X 104 26 X 104 

Arsenic 199 x 19" 68 x 10~ 34 x 10 3 
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NItrogen OXIdes 
Carbon MonoxIde 
Hydrocarbons 
PartIculate Matter 
Sulfur D,ox,de 
Lead 
Beryllium 
Mercury 
Arsenic 
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TABLE 1 2 
TOTAL FACILITY EMISSIONS 

1-4 

Annual Tons 

2549 
1647 
54 
270 
2549 
028 
0041 
0172 
0765 

PSD 
Slgnrflcance 

40 
100 
40 
25 
40 
06 
00004 
01 
o 
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1 3 2 Auxiliary Baller 

For the #2 fuel 011- and natural gas-fired auxIliary boiler, the proposed BACT level for NO, Is 0 2 
IbfMMBtu, achieved through the use of low NO, burners The proposed BACT levels for SO, 
and particulate matter are 0052 and 0 0041 IbfMMBtu, respecbvely, achieved using very low 
sulfur fuels For CO and VOC, the proposed BACT levels are 0 14 and 00018 IbfMMBtu, 
achieved through the use of combustion controls The proposed BACT levels for beryllium, 
mercury and arsenic from the auxiliary bOiler are 120 x 10-3, 149 X 10-8, and 199 x 10-8 
IbfMMBtu, respectively Control of particulate matter emissions through low suKur fuel firing Will 
also simultaneously control emiSSions of these trace elements 
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20 BEST AVAILABLE CONTROL TECHNOLOGY ANALYSIS - METHODOLOGY 

2 1 IntroductIon 

The Prevention of Significant Deterioration (PSD) rules of the Flonda DER reqUire a determination 
of Best AvaIlable Control Technology (BACl) for each regulated pollutant potentIally emItted from 
a new or modified major stationary source In excess of the emiSSion significance levels In 
Table 1-2 Based on the emiSSion estimates shown In Section 1 2, the proposed cogeneration 
facIlity IS subject to BACT wIth respect to nrtrogen oXIdes (NO,), carbon monoxIde (CO), 
hydrocarbons (VOC), partIculate matter (PM,,), sulfur dIoXIde (SO,), beryllium, arsenIC, mercury, 
and radlonuchdes 

BACT IS defined In the Flonda Air PollutIon Rules as 

"An emiSSion Imitation, Including a vIsible emiSSions standard, based on the maximum 
degree of reductIon of each pollutant emItted whIch the Department, on a case by case 
basIs, taking Into account energy, environmental and economic Impacts, and other costs, 
determines IS achievable through apphcatlon of production processes and available 
methods, systems and techniques (Including fuel cleaning or treatment or Innovative fuel 
combustion techniques) for control of each such pollutant· 

The BACT reqUirements are Intended to Insure that a proposed facility will Incorporate control 
systems that reflect the latest technoques used In a partIcular Industry, allow for future growth In 
the vlclnoly of the proposed facIlity, and comply wIth NatIonal AmbIent Air Quality Standards 
Compliance wIth New Source Performance Standards (NSPS), NatIonal EmIssIon Standards for 
Hazardous Air Pollutants (NESHAP), or state regulatIons may be conSIdered applicatIon of BACT 
Nevertheless, an evaluation of the air pollution control techniques and systems IS reqUired, taking 
Into account energy, environmental and economiC Impacts ThiS analysIs may require the 
documentation of performance levels, technical limitations, and the matenals, energy, and 
economiC penalties associated with the technically achievable alternative control systems, as well 
as the environmental benefits denved from these systems 

2 2 Cost Determination Methodology 

An economIC analysIs of certaIn BACT alternatIves may have to be performed, whIch compares 
their capital and operating costs In terms of cost effectiveness, I e dollars per ton of pollutant 
removed 
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In this analysIs, both capital and annual costs are analyzed Capital costs Include both the Initial • 
cost of vanous components IntnnSIC to the complete control system (the actual control 
technology hardware reactors, pIPing, rotating equipment, Instrumentation, monitoring 
equipment, and supports) and InstallatIon costs The annual operating costs conSist of the 
financial requIrements to operate the control system on an annual baSIS, Including overhead, 
maintenance, labor, raw matenals, and utilities 

This BACT analysIs utilizes the cost estimating methodology outlined In the most recent EPA 
GUidance document on the subject, the OAQPS Control Cost Manual (EPA 1990) 

22 1 Capital Casts 

A number of methods with varying degrees of accuracy are available for estimating capital costs 
The estimating technique used In this analysIs IS based on a factored method of determining 
direct and indirect Installation costs This technique IS a modIfied version of the -Lang Method" 
whereby Installation costs are expressed as a function of known equipment costs 

The capital costs estimation factors, shown In Table 2-1, represent the delivered eqUipment costs 
for the baSIC control equipment and all aUXiliary equipment, plus direct and Indirect Installation 
costs for a turnkey, ready-to-operate Installation These costs are comprised of purchased 
equipment costs, Installation costs, and Indirect costs 

Purchased equipment costs represent the delivered cost of the control equipment, aUXIliary 
equipment, and Instrumentation AUXIliary equipment consists of all structural, mechanical, and 
electrical components required for efficient operation of the deVice These Include such Items 
as fuel storage and supply piping and exhaust gas ductwork AUXiliary equipment costs are 
taken as a straight percentage of the baSIC control equipment costs, the percentage being based 
on the average requirements of typical systems and their aUXiliary equipment (Vatavuk 1980) 
Instrumentation and controls are usually not Included In the baSIC eqUipment cost, typical cost 
factors range from 10 to 15% of the baSIC equipment cost, depending on the speCific application 
The purchased equipment costs, which Include the FOB equipment cost, aUXiliaries, 
Instrumentation and controls, taxes and freight, are then the baSIS for determining the direct and 
indirect Installation costs 

Installation costs consist of the direct expenditures for matenals and labor for Site preparation, 
foundations, structural steel, erection, piping, electrical, painting, and faclhtles, and the Indirect 
costs for contractor's engineering and superviSion, construction and field expenses, construction 
fees, conllngencles, start-up and performance tests, working capital, and Interest dUring 
construction Direct Installallon costs are expressed as a function of the baSIC equipment cost, 
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TABLE 2-1 
CAPITAL COST ESTIMATION FACTORS 

Direct Costs 
(1) Purchased EqUIpment 

(a) BasIc EqUIpment 
(b) AuxilIaries 
(c) InstrumentatIon 
(d) Structural Support 
(e) Tax and FreIght 

(2) Direct InstallatIon 

Total Direct Cost (TOC) 

Indirect Costs 

(3) Indirect InstallatIon 

(a) EngIneering 
& Supervision 

(b) ConstructIon 
& FIeld Expenses 

(c) ConstructIon Fee 
(d) ConllngenCles 

(4) Other Indirect Costs 

(a) Startup & TestIng 
(b) Working Caprtal 

Total Indirect Cost (TIC) 

Total CapItal Costs 

Source EPA OAQPS (1990) 
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Vendor Data 
Vendor Data 
o 10(la) 
o 10(la) 
o 08(la -> ld) 

o 30(1 a -> Ie) 

(1) + (2) 

o 1 (TOC) 

o 1 (TOC) 

o 05(TOC) 
o 2O(TOC) 

001 (TOC) 
30 days O&M Costs 

(3) + (4) 

TOC + TIC 



based on average Installation requirements of typical systems Indirect costs are designated as • 
a percentage of the total direct cost (purchased equipment cost plus the direct Installation cost) 
of the system The factors are based on the assumption that the Installation IS performed by an 
outside contractor and not by plant personnel 

222 Annualized Costs 

Annualized costs, as shown In Table 2-2, are compnsed of the direct costs of matenals and labor 
for maintenance and operation, utilities, and waste disposal, and the Indirect charges Including 
plant overhead, general administration, taxes, Insurance and capital charges 

Labor and matenal costs for operation and maintenance Will vary depending on the system 
operating mode and the operating time The maintenance requirement IS 5% of the total direct 
cost A 40/60 split on labor Imatenals IS applied to the maintenance cost estimate Overhead 
IS applied to operattng and maintenance labor 

Utllrty costs are based on the esttmated total annual consumption and unit costs The latter were 
supplied by PG&E/Bechtel and are based on current (second quarter 1990) pnces 

Indirect operating costs Include the cost of plant overhead, general administration, taxes, • 
Insurance, and caprtal charges These costs are a direct function of the total capital cost 
Capital charges are based on the operation life of the system, Interest and capital depreciation 
rates, and total capital cost These charges are based on the capital recovery factor (CRF), 
defined as 

1(1 + I)' 
CRF = .......... .. 

(1 + I)'· 1 

where I IS the annual Interest rate and n IS the equipment I~e (years) The estimated equipment 
hfe of each alternative IS 10 years, and the average Interest rate IS assumed to be 10% 

2 2 3 Cost Effectiveness 

The cost effectiveness of an alternative control approach IS based on the annualized cost of the 
system and Its annual pollutant emiSSion reduction It IS determined by dividing the annuahzed 
operating cost of an a~ernatlve by the tons of pollutant removed by that a~ernatlve per year The 
basIs for determining the uncontrolled tons, control effectiveness, and controlled tons of each 
pollutant are summarized wlth,n each appropnate section of thiS report 
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TABLE 2-2 
ANNUALIZED COST FACTORS 

Direct Operating Costs 

(t) Operating Labor 
SupelVlsor 

(2) Maintenance 

(3) Replacement Parts 

(4) Raw Materials 

(a) Ammonia 
(b) limestone 
(c) lime 

(5) Utllrtles 

(a) Electricity 
(b) Water 
(c) Fuel 011 
(d) Steam Generation 

(6) Disposal Costs 

(a) Spent Catalyst 
(b) Solid Waste 
(c) Wastewater 

Indirect Operating Costs 

(7) Overhead 

(8) Property Tax 

(9) Insurance 

(10) Admlnsrtratlon 

(11) Caprtal Recovery 

Total Annualized Cost 

Cost Effectiveness 
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$20 oa/man-hour 
15% of operating labor 

5% of Direct Costs 

As Required 

$175/Ton 
25jTon 
70/Ton 

$0071/kwhr 
2 00/1000 gal 
700/MMBtu 
800/ton 

$300/yd' 
$2860/ton 
o 05/gal 

30% Labor + t 2% 
Maintenance 

1 % Total Caprtal Cost 

1 % Total Caprtal Cost 

2% Total Caprtal Cost 

16 3% Total Caprtal Cost 

(1) -> (11) 

Annual Cost/Tons Removed 



EN."R 

2 3 OrganIzation of Analysis 

The following sections discuss the applrcable alternative control techmques and devices available 

for the proposed cogeneration facIlity and provide an analysIs of the Impacts of these alternative 

control technologies 
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3 0 BACT FOR NITROGEN OXIDES 

31 Introduction 

3 1 1 Formation 

Nitrogen OXides (NO,) are formed In combustion sources by either the thermal oXidation of 
nitrogen In the combustion alf or the reduction and subsequent oXidation of fuel nitrogen 
Virtually all NOx emiSSions ongmate as nltnc oXide (NO) as both nitrogen and oxygen diSSOciate 

Into atomiC form at the high temperatures Wlth,n the bOiler and then recombIne to form NO A 
minor fraction of the NO IS further oXidized In the flue gas system to form N02 As can be seen 
from the analysIs of the coal proposed for this project (fable 3-1), the fuel will contain some 
nitrogen compounds In typical domestic coals, these take the form of aromatic nltnles, 
pYrldlnes, and pyrroles (EST 1984) However, the bulk of the NO, formation In this faclhty will 
be through thermal oXidation of nitrogen from the combustion aIr, referred to as thermal NOx 

The rate of formation of thermal NOx IS a function of the residence time, free oxygen, and peak 
flame temperature Therefore, most NOx control technIques for thermal NOx are aImed at 
minimizing one or more of these variables Other control methods, known as "ta" gas" or "back­
end" techniques, remove NOx from the exhaust gas stream 

3 2 NO, Emissions from PC Boller 

The design and operation of a coal-fired bOiler has a significant Impact on both the formation and 
subsequent emission of NO" as well as the potential apphcatlon of add-on back-end NO, control 
eqUIpment The various alternatIVe coal-fired boiler configurations, Including PC, Circulating 
flUidized bed (CFB) , and spreader stoker, each exhibit unique deSign and operational 
characteristics which affect the technical feaSibility of certain NOx control alternatives Spreader 
stoker and CFB bOilers are not available In the sIze range being conSidered for the Indiantown 
Cogeneration Faclhty 

3 2 1 Permitted Control Levels 

The Federal New Source Performance Standard (NSPS) for coal-fired steam generating Units 
greater than 100 MMBtu/hr heat Input IS 06 Ib/MMBtu (40 CFR Part 60, Subpart Db) 
AppendiX A contains a hst of the coal-fired bOilers Included In the EPA's BACT /LAER 
Clearinghouse Of the recently-permitted bOilers (post-19BO), the predominant deSign hsted In 
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TABLE 31 

COAL ULTIMATE ANALYSIS 

Component % (As Fired) 

Carbon 6537% 

Hydrogen 463% 

Oxygen 469% 

NItrogen 116% 

Sulfur 200% 

ChlOrine 015% 

Ash 1200% • Water 1000% 

TOTAL 10000% 
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the Clearinghouse Is circulatIng flUIdIZed bed (CFB) IncludIng Applied Energy ServIceS, 
Scrubgrass Power Corp, Cambria Cogen, Inc, Goodyear Unrted Development, North Branch 
Energy Partners, Inc, Unrted Development Group, Fort Howard Paper, Northeastern Power Co , 
Edensburg Power Co, Tennessee Valley Authority, Panther Creek Energy, and GWF Power 
Systems Co ,Inc SInce there are dIfferences between the PC and CFB In terms of operabng 
temperature and NO, emISSIon rates, these CFB permrt IImrts are not applicable to the proposed 
PC boiler desIgn 

The a~ematlve NO, controls whIch are applicable to the proposed PC boiler Include combustIon 
controls, selectIve non-catalytIC reductIon (SNCR) and selectIve catalytIC reductIon (SCR) It 
should be noted that the laller two a~ernatlves, SNCR and SCR, have not been demonstrated 
on a US PC bOIler firing domestIC coals They have, however, been applIed to PC unrts In Japan 
and Europe, as detaIled further In subsequent sectIons of thIS analYSIS For the purposes of 
prOViding a complete reView, they are Included In thiS analYSIS 

3 2 2 Selective CatalytIC Reduction 

32 2 1 Technical Analysis 

The NO, control a~ernatlve that has been demonstrated to ach,eve the greatest potentIal for NO, 
reduction on certain combUstion sources IS SeR However, thiS technology has never been 
applied to domestIc coal-fired sources Although ~ has been applied to sources firing coal In 
both Japan and Europe, there are dIfferences In the coals and boiler opera\lng practIces between 
these applicatIons and domestIc applicatIons whIch may hInder the use of SCR In the US on 
coal There are unresolved technology-related Issues relating to the use of this alternative In a 
US applicatIon, IncludIng lack of demonstratIon on pIlot-scale unrts firing US fuels, dIfferences 
between US and eIther Japanese or European fuels, as well as differences between the 
proposed Indlnatown equIpment configurallon and Units where SCR has been applied As 
descrIbed In greater detail below, for these and other reasons SCR IS not commerCIally 
applicable, and thus not BACT, at the present tIme 

DeSCription 

The SCR process Involves postcombustlon removal of NO, from the flue gas WIth a catalyllc 
reactor AmmOnia (NH,) IS Injected Into the flue gas stream upstream of the catalyst bed, and 
NO, and NH3 combine at the catalyst surface, formIng elementaJ nitrogen and water The 
function of the catalyst IS to effectIvely lower the actIvatIon energy of the NO, decomposrtlon 
reaction 
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Catalyst Types 

There are several commencally available SCR catafysts, Including platinum-based, vanadlum­
based, zeolrte, and ceramic molecular sieve-based Each catalyst type exhlbrts advantages and 
disadvantages In terms of operating temperature, reducing agent/NO. ratio, and optimum 
oxygen concentration A charactenstlc common to all types is the narrow "wIndow" of 
temperatures In which the reactions will proceed Below the lower operating temperature limit, 
the reduction reactions do not take place Operation above the maximum temperature results 
In oXidation of NH3 to erther nitrogen oXides (thereby actually Increasing the NO. emissions) or 
the formation of ammonium nrtrate and ammonium nltnte, both of which are explosive 
compounds 

Optimum operating temperature for most catalyst systems has been shown to be In the range 
of 500-850-F For combustion sources such as the proposed PC bOiler, a pnme concern IS the 
locabon of the catalyst bed to Insure that this temperature IS maintained 

Catalyst Deactivation 

The SCR process Is subject to loss of catalyst activity over time Since the catalyst Itseij IS the 

• 

most costly part of the process, steps to prevent catalyst deactivation must be taken to effect • 
economical operation of the process Catalyst deactivation occurs through two pnmary 
mechanisms physical deactivation and chemical pOisoning The former IS generally the resu" 
either of prolonged exposure to excessive temperatures or masking of the catalyst due to 
entrainment of particulate Chemical poIsoning IS caused by the Irreversible reaction of the 
catalyst with a contaminant In the gas stream and IS a permanent condrtlon Catalyst suppliers 
generally assign a two to three-year lifetime to catalyst systems, thus a loss of 33% per year Is 
to be expected 

Dunng Inlbal tnals with Japanese technology In Europe, rt was discovered that for certain coals 
and finng configurations, the actlvrty of the catalyst decreased markedly after only a few hundred 
hours of operation (Schonbucher 1989) After extenSive laboratory and pilot scale Investigations 
(Kuroda et al 1989), the reason for this decline was Identified as catalyst pOIsoning by arseniC 
(Bailing and Heln 1989, Goldschmidt 1987, Kuroda et a11989, Necker 1989, Schonbucher 1989) 
Gaseous arsenic tnoxlde (As20J. formed by oXidation of elemental arsenic In coal, condenses 
w"hln the catalyst pores and adsorbs onto aclJve SIIes, thereby blocking the adsorpbon of NO, 
and ammonia and preventing the NO, reducIJon reaction from taking place (Kuroda et aJ 1989) 

Although the Japanese had performed extensive tesbng of the SCR process on laboratory- and 
pilot-scale equipment pnor to full commerCIal application (Kuroda et ai, 1989), the phenomena 
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of catalyst pOIsing by gaseous arsenic was not observed until SeR was tried in Europe 
(Goldschmidt 1987) 

Fuel Su~ur 

The su~ur content of the coal proposed for Indiantown Is an additional concern Catalyst 
systems Will promote oXidation of sulfur dioxide (SO,) to sulfur tnoxlde (SO,), which combines 
with water to form suHunc aCid Corrosion of flue gas piping and heat transfer surfaces, as well 
as catalyst deactlvallon, IS thus a concern for uSing SCR WIth sulfur-containing fuels In addition, 
S03 combines with unreacted ammOnia to form ammonium bisulfate, which condenses out In 
the low temperature section of the Unit and fouls the a" heater, as described further below 

Another Irreversible decline In catalyst actIVIty IS related to aCIdiC attack of catalyst matenals 
Damon presented a technical review of the potential applicability of SCR to US coal-fired 
sources, and Identified S03 adsorption as a potential problem area For low and medium sulfur 
coals, he states that catalyst activity Will be reduced If the reaction temperature falls below 580' F 
(below 650'F for high sulfur coals) (Damon et ai, 1989) 

C,chanow,cz and OIIen note that catalyst pOISIOning by sulfur compounds IS aggravated by 
conslltuents of fuel which promote high SO, and SO, concentration, Including fuel sulfur, high 
fly ash "on content (which may catalyze the OXidation of SO, to SO,), and low ash alkalinity 
(which neutralizes SO,) (Clchanowlcz and OIIen 1987) 

Thus differences ,n coal sulfur, alkalinity and trace element concentration may present 
unexpected dlfficun,es In applYing the European expenence d"ectly to domesllc fuel finng 

Indiantown Configuration 

As descnbed In more detail In subsequent sections, sulfur diOXide and particulate matter Will be 
controlled In the proposed faCIlity with a spray dryer /fabnc finer SCR has never been used In 
conjunction wrth a spray dryer /fabnc filter before, based on the European expenence and 
preliminary Information from one US pilot study, there are unresolved technical Issues In 
particular the effect that SCR Will have on the fabnc fllter IS of concern 

When SeR IS applied to sources firing fuels containing sulfur, variOus ammonium salts are 
formed, Including ammonium bisulfate (NH,HS04J and ammOnium sulfate ([NH,l,SOJ (Damon 
1987, Novak and Rych 1989, Lowe 1989, Roble 1989) The amount of each of these sans 
formed In a given source Is dependent on the coal sulfur, the coal alkallnny, and the level of 
ammOnia Slip (Damon 1987) AmmOnium bisulfate IS a hygroscopIc solid at room temperature, 
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but has a mettlng pOint of 3OQ"F (CRC 1975) It IS formed according to the following senes of 
reactions 

S + 0, --> SO, 

SO, + 1/2 0, -> SO, 
SO, + NH, + H,O ---> NH,HSO, 

Thus all other factors being equal, the greater the coal sulfur content, the greater the formanon 
of ammonium blsuffate Similarly, the greater the ammonia slip (hence the greater the amount 
of free ammonia In the flue gas) the greater the formation of ammonium bisulfate Finally. the 
higher the concentration of alkaline components of coal (calcium, magnesium, sodium, 

potassium), the greater the tendency for aCidic SO, to be neutralized, thereby lower rts 
concentration In the flue gas and lowering the formation of ammonium bisulfate These factors 
are vanable and Interrelated, thus rt IS difficult to predict what the formation and subsequent 

condensation rate of ammonium bisulfate wdl be for a new application 

In order to estimate the range of the amount of ammonium bisulfate which would be formed In 
the Indiantown boller, two major assumptions were made If It IS assumed that ammonia slip IS 

the rate-IImlllng reactant, approximately 95 Ib/hr of ammonium bisulfate Will be formed If, 

• 

however, It IS assumed that the formation of 503 IS rate-limiting, then based on the antlClpated • 
coal properties, more than 290 Ib/hr of bisulfate would be formed Based on full load operallon 

for 8760 hrs/yr, thiS represents a loading of between 416 and 1,270 ton/yr of additional 
particulate matter 

The relatIVely low mettlng POint of thiS matenal resuns In rts condenSing on the cooler portions 
olthe bOiler backend equipment, Including SIr preheater and flue gas ductwork In the proposed 

Indlnatown configuration, rt would tend to condense In the spray dryer and fabnc fitter as well 

As a hygroscopIc matenal, ammonium blsuffate Will tend to absorb water and become sticky 
once tt has condensed The EPRI pilot study at Arapaho found that high levels of ammonia slip 

resulted In an Increase In pressure drop across the baghouse, which was the result of fouling 
of the bags by ammonium blsuffate (EPRI 1986) It was also found that thiS matenal was not 

removed by normal bag operation (reverse-jet cleaning) and that a unrt shutdown was reqUired 
In order to clean the equipment (EPRI 1986) 

European Installations eqUipped With SeR have also found that ammonium bisulfate fouling 
Increases the pressure drop accross the air preheater (Damon t987, Roble 1989) In some 
Installations, additIonal ductwork IS Installed to route the flue gas around the economizer to 
prevent the flue gas temperatue at the Inlet to the SCR reactor from dropping low enough to 
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allow formation and condensation of ammonium bisulfate, however this practice IS not effective 
at low loads (Kopplus-Odlnk 1989) The matenal has proven dlfficuH to dislodge With 
conventional air sootblowers (Damon 1997), and In some ,"slallatlons dally washing of the air 
preheater with hot water IS recommended (Necker 1989) 

Table 3-2 summarizes the Information contained In Appendix A comparing the Japanese and 
European coal-fired bOilers equipped with SeR with the proposed Indiantown boiler None of 
the European or Japanese Installations utilize SeR In conjunction with a bag house filter Thus 
the effect of SeR system operation on baghouse performance 10 general, and ammonium 
blsuHate formation In particular, IS not well known Therefore SeR technology from Japanese 

and European coal-fired sources, none of which are equipped wrth the type of particulate control 

which Indiantown will employ, may not be directly transferrable In this application 

AmmOnia Inlectlon System 

Specific problems have been associated with the deSign and operation of the ammonia Inlectlon 
system Two conSiderations affecting the breakthrough of unreacted NHa from the catalytic 
reactor ("ammonia slip") are the control of the NOJNH, ratiO for variable load condrtlons, and 

location and operation of the NH3 Injection nozzles SeA manufacturers typically estimate less 
than 10 ppm of ammonia slip, however, Improper system operation will resuH In higher 

emiSSions 

To achieve high (greater than 90%) NO, reduction rates, SeR vendors suggest a higher 

ammonia InJectn:m rate than stolchlometncally required, to overcome the effects of Incomplete 
mIXIng The net resuH IS that a larger fraction of the Injected ammOnia will pass through the SeR 
system unreacted (Increased ammonia slip) Thus an emissions trade-off between NO, and 

ammonia occurs In high NOx reduction applicatons 

Other Considerations 

In addition to the problems which arose with catalyst pOisons, other features unique to European 
sources became eVident dUring Initial pilot studies and early commercial apphcatlons of 
Japanese technology Necker noted that the type of coal being fired Influences the level of NO, 

generated by a particular bOiler This factor In turn Influences the performance of the SeR 
system In any given application, such that" unrestricted use of all coal types available on the 

German market was not possible" (Necker 1989) 

Another consideration IS the degree of NO, control reqUired by the SeR system According to 

Lowe, et ai, In Japan the utility bOiler NO, control approach IS based on applYing extreme 
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TABLE 3·2 
COAL-FIRED SCR EXPERIENCE 

Japanese UtIlity Boliert • EFFICIENCY COMMERCIAL SCR S02 Particulate 

'080 
EPDe TAKEHARA 1 399 500 nM3Ihr 80 , .. , NA NA NA 
EPDe TAKEHAAA3 2 320 000 nM3I 80 ' .. 3 NA NA NA 

BENDAI3 599 000 nM3Ihr " '983 NA NA NA 
BENDAll 599 000 nM3Ihr " '983 NA NA NA 
MIZUSHIMA 1 450 000 nM3ltu 80 ,- NA NA NA 
MIZUSHIMA2 540 000 nM3/Ilr 80 '96' NA NA NA 
TOYAMA SHINKO 1 829000 nM3/Ilr 53 '98' NA NA NA 
TOYAMASHINK02 629000 nM3Ihr 53 '984 NA NA NA 

PDC WAKAMATSU las 700 nM3Ihr " , .. 7 NA NA NA 
PDC MATSUURA 1 3100 000 nM31 80 ,- NA NA NA 

HEKINAN2 (700 MW) 80 1992· NA NA NA 
SHINCHlt (1000 fotW) , .... NA NA NA 
SHIMONOSEKI 1 175MW NA '98' NA NA NA 
SHIN-USE 1 75MW NA , .. , NA NA NA 
SHIN-UeE2 75MW NA , .. , NA NA NA 
SHIN-UBE3 156MW NA , .. , NA NA NA 
MINATO eooMW NA ' .. 3 NA NA NA 
SAIJO 156MW NA '983 NA NA NA 
SAKATA 1 "" MW NA '983 NA NA NA 
SAKATA! "" MW NA '984 NA NA NA 
YOKOSUKA 1 265MW NA , ... NA NA NA 
YOKOSUKA2 ""'MW NA , ... NA NA NA 
MATSUURA 1 700MW NA , ... NA NA NA 
TSURUGA 1 SOOMW NA , .... NA NA NA 
HEKINAN 1 700MW , .. , NA NA NA 

Japanese Industrial Boder. • EFFICIENCY COMMERCIAL SCR S02 Particulate 

CUSTOMER PLANT SIZE 'OO, OPERATION location Control Conllol 
IDEMITSU KOUSAN HYOGO NA " ,- NA NA NA 
YOSHINO SEKKO CHIB" NA .. , .. 7 NA NA NA 
SUMITOMO METAL INUSTRIES NA NA 'OBS NA NA NA 
SUMITOMO CHEMICAL CO NA NA , ... NA NA NA 
TAKEDA CHEMICAL INDUSTRIES NA NA ,- NA NA NA 
DAICEL CHEMICAL CO NA NA , ... NA NA NA 

I PROPOSED ICL INDIANTOWN "'MW SPRAY 0 8AGHOUSE 

- no! currently In operation 
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• European Bolle" 

CUSTOMER PLANT 
VKG/DUANAOHR 1 (AUSTRIA) 
EVN/OURNROHR 2 (AUSTRIA) 
VKRIKNEPPER C (FRG) 
IAWIlEININGERWERK (FRG) 
KW I.4EHRUMIMEHRUM 3 (FAG) 
STEAGlWALSUM-7 (FRG) 

STW FRANKFURTIWEST-2 (FAG) 
STW FRANKFUATIWEST-3 (FRG) 
8AYERWERKISCHWANOOA (FAG) 
PREUSSENELEKT~EYDE (FAG) 
VKRlKNEPPER C (FAG) 
VKR/KNEPPER C (FRG) 

WESERNEL THEIM 1 (FRG) 
lAW/LEININGEAWERK 5 (FRG) 

STEAGIBERGKAMEN (FAG) 
STEAGNOERDE A (FRG) 
STEAGNOERDE B (FRG) 

STEAGIHERNE 1 (FRG) 
STEAGIHERNE 2 (FRG) 
STEAGIHERNE 3 (FRG) 
STEAGlLUNEN 10 (FRG) 
STEAG/lUNEN 11 (FAG) 
STEAGIWALSUM 0 (FAG) 
STEAGIWEST 1 (FRG) 
STEAGIWEST 2 (FRG) 
TWS MUNSTER 15 

• EVS HEILBRONN 
TWS MUNSTEA 12 
TWS MUNSTER 25 
GKM NO 18 

STEWEAG MEllACH 
PGEM CENTRALE GELDERLAND 
SMRBERGWERKE BEXBACH 
STADWERKE OUISBURG 
CHEMISCHE WEAKE HUL$-3 
GOBKRAFTWERKE FRANKEN-2 
STODTWERKE BREMEN-1S 
BAYERNEWEAKE ASCHAFFENBURG-21 
BAYEANEWERKE ASCHAFFENBURG-31 
STAOTWERKEBREMENKRAFnNERKHAFEN-8 
OOK VOITSBERG 
GOBKRAFTWERKE FRANKEN-l 
ST AOTWERKE BREMEN KRAFTWERK HAFEN-S 
BAYERNWERKMUNCHEN rNGOLSTADT-4 
GI(W MANNEHEIM-8 
EPON-NIJMEGEN (NETHLOSJ 
NECKARWERKEIAL TSACH-DEIZISAU 
NECKARWERKElWALHEIM 

I PROPOSED ICL INDIANTOWN 

• - not eUlTently In operation 

• 

TABLE 3-2 (CONTINUED) 

SIZE 
(406MW) 
(320 MW) 

(370 MW x 114) 

(45O MW) 
(700 MW) 
(150 MW) 

(eoMW) 
(IiIOMW) 

(100MW) 
(800MW) 

280 000 nMlIhr 
(370 MW x 1fZ) 

(100 MW) 
(450MW) 
750MW 
710MW 
710MW 
150MW 
150MW 
300MW 
150MW 
... MW 
410MW 
350MW 
350MW 
50MW 

700MW 
50MW 

NA 
NA 

280MW 
130MW 
740MW 
140MW 
7SMW 
200MW 

NA 
150MW 
150MW 

NA 
320MW 
200MW 

NA 
NA 
NA 
NA 
m 
150 

330MW 

EFFICIENCY 

''') .. .. 
" ,. 
" " .. .. .. 
" -
" 82 
70 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
80 

NA 
NA 
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COMMERCIAL. 
OPERATION , ... , ... , ... , ... 

1088 

'''' '''' , ... , ... , ... 
'''' ,,,. , ... 
1000 ,,,. , ... ,,,. ,,,. , ... 
'''' , ... , ... 
'''' 
'''' '''' 
'''' '''' 1088 
1088 

'''' '''' '''' 1088 

,''' 
1980-
1000-
1980-
1980-
1980-
1000 
1000-

1980 
1901· , .. , 
1002 , .. , 
'''' 
'''' 

POl1~ Original-I-----:=== 

SOR 
Location 

NA 
NA 

HlghOuat 
NA 
NA 

lowDuIt 
NA 
NA 
NA 
NA 

High Duet 

High 01,1. 
NA 
NA 

High ouat 
High Dult 
High Ou. 
Tall End 
TaJl End 
Tall End 
Tall End 
Tall End 
HlghDuflt 
Tall End 
TaJl End 
High Duflt 
HlghOuflt 
High DUll: 
High DUll: 

High Dull: 
High Dull: 
High Duet 

HlghOuIl: 
Low DUll: 
High Duet 
High Dull: 

High DUll: 
High 01.111: 
High Duet 

High 01.1« 
High Duet 

High Duet 
High Duet 
High Duet 
High Duet 
High Duet 
High Duet 
High Duet 

-

S02 Particulate 
Control Control 

NA NA 
NA NA 
NA NA 
N' N' 
N' N' 

Wet Scrub N. 
N' N' 
N' N' 
NA NA 
NA N. 
NA NA 
NA NA 
NA NA 
NA NA 

Wei Scrub NA 
Wei Scrub NA 
Wei Scrub NA 
Wei Scrub NA 
Wet Scrub NA 
Wet Scrub NA 
Wei Scrub N. 
Wei Scrub NA 
Wei Scrub NA 
Wet Scrub NA 
Wet Scrub N' 

NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 
NA ESP 

Wet Scrub ESP 
Wei Scrub ESP 

SPRAY 0 BAGHOUSE J 
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combustion modmcatlons to remove 200-300 ppm of NOx (compared to uncontrolled emissions). • 
followed by SCR to remove an additional 70-100 ppm This IS often not clearly stated In Irterature 
presented by SCR manufacturers, who reference system performance as a percentage of the 
NOx that enters the SeR reactor. and not as the percentage reduction of the uncontrolled 
emiSSions 

Additionally. even though the Japanese systems are designed for NOx removals of 70% or 
greater, they are frequently only reqUIred by permit to achieve much lower levels of removal 
(Lowe 1989) In particular, utlhty bOilers located In urban areas do not push their SCR systems 
to the maximum degree of reduction possible In general, such sources are concerned with 
excess ammonia slip and crowded plant sites In addrbon to NOx reduction reqUirement Since 
lower ammonia shp IS achelved at the expense of space (more catalyst required) and/or less 
NOx control (lower ammonIa injection rate), urban utlhty bOilers which are retrofit with SeR are 
allowed by regulators to operate at lower NO, removal rates than design, avoiding potential SCR 

problems and not restricting plant power capacrty or avallablhty (Lowe 1989) 

Execution of Pilot-Scale Studle~ 

Japanese and European Studies Pnor to the 1ull~scale commercialization 01 the SeR process 
In both Japan and Europe, the process underwent a conSiderable degree 01 development and • 
trials on small scale equipment In Japan, the process was throughly studied In both laboratory 
and pilot-scale equipment 10r many years pnor to commerCialization (Kuroda 1989, Kobayashi 
1987) 

Kuroda noted that twenty pilot studies were conducted by Babcock-Hitachi In West Germany, 
Austna, Denmank and Sweeden between 1984 and 1989 (Kuroda 1989), Schonbucher states that 

seventy pilot plants were operated within the same time frame (Schonbucher 1989) These 
studies were carned out pnor to construction 01 the first commercial unit In order to determine 
Important design and operating parameters such as optimum space veloCity, effect of European 
fuel supphes on SCR system performance, vanablhty of ammo",a shp, process control 

alternatives and others From a process development standpoint, these pilot studies were an 
Important step In the transfer of Japanese SCR technology to European sources 

Domestic Studies The US utlhty Industry has concluded that' Apphcabllrty of SCR to coal-fired 

power plants In the US burning domestic coals can be determined only With representative pilot 
plant testing' (Clchanowlcz 1998), and 'Since SCR supphers In the US have not undertaken pilot 

or demonstration programs such as was done In Japan and Germany In order to qualify SCR 
designs for the specific fuels and operallng cond,llons that are antiCipated, the level of risk at a 

US apphcallon IS greater than that from a Japanese apphclatlon' (Lowe 1989) 
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The EJectrlc Power Aesearch Insbtue (EPAI) has been conductIng pIlot-scale demonstraIJon 
studIes for the US utIlity Industry on SCA systems on domestIc coal supplies In 1982, EPA I 
began tesbng a Babcock-HitachI SCA system on the 25 MW pilot plant at the Arapahoe Test 
Facility In Denver, Co The objectIve of this testIng program was' to evaluate the technical 
feaSIbIlity and Increase In electrlCl\y costs attributable to selectIVe catalytIC reductIon NO, control 
on coal-fired power plants' (EPAI 1986) 

In a recent communication between Bechtel Power Corporation and EPRI, It was learned that SIX 

add~lonal coal-fired SCA pIlot projects are planned for 1990 These pIlot efforts WIll be 
conducted by EPAI and Southern Company ServIces, and WIll study the effect of fuel 
compos~lon on catalyst agIng, system performance, and ammonia slip (Bechtel 1990) 
AccordIng to the project manager of these EPAI studIes, crotlcallssues to be resolved Include 
catalyst lifetimes, Impact on air heater, FGD, IiqUld- and solid-waste management, process 

control and catalyst replacement strategIes (Clchanowlcz 1989) 

GIven the early stage of progression of lhese pIlot sludles, lhe US utIlity Industry and 
PG&E/Bechtel do not feel that SCA IS commerCIally applicable, and thus not BACT, at the 
present time 

3 2 2 2 EnVironmental and Energy AnalYSIS 

EnVironmental ConSiderations 

Adverse environmental Impacts assoCIated ~h the use of SCA Include dIsposal of spent 
catalyst, storage and handling of ammonIa, and Issues pertaInIng to emIssions of unreacted 
ammonia 

Spent Catalyst DIsposal - The SCA catalyst matenal WIll be subject to loss of actlv~ and 
pOIsonIng and WIll be peroodlcally replaced The dIsposal of spent catalyst IS complicated by the 
fact that many SCA catalysts contaIn varoous heavy metals, IncludIng titanium and vanadIum, 
whIch are conSIdered to be hazardous wastes Thus, use of SCA enlalls hazardous waste 
handling and dIsposal, an environmental burden and potentIal liabIlIty 

CertaIn catalyst formatIons must be washed annually In order to be cleaned and regenerated 
M~sublshl estImates that the wastewater resultIng from cleanIng their catalyst could be ten tImes 
the catalyst volume and contaIn 250 ppm V,o., a listed hazardous waste Wastewater treatmant 
and secure dIscharge and/or hazardous waste dIsposal of the wastewater treatment reSIdues 
or the untrealed wastewater to a licensed treatment faClI~ would pose add~lonal adverse 
economIC and environmental Impacts WIth certaIn SCA systems 
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In lIght of the water avallablhty restrictions and stringent wastewater discharge requIrements In • 

the area surrounding the proposed Indiantown faclhty, the generation of large amounts of 
hazardous wastewater represents a sIgnificant adverse Impact for this potential apphcatlon 

Ammonia Storage - An additional adverse environmental Impact associated with SCR IS the 
onSJte storage of anhydrous ammonia Ammonia IS a designated "Extraordlnanly Hazardous 
Substance" (EHS) under the Federal SARA Trtle III reqUirements set out ,n the Federal Register, 
52 FR 13397, Apnl22, 1987 The quantity of on-site ammonia storage required for the SeR 
process at Indiantown will exceed the 100 pound threshold for reportable quantities under the 
Federal program 

Facilities emploYing the process must review the process to defIne specIfIc safety features 
necessary for operation of the SeR process Technical gUidelines were developed by the 
Amencan National Standards Institute, ANSI, K61 1-1981 "Safety ReqUIrements for the Storage 
and Handhng of Anhydrous AmmOnia" AdditIonally, specifIc ongoing maintenance procedures 
would have to be developed to ensure proper operatIon of the safety features selected 

Anhydrous ammonia IS pUrifIed ammonia gas, IlqUifled under pressure Acute human exposure 
to thiS matenal may threaten hfe or cause permanent physIcal impairment Because it IS stored 
under pressure, an aCCidental release would result In the sudden escape of large quantities of • 
tOXIC ammonia gas, with the accompanying risk to human health and welfare 

Some SCR systems now employ aqueous ammonia, which ]S stored as a water based solution 
ThiS matenal does not present the acute accident potential of anhydrous ammonia, however the 
use of thIS matenal IS not widespread 

Ammonia Shp - As with any chemical process, not all the reactant ammoma will be consumed 
In the NOx reduction reactions Emissions of unreacted ammOnia ("ammonia shp") are thus 
another adverse environmental consideration In any application of SCR Although vendors claim 
that the design and proper operation of the catalyst reactor will keep ammOnia slip to less than 
10 ppm, catalyst deSign Is governed pnnclplally by NO, removal required and allowable ammonia 
SliP, amoung other consIderations Therefore, requiring either higher NOx removal or lower 
residual ammonia requires greater amounts of catalyst, thereby IncreasIng costs Consequently, 
to a certain extent there IS a tradeoff between NOx and ammonia emISSions In any applIcatIon 
ofSeR 

Increased Particulate LoadIng - As discussed above, the operation of an SeR system on a 
source firing sulfur-beanng fuels will result In the formation of ammOnium bisulfate and 
ammonium sulfate These salts will condense out In the cooler portions of the baller, In the air 
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preheater, and the spray dryer, resulting In Increased particulate loading on the fabric filter The 
maximum estimated Increase In loading IS 290 Ib/hr, which translates to a maximum Increase 
In annual loading of 1,270 ton/yr to the particulate control deVice 

Energy Considerations 

Energy requirements for the SCR altemat,ve for the PC bOiler consist of Increased fan power to 
overcome the pressure drop of the catalyst, electrical power for pumping aqueous ammoma from 
storage to the injection nozzles, and steam for ammoma vaporrzatlon Total additional electncal 
power requirements are approximately 1,678 kw, or 9,806 kw-hr /ton NO, controlled 

3 2 2 3 Economic Analysis 

Capital and annual operating costs assoCiated wrth operallon of an SCR system on the PC bOiler 
were estimated from vendor Information These costs are presented In Tables 3 3 and 3-4 
Since no SCR system has ever been Installed on a PC bOiler firing US coals, the deSign of the 
equipment, Including amount of catalyst Included, has to be conservative and contain suffiCient 
contingency to account for Indetermlnant process variables, Including catalyst life, formation of 
ammonrum salts, and effect operation of the SeR system may have on downstream eqUipment 
such as the spray dryer absorber and fabriC filter 

Estimated direct costs for the SCR system, Including catalyst, catalyst hOUSing, ammOnia 
storage, piping and Instrumentation are $19,908,000 Considering indirect charges, the total 
capital cost IS estimated at $29,307,000 Annual costs for SCR Include operating labor charges 
(one additional operator/shift), replacement parts Including catalyst replacement (based on a 
three·year catalyst hfe) addItional electncal cost for fan power associated With Increased pressure 
drop due to the catalyst, ammonia cost, catalyst disposal cost, and Indirect operating costs 
Total annualized cost, Including capital recovery charges (based on 10% Interest rate and 10 year 
equipment life), IS estimated at $8,961,400 

Based on an emission limit of 017 Ib NOJMMBtu, the SCR alternative would control an 
estimated 1,499 tons of NOx per year more than the use of advanced combustion controls 
(which would have an estimated emission rate of 0 27 Ib/MMBtu) Cost effectiveness for SCR 
IS thus estimated to be $5,978/ton of NO, controlled, which IS not conSidered cost effective 
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TABLE 3-3 
CAPITAL COSTS FOR NOx ALTERNATIVES, PC BOILER 

• 
SCR SNCR 

(1) Purchased EqUipment 
(a) BasIc EqUipment 9,900,000 3,000,000 
(b) Auxillanes 2,300,000 Included 
(e) InstrumentatIon and Controls 990,000 IOcluded 
(d) Structural Support 990,000 300,000 
(e) Freight & Taxes 1,134,000 264000 

(2) Direct InstallatIOn 4,594,000 1,069,000 

Total Direct Costs (Toe) $19908,000 $4,633,000 

(3) Indirect Installation 
(a) Englneermg & SupervISion 1,991,000 463,000 
(b) Construction & Field Expense 1,991,000 463,000 
(e) Construction Fee 995,000 232000 
(d) Contingencies 3982,000 927,000 

(4) Other Indirect Costs 
(a) Startup & Performance Test 199,000 46,000 
(b) Working Capital 241,000 207,000 
(e) License Fee 1,137,000 

TotallndrreCl Costs (TIC) $9,399,000 $3475,000 • Total Capital Cost (TCC) $29307,000 $8,108,000 

(5) Annualized Capital Recovery $4,757,000 $1316000 
(ammortlzed over 10 years 
straight hne@ 10% Interest rate) 

Cost Factors 1990 OAQPS Control Cost Manual 

• 
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TABLE 3-4 
ANNUAL COSTS FOR NO, ALTERNATIVES, PC BOILER 

• SCR SNCR 
Direct Operating Costs 

(1) Labor 
(a) Operating (8 hours/shift) $175,200 $175200 
(b) SupervIsory 26,000 26,000 

(2) Maintenance 
(a) Labor 214,200 214,200 
(b) Supplies (50% Malnt Labor) 107,000 107000 

(3) Replacement Parts 
(a) Catalyst 957000 

(4) UtIlitIes - Electnclty (2)(3) 1,193,000 1,567000 

(5) Raw Matenals - Ammonra (2)(3) 248,000 427,000 

(6) Catalyst DIsposal (2) 13,000 

Indirect Operating Costs 
(7) Overhead 99,000 99,000 
(8) Taxes 293,000 81,000 

• (9) Insurance 293,000 81,000 
(10) Administration 586,000 162,000 

Annual Operating Costs $4,204 400 $2,939400 
Annual Capital and Operating Costs $8,961,400 $4,255400 

Annual Tons Removed (4) 1,499 1,499 
Cost Effectiveness ($/ton) $5,978 $2,839 

N .... 
(l) catalyst replacement 81100% I" five years 
(2) per Bechtel Power 
(3) based on 100% capacity 
(4) ba88d on 0 17lblMMBtu amUlllton limit 

-compared to bollar emisSion rata 0 271bIMMBtu 

Poor Original 

• 
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3 2 2 4 Conclusion 

Seleebve CalalytJc Reduebon has been applied to commercIal scale coal-fired sources In both 
Japan and Europe The appllcabon of thIs technology, however, took place as a resu~ of 
Intensive R&D and process development work on laboratory-scale and pIlot-scale equIpment 
In transfemng SCR lechnology from the commerCIal appllcabons In Japan to European sources, 
techmcal problems arose which were not antlapated given the Japanese expenence 

Furthermore, the Japanese phIlosophy regardIng NO, control for coal-fired bOIlers IS to achIeve 
the maxImum degree of reduebon possIble uSIng advanced combusbon controls, followed by 
applicatIon of SCR to "tnm' emIssIons In urban areas, regulatory agencIes allow SCR systems 
to be operated so as to avoId excessive levels of ammOnia slip and ammonlm bisulfate 
formation 

SCR has never been applied to a commercIal-scale unIt finng domestIc coals, and has never 
been applied to a commercIal PC unrt In erther Japan or Europe USIng a bag house for 
partlculated control SInce problems comparable to those encountered In Europena SCR 
appllcabons are expeeled for US applicatIons, pIlot-scale studIes to validate thIS technology on 
US coals are In their early slages Therefore, SCR IS not consIdered technically feasIble, and 
thus not BACT, for IndIantown 

The rnmposrtlon of thiS technology would resuH In an Increase In annuaJ operating costs of 
$8,961,400/yr and $5,978 ton/NO, controlled, whIch IS also consIdered unreasonable gIven the 
current developmental status of thIS aHernatlve In the US on coal-fired sources 

3.2.3 SelectIve Non-calalytlc ReduCbon (SNCR) 

The SNCR process IS based on a gas phase homogeneous reaellon, w,th,n a specified 
temperalUre range, between NO, In the flue gas and erther Injected NH, or urea to produce 
gaseous nitrogen and water vapor As the name Implies, these systems do not employ a 
catalyst, and therefore operate at hIgher temperatures than SCR systems Mhough SNCR, like 
SCR, has never been Installed on a dO!l"estlc PC boller, there are fewer technIcal uncertalnbes 
assocIated wrth thIS alternatIve SNC~_lat an emIssIon level of 017 Ib NOJMMBIU IS thus 
proposed as BACT 
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3.2 3 1 Technical Analysis 

process Description. There are two commerCially available SNCR processes, Including EPRl's 
NO,oUT process and Thermal DeNO,., a system patented by Exxon Corporation In 1976 In 
general, aqueous or anhydrous NH3 or urea Is Injected Into the hot flue gas as an atomIZed 
aqueous solution or by means of air or steam camer gas at a point In the flue specifically 
selected to provide optimum reaebon temperature and residence bme 

SNCR has been applied to numerous petroleum heaters, as well as to a limrted number of utllrty 
and Industnal bOilers fired with natural gas or 011 Most of the eXlsttng applications are In the 
Unrted States and Japan, With a few Installations In Europe Table 3-5 IS a summary table of 

coal-fired SNCR Installations (Exxon, 1990) NOx reductions ranging from 30 to 80 percent have 
been tested on these unrts (SCAQMD) The highest NOx removal effiCiency ever tested, B5 
percent, was achieved on a coal-fired utility boiler In West Germany Although Exxon literature 
(Lyon, 1987) claims that 90 percent reduebons have been achieved, further contact wrth Exxon 
shows that B5 percent was the absolute mSl"mum NOx reduction achieved uSing Thermal 
DeNOx., with 80 percent being the maxImum reduction ever tested on more than one unit 

The actual chemical mechanISm olthe SNCR process IS complex, Involving at least 31 slgmficant 
chemIcal reactions In conventional combustion apphcatlons The chemical reactions typically 
govermng the DeNOx control process are 

4NO + 4NH, + O2 ~ 4N2 + 6HoO 
4NH, + 502 ~ 4NO + 6HoO 

(1) 
(2) 

The NOxOUT process uSing urea (CO(NH.).) IS similar to the DeNOx process except that CO2 
IS generated along With N2 and HoO Crrtlcal to the successful reduebon of NOx In these 
applications Is the prevailing temperature of the flue gas at the Injection POint In convenbonal 
combusbon processes at flue gas temperatures of 1600'F to approximately 1740'F, the first 
reaction dominates, reducing NO and limrtmg further NO production As temperatures Increase 
above 1740'F, reaction (2) becomes more Significant, limrtlng NO reduebon effiCiency, and at 
temperatures above 2200'F, reaebon (2) dominates, creahng more NO, a counterproducbve 
srtuallOn At flue gas temperatures below 1600'F, the rate of both reaebons slows down, such 
that some of the ammonia does not react and passes through the system Into the ambient 
atmosphere The optimum temperature depends upon a number of factors Including flue gas 
composrtlon, but IS typically below 2,000' F Research efforts have succeeded In understanding 
the chemical klnebcs to the pOint where computer modeling are used to predict the removal 
effiCiency 
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Table 3-5 
Coal-Fored Boilers EquIpped wrth SNCR 

Pollution 

Output Control SNCR Operating 
Project Name location Boller Tme ®Yl Devices Vendor Fuel History 

Stockton Cogen San Joaquin CFB 499 NH3 & limestone Other Coal Start-up In 1988 
(previous name "" CountyCA on, Baghouse Coke 
Corn ProductS) 

Cogeneration Nat I San Joaquin CFB 232 NH3 & limestone CPC Coal Start-up on coal In 
(POSOEF) - 2 umts County CA each 'n, Baghouse early February 1988 

RWEAG Welswellier PC 75 Urea InJection Fuel Tech Brown Coal Installed In 1988 Not 
W Germany UnsQecrhed PM 

Control 
(02% S) currenlly operallng 

Kerr McGee Trona PC 75 Urea Injection Fuel Tech Coal Slarted as a full-scale 
CA ESP (05% S) demonstrallOn uM In 

1989 commerclaloper-
ation to commence soon 

KMW Malnz CY 45 NH3 Injection Exxon Coal Start-up In 1989 due to 
(2 umis) W Germany ESP FGD- (1% S) success of 1st unit 2nd 

Unspecified unit was IOstalied with 
NOx control NOx removals 

'" of 83% , 
~ 

Q) STEAG Herne PC 500 NH31OJectJOn Exxon Coal Start-up In 1989 NOx 
W Germany ESP FGD-

UnspeCIfied 
(1 5% S) removals of 55% 

Mount Poso Kern County CFB 499 NH3 & limestone Other Coal Start-up March 20 1989 
CA Inj Baghouse NOx reductIOns of 80% 

Rio Bravo Poso & Jasmm CFB 36 NH3 & limestone Exxon Coal Start-up February 2 1990 
(2 prOJects) CA each 'nj Baghouse 

BIOGEN Ivanpah CFB 15 NH3 & limestone CPC CoaJ Start-up 10 1989 
CA 'nj Baghouse 

BAPS Antioch & CFB 166 NH3 & limestone CPC Coal Start-up In 1990 
(3 UOltS) Plllsburg each 'n, Baghouse 

CA 

Proposed Indiantown Indiantown PC 330 SNCR NA Coal 
FL Spray Oryer/BaghOuse (2% S) 

Notes 
CFB -Circulating FlUidized Bed 
PC - Pulverized Coal 
CY - Cycione-lired 
BH - Baghouse 

SD - Spray Dryer 
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IteR 
Because the NOx reduction reactions occur within a narrow Window of temperature. the location 
In the furnace at which the Ideal reaction temperature IS found to exist Is difficult to predict with 
absolute certainty and IS not considered to remain constant The furnace temperature profile 
vanes with bOiler load, fuel composition, and combustion 8Ir temperature This variability In the 
temperature profile through time means that the flue gas at the ammonia Injector nozzles Will not 
always be at the optimum temperature for the reactions which control NOx emiSSions to occur 
ThiS problem generally results In provIsion of more than onset of Injection nozzles 

Generally, the equipment that comp!lses a DeNO. system Includes the follOWing rtems 

• muUlple rows of Injection headers and nozzles for each combustion unrt (only one row 
utilized, but two prOVided to allow for process modifications reqUired due to furnace 
temperature profile) 

• necessary piping for delivery of aqueous ammonia (or urea). carner gas, and mixed gas 
mto the Injection headers 

• alf compressors and reservOir to provide air for carner gas and ammonia Injection 
requirements (suffiCient carner gas pressure IS necessary to achieve umform dlstnbutlon 
of ammonia throughout the combustion zone) 

• aqueous ammOnia storage faclhty 

Additional Technical Considerations - Operallng/malntenance problems wrth SNCR may arise 
In new applications, such as the proposed PC bOiler, because of operallng/malntenance 
problems With the combustion unrt rtseH For example, the Commerce Resource Recovery 
faCIlity In California, the ~rst resource recovery faCility In the Umted States to be eqUipped with 
SNCR, had operating and maintenance problems with the combustor such that the performance 
of the SNCR system was affected Because of the problems In the combustion unU, reduction 
of the level of excess air was necessary. resulting In greater furnace temperatures Because of 
the higher temperatures and the assOCiated decrease In the NO. removal effiCiency of the SNCR 
system, the ammonia Injectors had to be relocated to accomodate the new temperature profile 
within the bOiler (Exxon t 988), a costly Interruption which could not be foreseen ThiS !lsk IS a 
major concern for all new bOiler apphcatlons where the actual flue gas temperatures. flowrates 
and composillon may vary conSiderably from the theoretical values developed dunng the design 
stages 

Achievable NQ.; Reduction Level· Based on the fact that there are currently no commencal PC 
units operallng on domeslic coals uSing SNCR to control NO., rt IS dlfficuU to predict preCisely 
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what control level can be attained for the Indiantown Unit There are currently only two PC Units • 
In the world operallng wrth Thermal DeNO" both unlls are located In West Germany and differ 
slgmficantly than the proposed Indiantown umt 

The first unrt, a cyclone-fired wet bottom baller, was first tested wrth Thermal DeNO, In 1986 
The system was designed for NO, reduchons of 80% With less than 10 ppm of ammonia slip 
Due to rts wet bottom design, however, the uncontrolled NO, concentration (840 ppm) IS much 

higher than the proposed Indlnatown unrt (250 ppm) This difference IS Important as SNCA IS 
'sensrtlve to Inrtlal NO, concentrabon' (Hurst 1981) and 'It's easier to get more reduction d the 
Initial level of NO, IS high' (Hofmann, 1990) 

In addition, the system was deSigned as a development and demonstration project wrth muHlple 

ammonia Injection ports to attempt to match temperature variations expected With changing 
loads 

The second full scale application IS a 500 MW commercial unll deSigned for 50% NO, removal 
With an ammonia slip level of 5 ppm (Fellows, 1990) ThiS Unit was tested In January 1990 and 

met all deSign crrte"a (Fellows, 1990), aHhough long-term confirmation of these resuHs has not 

yet been obtained 

Nerther of these unrts, nor any of the operallng domestic CFB bOilers currently emplOYing SNCA • 
for NO, control has the same air pollution control train (spray dryer ffab"c filter) proposed for 
Indiantown 

Therefore, the degree of actual NO, reduchon which can be expected for thiS alternative at 
Indiantown IS not well defined Application of thiS technology thus Involves a degree of risk and 
uncertainty Based on data from the two German bOilers uSing SNCR (NO, reductions 50-80%), 
from the m8Jor equipment supplier (Exxon 40-60% reduchons for PC unlls), and the baseline 

NO, emission from the bOiler Without controls (027 Ib/MMBtu), the anticipated control level for 

SNCA IS 0 171b/MMBtu based on a maximum ammonia Slip of 5 ppm 

32 3 2 EnVironmental and Energy Analysis 

EnVIronmental Considerations 

The potential adverse enVIronmental Impacts associated With the use of SNCA are effects of 

reSidual ammOnia In the flue gas (,ammonia slip'), and safety related ISSUes due to ammonia 
storage 
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Ammonia Shp Emissions· As with SCR, emiSSions of unreacted ammoma represent an adverse 
environmental consideration with SNCR However, stack concentrations of ammonia can 
generally be maintained below 10 ppmdv At this level, the estimated ground level ammonia 
concentration would be well below the threshold IImH value of 18,000 p.g/m' estabhshed by the 
American Conference of Governmental Industrial Hygienists 

AmmoOlum San Formation • As discussed above, ammonium sarts are formed In sources 
emploYing ammonia InJeclion NO, control The use of SNCR will therefore encounter similar 
techntcal dlfficuttres and environmental Impacts Involving ammonium satts than would be 
expected WIth the use of SCR since both techniques emrt unreacted ammOnia (ammonia shp) 

For the proposed Indiantown bOiler finng 2 0% sulfur coal, the estimated SO, formation rate IS 
1 65 Ibmol/hr, which would generate 209 Ib/hr of ammonium blsuHate ~ avallabllrty of SO, IS 
assumed to be rate hmlbng (see calculation In AppendiX B) For a CFB wrth the same heat 
Input finng the same 20% suHur fuel, In·bed hmestone SO, control would reduce the SO, 
formation rate to 0 17 Ibmol/hr, eqUivalent to 19 Ib/hr of ammOnium blsuHate 

As discussed In Section 3 2 3 I, the effect on fabnc fiHers of the higher formallon rate of 
ammonium bisulfate IS not well known In fact, a paper from Exxon states,· there IS mlOlmal 
experience on the effect of ammoOla or ammonium salts on scrubbers and baghouses and thus 
this IS a problem area" (Hurst and White 1986) 

Compared to SeR, however, the formation and subsequent condensation rate of ammonium 
blsuffate IS expected to be lower With SNCR SCR systems have been shown to catalytically 
OXidize SO, to SO, by as much as 1% (Damon 1987), SO, IS thus formed both through high· 
temperature oXidation of SO, In the bOiler as well as catalytically In the SCR unit For SNCR, the 
only SO, available to participate In the formation reaction Will anse from furnace OXidation of SO, 

Odors • AmmOnia IS an odorous compound K1rk·Othmer's Encvclopedla of Chemical 
Substances shows that ammonia IS first perceptible at 20 ppm, another source lists the odor 
threshold as 46 8 ppmv (Chereslmlnoff, 1975) Exxon estimates that the ammonia shp 
concentrations In the stack for resource recovel}' apphcatlons could be as high as 50 ppm as 
reported for Commerce (McDannel, et ai, 1986b) for ammonia· NOx mole ratios of 25 Ground 
level concentrations, however, Will be much lower because of ambient air dilution, such that 
odors should not be detected No odor complaints have been lodged against the Commerce 
facllrty H IS Interesllng to ncrte, however, that several odor complaints have been lodged In 
Cal~ornla by reSidents liVing near gas turbine apphcabons eqUipped With selective catalytic 
reduction (Fogman, 1988), a NOx control technique which should emH less ammonia shp than 
Thermal DeNOx• 
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Ammonia Storage - Application of SNCR requires the storage and handling of ammonia, which • 
in anhydrous form IS classified as an -Extraordinarily Hazardous Substance,· requIring specific 
storage and handling practices to Insure safety Accidental release of this matenal could 
potentially result In severe enVironmental Impacts However, these safety and adverse 
enVironmental concerns can be ehmlnated by uSing aqueous ammoma rather than anhydrous 
ammOnia as the reducing agent ,n the SNCR process 

Energy Considerations 

Energy requirements for the SNCR alternative for the PC bOiler conSist of electncal power for 
pumping aqueous ammonia from storage to the injection nozzles Total additional electrical 
power requirements are estimated at approXImately n5 kw, or 4,529 kw-hr /ton NOx controlled 

3 2 3 3 Economic AnalysIs 

Capital and annual operatIng costs associated with operation of an SNCR system on the PC 

boiler were estimated from vendor information, and are presented In Tables 3-3 and 3 4 Total 
direct costs for SNCR, Including Injection nozzles, ammOnia storage, piping and Instrumentation 
are $4,633,000 ConSidering Installation charges and ,ndirect charges, the total capital cost Is 

estimated at $8,t08,OOO Annual costs for SNCR Include operating labor charges (one additional 

operator/shift), additional electrical cost for fan power associated With ammOnia vaporization and 
pumping, ammonia cost, and Indirect operating costs Total annualized cost IS estimated at 
$4,255,400 

Based on an emiSSion limit of 0 t71b NO,/MMBtu, SNCR would control an estimated 1,499 tons 
of NO, per year more than the use of advanced combustion controls at 0 27 Ib/MMBtu Cost 
effectiveness for SNCR IS thus estimated to be $2,839/ton, which IS conSidered reasonable 

3 2 3 4 Conclusions 

SNCR has never been apphed on a commerCial scale to a PC bOiler firing domestic coals, 
although there are coal-fired unlls operallng wrth the technology In addition, there are several 

domestic CFB faclhtles emplOYing SNCR These faclhtles, however, differ from the proposed 
Indiantown bOiler In terms of air pollution control train design CFB Unit In particular exhibits 
Inherently different furnace temperatures, flue gas mIXing characteristics, and potential flue gas 
S03 levels than the Indiantown design There are, therefore, a number of unresolved technical 
Issues which result In uncertainties concerning apphcatlon of thiS technology In thiS Instance, In 
partIcular the degree of NO, reductIon which can be expected and the level of ammonia shp 

which can be tolerated Based on vendor Information and SNCR systems operating on CFB's 
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and In Europe, the appropriate emiSSion level for SNCR on Indiantown IS a 171bfMMBtu At this 
level, this alternative would have a cost effectiveness of $2,839/to" controlled, compared to the 

use of advanced combustion controls, which IS considered reasonable 

This emiSSion level IS consistent with the most stringent emiSSion level for PC umts, and IS thus 
concluded to be representative of BACT 

33 NO, Emissions from Auxiliary Boller 

3 3 1 Control Alternatives 

NOx emiSSions from the 011- and natural gas-fired auxIliary bOiler, as with the coaHired PC bOiler, 
can be controlled Mher through combustion modifications or add-on control technology Add­
on controls Include SCR and SNCR, combustion modifications Include low excess all (LEA) 
filing, flue gas recllculatlon (FGR) and low NO, burner (LNB) deSign 

3 3 1 1 Add-on NO, Controls 

Both SCR and SNCR have been applied to 011- and gas-flied bOilers In prevIous appllcallons 
In Japan, SCR has been applied to more than fifty bOilers filing oil (Nakabayashl and Abe, 1987), 
and the Exxon Thermal DeNO, SNCR process has been Installed on several domestic Oil-fired 
Industllal boilers and petroleum heaters (Hurst and Whrte, 1998) 

Burner deSign and bOiler modifications, however, are more commonly applied to od- and gas­
fired boders In the size range proposed for Indiantown, particularly for standby or aUXIliary bOilers 
used only for startup and shutdown heat requllements 

Technical descllptlons of the SCR and SNCR control afternatlves are discussed extensively In 
Sections 3 2 3 and 3 2 4 SCR catalysts deSigned for 011 filing Will be different than catalysts 
deSigned for coal filing In particular, the lower particulate grain loading associated wrth 011 and 
gas filing allows for a smaller pitch Size, and the lower suliur content of the fuel results In less 
of a conSideration of formation and condensation of ammonia salts 

Thus the feaslbllrty for utiliZing either SCR or SNCR on In an application such as the Indiantown 
aUXIliary bOiler becomes a question of economics, as detailed In Section 332 
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3 3 1 2 Combustion Controls 

NOx controls Involving burner design, boiler design, or operational conSiderations aim to reduce 
NOx emiSSions through mlnlmLZatlon of NOli formation Such controls can be cJassl'fied as flue 
gas reclrculabon (FGR) , variOUS types of low NO, burners (LNB's) or low excess air (LEA) 
operabon, as described further below 

Bue Gas ReCirculation 

This NOx control techmque Involves extraction a portion of the flue gas from the bOiler and 
returning rt to the furnace through the burner or wlndbox The primary effect of FGR IS a 
reduction of the peak flame temperature through absorption of the combuston heat by the 
relatively Inert flue gas Furthermore, the addition of flue gas reduces the oxygen concentration 
In the combustion air, effecting a reduction In NO. formation by decreaSing the available oxygen 

The effectiveness of thiS a~ernallve depends to a large degree on the fuel being fired Since 
FGR reduces NO, formation by targellng peak flame temperature, rt has lillie effect on fuel NO, 
formation FGR IS thus less effective on fuels wrth a high nrtrogen oontenl, such as reSidual oils 

• 

NOx removal effiCiency IS directly related to the flue gas recirculation rate, an Increase In the • 
recirculation rate results In a decrease In thermally generated NOx At recirculatIon rates greater 
than 25-30%, however, flame stability beoomes compromised In addillon, decreaSing the peak 
flame temperature by IncreaSing the reCirculation rate lowers the thermal output of the bOiler 
Therefore the tradeoff between lower NO, emiSSions and heat output generally IImrt FGR 
recirculation rates to below 25% 

Implementation of FGR reqUires a caprtal expense associated wrth the required addrtlonal 
ductwork and fan capacrty The recirculation fan must be deSigned to operale In a high 
temperature enVironment, necessitating the use of more expensive matenals of construction 

Low NQ.; Burners 

LNB deSign falls Into one of two general categories staged air deSign, and staged fuel design 

Staged AIr Combustion • The staged air deSign rnvorves dIVerting a portion of the combustion 
air from the burner(s) and Injecting rt Into the furnace beyond the burner By redUCing the 
amount of air fed to the burners to the stOichiometriC requirement, NOx formation IS reduced 
through promotion of a localized fuel-rich oombustlon region Complete combustion IS then 
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effected downstream of the burners In a fuel-lean environment, resulting In lower overall NOx 
formation 

Maintaining proper air flow represents the malor operabonal conslderabon for effective NO, 
control Comerclally available cur flow controls can be used to maintain the required separate 
air rates, but careful control of operating parameters IS necessary to avoid feeding too much alf 

at low load conditions, resuttlng In Ineffective NOx removal and reduced boiler efficiency 

Staoed Fuel Combustion - In the staged fuel deSign, or rebumlng, the fuel IS fired In primary and 
secondary combustion zones Similar to staged alf combustion In thlS method, however, the fuel 
IS diverted to the two zones 

NO, control IS accomplished by Inlecllng part of the fuel Into the bulk of the combustion air and 
the remainder of the fuel Into primary and secondary combusllon zones Thermal NO, 
generation In the primary combustion zone IS limited In thiS fuel-lean zone by the reduced peak 
flame temperature that resu~s The combusbon products from thiS primary zone (hydrogen, 
carbon monoxide and hydrocarbons) are carned IOto the secondary combustion zone, lowenng 
the local oxygen concentration and reducing the prak flame temperature In thiS zone as well 
Combustion products from the primary zone also provide redUCing agents for NO, reducbon In 
the secondary zone Finally, zoned combustion permrts complete combustion wrth lower excess 
air levels than standard burners, which further enhances NOx emisSion recuctlons 

Potential adverse Impacts wrth thiS technique are Increased smoke, CO and HC emissions 
associated wrth Incomplete combustion caused by Incomplete mllong of the secondary 8Ir With 
the primary combustion products Improper mixing of secondary air IS also associated wrth 
flame carryover to the bOiler section, potentially causing tube failure 

Low Excess Air 

Boilers are deSigned to operate With the lowest 8Ir level consistent with complete combustion 
and safe operation In practice, however, boilers are commonly operated wrth a greater amount 
of excess air than recommended, primarily to aVOid smoke emiSSions during sudden load 
surges ThiS addrtlonal air IS detrimental to effiCient system operation Since rt both reduces the 
thermal effiCiency by Increasing the volume of heated gas released to the atomosphere, and 
promotes an Increase In NO. emiSSions 

With Low Excess Air (LEA) firing, the amount of primary combustion air IS reduced, thereby 
reducing the formation of NO, by decreaSing the ava,lab,llly of oxygen In the primary combustion 
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zone The technique Is apphcable to all types of fuels and combustion sources, but the greatest • 
potential NOx reductions are on eXisting sources not specifically designed for LEA operation 

Maintaining the correct air flow rate IS crucial to effective NOx control With LEA and requires the 
use of an oxygen trim system Pnmary air flow IS adjusted based on the flue gas oxygen 
content A minimum excess air level must be marntalned, however, to Insure complete 

combustion and aVOid formation of carbon monOXide (CO) and hydrocarbons (HC) ThiS 

minimum level vanes wrth the fuel used, furnace design, and bOiler load, oxygen tnm control 
systems are generally field adjusted dUring the 100tiai break·,n penod to achIeve the optimum 
excess aIr level for each partIcular application 

3 3 1 3 Permitted Control Levels 

The NSPS for #2 fuel oil-fired steam generallng Units With heat Inputs greater than 100 MMBtu/hr 

IS 0 2 Ib/MMBtu (40 CFR 50, Subpart Db) A list of the 011 fired bOilers In the BACT /LAER 

Clearinghouse With ilmlts on NOx emiSSions IS Included In Appendix A Although there are no 
faCilities listed In the Clearinghouse emplOYing SCR for NO, control, one faCility (Hopco) IS listed 
as utiliZing SNCR to achieve 0 121b/MMBtu Other facilities emplOYing LNBs and FGR are also 
listed as having limits of 0 12 Ib/MMBtu 

3 3 2 Economic Analysis 

SCR, SNCR and FGR caprtal and annual operallng costs for the aUXiliary bOiler were estimated 

based on vendor Information for a Similar project These costs are presented on Tables 3-6 and 
3-7 Capital equipment for the SCR and SNCR atternatlves would be the same as described In 
Sections 3 2 3 and 324 (above), atthough the size of the eqUipment would be reduced In size 
compared to the equipment deSigned for the PC bOiler In addition, a different catalyst would 

be used for the 011- and gas-fired aUXiliary boiler than would be employed for the PC boiler 

Total capital costs for the SCA atternatlve on the aUXiliary bOiler are $1,500,000 Based on 1,000 

hours/hr annual operation, the annual cost of thiS alternative IS esllmated at $735,OOO/yr 

Compared to the NSPS for thiS size unrt, an SCR system deSigned for 80% control would reduce 
annual NOx emiSSions by 27 4 tonjyr for a cost effectiveness In excess of $26,864/ton. which 
IS conSidered unreasonable and unrepresentative of BACT 

Total capital costs for the SNCR alternallve on the aUXiliary bOiler are estimated at $1,222,000, 

annual costs are estimated at $611,500/yr Based on a deSign control effiCiency of 60%, thiS 
alternative would control 20 5 ton/yr and have a cost effectiveness of $29,800/ton ThiS IS also 

considered unrepresentative of BACT costs for Similar sources 
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TABLE 3-6 

CapItal Costs for NO, Control Alternabves AuxIliary BOIler 

SCR 
(1) Purchased Equipment 

§!:!QB FGR 

(a) Basic EqUIpment 675,000 470,000 318,000 
(b) Auxlharles Included Included mc/uded 
(e) Instrumentation and Controls 68000 47,000 32,000 
(d) Structural Support 68,000 47,000 32,000 
(e) Freight & Taxes 65,000 45,000 31,000 

(2) Direct InstallatIon 263,000 183,000 124,000 
Total Direct Costs (TOC) $1,139000 $792,000 $537,000 
C3} Indirect InstallatIon 
(a) Engineering & SUpervisIon 114,000 79,000 54,000 
(b) Construction & Field Expense 114,000 79,000 54,000 
(e) Construction Fee 57,000 40,000 27,000 
Cd) Contingencies 34,000 24,000 16,000 

• (4) Other Indlfect Costs 
(a) Startup & Performance Test 11,000 8,000 5000 
(b) WorkIng CaPItal 31,000 26,000 14,000 
(e) License Fee 175,000 

Total Indirect Costs (TIC) $361,000 $431,000 $170000 
Total CapItal Cost (TCC) $1,500,000 $1,223,000 $707,000 

(5) Annualized Capital Recovery $243,000 $198,000 $115,000 
(ammortrzed over 10 years 
stralght/me@ 10% Interest rate) 

Cost Factors 1990 OAQPS Control Cost Manual 
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TABLE 3-7 

Annual Costs for NOx Control Alternatlves)Auxlllary BOiler 

SCR SNCR FGR 
Direct Operating Costs 

(1) Labor 
(a) Operating $87,600 $87,600 
(b) Supervisory 13,000 13,000 

(2) Mamtenance 
(a) Labor 107,100 107,100 87,600 
(b) Supplies (50% Malnl Labor) 54,000 54,000 44,000 

(3) Replacement Parts 
(a) Calalysl (1) 41000 
(b) Equipment 68,000 47,000 32,000 

(4) Utilities 
(a) Arr • (b) Sleam 4,000 
(c) ElectriCity 7,100 600 4,400 

(5) Raw Matenals - Ammonia 2,900 2,200 

(6) Catalyst Disposal 1,300 

Indirect Operating Costs 
(7) Overhead 50,000 50,000 16,000 
(8) Taxes 15,000 12,000 7,000 
(9) Insurance 15000 12,000 7,000 
(10) Administration 30,000 24,000 14,000 

Annual Operating Costs $492,000 $413,500 $212,000 
Annual Capital and Operating Costs $735,000 $611,500 $327,000 

Annual Tons Removed (2) 274 205 171 
Cost Effectiveness ($lton) $26,864 $29,800 $19,123 

Notes 
(1) catalyst replacement at 50% In five years 
(2) compared to NSPS 0 2 'blMMBlu with 1000 annual operating hours 

• 
A. \PUBS\PROJECTS\5402008\400 S3 3-28 



• 

• 

• 

Capital costs for the FGR alternative, Including addilional ductwork, recirculation fan, Insulation 
and control instrumentation, are estimated at $707,000 Annual costs are estimated at 
$327,OOO/yr with 17 1 ton/yr controlled assuming a reduction effiCiency of 50% Cost 
effectiveness of FGR IS thus $19, 123/ton, Similarly thiS IS conSidered excessIVe and unrepresen­
tative of BACT 

There are no adverse economic Impacts associated with the use of Low NO" Burners 

3 3 3 NO. Control for AUXIliary Boller - Conclusion 

For the aUXIliary boller, SCR IS conSidered the most stnngent control a~ematlve, however due 
to the limited operating hours of thiS source, thiS a~ernatlVe would resu~ In unreasonable 
annualized costs SNCR, as the next-most stnngent alternative, IS Similarly concluded to be 
economically Infeasible FGR would be the third-most stnngent alternative, thiS control method 
IS Similarly concluded to be unreasonable based on excessive cost effectiveness 

The use of Low NO" Burners, as the next alternative, would not have unreasonable annual 
economic or energy Impacts, and use of thiS alternatIVe would not result In adverse enVironmen­
tal Impacts It IS therefore concluded to represent BACT for control of NO. from the aUXIliary 
bOiler 

3 4 BACT for Nitrogen Oxides - ConclUSions 

3 4 1 PC Baller 

Nitrogen oXides are formed In combustion sources via the thermal oXidation of nitrogen In 
combustion air. or the reduction and subsequent oXidation of ndrogen compounds In the fuel 
For coal fired sources such as the proposed PC bOiler, control alternallves consist of SCR, 
SNCR and combustion controls 

SCR has been applied to commerCial scale coal-fired sources In both Japan and Europe after 
",tenslve R&D and process development work on laboratory-scale and pilot-scale eqUipment 
In transfernng SCR technology from the commerCial applications In Japan to European sources, 
technical problems arose which were not anticipated given the Japanese expenence 

SCR has never been applied to a commerCial-scale unit firing domesllc coals, and has never 
been applied to a commerCial PC unit In erther Japan or Europe uSing a bag house for 
partlculated control Since problems comparable to those encountered In Europena SCR 

R:\PUBS\PROJECTS\5402008\400 53 3-29 



applications are expected for US applications, pilot-scale studies to validate this technology on • 
US coals are In the., early stages Therefore, SCR IS not considered technically feasible, and 
thus not BACT, for Indiantown Finally, the Imposition of this technology would resu~ In an 
Increase In annual operating costs of $9,806,900/yr, which IS also considered unreasonable 
given the current developmental status of this alternative In the US on coal-fired sources 

SNCR has similarly never been applied on a commerCial scale boiler firing domestiC coals, and 
there are technical Issues which must be addressed Involving minimization of the condensation 
of ammOnium salts, handling and transportation of ammonia, maintenance 01 system operabng 
temperature dUring reduced load condilions, and compatibility of the system wrth downstream 
a., pollution control equipment The technology IS currenUy In use at domestic coal-fired CFBs, 
and a~hough these appllcallons may be more favorable for the application of SNCR, the 
technical Issues can be addressed In the system deSign Compared to the base case 
combustion controls, the appllcallon of SNCR to Indiantown With an emiSSions level of 0 t7 
Ib/MMBtu results In a cost effectiveness of $2,248/ton 

Therefore, based on these technical and economic factors, the use of SNCR IS concluded to be 
representative of BACT for control of NO, for the PC bOiler 

3 4 2 AuxIliary BOiler 

The use of Low NO, Burners IS considered representative of BACT for NO, control from the 
aUl"lIary bOiler The ImpoSItion rt SCR, SNCR or FGR would have unreasonable annual 
economic Impacts based on the limited annual operatJOg hours of thiS source 
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40 BACT DETERMINATION FOR SULFUR DIOXIDE AND ACID GASES 

41 IntroductIon 

In the followIng analysIs, the compounds SO" HF and H,SO. are d,scussed together sInce 
removal methods and are common for each 

4 1 1 FormatIon 

EmIssIons of sulfur oXIdes (SO,) and aCId gases (H,SO. and HF) are generated In 
fossil-fuel-fired sources from the release In the furnace of sulfur and fluorine present In the fuel 
Sulfur compounds are formed when the organic and PYritiC sulfur IS oXidized, forming prlmanly 
sulfur d,ox,de (SO,) wIth smaller quantItIes of sulfur trioxIde (SO,) and sunates (SO"> Sunur 
trioxide further reacts with water present In the flue gas to form H2S04 

4 1 1 1 SO, FormatIon 

Approximately 98% of the sulfur In bituminous coal IS emitted on combustion as gaseous sulfur 
oXIdes (EPA 1985a) Uncontrolled emISSIons of SO, are thus affected only by the fuel sulfur 
content and not by the firing mechanism, bolier SlZe or operation 

4 1 1 2 Acid Gas Formation 

Sulfuric aCId (H,SO"> and hydrogen fluoride (HF) gas emIssIons are created In coal and oil-fired 
combustIon sources (such as the proposed PC boiler and aUXIliary bOIler) aHer sunur, and 
fluorine are released In the furnace from burning fuel containing these elements ·ACldIC

M 

emIssIons can also result when mlrogen and other nonmetalhc elements (prinCIpally carbon) are 
OXidized In the furnace NOx emissions. however, have been discussed in a separate section 

Conversion of fluorine to HF depends on air ffuel mll(lng, combustIon temperature, and the 
presence of other trace elements The formatIon and emIsSIon of H,SO., however, depends on 
the quantItIes of gaseous S03 and moisture In the flue gas S03 reacts rapIdly wIIh water In the 
flue gas and stack vapor plume to form H,SO" further reactIon between H,SO. and water may 
occur and resuft in the formation of sulfate salt aerosols 

The amount of S03 present In the flue gas depends on the fuel sunur content as well as 
condrtlons supportive of secondary oXldaton of sulfur dioxide to suHur trioxide Combustion 
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temperature, alkali component concentration In the fuel and excess oxygen level are a few of the • 
factors governing SO,/SO, conversion 

4 1.2 Control Alternatives 

Control of S02 and aCid gas emiSSions IS pnmanly effected by removing these pollutants from 
the flue gas with either wet or dl}' scrubbing alternatives Such systems are generally designed 
to reduce SO, and are referred to as flue gas desunurlzatlon (FGD) devices 

In addition, limiting the fuel suifur content IS an applicable control alternative, particularly for fuel-
011 fired sources 

4 1 21 Wet Scrubbing 

General Description 

Wet scrubbing IS a diffUSion process In which pollutants Qn the forms of gases or mists) are 
transferred from the gas stream to the scrubbing liqUid under water saturated condlbons The 
conventional wet scrubbing processes, therefore, generate a liqUid slurry wastewater effluent and 
must be accompanied by wastewater treatment and disposal system 

The types of wet scrubbing systems may be generally claSSified as sodium-based scrubbers, 
calCium-based scrubbers, and dual-alkali scrubbers The classification occurs mainly because 
the calCium-based reagents produce Insoluble salts (calCium sulfite and calCium sulfate), which 
some scrubbing systems cannot handle well, while the sodium-based reagents produce soluble 
reaction products (sodium sulfite, sodium bisulfite, and sodium sulfate) For example, packed 
tower absorbers normally use a sodium reagent, such as sodium hydrOlade (NaOH) or soda ash 
(Na,CO,), Since the soluble reaction products Will not foul the packing Spray towers, on the 
other hand, are not affected by the presence of saHo, and therefore can take advantage of the 
less expensIVe calCium-based reagents such as pebble lime (CaO) or limestone (CaCO,) 

Regardless of the reagent, the waste effluent can be recycled to reduce water consumpbon and 
reagent use, but a blowdown stream must be handled prior to discharge In calCium-based 
systems, waste products (calCium saHo, water, and unreacted reagent) may be pretreated uSing 
clarifiers to remove suspended solids, followed by a fiUer press to remove the solids for 
subsequent landfilling The clarified liqUid IS returned to the scrubber system for reuse In 
sodium-based systems, no solid waste product IS formed Larger quantities of liqUid waste 
containing dissolved salts must be disposed of Disposal pracbces for thiS waste stream Include 
wastewater treatment, holding ponds for evaporation and deep well Injection 
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• Favorable Impacts of Wet Scrubbing 

• 

• 

Wet scrubbing systems achieve levels of SO,/acld gas removal that are comparable with dry 
scrubbing An advantage to wet scrubbing Is that because of the low operating temperatures 

lavorlng absorplion, and the ease wHh which reagent can be recycled, reagent/acid gas ratios 
approaching stOichiometric can be used Dry scrubbing systems reqUIre more reagent, and thus 
Incur higher reagent costs 

Because less reagent Is used In wet scrubbing systems, less solid waste Is produced than by 
spray dryer absorber /Iabrlc fiHer (or ESp) systems II treated, some 01 the scrubber waste solids 

may be saleable as by-product (e g gypsum) 

Adverse Impacts of Wet Scrubbing 

Technical concerns and numerous adverse environmental, energy and economic Impacts refted 
the disadvantages uSing wet scrubbing systems on coal-fired unrts 

Wastewater Treatment and Disposal - Some wet scrubbers produce aCIdiC, high-chloride 

wastewater requIring treatment Several treatments are avaJlable, Including percolation of the 
wastewater through limestone beds, evaporalion ponds, and deep well Inlectlon More 

sophisticated and more costly treatment aHernatlves Include reverse osmOSIS, electrodialysIs, and 
flash evaporation/crystallization II organics removal Is required, carbon filters, UV-ozonatlon, 

or other organic treatment methods may be conSidered 

II a sodium reagent Is used, large quantrtles 01 wastewater containing dissolved sodium saHs 
(reaction products) must be purged to minimize the percent 01 dissolved solids In the system 

discharge 

In calcium-based systems, water losses slill occur because of mOisture present In the discharged 

solids, only the amount IS less 

Disposal of Wet Sludge - Wet scrubbing aHematlves produce a sludge containing the products 
01 the SO, removal reaelions For calCium-based processes, including the wet limestone and 
wet lime scrubbing aHernatlves, these products consist 01 the salts calCium suijate (CaSO,2H,O) 

and calCium sulfde (CaSO,' / ,HP) which precIpitate out 01 the scrubbing solution In the recycle 

tank These solids are removed from the process by clarification and vacuum fiHralion, however 

the sludge contains from IOta 30% water Therelore the waste solids from wet scrubbing 
alternatives must be erther handled wet, or dned pnor to disposal 
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Visible Stack Gas Plumas and Fogging - The use of wet FGO systems causes a low scrubber • 
outlet temperature (about 120"Fto 13O"F) The flue gas exrtlng the stack at these temperatures 
would therefore cause VISible mOisture plumes Several different techniques may be employed 
to minimize these effects The flue gas can be reheated after rt leaves the scrubber using a 
v8nety of heat exchangers, steam cOils, or direct reheat with combustion 01 fossl' fuel Even after 
reheat, however, expenence has shown that plumes are VISible most of the year (Gengos, 1986) 
In Europe, some facilities are trying the use of subcoollng, In which a heat exchanger IS Included 
downstream 01 the wet scrubber to condense water vapor from the saturated, cleaned flue gas 
This practice reduces the VISible steam plume, but also results In a cooler flue gas, which 
presents a separate set of concerns. as discussed below 

Increased Ground Level Concentrations - The flue gas emilled from wet scrubbing processes 
IS generally cooler than from other control processes This causes less plume rise, and hence, 
Increased ground level concentrations (GLC) of all emilled pollutants These Increased 
concentrations cause potentially greater heaHh nsk Impacts 

Corrosion, Erosion and Scaling - Slgnrficant corrOSion, erOSion and scaling of wet scrubber 
eqUipment, piping, pumps, fans, and valves have been reported, thus, wet scrubbers require 
more frequent repairs, parts replacements, and general maintenance at the expense of high 
costs and reduced availability These problems can be minimized by selecllng corroslon­
resistant matenals, better controlled recycle and blowdown rates to prevent accumulabon of 
halide salts, beller Instrumentation for optimized reagent feeding, and proper equipment deSign 
to best prevent the cemenbng and poor dewatenng tendenCies of calCium sulfite sludges Many 
modern FGO systems operate wrthout these problems (Jordan, 1987, Moser and Simko, 1990) 

Costs - Wet scrubbers are generally more expensive than spray dryer scrubbers to purchase and 
operate, regardless of whether or not the systems are deSigned for zero-water discharge The 
capital costs are higher beceuse corrOSion-resistant matenals of construction must be employed, 
numerous penpheral equipment must be supplied and state-of-the-art process controls must be 
Incorporated Operating costs are generally the highest among aHernatlve SO,/acld gas controls 
because of energy and water management requirements Flue gas reheat and fan power 
asSOCiated wrth the high pressure drops In some wet scrubbers translate Into espeCially large 
operallng costs 

4 1 2.2 Spray Dryer Absorption 

The other predominant SO,/acld gas control system uses spray dryer absorbers (SOA) located 
upstream of particulate removal deVices 
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• General Description 

• 

• 

In spray dryers, an alkali reagent slurry IS Injected Into a vessel sized lor relatively long gas 
residence time The SO. and aCid gases react with the alkali solubon or slurry to lorm liquid 
phase salts which are dried to about one percent free mOisture by heat In the flue gas Flue gas 
temperatures remain 20-30 of above the dew pOint, compared 10 wet FGD systems operabng 
at the dew pOint 

Spray dryer deSign can be affected by the choice of the downstream parllculate collection 
deVice Fabric filters have an advantage over ESPs In that unreacted alkaline material collected 
In the filter cake can further react with So. and aCid gases Thus, lor a given SOJacid gas 
removal level, SDA/fabrlc fiUer systems require less reagent than SDA/ESP systems 

Favorable Impacts of Spray Dryer Absorber/Fabric Filter Systems 

The system achieves levels of SO./acld gas removal that are comparable with levels achieved 
with wet scrubbing systems Spray drying technology IS less complex mechanically than wet 
scrubbing systems and does not generate a liqUid waste, thus treatment and disposal problems 
and costs are less Compared to wet scrubbing, the stack gas IS hotter, allOWing lor better 
plume disperSion and hence lower ground level concentrations 

No flue gas reheat IS required, a requirement Which presents Significant energy and economic 
penalties to wet scrubber-equlpped faClI~les 

Adverse Impacts 01 Spray Dryer Absorber/Fabric Filter Systems 

Reagent ReqUirements - Spray dryer systems require greater amounts of reagent than for wet 
scrubbing systems because the flue gas temperatures are higher and the absorption process 
Is not taking place at saturated cond~lons 

Solid Waste GeneratJon - Spray dryer systems generate larger quanbtles 01 solid waste than 
wet systems because relatively lalger amounts of reagent must be Injected to achieve the same 
removal effiCienCies This Is offset, however, by the lact that the solid waste IS virtually free of 
mOisture and can thus be transported directly to disposal ~hout further dewatering or drying 
For Indiantown, the dry waste may be returned to the coal mine dlrecUy by r8l1 
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4 1 3 permitted Emission Control Levels 

The NSPS for coal-fired bOilers IS both a 90% reduction In potential 802 emiSSions and a 
maximum emission limit of 1 2 IbjMMBtu (40 CFR Part 60 Subpart Db) lIslings of the coal-fired 
bOilers contained In the BACT jLAER Clearinghouse wrth IImrts on S02 and aCid gas emisSions 
are contained In Appendix A Four types of emiSSion controls are Included In this list wet FGD 
systems, spray dryer FGD systems, limestone InJection, and fuel sulfur limitations limestone 
injection IS employed with CFB bOilers and IS not technically applicable to the proposed PC 
bOiler Both wet and spray dryer FGD systems have more emiSSions reduction potential than 
fuel sulfur limitations, however the maximum degree of 802 and aCid gas reduction which IS 

possible wrth either type of FGD alternative IS subject to many factors, Including activity of 
reagent, contacting deVice deSign and operation, and system reliability 

4 2 BACT for S02 and ACid Gases - PC BOiler 

421 Most Stringent Control· 0 17 IbfMMBtu 

4211 Technological Feasibility of 0 17 IbjMMBtu 

• 

An emiSSion rate of 017 Ib/MMBtu IS conSidered representative of the most stringent emission • 
rate permitted For Indiantown, this level would be achieved utilizing a 95% efficient FGD while 
f"'ng coal With a maximum sulfur content of 2% The BACT jLAER Clearinghouse hsts eleven 
coal-fired facllrtles wrth a permitted S02 control efficiency of 94% or greater Nine of these 
faclhtles, however, are fluidized bed bOilers where the control method IS lime or hmestone 
Injection The permrtted emisSion rate of these (Pyropower, RIO Bravo Revlnlng Co [two 
hstlngsl, BMCP, Westwood Energy Properties, Cogeneration National, and Amencan lignite 
Production Co [two hstlngs]) faclhtles are thus not apphcable to the proposed Indiantown PC 
Unit 

The other two faclhtles with permitted S02 control levels of 94% and greater are Deseret 
Generation and Transmission's Moon Lake, UT unrt and Kentucky Power's Carr unit Neither of 
these unrts were ever bUilt Thus 95% S02 control IS more stringent than the highest permitted 
control efficiency for a non-CFB bOiler 

There are a number of non CFB coal-fired Units 10 current operation, however, With FGD deVices 
deSigned for and achieving 95% control of S02 Table 4-1 contains a hstlng of the FGD facllrtles 
In current operallon on domestic utility bOilers This IIsllng, complied from the 1989 PEl 
ASSOCiates ·Ulllrty FGD Survey' (DOE 1989) covers all FGD types, Including the hmestone, wet 
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TABLE 4-1 
Flue Gas Desulfunzatlon Units In Operation 

Alabama E18(l\flC 

AlamlloCo 

TombigblHl2 
Tomblgbee 3 

Sprmgerville 1 

Applied Energy Service 
Deepwater 1 

Arizona Electric Power 

Apache 2 
Apache 3 

Arizona Public Service 
Cholla 1 

Cholla 2 
Chona 4 

Four Corners 1 

Four Cornera 2 
Four Corner. 3 

Four Comere 4 
Four Corner. 5 

Associated Electric 
Thornas HIli 3 

Bal>ln Electrrc Power 

Big Rivers E1actnc 

Antelope Valley 1 
Antslope Valley 2 
laramie RIver 1 

Laramie River 2 
LaranUB RIver 3 

DB W,leon 1 

Gf""! 
Green 2 

Cenlrailihoal. Light 
Duel< Creek 1 

Central IIIIn0l8 Pllbhc ServiCe 
Newton 1 

Clnclnatti Gas & ElectriC 

East Bend 2 
City Utilltl81 01 Springfield 

Southweat 1 
Colorado Ute Electric 

Craig 1 

Craig 2 

Craig 3 

Columbus & Southern Ohio Electric 

Conesville 5 
Conesville 6 

CooparatIV8 Power A,soclat,on 
Coal Creek 1 
Coal Creek 2 

Delmarva Power & Ugh! 
Delaware City 1 

Delaware City 2 
Delawar. City 3 

Desert Gen & TranI ..... "'" , 
Duquesne Ughl 

Size !MW) ~ FGD Type 

255 1 81 limestone 
255 1 81 limestone 

400 061 SD 

185 400 limestone 

195 070 limestone 
195 070 limestone 

126 050 limestone 

250 050 limestone 
380 0 50 limestone 

186 075 wet lime 

186 0 75 wet lime 
244 0 75 wet lime 

788 0 75 wei lime 
786 075 wet lime 

870 " 80 limestone 

490 088 SO 
490 088 SO 

600 0 54 limestone 

600 0 54 limestone 

600 054 SO 

440 375 limestone 

250 391 wet lime 
242 3ti11 wet lime 

398 340 limestone 

SOO 300 OualAlkah 

643 260 wetllme 

1115 3 50 limestone 

454 045 limestone 

454 045 limestone 

421 04S SO 

405 "50 wet lime 
405 450 _tUme 

550 0 63 wet lime 
550 0 63 _llIme 

Year 
§!!r! 

1978 
1979 

Control 
EffiCiency 

Dellgn .. , .. , 
1985 70 

1986 NA NA 

1978 

"79 

1973 
1978 

"81 
"79 
1979 
1979 

'98' 
'98' 
'982 

''''' 1985 

1980 

"" "" 

85 
85 

" 75 
OS 
50 .. 
" 80 
80 

." 
eo ,. 
90 
90 

'" 
1988 NA NA 
1979 90 
'080 90 

HI76 

,.,. 
, .. , 
'977 

'080 
'08' '08' 
,.n 
1978 

1979 

'080 

85' 

87 

80 

" 85 
85 ... 

.. S 

54 

54 

28 7 00 Wellman-LOI'd 198() 

28 700 Wellman-Lord 1980 
75 7 00 W8U~n-Lord 1980 

90 

90 
90 

430 050 IImeltone 1988 os 

Source PEl 1987 SulWyof Operating Utility FGO Plante 
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as 
85 

81 

.7 

'7 
., .. 
" 67' 

67' 
67' 
67' 

90 

" 
82 
78 ., 
90 
85 

90 

" 
85' 

90 

87 

85 

85 
85 

" ., ., 
90 
90 

" 90 
90 

" 

System 

Availability 

8O. 
.12 .. 
857 

84 

.. 
87 

.. , 
84 

100 

825 
.25 .. , 
'00 

.. , 
835 .. , 
877 
818 

81' 
818 

", 



TABLE 4-1 (Continued) 

Control • Y •• r Efficiency System 

!!!ill Size IMW) ... S FGDTm! ~ OIB1go ~ AvaUablUty 
Elrama 1-4 510 '05 welbma 1975 83 94 
Philflpsl-6 .... '05 _Ilime 197. 83 84 

East Kentucky Power 

Spurlock 2 '" 350 _thme '983 ">4 " Grand Haven Board of Light and Power 
J R Siml3 OS 215 wet lime 2983 " " '00 

Grand River Dam Authority 
GRDA2 51. 095 wet lima " .. 85 85 

HOOSIer Energy 
Merom 1 490 3eo limestone '98' " " .. 
"".rom2 490 3eo limestone '98' " 00 .. 5 

Houston Llghtlng & Power 
LImestone' 180 '08 limestone '98' " 00 
Limestone 2 180 ". limestone '98' " 00 
W A PariSh 8 510 04' limestone '98' 10 85 

napolis Power and Light 
Petersburg 3 532 325 limestone '98' 85 eo " Peterllburg 4 ... 350 hmestone 

,_ 
eo " '04 

JacksonVille ElectriC Authority 
St Johns River 1 012 '50 limestone 1987 NA " Kansas City Power & Ught 
La Cygne 1 140 .'" limestone 1873 80 80 

Kansas Power & light 
Jeffrey 1 '" 032 limestone '91' 80 eo 
Jeffrey 2 050 032 limestone 1980 80 80 
Jeffrey 3 '" 032 limestone '983 eo 80 • lawrance 4 "8 055 limestone '911 13 13 
lawrance 5 355 055 limestone '818 52 10 

Kentucky Utlllt.e, 
Gr •• n River 1-3 80 ,.23 wet lime 1976 08 80 83. 

Lakeland Utd,tlee 
Mcintosh 3 394 '56 limestone '08' " 85 

lOG Angelas Oeptartmant 01 Waler & Power 

IntermountaIn 1 84' "8 limestone '88' " 80 
Louuwllie Gal & Electric 

Cane Run-4 '10 381 wetlrme ,on 85 81 
Cane Run 5 '81 380 walhme 1'178 85 85 
Cane Run e '80 .80 Dual Alkali 10,. 85 94' 
Mill Creek 1 32' 315 _I lima '88' .S ... 
Mill Creek 2 330 ". _thme '88' .S ." 
Mill Creek 3 '12 381 _I lime ,8,. .. 851 835 
Mill Creek 4 ... 31. wathme '982 .S as 

Marquette Board of Ught & Power 
Shlr.13 44 030 SO '983 80 eo 0615 

Michigan So Central Power Aglllncy 
Endicott 1 SS 22S limestone '883 80 " .. 

Minnesota Power & Ught 
Clay Boewell4 554 094 _thme '880 .8 .. .55. 

MlOnkota Power 
MIlton R Young 2 440 oeo _thme 1~78 18 'S 8" 

Monongahela Power 
Pleasent. 1 08. 300 wet lime '880 80 80 
Planantl2 88. 300 wethme '880 " " Montana Power 
CoIltrlp 1 3S8 018 wet lime 1975 80 80 9727 
CoIltrlp 2 3S8 ". wethme 1976 80 80 83. • Soorn. PEl 1887 Survey of Operating Utility FGD Plant. 
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Unit 
Colstrip 3 
CoIllrlp 4 

Montana-Dakota Utilltl •• 
Coyote' 

Muscatine Power & Water 
Muscatlnee 

Nevada Power 
Reid Gardner 1 
Reid Gardner 2 

FIeld Gardner 3 
Reid Gardner 4 

New York State ElectrIC & Gal 

Som.reell 
Northam Indiana Public Service 

R M Schahfar 17 
R M $chahlar 18 

Northam State. Power 
Rlverllde 6-7 

Sherburne Co 
Sherburne Co 2 
Sherburne Co 3 

Orlando Utilities Comm'leion 
C H Stanton 1 

Pacific Power and Light 

Jim Blldger 2 
Jim Bridger 4 

Wyode.k 1 
Pennsylvania Power 

Bruce Mansfield 1 
Bruce Manafiald 2 
Bruce Man,field 3 

Philadelphia Electric 

Cwmbyl 
Eddyetone 1 
Edd)'ll:0082 

PlainS Electric G & T 
Plain. Eacalante 1 

Platte RIVer Power Authority 

Rawhide 1 
Pubhc Servloe Ind.ana 

GlblOn 5 
Public Service of New Mexico 

San Juan 1 
San Juan 2 
San Juan 3 

San Juan 4 
Salt River Project 

Coronado 1 

Coronado 2 

San Miguel EIect"C 

Seminole Electric 

San Miguel 1 

Seminole' 
Seminole 2 

SIerra Pacific Power 

TABLE 4-1 (Conltnued) 

Size CMW) ~ FGD Type 
n8 070 wet lime 
n8 070 weillme 

427 087 SO 

172 321 IImelilone 

125 050 eodlum 
125 050 eodlum 
125 050 eodlum 
285 075 eodlum 

680 2 70 limestone 

379 3 20 Dual Alkali 
378 3 20 Dual Alkali 

150 120 SO 
750 0 80 limestone 
750 0 80 IImeltone 
850 100 SO 

480 080 limestone 

v"' 
§!!!! , .. . , .. . 
, .. , 
, ... 
107. 
1974 
1978 , ... 
, ... 
1983 

" .. 
, .. , 
1978 
IOn 

Control 
Efficiency 

D88lgn 

" OS 

70 .. 
00 
00 
85 
85 

00 

" 00 

" " " 

1988 NA NA 

~ 
957 
.57 

75 .. 
00 

81' 
81' 

85 

00 

00 
00 

00 

" " 

S08 058 eodlum 
508 0 58 eodlum 
320 055 SO 

1980 il i1 
1986 NA NA 

83S 3 50 wei lime 
835 3 50 wet lime 
83S 430 _llIme 

llJ78 i21 921 
lin 921 1121 
1980 112 2 92 5 

188 200 mag ox 
354 200 mag ox 
354 2 00 mag ox 

233 0 80 ilmellone 

278 034 SO 

887 330 limestone 

'983 , .. , , .. , 
'084 

" .. 
, ... 

381 0 80 Wellman-lord 1978 
550 080 Wellman-lord 1978 
SoW 080 Wellman-lord 11179 
SoW 0 80 Wellman-Lord 1982 

400 0 58 limestone 
400 0 58 limestone 

410 238 limestone 

650 2 75 IimellOfle 
850 2 75 limestone 

10'" , .. , 
'08' 

,­, .. , 

02 

8' 
02 

75 .. .. 
00 

" 00 
00 

02 
82 .. .. .. 

02 

8' 
02 

75 .. .. 
00 
00 
00 
00 .. 
08 .. .. 
•• 

North Valmy 2 288 0 50 SO '08' 70 70 
Source PEl 1987 Survey of Operating Utility FGD Plant. 
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System 
Avallabllrty 

'00 
'00 

'00 

'00 ... ... ... 
'00 
07 

'00 
'00 

.. 
71. 
827 

00. 

81.3 ... 
87 ... ... ... 



TABLE 4-1 (Continued) 

"""tr~ • V.ar EffiCiency System 

UN' SlzelMW} .!!.!! FGD Tn!9 §!!!! Q!!!a!! ~ Avallabllltv 

Sikeston Board of Municipal Utilities 
Sikeston 1 235 280 limestone 19" SO SO 

South Carolina Public Service 
Cro182 '10 tiO limestone '9&4 858 858 044 
Wlnyah 2 315 100 hmaetone 1877 45 .. 873 
Wlnyah 3 315 100 limestone 1880 80 80 04' 
Wlnyah 4 315 170 limestone 1881 SO SO 808 

South MISSISSIPPI EI6(ltfIC Power 
R 0 Morrow Sr 1 215 184 limestone 1878 85 85 997 
R 0 Morrow S. 2 215 184 limestone 1978 85 85 804 

Southern illinoiS Power 

Manon 4 184 375 limestone 1979 894 884 87 
Southern Indiana Ga. & ElectrIC 

AS Brown 1 265 335 Dual Alkali 1878 85 85 843 
AS Brown2 285 335 Dual Alkali 188' 80 80 71 

Southwestern Electnc Power 
Oolel Hili" 720 070 limestone 188' 7S " Henry W Pirkey 2 720 050 lim.atone 1985 85 " Spflngfl.,d Waler ugh! and Power 
Dallman 3 102 305 limestone 1881 85 85 7.3 

Sunflower Electric 
Holcomb 1 318 034 SO 1883 SO SO 100 

Tampa ElectriC 
Sig Bend 4 455 350 limestone 188' 80 80 

TEinne&e8 \lalley Authority 
ParadlllEl! 704 320 limestone 1883 84 842 100 • Paradl88 2 704 320 lim.stons 1083 84 842 100 
Widows Creek 7 575 370 limestone 1081 SO SO 
W,dow8 Creek 8 550 330 limestone 1978 SO 70 

Texas Munrclpal Power Agency 
Gibbon, Cr9llk 1 443 105 IImeetone 108' 873 873 

Texas Power & Light 
Sandow 4 ... 160 IImeetone 11181 75 75 

Texas lJI,lItJe, 
Martm Lake 1 783 080 IImastone 1877 71 .. 
Martin Lake 2 783 080 limestone 1978 71 .. 
Martin Lake 3 783 080 limeetone 111711 71 .. 
Monticello 3 781 .50 Ilmeetone ,.78 74 74 

Ulllted Power ",soclatlon 
Stanton ,,\ eo 077 1082 727 81 

Utah Power & Ugh! 
Hunter 1 430 052 _I lima ,.78 SO 80 
Hunler2 430 052 _tllme 1980 80 SO 
Hunler 3 ." 055 limestone 1083 80 80 
Huntington 1 426 043 _Ihme 1978 80 80 772 
Naughton 3 346 055 8Oc!Ium 188' 70 7. 85 

West Penn Power 
Mitchell 3 '" 280 wet lima 1882 .. .. 

West Texas Utllllles 
Oklaumon 1 72D 034 limestone 108' 70 70 

Source PEl 1887 Survey 01 Operalmg Utility FGD Plants 
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hme, sodium, magnesium oXide, Wellman-Lord and dual-alkali wet scrubbing processes as well 
as limestone spray drying 

The PEl IIsling IndIcates that there are nIne operating untls wIth wet limestone scrubbing 
systems, four units with wet hme scrubbing systems, and one Unit with a dual-alkali system which 
average greater than 94% SO:;! control 

Therefore, even though there are no PC untls wrth a permIt IIm~ as stnngent as 95% control, thIS 
level of control Is consIdered technologIcally feasIble for both wet scrubbIng and spray drying 
based on data from operatIng systems 

The control efficIency of aCId gases (HF, H,SOJ assocIated wrth thIs level of SO, control WIll be 
greater than 50% ThIs level would be achIeved uSIng erther wet scrubbIng or spray dryIng 

42 t 2 Economic AnalysIs 01 0 t7 Ib/MMBtu 

Caprtal and annualized operatIng costs for the limestone scrubbIng and spray drying control 
alternatives were estimated As the most common FGD system In use currently. the limestone 
scrubbing process IS considered to be most representative of wet scrubbing FGO processes In 

general capable of achIeVIng 95% control 

For the limestone scrubbIng aHematlve, caprtal eqUIpment Includes flue gas handling eqUIpment 
(parallel I 0 fans, ductwork, dampers and steam cot! flue gas reheat system), scrubbIng 
eqUIpment (three absorber towers In parallel [one spare], reagent reClrculabon pumps, 
recirculatIon and reactIon tanks, pH control equIpment and system controls), reagent feed 
preparatIon eqUIpment (limestone storage hoppers, ball mIlls and slurry tanks), waste handling 
equIpment (thIckener, rotary drum vacuum filter, pug mIll and sludge transportatIon and storage 
equIpment), and support equIpment (seal water system, Instrument air compressor, makeup 
water system and control room) 
EquIpment for the spray dryer system Includes two parallel absorber vessels, pebble lime 
receiving and storage equipment, a hme slaker, lime slurry feed and reclrculatJon tanks, and 
spent reactIon product storage and handling faCIlitIes 

Caprtal and annual cosls for the a~ernabve SO, and aCId gas controls for the proposed 330 MW 
IndIantown PC Untt are shown on Tables 4·2 and 4·3 

Total caprtal cost to achIeve 0 17 Ib/MMBtu IS estImated at $67,828,000 and $32,271,000 for the 
limestone and spray dryIng process, respectIvely Total annual costs are estImated at $31,385.­
ooo/yr and $25,383,ooo/yr for the two processes 
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TABLE 4-2 
Costs for SO, IAcid Gas Control Alternatives, PC BOiler • II!Ia FGD SPRAY DRYER 

(1) Purchased Equipment 
(a) BasIc EqUIpment 27,000,000 12,500,000 
(b) AuxIliaries IOcluded Included 
(e) Instrumentation and Controls 2,700000 1,250,000 
(d) Structural Support 2700,000 1,250,000 
(e) Freight & Taxes 2,592,000 1 200,000 

(2) Direct Installation 10,498,000 4,860,000 

Total Direct Costs (TOC) $45490000 $21,060000 

(3) Indirect InstallatIOn 
(a) Engmeenng & Supervision 4549000 2,106,000 
(b) Construcllon & Field Expense 4,549,000 2,106,000 
(e) Construction Fee 2,275,000 1,053,000 
Cd) Contingencies 9098,000 4,212,000 

(4) Other Indirect Costs 
(a) Startup & Performance Test 455,000 211,000 
(b) Working Capital 1 412,000 1,523,000 

Totallnd,rect Costs (TIC) $22,338,000 $11,211,000 

Total Capital Cost (TCC) $67,828000 $32,271 000 • (5) Annuahzed Capital Recovery $11,008,000 $5,238,000 
(ammortlzed over 10 year • 
• ralght line@10%lnlerestratl' 

Cost Factors 1990 OAQPS Control Cost Manual 
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TABLE 4-3 
Annual Costs for SO/ACid Gas Control Alternatives, PC BOiler 

Direct Operating Costs 

(1) Labor 
(a) Operating (1) 
(b) SupervISory 

(2) Maintenance 
(a) Labor 

(b) Supplres (500/0 Malnt Labor) 

(3) Replacement Parts 

(4) Ut,lrt,es (1)(2) 
(a) Arr 
(b) Steam 
(e) Electnclty 

(5) Raw Matenals (1)(2) 
(a) LImestone 
(b) Lime 

(6) Solrd Disposal (1 )(2) 

Indirect Operatmg Costs 

(7) Overhead 

(8) Taxes 

(9) Insurance 

(10) Administration 

Annual Operating Costs 
/ Annual Capital and OperatIng Costs 

Notes 
(1) per Bechlel Power 
(2) based on 100% capacity 
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WETFGD 

$787000 
118,000 

1,180,500 
590,000 

1,350,000 

2,919,000 

3,815,000 

6421,000 

484,000 

678,000 

678,000 

1,357,000 

$20377,500 
$31,385,500 

SPRAY DRYER 

$524,000 
79,000 

786000 
393000 

625,000 

1,249000 

8,726,000 

6150,000 

322,000 

323,000 

323000 

645,000 

$20,145000 
$25,383,000 



4 2 1 3 Environmental and Energy AnalysIs 

Makeup Water Requirements 

Based on Information supphed by Bechtel Power, the dry scrubbing alternative would reqUIre 378 
GPM of water makeup, while the wet scrubbing alternative would require 444 GPM Based on 
the stringent water availability limitations at the Site, the spray drying alternative IS preferred since 
It requires less water 

Sludge Disposal ReqUirements 

The pnmary difference between the wet scrubbing and spray drying alterntalves In terms of solids 
disposal IS related to the mOisture content of the sludge Spray drying produces a sohd matenal 
for disposal which IS essentially free of mOisture Wet scrubbing, on the other hand, generates 
a sludge which may contain up to 30% water For Indiantown, the dry sohd matenal Will be 
returned to the coal mine for disposal, whereas for thiS to be done with the wet scrubber sludge, 
It must be dned to 10% mOisture or lower, which would entail Increased capital and operating 
costs 

The quantity of matenal to be disposed of In either case IS similarly related to the mOisture 
Based on Information supplied by Bechtel Power, the dry scrubbing alternative will generate 
approximately 145,000 ton/yr of dry matenal for disposal, the wet scrubbing atternatlve would 
generate approximately t51,000 ton/yr of sludge 

Thus, both In terms of ease of disposal and quatlty of material to be disposed, the spray drying 
atternatlve IS preferred over the wet scrubbing attematlve 

Facility Energy Balance 

The spray dynng alternative will result In lower facility energy Impacts when compared to the wet 
hmestone process Bechtel Power eStimates that the system power reqUirements (to operate 
slurry pumps, gnnders, and sludge handhng eqUipment) are 2,150 kw and 3,470 kw for the spray 
dryer and wet scrubbing alternatives, respectIVely Thus the spray dryer IS more energy effiCient 
than the wet scurbblng alternative 
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4 2 1 4 ConclusIon 

The use of erther wet scrubbIng or dry lime spray dryIng IS concluded to be technically feasIble 
for the proposed Indiantown PC boiler Annuahzed cost for the wet scrubbing alternative IS 

estImated at $3f ,385,000/yr, cost olthe dry scrubbIng a~ematlve IS estImated at $25,383,OOO/yr, 
representing an annual cost reductIon of $6,000,000 

The use of the wet scrubbIng alternatIve would resu~ In the productIon of large amounts of wet 
sludge whIch must be dIsposed of In addItIon, the wet scrubbIng alternatIVes reqUIre more 
makeup water than the dry scrubbing alternative. which IS a significant concern given the water 
contstr81nts In the Indiantown project area The wet scrubbing alternative also requires more 
energy than the dry scrubbing alternative 

Finally, there IS no clear eVidence that the wet scrubbing alternative would result In better control 
of trace metal emiSSions Therefore, the spray dryer alternative. at an emiSSion limit of 
o 17Ib/MMBtu, IS consIdered representallve of BACT for the PC bOIler based on economIC, 
energy and environmental conSiderations 

4 3 BACT for SO, and ACId Gases - Auxlhary Boller 

4 3 1 Control AlternatIVes 

As with the PC boiler. the available alternatives for control of S02 and aCid gases from the 
auxIliary bOiler include vanous flue gas desuHunzatlon techniques and IImrtlng the fuel sulfur 
content 

In developIng standards of performance for new OIl-fired steam generatIng unlls, EPA stated that 
sodIum scrubbing, lIme spray dryIng and the use of low suHur 011 were all 'consIdered 
demonstrated' In terms of their ability to meet the proposed 90% reductIon reqUIrement (EPA 
1986b) 

4 3 1 1 Flue Gas Desulfurlzatlon Alternatives 

As extensIvely d,scussed In SectIon 4 1 2, alternatIve FGD processes consIst of wet and dry 
systems For oIl-fired sources, dry scrubbIng IS not technically feasIble due to the difficulty In 
dIslodgIng oIl-fired partIculate matter from the bags of the fabric filter employed wllh th,s control 
a~ernatlVe In general, the most common FGD system apphed to 011 fired bOIlers has been 
sodIum scrubbIng (EPA 198Gb) F,ve OIl-fired bOIlers are listed In the BACT /LAER Clearinghouse 
as utIlIZIng sod,um scrubbers for control of SO, 
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4 3 1 2 Fuel Sulfur Limitations 

The alternative to FGD controls for 502 and aCid gases for Oil-fired boilers IS the use of low sulfur 
all Since virtually all of the sulfur Introduced In the fuel becomes oXidized In the furnace and 
released to the atmosphere as 8°2, the lower the fuel sulfur content, the lower the 802 

emiSSions urnltlng the sulfur content also limits aCid gas formation, low sulfur content fuels Will 
have release correspondingly lower amounts of S03' thereby forming lower leveJs of sulfunc aCid 
mist 

EPA recognized that fuel sulfur limitations were effective in limiting 802 emiSSions from Oil-fired 
sources when proposing NSPS for fossil fuel-fired steam generators (EPA 1986b) In fact, EPA 
noted that· for Oil-fired steam generating Units operating at low capacity 
utilization factors, It IS generally less costly to fire a very low sulfur all to meet [the proposed 
emission limit]" than to employ FGD 

4 3 1 3 Permitted Control Levels 

The NSPS for #2 fuel all-fired steam generators with heat Inputs greater than 100 MMBtu/hr IS 
03 Ib/MMBtu A hst of all-fired sources In th BACT /LAER Clearinghouse with limits on SO, IS 
Included In Appendix A The most stringent emiSSion hmrt In the Clearinghouse IS achieved at 
four crude all production faCIlities In Kern County CA emploYing a wet scrubbers (0 034-0 05 
Ib/MMBtu) Therefore the use of sodium-based wet scrubbing to achieve 0034 Ib/MMBtu IS 
considered demonstrated 

Oil-fired faCIlities emploYing fuel sulfur limitatIOns [1 of 12 listed) have limits 0 5 Ib/MMBtu and 
higher The new NSPS for steam generating Units with heat Inputs greater than 100 
MMBtu/hr concludes that the use of very low sulfur all to meet an emission limit of 0 5 Ib/MMBtu 
IS technically feaSible In additIOn, PG&E-Bechtel Generating Company has determined that fuel 
suppliers are able to prOVide all with a sulfur content of 0 05%, which Will have a corresponding 
emisSion rate of 0 052 Ib SO,/MMBtu 

Thus the most stringent alternative IS concluded to be the use of sodium-based wet 
scrubbing to achelve 0034 Ib/MMBtu, followed by the use of low sulfur all to meet 0052 
Ib/MMBtu 
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• 4 3 2 Economic Analysis 

4 3 2 1 Flue Gas Desulfurlzatlon Alternative 

The economIcs of emploYIng a sodIum based wet scrubber for control of S02 and aCId gas 
emissions on the Indiantown aUXiliary bolier were estimated from a vendor equipment quote and 
are shown on Tables 4-4 and 4-5 EqUIpment costs are estImated at $360,000, and total Installed 
cost and caprtal recovery costs are estImated at $810,000 and $131,ooo/yr, respectIvely 
OperaMg costs consIst maInly of fIXed costs for capItal recovery and overhead, as well as 
variable costs for reagent and equIpment maIntenance At the proposed 1000 hours/yr of 
aUXIliary boiler firing, the total annualized costs are $536,000, and for a cost effectIveness 
(compared to low suliur all finng) of $63,523/ton ThIS IS not conSIdered cost effectIve, and 
therefore unrepresentatIve of BACT 

4 322 Fuel Sulfur Umltatlons 

There are no adverse econom,c Impacts assocIated WIth firing fuel all WIth 0 05% sulfur 

4 3 3 Environmental and Energy Impacts Analysis 

• For the wet scrubbing aJternatlve, the most Significant adverse environmental Impacts are the 
dIsposal of the scrubber waste and obtaInIng the necessary makeup water for the system At 
the proposed 1,000 hours/yr of aUXIliary bOIler firing, thIs aUernatlVe would generate ap­
proxImately 34,000 Ib/yr of dIssolved sodIum compounds 

• 

There are no adverse enVJronmental Impacts associated With the use of low suHur all 

Energy Impacts assocIated wrth the use of a sodIum-based wet scrubber to control S02 and aCId 
gas emiSSions from the Indiantown aUXiliary boiler are related to Increased tan power required 
to overcome scrubber pressure drop and power required to run Circulation pumps Total power 
reqUIrement IS estImated to be B,500 kwhr/yr, for a energy effectiveness of 1000 kw/ton S02 
controlled There are no adverse energy Impacts associated WIth the use of low sulfur all 

4 3 4 ConclUSIon 

Both the use of sodIum-based wet scrubbers and firing very low sulfur all are conSIdered 
demonstrated alternatIves for control of S02 and aCId gases from the proposed all-fired auxiliary 
bOIler The use of wet scrubbIng, however, would result In SIgnificant economIc and energy 
Impacts, and IS thus concluded to be unrepresentatIve of BACT 
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TABLE 4-4 
Capital Costs for SO, Control Alternatives, AuxIliary BOiler 

• Wet FGD 
(1) Purchased EqUipment 

(a) BasIc EqUipment 360000 
(b) Auxlharles Included 
(e) Instrumentation and Controls 36,000 
(d) Structural Support 36,000 
(e) Freight & Taxes 35,000 

(2) Direct Installation 140,000 

Total Direct Costs (TDC) $607,000 

(3) Indirect Installation 
(a) Englneenng & SuperVIsion 61,000 
(b) Construction & Freid Expense 61,000 
(e) Construction Fee 30,000 
(d) Contingencies 18,000 

(4) Other Indirect Costs 
(a) Startup & Performance Test 6000 
(b) Working Capital 27,000 
(e) license Fee 

Totallndrrect Costs (TIC) $203,000 

Total Capital Cost (TCC) $810000 • (S) Annualized Capital Recovery $131,000 
(ammortlzed over 10 years 
straight lin.@ 10% Interest rate) 

Cost Factors 1990 OAQPS Control Cost Manual 
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TABLE 4-5 
Annual Costs for 802 Control Alternatives, Auxlhary BOiler 

Direct Operating Costs 

(t) Labor 
(a) OperatIng 
(b) SupervIsory 

(2) Mamtenance 
(a) Labor 
(b) Supplies (50% Malnt Labor) 

(3) Replacement Parts 

(4) Utilities 
(a) AIr 
(b) Steam 
(c) Electricity 

(5) Raw Matenals - Sodium Hydroxide 

(6) Waste Disposal 

Indirect Operating Costs 
(7) Overhead 

(8) Taxes 

(9) Insurance 

(10) AdmlOistratlon 

Annual Operating Costs 
Annual Capital and Operating Costs 

Annual Tons Removed (1) 
Cost Effectiveness ($/ton) 

Nolo. 
(1) compared 10 0 052lblMMBtu With 
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Wet FGO 

$87600 
13000 

107,100 
54,000 

36000 

2900 
20200 

2300 

500 

50,000 
8000 

8,000 

16,000 

$405,600 
$536,600 

84 
$63,523 

1000 annual operating hours 



Therefore firing very low sulfur 011 to meet an emiSSion limitation of 0052 Ib S02/MMBtu IS 
conSidered representative of BACT for the auxIliary bOiler 
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50 BACT DETERMINATION FOR CO AND VOC 

51 Introduction 

Emissions of carbon monoxide (CO) and volatile organic compounds (VOCs) resun from the 
Incomplete combustion of carbon and organic compounds CO and voe emiSSions are a 
function of oxygen avallablhty (excess sir). flame temperature, residence time at flame 
temperature, bOiler design, and turbulence The baseline emissions of CO and VOC from the 
Indiantown coal-fired bOiler are estimated to be 400 ton/yr and 70 ton/yr, respectively For the 
auxiliary baller, worst-case CO and VOC emisSions (assuming all firing for CO and gas firing for 
VOC) are estimated at 23 7 and 0 31 ton/yr, respectively 

Control of the emiSSions of CO and VOCs may be effected two ways (1) combuslicn 
modifications to minimize the formalicn of the pollutants, and (2) flue gas catalytic oXldalicn of 
any CO and VOCs formed In the combuslicn process 

usts of coal- and Oil-fired bOilers with limits on CO and VOC emissions In the BACT /LAER 
Cleannghouse IS Included In Appendix A Combustion controls are listed as the predominant 
control technology utilized 

5 2 Catalytic OXidation 

5 2 1 Description 

Catalytic oXidation has been the control alternative used to obtain the most stringent control level 
for CO and VOCs from fossil fuel-fired combustion unrts The use of thiS alternabve IS well 
estabhshed for certain fuels and firing configurations, such as combustion turbines firing natural 
gas ThiS alternative has never been applied to a coal fired unit, however 

As with the use of SCR for the control of NO" catalytiC oXidation IS a process which employs a 
catalyst material containing active sites on which the reactant species (CO, VOCs and 0,,) are 
adsorbed ThiS adsorption lowers the actIVation energy of the oXidation reaction and permrts 
combination of the reactants species at lower gas temperatures than would be reqUired for 
uncatalyzed oXidation 

The effective temperature range of the flue gas for catalytic oXidation IS between 600 and 11SOoF, 
CO oXidation occurs at any temperature above 600°F, VOC oXldalion requires a higher 
temperature (900-10Q0°F) 
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The overall reaction rate for catalytic oXidation IS subject to the following factors 

• rate of diffusion of oxygen to unoccupied active sites 

• rate of diffusion of oXidIZable species (CO or VOC) to oxygen-occupied sites 

• rate of oXidation reaction on active sites 

• rate of desorption of reaction products (C02 and H20) from actIVe Sites 

The rate of diffusion of oXidizable species to aCllve Mes on the catalyst surface IS the rate­
controlling step, the other three steps, for low concentrallons of CO and VOC In the presence 
of excess oxygen, are not slgnrtlcant contnbutors to the overall rate Therefore, catalysts are 
designed so as to maximize active site activity and stability, number of active sites, and ease of 
access of oXidizable species to active sites 

The main advantage of the oXidation catalyst alternative IS the high removal effiCiency (up to 90% 
for gas-fired sources With little sulfur present In the fuel) In addillon, a catalytic oXidation system 
occupies little space, IS relatJvely easy to operate, and requires no reagents other than what IS 
present In the flue gas 

For sulfur containing fuels, such as coal and fuel oil, the main disadvantage of an oXidation 
catalyst IS the lack of catalyst selectiVity, catalysts Will promote oXidation of SO, to SO, In 
addlbon to CO and VOCs The amount of SO, conversion IS a strong function of temperature 
and catalyst design, however under the proper conditions, formation of S03 can be minimized 
to 20-23% of Inlet SO, ThiS level of converSion would resuH In unacceptable levels of corrosion 
to the air preheater and ductwork 

5 2 2 Applicability to Coal Firing 

ENSR contacted an oXidation catalyst vendor to determine the technical feaSibility and economic 
Impacts of Installing an oXidation catalyst on a coal-fired bOiler Due to the high particulate 
loading of the flue gas, trace element concentrabon, an SO, level, the vendor stated that they 
could not prOVIde a catalyst system for thiS particular application The vendor stated that flue 
gas particulate Will plug the catalyst, thereby restricting gas flow, masking the aenve SiteS and 
corroding the catalyst Generally, oXidation catalysts are deSigned for a maximum particulate 
landing of 50 mglNm' (Englehard, 1990) The proposed Indiantown bOiler Will have a particulate 
loading upstream of the baghouse In excess of 2,000 mglNm' 
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In addition, trace elements present In coal, In particular chlorine. are pOisonous to oxidation 
catalysts 

Although the catalyst could be Installed downstream of the spray dryer/fabroc finer, the flue gas 
temperature at that pOint will be approximately 150- F, which is below the minimum temperature 
required (600 oF) The flue gas would thus have to be reheated, resulbng In sognoficant 

unfavorable energy and economIc Impacts For these reasons, as well as the generally low level 

of CO and VOC In coal-fired unIts, no PC bOIlers have been equipped WIth oXldabon catalysts 

5 2 3 Applicability to 011 Firing 

Catalyst vendors contacted stated that they have never supplied an OXIdatIon catalyst system 
for an Oil-fired bOiler Although the sulfur, ash and trace element concentrations In fuel oil are 
lower than the concentrations In coal, the presence of these constrtuents In fuel all result In 
OXIdatIon catalyst systems beIng technologIcally InfeasIble for the fuel OIl-fired aUXIliary bOIler 

5.2 4 Conclusion 

Use of an OXIdation catalyst system In eIther the proposed IndIantown PC bOIler or fuel ool-fired 

aUXIliary bOIler IS thus conSIdered technIcally Infeasible There are no catalysts developed that 

have or can be applied to coal- or OIl-fired bOIlers due to the hIgh levels of partIculate matter and 
trace elements present In the flue gas Thus, thiS alternative cannot be conSidered to represent 
BACT for control of CO and VOCs from eother of the proposed bOIlers 

5.2 5 Combustion Controls 

The next most strongent levels of control of CO and VOCs from fosSIl fuel-fired bOIlers have been 
achIeved through the use of modIficatIons to the bOIler desIgn and operation Intended to Iomlt 

the formatIon of these pollutants Such controls are commonly referred to as combusbon 
controls In general, a combustion control system seeks to maintain the proper fuel to oxygen 
ratio to ensure complete combustion 

For the PC boller, the estImated CO and VOC emIssIon rates of 0 11 and 00036 Ib/MMBtu, 
respectively. are based on the use of combustion controls Similarly, the estimated emiSSion 
rates for the aUXIliary bOIler (0 14 Ib CO/MMBtu and 00018 Ib VOC/MMBtu) reflect the use of 

combustion controls 
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5.2 6 Description 

In general. a combustion control system seeks to mamtaln the proper fuel to oxygen ratio to 

ensure complete combustion of the fuel Essential requirements are sufficient excess alf, 

thorough mixing of fuel and air, and adequate furnace residence time Advanced combustion 
controls accomplish this through the use of one or more of the following operational deSign 
features 

Low excess air 
Staged combusbon 
Qverflre air 

52 7 Economic, EnVironmental and Energy Considerations 

There are no adverse economic Impacts associated with the use of combustion controls for 
minimization of CO and voe emiSSions from either the PC borler or the auxiliary bOiler 

MInimization of emiSSions of these pollutants represents a maximization of fuel use and therefore 
boiler thermal efficiency, as well as a requirement In terms of hcensabllrty and permitting Such 

bOiler deSign conSiderations are therefore conSidered standard features of modern fossil fuel 
combustion units 

There are no adverse environmental conSiderations In conJuctlon with the use of combustion 
controls In either the PC bOiler or the aUXIliary bOiler for minimization of the formation of CO and 

VOC 

5 2 8 ConclUSion 

Combustion controls minimize the formation and emission of both CO and VOCs Without 
adverse economiC, energy or environmental Impacts Such controls are the most stringent 
control alternative which has been demonstrated to be applicable to PC and fuel all-fired Units, 

and should therefore be concluded to be representallve of BACT for both the PC bOiler and the 
aUXIliary bOiler 
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• 60 BACT FOR STACK EMISSIONS OF PARTICULATE MATTER (PM) AND PM" 

6 1 Introduction 

The composition and amount of particulate matter (PM) emitted from coal fired bOilers are a 
function of firing configuration, bOiler operation and coal properties (U 5 EPA, 1985a) 
Particulate matter (as total suspended particulates or TSP) will be emitted from the proposed 
pulverized coal bOiler as a result of the entrainment of uncombustlble Inert matter (ash). and 
condenSible substances Since PC systems attain almost complete combustion, very little 
unburned carbon should be present (U S EPA, 1985a) 

Based on a 12% coal ash content, the uncontrolled emissions of PM Will be approximately 
153,000 tpy Due to the fone nature of the coal particles combusted In the bOiler, It IS 
conservatively assumed that aI/ particles emitted Will be less than 10 microns In diameter or PM 
10 Thus, the uncontrolled emissions of PM-l0 would also be -153,000 tpy 

6 1 1 Available Control Options 

• A review of EPA's BACT /LAER Clearinghouse was conducted to Identify available control 
technologies, and to determine the level of particulate control which has been determined to 
represent BACT for pulverized coal fored bOilers 

• 

Data for coal fired bOilers from the BACT /LAER Clearinghouse IS presented In AppendiX A and 
summarized In Table 6-1 As shown In Table 6-1, all of the entries for coal fired bOilers for the 
last three years have been permitted With fabriC filters (bag houses) for PM control Twenty utility 
Sized generating station entnes are listed With ESPs, these are assumed to represent pulverized 
coal fored units Only four of the baghouse equipped entnes are assumed to represent PC 
bOilers The rest are mostly spreader stokers or flUidized bed bOilers 

A review of vendor offenngs and the technical literature Identified several wet control techniques 
which have been applied to combustion sources In general These Include venturi scrubbers, 
tray towers, the Calve .... colliSion scrubber, and wet ESPs such as the C,elcot .. IOnizing wet 
scrubber No examples of the application of wet particulate control to PC bOilers are listed In 
Table 6-1 

The control options which were Identified for the potential control of PM from PC bOilers, coal 
fired bOilers In general, and from other types of combustion sources are listed as follows 
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TABLE 61 
Coal Fired BOilers BACT/LAER Clearinghouse Listings for PM 

(1980 - Present) 

51" Dale 01 
I 

h 32 

A E S Thames Inc FB 923 Connecticut OEP 819/89 002 IblMMBtu - 8aghou$9 (99 9%) 

A E S Thames inc FB '23 Connecticut OEP 8/9/89 o 021bIMMBtu - Baghou8& (99 9%) 

Cogentn)( Rocky Mount (4 umts) SS 375 North Carolina OEM 7120189 00200 IblMMBtu - Fabric Filter 

Cambria Cogan Inc (2 Unlt8' CFB 559 Pennsylvanra BAOC 512<189 HI81bnlt (0 03 tblMMBlu) - Fabric Filter (99 9% eff) 

Scrubgrass Power Corp (2 umls) CFB 599 Pennsylvania BAOC 1118189 00300 IblMMBtu -Fabnc Collector (99 96% eff) 

Goodyear UOIIed Development FB 5n New York State DEC 10/14{88 o 0221b/MMBtu - Fabric Filter (99% aff) 

North Branch Energy Partners LP CFB 563 Pennsylvania BAQC 9126188 o 03 (PM) 0 028 (PM10) IblMMBtu - FF (99% 8ff) 

United DGvelopmenl Group FB on New YQfk Stale DEC 9125!S8 0022 IblMMBtu - Pulse Jet Baghouse (99 8% aff) 

R1rt Howard Corp CFBC 505 Wisc0ll61n DNA 9121(88 o 051bJlJ1MBtu - Baghouse 
Northeastern Power Co CFB 513 Pennsylvllnla BAQC 6117188 o 0281bJMMBIu - Fabric Filter (99% eff) 

Eden8burg Power Co FB '17 Penn8ylYsnl8 BAOC 616188 00300 IblMMBtu - Baghouse (99 98% off) 

TVA-Shawnee AFBC 1579 Kentucky OAO 5/4/88 o 031bIMMBIu - Baghou\16 (99% eff) 

Panlhet Creek Energy CFB 1170 Pennsylvania DER 2117188 o 031bIMMStu - Baghouse (99% eff) 

GWF Power SystemS Co Inc CF "" Bay ArEta AQMO (CA) 2/11188 30 Ibid aaghouse Puloo Jet 

City 01 Wyandotte Dept Muo S\lcs CFBC 369 Wayne Co APC 12107187 0011 IbIMM61u - baghousa (99 9%) 

Cogenlnx Michigan leaSIng Corp SS '" Michigan DNR 7131/S7 o 031blMMBtu - Baghouse (99 1% eft) 

Fort Drum Healing Plant CFB 190 New York State DEC 411187 o 051bIMMBtu - BaghOtlse 

Wm H Zimmer Generating Sla NS 11968 Southwest OhiO APCA 215187 o 0251bIMMBlu - ESP (99 5% elf) 

'" Archbald Power Gorp CFB '40 Pennsylvama DEA 1/16/87 o 051b/MMBtu - FabriC Filter 

'" MI Paso CogeneraUon Co CFB 50 MW EPA Raglon IX 1112/87 o 01 gr/dscf- baghouse - ...... 0 02 IblMMBtu 

Foster Wheeler Power (2 UOlls) NS '" Pennsylvama DEA 12129186 o 031biMMBlu - Baghous9 (99 9% ef!) 

TultexCorp NS " Virginia APeB 12118186 o 431bIMMBtu - senlrng chamber (35%) 

Sheridan Coal Co NS 550 Pennsylvania DER 1211/86 o 031b/MMBtu - Baghouse/Cyelone 

Pyropower COrp CFB 840 Kern County ApeD 1211/86 o 0121blMMBlu -fabuc Illtef (99 9%) 

J Pagnot" Enterprlse8 NS 1082 Pennsy1vam8DER 1111186 o 031blMMBIU - Baghouse/CyclOfle 

Utah Power & light Co NS 4000 UtahBAO 1011186 o 1 IblMMBtu - ESP (99% ef!) 

Cogentnx Carolina LeaSing Corp NS '" North Carolma OEM 7nJ86 o 03IbIMMBtu-bagfilter(99 1%) 

Nor1heastern Power Co NS 540 Penn8y1Vania DER 6/27/86 o 028 IblMMBtu - FabriC Filter 

BMCP CFB '" Kern County ApeD 6/20/86 o 0156 gr/d8{lf -Iabrm collector (99%) - '" 0 031bIMMBtu 

Cogenlnx Hopewell NS '00 Virginia APCB 6/12186 o 031bIMMBlu - baghouse (991%) 

Cogentflx Carolina LeaSing Corp NS '" North Carolina OEM 5/28186 o 031b/MMBlu - baghouse(99 1%) 

TVA - Shawnee AFBC 1430 Kentucky DAPe 4115186 o 031b1MMBtu - FF (99%) 

Westwood Energy Properties NS "5 Pennsylvania DER 116186 o 031bIMMBtu - FF (99 92%) 

CogeneratlOO National Corp CF" 2796 San Joaquin Cly APCD 12/13185 o O3EIlblMMBtu - baghouse 

TVA - Paducah CFB 200 KentuckY DAPe 12113185 o 1 IblMMBtu - bag house (98 85%) 

Signal Frackville Energy NS NS Pennsylvama DER 1212185 0012 IblMMBtu - Baghouse (99 9% ef!) 

Corn Producls CFB '20 San Joaquin Cly ApeD 10129/85 0016 IblMMBtu - baghou" 

White PIne PI:lwar Project NS 750 Nevada DEP 8/6185 o 021blMMBIu - baghouSEI (99 8%) 

Central State Umwrslly NS ee Dayton RAPCA 711185 o I IblMMBtu - baghou$9 (99%) 

Union Camp - Franklin NS 245 Virginia APCB 711185 o 051bIMMBtu - ESP (99%) 

CF8~rrculatlng flurdlzed bad F8-fluldrzed bod LIB-IIgmte S5-spreader stoker PC - pulverized coel NS--not speCified 

• • • 
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TABLE 6-1 (Continued) 

Size Dale 01 

WIBC Electric Power Co PFBC '25 Wisconsin DNR 1985 o 021bIMMBlu - ESP 
3MC, NS 120 Alabama OEM 11129/84 o 1 IblMMBlu - bag house (98 7%) 
Amatgamlllze Co NS '79 7 Alabama OEM 11129/84 o 051bIMMBIu - baghOUS8 (98%) 

Puget SOund Naval Shipyard NS NS Pugel Sound APCA 9125184 002 grlsel ( .... 0 04lb1MMBtu) - baghouse (gg 9%) 

Cogentrlx - LUmberton NS 202 North Carolina OEM 9/10/84 o 031bIMMBtu _ baghouse (99 1%) 

Alabama Pow1Jf Co NS 24. AI.bernaCEM 9/10/84 o 051bIMMBtu _ baghouse (99 6%) 
Virginia Power - Pol1smooth PC 1129 Vuglnia APCB 7/27/84 o 031bIMMBtu - ESP (99 3%) 

Cogentrix - Kenansville NS 202 North Carolina OEM 6/25184 o 03lblMMBlu - baghouse (99 1%) 
CogenlllX - Hamilton NS 202 North CarollOa OEM 4/3/84 003 IblMMBlu - baghouse (99 1%) 

American lignite Products CF" 571 EPA RegIOn IX 1110184 o 0131bIMMBtu - baghouse (99 9%) 
lower Colorado River Authol'lly L1" 4735 Texas ACe 12122183 o 031biMMBtu - ESP (99 96%) 
American lignite Prod Co FB 240 Amador Cty APCD 12121183 00156 gr/dec! (",0 03Ib/MMBto) - baghouse (99 93%) 

Intermountlan Power ProJOct NS 8352 Utah BAa 10117183 o 021bIMMBto - FF (99 8%) 

Basin Electric Power Coop PC 6.278 North Dakota SHD 1/12183 o 031bJt...1MBto - baghooso (99 86%) 

Eatlman Kodak Co PC 670 New YOfk DEC 12120/82 o 0351bIMMBtu - ESP (99 57%) 

Washington Water Powar Co PC 2080 EPA Region X 11/17182 o 031biMMBto 

Iowa Electnc light & Power Co PC 400 EPA Region VII 10/29/82 o 031biMMBtu - ESP 

Holyoke Water Power - Mt Tom PC 1447 Massachusetts DEaE 10/27/82 o 081b/MMBtu - ESP (99 51%) 
Ol B F Goodrich CF" '50 IIIlnms EPA 9116/82 o 061bIMMBtu - cyclona & baghOU89 (99%) , 

'" Clnclnati Gas & Elect PC 6313 Kentucky CAPC 5114/82 o 7lblMMBtu-

West Texas Utllitlas CO NS " Texas Ace 5120/82 o 031bIMMBtu - ESP (99 7%) 

Kentucky Utilities PC 8850 Kentucky CAPC 4115182 o 031bIMMBtu - ESP (99 8%) 

Jacksonvilia Elec Aoth PC eoo MW Flonda CEA 1/1182 o 031biMMBtu - ESP (99 78%) 

SC Public Svc - Cross PC 500 MW South Carolina OHEC 1213181 o 031bIMMBIu - ESP (99 8%) 

Houston LIghting & Power PC 5729 EPA Region VI 11112181 o 031bIMMBtu - FF (99 72%) 

Central Power & light PC 6781 EPA RegIon VI 10/19/81 o 031bIMMBtu - ESP (99 6%) 

Tampa Elect Co PC 425 MW Florida OER 10/15181 o 031bIMMBtu - ESP (99%) 

Oklahoma Gas & Elect PC 5250 EPA RegIOn VI 1015181 o 031bfMMBtu - ESP or bag house (99 6%) 

Oelmarva Power & LIght PC 5702 EPA Regloo til 9130181 003 IblMMBtu - ESP (99 65%) 

Panorama EnercOfp inc NS 37 MW EPA Aegion X 9122181 0007 gr/dscl ("'0 018 IblMMBtu) - ESP (99%) 

SW Elect P(TN8r PC 720 MW EPA RegIOn VI 911/81 o 1 IblMMBtu - ESP (99 8%) 

Pensylvania Elect Co PC 82" EPA RegIOn III 8118/81 o 031bfMMBtu - ESP (99 7%) 

NY State Elect - Cyoga PC 1750 EPA Region II 6129181 003 IbfMMBtu - ESP 

Iowa-illinoIs Gas & Elect PC 7000 EPA Region VII 6116/81 003 iblMMBto - ESP 

idaho Nat engineering lab NS 825 EPA Region X 61518' 005 gl/dsc' ("'O 05lblMMBtu) - baghoose (99%) 

Plains Elect Gan & Trans PC 2471 EPA Region VI 5127181 003 IblMMBto - baghouse (99 9%) 

Nevada Power Co PC 580 MW EPA Aeglon lX 4113181 o 0151b1MMBto- baghOOM 

Big River. E1&et - D B Wilson PC 4585 Kentucky CApe 3111181 o 031bIMMBtu - ESP (99 8%) 

AL Elect Coop Inc LlG <805 Alabama ApeD 2124/81 o 031bfMMBtu - ESP 

SW Elect Power PC 88" EPA Region VI 2123181 o 031b1MMBtu - ESP(99 8%) 

CFB-cllculatlng flUidized bed FB-flUldlzed bed UG-hgnile SS-Bprelldllf stoker PC - pulverlzad coal NS-not specified 



TABLE 6-1 (Conllnued) 

~" Daleo' 
Name T.,. MMBtulhr Revle ..... lng Agey Issuance BACT lor PM 

Container Cwp of America PC NS Philadelphia AMS 1120/81 o 061b/MMBtu 
Nebraska Public Power Diet NS 650 MW Nebraska DEC 12/16180 o 031bIMMBtu - FF (99 9%) 

New England Power - Br8~on Pt NS 1062S Massachusett8 DEaE 11/1/80 o 08lblMMBtu _ ESP (99 3%) 

E Kentucky Power NS 6760 Kentucky OAPC 8121/80 o 03 tbIMMBtu _ ESP (99 8%) 

CltyofW~kes-Blrre NS ". EPA REgion III 7/1/80 o 0881bIMMBIu - baghouselcyclone (99 7%) 
CurtiSS Wright Corp NS 131 EPA Region II 6/13(80 "00' 
Intermountlan Pow« Project NS 3000 EPA Region VIII 61""0 002 rbJMMBtu _ ESP(99 8%) 

Utah Powsr & Ugh! NS 860 EPA Region VIII 612/80 o 031bIMMBtu - FF (90%) 

Desarel Gan & Trani Moon Lake NS SOO EPA Region VIII 214(80 o 031bIMMBtu _ FF (99 8%) 

CFB-circulallng nuldlzed bed FB-4luldlzed bed LtG-lignite SS-spreadar etokel PC - pulveflzed coal N$-not speCified 

• • • 
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• 

• 

Pulverized Coal Boilers 

• Electrostatic preCipitator (ESP), twenty entnes In BACT /LAER cleannghouse 
• Fabric filter (FF /baghouse) eleven entries In BACT /LAER clearinghouse 

Coal Fired BOilers 

• Fabric filter (FF /Baghouse) filly-lour entries In BACT /LAER clearinghouse 
• Electrostatic precIpitator (ESP), twenty live In BACT /LAER clearinghouse 

Combustion Sources In General 

• Electrostatic preclprtator (ESP) 
• Fabric fitter (FF /baghouse) 
• Venturi scrubber (no listings In BACT /LAER clearinghouse) 
• Tray tower (no listings In BACT /LAER clearinghouse) 
• Calverte colliSion scrubber (no listings In BACT /LAER clearinghouse) 
• wet ESPs (no listings In BACT /LAER clearinghouse) 

6 1 2 Technical Feasibility Analysis 

Electrostatic precIpitators clearly represent a technically feasible option lor the control of PM from 
pulverized coal fired bOilers While few Installations 01 fabric fitters are listed In the BACT /LAER 
clearinghouse for PC bOilers, thiS technology IS considered to be applicable due to commerCial 
availability, and the large number of coal fired applications With Similar flue gas characterlstocs 

The various wet control techniques are not considered to represent feasible control options for 
the Indiantown project due to the IImrted avallabllrty of additional clean water and the lack of 
treatment and disposal capabllrty lor wastewater at the Indiantown srte Further, wet control 
techniques do not represent a demonstrated control technique for large pulverized coal fired 
boilers, nor do they offer more stringent levels of control than do ESPs and fabric fitters Wet 
particulate controls will not, therefore, be considered lurther In this analYSIS 
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61 3 Ranking 01 Technically Feasible Alternatives 

Since labnc Mers and ESPs are both capable of PM control levels In excess of 99%, 
performance IS compared on a Ib/MMBtu of PM emotted baSIS ThiS convenbon allows 

straightforward companson with the emiSSion levels Iosted In the BACT /LAER Clearinghouse 

Of the control options IdentJfied, fabriC filters are capable of achieVing the most stringent levels 
of PM control available While other control technologies such as ESP may rival the performance 
of fabriC filters, none were Identsfied as being able to exceed thiS performance for control of PM 
and PM10 

Fabroc filters are deemed the superoor fine particulate (PM-IO) removal deVice because theor 

performance IS not as senSitive to particle size distribution as an ESP According to AppendiX 
C 2 of Supplement A of AP-42 (U S EPA, 1985a), fabroc filters are more effiCient than ESPs at 

controllong fine particulates (I e , those with diameters less than 6 microns) 

Control DeVice 

ESP 

Fabnc FIHer 

Typical Collection EffiCienCies for the FollOWing 

Range of Particle Sizes 

0-25 

95 percent 

99 percent 

Particle Size (urn) 
25-6 

99 percent 

99 5 percent 

6 - 10 
995 percent 

99 5 percent 

Since the most strongent emiSSion levels Iosted In the BACT /LAER Clearinghouse are for fabrIC 

filters, and since they are superior to ESPs for control of PM10• fabnc filters are considered to 
represent the top technology for control of PM and PM" from the proposed prolect 

The NSPS for control of PM from coal fired steam generating unots with heat Inputs greater than 

100 MMBtu/hr IS 005 Ib/MMBIU (40 CFR 60 Subpart Db) The most recent entry In the 

BACT /LAER Clearonghouse for fabnc filter control of PM from a coal fired bOiler Iosts an emission 

rate of 018 Ib/MMBtu (Apploed Energy Services) Of the remalnong eighty-two Iostlngs In the 

BACT /LAER clearonghouse, only five are Iosted wrth emission rates less than 0181b/MMBtu, the 

most recent of these IS a 1987 determination for Crty of Wyandotte 

ENSR contacted Mr Barry Andrews at the Floroda DER to determine d any coal fired bOilers were 

currently being permitted In the State The only coal fired unrt to obtain a permrt In Flonda In the 
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last five years IS a project In JacksonvIlle (Cedar Bay CogeneratIon) whIch IS currently awaHlng 
federal PSD approval ThIs 225 MW CFB prolect wIll control PM wrth fabroc fiHers, to a level of 

021b/MMBtu 

It was therefore concluded that the most strongent method of partoculate control for the 
IndIantown project can be achIeved wrth fabroc filters Two levels of partoculate control were 

considered for fabroc filters - 018 Ib/MMBtu whIch IS representatIve of the most recent 
BACT /LAER clearonghouse Iostlngs, and 0121b/MMBtu whIch IS representatIve of the five most 
strongent Iostlngs The 03 Ib/MMBtu new source performance standard (NSPS) would equate 
to a stack emIsSIon of 450 tons/year a 18 Ib/MMBtu would resuH In a stack emIsSIon of 270 

tons/year Ot2 Ib/MMBtu would resuH In a stack emIssIon of 180 tons/year 

6 2 Fabric FIHers 

62 1 Technical AnalYSIS 

6.2 1.1 IntroductIon 

The baSIC components of a baghouse Include a fiHer medIum, In the form of cylondrlcal bags, a 

tube sheet to support the bags, a gas-tIght enclosure, and a means to dIslodge accumulated 
dust from the bags 

The partoculate-Iaden gas stream normally enters the lower portIon of the baghouse near the 

collectIon hoppers The gas then passes upward on the outside or InsIde of the bags, 
dependIng on the type of devIce used PartIculate collectIon occurs through InertIal ImpactIon, 

doffuslon, dorect sIevIng, electrostatIc attractIon, and gravrty settlong The first two mechanosms 
prevaIl durong the early phases of fiHratlon after the cleaning cycle, whIle the sIevIng actIon of the 
accumulated partIcle layer soon predomInates, especIally at hIgh loadIngs (Roeck, t979) The 

baghouse maInly serves as the support structure for the accumulated partIcles, or filter cake 

Buoid-up of a porous and dry filter cake IS desirable SInce the filter cake becomes a fiHer medIum 
which exhibIts an extremely fine pore structure Eventually the pressure drop across the Mer 

cake Increases, the differential pressure sensors 100tiate changeover to a standby filter chamber 
and the off line chamber IS cleaned The accumulated fitter cake IS periodically removed from 
the bags using vanous cleaning methods, Ie. mechanical shaking, reverse SIT cleaning, or 
pulse-Jet cleanIng The collected partIculate drops by gravIty to the collectoon hoppers and Is 

removed for disposal 

There are three general types of fabroc fiHer desIgns, categorozed based on the cleanIng method 

reverse aor, shaker, and pulse Jet unrts Reverse air fabroc filters use low A/C ratIos and collect 
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PM on the Inside of the fitter bags The flue gas IS first Introduced through a manaold Into the • 
hopper section of the bag compartments The gas then flows upward and Into the Inside of the 
filter bags to the outside Once the collected matenal bUilds up to a pOint where the resistance 
to flow (pressure drop) IS too great, the filter bags are cleaned uSing a low energy reverse air 
cleaning process The gas flow IS penodlcally reversed, causing the bag to collapse, thiS 
fractures the filter cake and allows the particulate to fall Into the collection hoppers for disposal 
A portion of the cleaned flue gas serves as the reverse air dUring the cleaning process 

Shaker units also use low A/C ratios and collect the PM on the Inside of the bags To clean the 
fitter bags, a pOl'bon of the baghouse IS Isolated to prevent gas flow and Is then mechanically 
shaken for about one minute to dislodge the dust cake The shaking IS accomplished by a dnve 
hnkage which vibrates and shakes the bags at an optimum frequency and amplrtude to facllrtate 
effiCient dust removal The shaking can cause Increased stress on the bags and may shorten 
bag lae because of reduced structural Integnty 

Pulse Jet Units employ A/C ratios (4 1) which are usually about twice those of reverse air and 
shaker unrts (2 1) In contrast to reverse air and shaker Units, the gas flow In a pulse jet 
baghouse flows from the outside of the fitter bag to the inside, so that the PM IS collected on the 
outside of the Mer bags The cleaning cycle may be Inlbated automatically by Mher a timer or 
pressure drop activation Signal, and typically occurs when the pressure drop across the fabnc 
filter reaches between 6 to 8 In W C When the cleaning process IS Initiated, a module IS taken 
off hne and bags are cleaned one row at a time wrth a high pressure burst (pulse Jet) of 
compressed air Into the open end of the bag ThiS action causes the bag to flex away from the 
supporting cage releasing the PM on the outside of the bag The dust then falls IntO the 
collection hoppers 

6 2 1.2 Factors Which May Effect Operating Performance 

A wide range of actual operallng performance has been reported for fabnc filters One study 
reviewed a data base of over 50 operallng fabnc fitters In an effort to examine the Influence of 
deSign and operallng vanables on parhculate emissions (Lane, 1988) One conclUSion drawn 
from thiS review of operating unrts was "the deSign of a fabric filter for ultra low emissions Is not 
a well understood SCience, [and IS] not even a black art' Some of the differences In deSign and 
operation examined In thiS study which were thought to Influence baghouse emiSSions Include 
the follOWing 

1 fabnc leaks 
2 bypass damper leakage 
3 cleaning frequencies and techniques 
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4 fuel and combustion characteristics 
5 maintenance quality 
6 fabric weight and design 
7 height to diameter ratio 
8 air to cloth rabo 

9 gas temperature, humidity, and S03 content 

10 fabric fitter vendor-specific features 

Fabric leaks yield elevated emisSion levels by alloWing a portion of dust laden flue gas to bypass 
the fittratlon process The Impact of small amounts of leakage can dominate the performance 
of Units which attempt to achieve extremely low outlet emisSion levels The control of fabriC 
leakage becomes more difficult as the fabriC filter Installation becomes larger For example, a 
project such as Indiantown may employ 7,200 Individual bags In twenty separate baghouse 
modules A small tear In one of these bags would resutt In elevated emiSSions, yet locating the 
source of a minor bypass would be like finding a needle In a haystack The probability of 
encountering a defective bag IS statistically higher when such a large number of Individual bags 
IS required 

Bypass damper leakage can Similarly affect outlet emisSions Bypass dampers are required to 
divert flue gas around the baghouse dUring startup condrtlons, when temperatures have not yet 
reached the aCid dew pOint Dampers are also required to remove the module from service for 
cleaning Dunng normal operation, any leakage of the damper seals Will allow a portion of the 
particulate laden flue gas to bypass the fitter medium Large unrts such as Indiantown require 
large dampers With large seal areas It IS more difficult to maintain a good perimeter seal wrth 
large dampers that rt IS wrth smaller ones 

The cleaning frequencies and techniques employed In operation of a fabriC filter may also 
mfluence baghouse emiSSions More frequent cleaning may resutt In higher average emiSSions 
since the high fittratlon fitter cake IS removed more often, exposing the Inferior filtraton fabnc of 
the bag rtse~ The frequency 0/ cleaning required IS dependant on a number of variables which 
affect baghouse pressure drop For Instance, the particle Size of the ash being collected, which 
may be finer for a PC than for a CFB, could Impact pressure drop by tending to clog the open 
pores of the fitter medium 

As stated previously, the particulate size distribution resuttlng from the combustion of pulverIZed 
coal, as opposed to vanous other types of combustion sources, may Yield lower baghouse 
colleebon effiCienCies The particulate size distribution resuttlng from an upstream SO. removal 
process may also Impact collection efficiency For Instance, the lime Introduced wtth a spray 
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dryer such as that proposed for Indiantown Is much finer than that employed In a fluidized bed 
unrt 

Baghouse maintenance Includes carefully mOnitoring the performance of each module, the 
routine changout of bags as wear becomes a factor, and the maintenance of damper seals, etc 
Such maintenance becomes more difficult for large facIlities 

The particular fabric selected for a given application may Influence baghouse performance 
Some of the crrterla which affect fabric seleclion are operating temperature and humidity, SO, 
content of the flue gas, particulate size distribution, and required bag life These factors Influence 
the material and weave selection for each Individual applicabon Table 6-2 lists some of the 
commercially available bag matenals and thelf relative properties These matenals are generally 
available as woven, textured, or fe~ed materials, woven fabric IS the most commonly used bag 
material Highly textured fabrics minimize vOids by incorporating a tighter weave and 'tangled' 
fibers Fe~ virtually eliminate weave vOids With layers of randomly oriented fibers Many case 
specific factors Influence bag selection, which may Yield differing emission rates from one 
Installation to another This factor IS thought to contribute to the variability In reported emissions 
from vanous operating faclhtles 

• 

Two other design and operational parameters which govern baghouse performance are alr-to- • 
cloth ratio and pressure drop The alr-ta-cloth (A/c) ralia IS the ralia of the actual volumetric flow 
rate of the gas stream (acfrn) to the surface area of the fabric (If) In general, lower alr-to-cloth 
ratios are used In the collection of fine particles which have a tendency to become permanently 
entrapped In the filter media, thereby clogging or 'blinding' the bag The pressure drop across 
the fi~er media IS a function of the face velocity of the gas stream through the fi~er and the 
combined resistance of the fabnc and accumulated dust layer To avoid operational problems 
and excessive power requirements, the maximum pressure drop across the filter media should 
be limrted to approXimately 6 0 to 8 0 In water column rN C ) 

Other factors which may affect fabric filter performance are bag height to diameter rabo and 
specific features of a given product line, such as the Staclean diffuser desCribed by Lucas et aI 
(Lucas 1980) 
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• TABLE 6-2 

CommercIally AvaIlable Fabric FIlter Materials 

< , 
Acid Fine Particulate ~ , , ~ , < , 

¥ ' , , 
Temp ReSistance '-'<Collection / / 

/ , 

Woven Fiberglass 550"' Good Very Good 

Woven Flbreglass with Teflone 450°f Excellent Very Good 

Highly Texturlzed Woven Fiberglas 350°f Good Excellent 

RYTON· 375· Excellent Very Good 

GORE TEX.jAcryhc (Felt) 260·f Very Good Excellent 

CORE TEXOjNOMEX (Felt) 400°f Fair Excellent 

GORE TEXOjF,berglas (Felt) 500"' Good Excellent 

GORE TEX. jPTFE (Felt) 500 0 t Excellent Excellent 

Polypropalene (Felt) 200°f Excellent Excellent 

NOMEXo (Felt) 400°f Fair Excellent 

TEFAIRE* (9Ia5/teflon Felt) 450°f Excellent Excellent 

• TEFLON" 425"' Excellent Very Good 
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6 2 1 3 Advantages of Fabric Filters vs ESP's 

Fabnc fitters exhibit several advantages over electrostatiC preclpItators for a pulverized coal fired 
cogeneration project such as Indiantown 

Some of the major advantages Of baghouses are as follows 

• Improved 802 removal (lime content of filtercake) 
• ability to attain high collection efficiencies, 
• particle electncal resistiVIty has no effect on collection efficiency. and 
• uniform collection efficiency over a wide range of particle sizes and particulate loadings 

The use of fabnc filters can enhance the capture of S02 In the flue gas stream due to the 
fiJtercake bUlJdup on the baghouse bags The Jndlantown project will utilize a lime spray dryer 
for SO, controJ Reacted and unreacted lime are uJtlmately collected In the baghouse filter The 
unreacted lime which becomes part of the finer cake conlinues to capture SO, as flue gas 
conlinues to permeate the finer media ThiS addrtlonal desulfurlzatlon capability would not be 
experienced with an ESP 

• 

The fabric filter Is more effecllve at capturing fine particulate than an ESP, because ESPs tend • 
to selectively collect larger particles Large particles have a high mass to surface area ratio 
which allows a charged particle to be effiCIently dragged through the flue gas stream for 
collection on a charged plate Ultra fine particles have a low terminal velocity and cannot carry 
a strong enough electrical charge to resun In complete collection 

6 2 2 Environmental and Energy Analysis 

No negative enVironmental Impacts have been Identified for use of a fabric filter to control 
particulate emiSSions from pulvenzed coal bOilers There IS, however, a significant energy 
demand for thiS system Energy IS required to overcome the complete system's (fabriC finer and 
assoCIated ductwork) 8-12 In we pressure drop, and miscellaneous loads such as electriC 
hopper heating The total annual energy expenditure to operate a fabriC filter for a 300 MW 
pulverized coal fired bOiler IS estimated to be approximately 1,250 JWoI (Bechtel) 
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6 2 2 1 Economic Analysis 

A budgetary cost estimate for the total capital Investment for a fabnc fitter system was obtained 
by Bechtel for a similar prolect The cost factors were then used to calculate the baSIC 
equipment and total purchased eqUipment costs The baSIC equipment and auxlilaries for a 
fabnc fitter system Includes the bag house, fitter bags, dampers and ductwork These rtems were 
estimated to be $9 5 million as presented In Table 6-3 The total equipment cost, which Includes 
Instrumentabon, taxes and freight Is estimated at $12 1 million Direct Installation cost 
(foundations, structural supports, handling and erection, piping and Insulation) totals $3 7 million 
Indirect costs are also summanzed In Table 6-3, and are estimated at $4 7 mllhon Therefore, 
the total capital Investment (TCI) of the system Is approximately $20 5 million A second 
economiC analysIs was prepared for the same system equipped with Gore-Tex bags, to achieve 
an emission level of 0121b/MMBtu Gore-Tex bags were estimated at $270 ea, for an addrtlonal 
equipment cost of $1 ,300,000 

Annual operabng costs for the baghouse systems are shown In Table 6-4 Operating labor Is 
estimated at 8 hours per shift for an annual expense of $175,000 Power IS required to overcome 
the system's pressure drop ApproXimately 10 9 X 10' kWh IS required for this purpose annually, 
totalling over $657,000 Another Significant expense, at roughly $216,OOO/yr. IS bag replacement 
A bag Ide of 3 years was assumed In thiS assessment The replacement cost d Gore-T ex bags 
were speCified, was estimated al $648,000 

The total annualized cost of the baghouse system IS thus estimated at over $5,990,000 For the 
control of 152,730 tpy of PM thiS technology would have a cost effectiveness of less than $100 
per ton of particulate removed The use of Gore-Tex bags would Increase the annualized cost 
by $832,000/yr and would control an additional 90 t/y, for an Incremental cost effectiveness of 
$9,244/ton The Incremental cost effectiveness for Gore-Tex bags IS thought to be excesslve­
BACT for the Indiantown project IS therefore concluded to be fabnc fitters wrth conventional bags 
to achieve an emission level of 018 Ib/MMBtu 

6 3 Conclusions 

Baghouse fllters are thought to representthe most stnngent PM/PM-l0 control technique which 
can be applied to PC bOilers Fabnc filters at 018 Ib/MMBtu were found to represent a cost 
effective control technology for the proposed proJect, wrth no negative environmental Impacts 
Although the large pressure drop Incurs an annual energy expense of $657,000 MMBtu, the high 
PM/PM-10 removal effiCiency compensates such that the overall energy effectiveness IS 
reasonable 
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TABLE 6-3 • Capital Costs For Fabric Filter 

" , 
" , , 

'.018 Ib/mm Bl. .012 Ib/mm BIU , 

(1 ) Purchased Equipment 
(a) Primary and Auxihary $9,523000 $9,523,000 
(b) Instrumentation & Control 952000 952000 
(c) Structural Support 952000 952000 
(d) Freight & Taxes 762 000 762 000 
(e) Adder for Gore-tex Bags 1300,000 

Total Purchased EqUipment Cost $12,189,000 $13,489,000 

(2) Direct Installation $3 657 000 $3 657,000 

Total Direct Cost $15846000 $17 146,000 

(3) Indirect Installation 
(a) Englneenng & Supervision $1,585 000 1,715,000 
(b) Construction & Field Expense 1,585,000 1,715000 
(e) Construction Fee 792000 857000 
(d) contingencies 475000 514000 

Totallndrrect Installation $4,437,000 4,801,000 

(4) Other Indirect Costs 
(a) Slartup & Testing 158000 171,000 • (b) Working capital 83,000 88000 

Total Other Indirect $241,000 $259000 

Totallndrrect Cost $4,678,000 $5060,000 

T olal capi1al Costs $20524000 $22206,000 

Capital Recovery Factor $3,345,ooo/yr $3,620,ooo/yr 
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• TABLE 6-4 

Annual Costs for Fabric Filter 

, 
" 

, , , , 
" ".018 Ib/mmBtu A 012 Ib ImmBI" ~ , 

~ 
, , , , , , 

Direct Operating Costs 

(1 ) Labor 
(a) Operating $175,000 $175,000 
(b) Supervisory 26,000 26,000 

(2) Maintenance $792,000 $675000 

(3) Replacement Parts @$60 .. 216ooo @270 .. $648,000 

(4) Utilities 
(a) ElectricIty 657,000 657,000 

(5) Raw Matenals 
(a) Ammonia 0 0 
(b) Um. 0 0 
(c) Umestone 0 0 

(6) Disposal Costs NA NA 

Indirect Operating Costs 

• (7) Overhead $155000 $163,000 

(8) Property Taxes 158,000 171000 

(9) Insurance 158,000 171000 

(10) Admlmstratlon 317,000 343,000 

(11) Capital Recovery $3,345,000/vr 3620,000/vr 

Total Annualized Cost $6,GGG,OOO/vr $6,831,000/vr 

Uncontrolled Emission Rate 153,000 Ily 153 000 I/y 

Controlled Emission Rate 2701/y 180 I/y 

Tons Controlled 152,730 Ily 90 Ily addftlonal 

Cost Effectiveness $39/1on $9,244/lon 
Incremental 
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Baghouse filters are therefore conSidered to represent BACT for PM/PM-l0 by controlling • 
emiSSions to a level of 0 018 Ib/MMBtu (270 tpy) This level IS eqUivalent to that proposed as 
BACT for PM and PM" for recently permitted coal-fired bOilers listed In the BACTILAER 
ClearmahQuse, and IS significantly lower than the NSPS emission level (03 Ib/MMBtu) for 
pulverized coal fired boilers 

64 BACT Determination lor AuxIliary BOiler PM 

6 4 1 Introduction 

EmiSSions of particulate matter (PM) In 011 fired boilers resuH from the ash In the fuel and 
Incomplete fuel combustion PM emissions vary with the sullur content of the fuel (EPA, 1982) 
They are also dependent on boiler load, generally decreaSing with decreaSing load 

In order to determine the emiSSions of PM10 (particulates with diameters less than 10 microns), 
the particle size dlstnbutlon was estimated uSing data from AP-42 for Oil-fired units equipped with 
a cyclone (EPA, 1985) As shown In Table 6 5, essenlially all PM Will be less then 15 microns 
In diameter EmiSSions of PM10 are expected to be 95% of the total emiSSion rate 

Several technologies are available for the control of PM and PM" Since almost all of the 
particulates emitted from the bOilers are less than 15 microns, rt IS assumed that the BACT • 
determination for PM10 Will be the same as that for PM Available control technologies Include 
electrostatic precIpitators (ESP) and fabnc filters (FF) 

6-4.2 Technical Feasibility 01 Control Options 

FabriC Filter 

The most elfechve PM control technology for combustion sources In general IS a fabnc fiHer, 
which can achieve removal effiCienCies of greater than 99%, Including submlcron particles 
Fabnc filter technology has been described previously In Section 6 2 One IImrtatlon for fabnc 
filters IS potential blinding of the bags resulting from 011 soot Soot bUildup can adhere to the 
bags preventing filter cake removal for proper operation 

ENSR contacted several fabnc filter vendors for Information on the technical feasibility and 
economic Impacts of controlhng PM emissions from an all fired bOiler with a fabriC fitter The 
vendors contacted, however, said they do not provide fabnc filters for Oil-fired boilers (Lemaire, 
1989) None of the entnes for Oil-fired boilers In the Cleannghouse or Supplements (EPA 1985, 
1986, 1987a, 1988) deem fabnc filter technology BACT for PM Based on these factors, thiS 
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TABLE 6-5 

Particle Size Distribution for Residual 
011 Fired Boilers Equipped with a Cyclone 

" Particle Size I', Mass,*, 

~ 

15 100 

10 95 

6 72 

25 22 

125 21 

1 21 

0625 21 

Source US EPA,1985 
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technology IS not considered available or technically feasible for control of PM emissions from • 
the auxIliary bOilers 

Electrostatic PrecIpitators (ESPs) 

A particulate control deVice which IS applicable to oil fired bOilers and can remove 99+% of Inlet 
partIculate loadIngs IS an electrostatIc preclprtator (ESP) The followIng dISCUSSIon assumes a 

removal efficiency of 99%, IncJudlng submlcron partlcJes, to achieve a controlled emiSSion rate 
of 03 Ib/MMBtu 

Electrostabc prec'p,tators are generally used for the removal of partIculate matter from gas 

streams whIch can be easIly IOnized A typIcal ESP consIsts of an alternallng array of negatlvely­

charged dIscharge electrode wires and grounded collectIon plates PartIculate colleebon takes 
place In several steps A hIgh voltage IS applied to the dIscharge electrodes and the collectIon 

plates whIch produces an electrostatIc field between the two elements In the Interelectrode 

space, a corona IS established around the negatIvely-charged electrode As the partIculate laden 
gas passes through the Interelectrode space, the corona IOnizes molecules of electronegatIVe 
gases 0 e , oxygen, CO2 , SO,) present In the gas stream PartIcles larger than t -2 mIcrometers 
are charged by fIeld chargIng, Ions are driven onto the partIcles by the electric fields Submlcron 

partIcles are charged by dIffUSIon chargIng, Ions are carned to the particles by their kinetIC • 
energy The charged partIcles mIgrate to the collectIon plates, and are deposIted The strong 

electrostatIc field and adheSIve propertIes of the partIculate InhlM re-entralnment PartIculate 
removal IS accomplIshed by rappers that VIbrate the collectIon plates and dIslodge the parbcles, 

whIch then drop Into collectIon hoppers 

ESPs may be deSIgned for hIghly efficIent performance In excess of 99 percent PM removal The 

colleebon eff,CIency IS a functIon of many factors The most Important factors are partIcle 

electrical reSIstIVIty, specIfic collectIon area of the collectIon eleobodes, flue gas veloCIty, 
humIdIty, temperature, and partIcle sIze dIstributIon 

PartIculate collectIon efficIency of an ESP Is hIghly dependent on fly ash electrical reslstlvrty 
Particle reslstlvrtles In the range of to' to 10~ ohm-cm have been shown to be the most surtable 

for electrostatIc preclprtatlon (Oglesby, 1970) PartIcles WIth reslstlvrtles less than 10' ohm-cm 

will gIve up their charge too eaSIly when they contact the collectIon plates and may be re­

entrained In the flue gas, whereas partlcJes with reslstlvlttes greater than 1010 ohm·cm Will adhere 
to the collectIon plates and be dIfficult to dIslodge These partIcles may then act as an Insulator, 

redUCIng the abIlity of the electrode to further collect parbculate matter 
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• Two major factors Influence the resIstIvity of the fly ash (1) fuel characterostlcs, and, (2) flue gas 
stream characterostlcs (e g , temperature and mOIsture) (CARB, 1984) Fuel charactensbcs, such 
as the quantIty of ash, chlorode and metals greatly determIne the resIstIvity of the resultant fly 
ash 

PartIcle soze dIstrIbutIon also affects performance A hIgh density of fine partIcles reduces the 
corona dIscharge which, n suffiCIently reduced, prevents chargIng of flyash and reduces 
particulate collection effiCiency In general, reduction In ESP collection effiCiency occurs In the 
o 1 to 1 0 micron diameter particle size range 

The overall collectIon effiCIency of an ESP can be esbmated by the Deutsch-Anderson equabon 
(WhIte, 1977) 

EffiCIency = 1 - exp(-AW/O)' 

where A IS the collectIon plate area (fI'), 
o IS the gas flow rate (if/sec), and 
W IS the partIcle mlgrabon velOCIty (It/sec) 
K factor equal to 05 - 1 0 

• The mIgratIon velOCIty IS the rate at whIch charged fly ash partIcles travel towards the ESP 
collectIon plates It IS defined as the termInal velOCIty of a partIcle of a gIven size when the gas 
drag and electro cal forces actIng on the partIcle are equal, and IS dependent on electroc field 
Intensity at the chargIng electrode and collectIon plate, partIcle SIZe, gas VISCOSity, and 
aerodynamic slip 

• 

The migratIon veloCIty IS the parameter that most affects the deSIgn speCIficatIons of an ESP 
A slow mIgratIon velOCIty IndIcates less partIcle capture per area of collecbon plate Small 
partIcles usually have lower mIgratIon velocmes than large partIcles The collecbng electrode 
surface area would therefore have to be Increased for applocabons with larger quantItIes of small 
fly ash (CARB, 1984) 

ESP performance may be evaluated by comparong the specific collectIon area (SCA) needed to 
achIeve a specIfied collecbon effiCIency or outlet concentratIon of partIculate matter SCA " 
defined as the surface area of the ESP where the partIculates may be collected, dIvIded by the 
flowrate (K acfm) 

ESPs may be preferred, for some applocatlons, over other partIculate corrtrol deVIces such as 
fabroc filters and hIgh energy scrubbers for the follOWIng reasons 
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• relatively low pressure drop across the system (typically < 1 0 In water column), • 
• ability to treat relatively humid gas streams, 
• colleded particles are In a dry state which reduces corrOSion and freeze-up and 

presents lesser envlronmentallmpads than sludge, an end produd of wet scrubbing, 
• oll~finng applications 

Anhough ESPs are accepted as efficient particulate control devices they have certain drawbacks 
Disadvantages with ESPs Include the follOWing 

• changes In fuel charadensbcs, gas properties and particle sIZe distribution may change 
colledlon effiCiency, 

• Inorganic particles wrth low reSistIVIties are dlfficutt to collect, - unbumt carbon may pass 
through because of premature loss of charge, 

• high capital cost 

Energy demand IS one of the most Significant Impacts of ESPs For thiS application, roughly 
1 B5xl0' kwh of electrlcrty would be reqUired annually None of the oil-fired bOilers listed In the 
Clearinghouse, Supplements or BLIS (EPA, 1985, 1988, 1887, 1988, 1989) consider ESP's BACT 
for PM 

6 4 3 Economic and Energy Analysis for ESP 

BaSIC equipment costs for an ESP were estimated from vendor data obtained from another 
prolect BasiC equipment costs of $292,000 and are shown In Table 6-6 Total capital costs for 
thiS option are estimated at $918,000 

Annual ESP costs were esllmated assuming 1000 hrs/yr operation ESPs have Significant 
electnClty requirements Based on a pressure drop of 1 Inch of water and a power reqUirement 
of 200 kWh, the annual electrical expense for thiS option IS $131,000 Due to the complexliy of 
thiS technology, 2 hours of operating labor IS reqUired per shift resuiling In an annual expense 
of $55,000 Supervisory labor IS calculated as 15% of the operallng labor and totals $5,000 per 
year As shown In Table 6-7, the total annualized cost for operation of an ESP IS estimated at 
$480.000 The ESP would control 3 5lpy of PM resun,ng In a cost effecllveness of $137,150/ton 
PM removed Although thiS technique Is the most effiCient for PM control, rt IS not cost-effective 
Therefore, rt IS not conSidered to represent BACT for PM from the Indiantown auxlilary boiler 
No negative energy or envlommental Impacts were Identified for ESPs 
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• TABLE 6-6 

Capital Cost Components for an ElectrostatIc PrecipItator (ESP) 

~Dlrect Costs ESP 

(1) Purchased EqUipment 

(a) BaSIC EqUIpment $292,000 

(b) Auxiliaries $102,000 

(c) Instrumentation $29,000 

(d) Structural Support $29,000 

(e) Tax & FreIght $36,000 

Total Purchased EqUIpment Cost $488,000 

(2) Direct InstallatIon $146,000 

TOTAL DIRECT COST (TDC) $634,000 

INDIRECT COSTS 

(4) Indirect InstallatIon 

• (a) Engineering Supervision $63,000 

(b) Construction & Field Expenses $63,000 

(c) Construction Fee $95,000 

Total Indirect InstallatIon Cost $22t,000 

(5) Other Indirect Costs 

(a) Start-up & Performance Tests $6,000 

(b) WorkIng CapItal $8,000 

(c) Interest DUring Construction $49,000 

TOTAL INDIRECT COST (TIC) $63,000 

TOTAL CAPITAL COST (TCC) $284,000 

CRF $159,000/yr 
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TABLE 6-7 

Annual Cost Components for an ElectrostatIc Precipitator (ESP) • , , , c 
, 

, " Direct Operating Costs + ESP 

(1 ) Labor 

(a) OperatIng $55,000 

(b) SupervIsory $8,000 

(2) Maintenance $32,000 

(3) Replacement Parts $36,000 

(4) Utilities 

(a) Electricity $131,000 

(b) Water $0 

(c) Steam $0 

(d) Compressed Air $0 

(e) Fuel $0 

(5) Raw Materials 

(a) Ammonia $0 • (b) Urea $0 

(c) LIme $0 

(d) SodIum hydroXIde $0 

(e) Soda Ash $0 

INDIRECT OPERATING COSTS 

(7) Overhead $23,000 

(8) Property Tax $9,000 

(9) Insurance $9,000 

(10) Admlmstratlon $18,000 

(11) Caprtal Recovery $159,000 

TOTAL ANNUALIZED OPERATING COST $480,000 

tpy removed 35 

Cost Effectoveness $/ton removed $137,000 
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6 4 4 BACT for PM Control Of Auxiliary BOiler 

ESPs are highly effective PM control devices and are roullnely used on coal-fired boilers and 
resource recovery facIlities None of the entries for od-fired (crude, distillate or residual) bOilers 

In the Clearinghouse, Supplements or on-line BUS (U S EPA, 1965, 1966, 1987a, 1966, 1989), 
however, proposed an ESP as BACT for PM The use of an ESP on the auxIliary bOilers to 
control a maximum of 3 5 tons/year of particulate was found to be not cost effec1lve BACT for 

PM from the aUXIliary bOiler at the Indiantown project IS therelore concluded to be the use of a 
high quality fuel such as natural gas or distillate all with a maximum emiSSion limit of 02 
Ib/MMBtu ThiS level of control Will resuH In the emission of a maximum of 0 70 tons/yr for PM 
and PM

'0 
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7 0 BACT FOR FUGITIVE PM 

71 IntroductIon 

FugItIve emissIons are generated as a resu~ of delivery, storage and handling of coal, pebble 
lime and ash These emiSSions can be characterized as erther windblown dust from outdoor 
storage piles, or dust emiSSIOns released dunng unloading and conveYing operations The 
followIng analysIs wIll evaluate BACT for storage of coal, pebble lime, bottom ash and fiyash, and 
the materials handling systems lor each 

7 1 1 BACT /LAER Clearinghouse 

The BACT /LAER Clearinghouse contaIns no enlrles lor fugItIve dust emIssIons from coal fired 
bOIler projects 

7 1 2 Alternative Control TechnologIes/Best Available Control Technology 

7 1 2 1 Inactive Coal Storage PIle 

FugItIve dust Irom Ihe InactIve coal storage pile may be controlled by enclosIng the pile with a 
protective structure, covenng the pile with turf, or coating with a crusting agent Each of these 
methods IS thought to be equally effectIve SInce lugltlve emIssIons are essentIally elimInated by 
Ihese techniques, and are consIdered to represent BACT 

7 1 2 2 Active Coal Storage PIle 

FugItIve dust from the actIve coal storage pIle may be controlled by enclosIng the pIle wIthIn a 
protective structure, or by wetting the pile wrth water sprays, oil, or various other surfactants Of 
these technIques, enclOSIng the pIle altogether IS thought to be Ihe supenor technIque sInce 
lugltlve emiSSIons are essentIally elimInated, and IS consIdered to represent BACT 

7 1 2 3 Pebble Ume Storage 

Pebble lime WIll be stored on one In an enclosed structure venblated wrth labrlc fi~ers SInce 
labrlc finers are capable 01 controlling outlet emIssIons to 0 001 gr /OSCF or less, thIS level of 
control IS consIdered to represent BACT 
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7 1 2 4 Bottom Ash Storage 

Bottom ash will be stored In storage hoppers prior to rail loading for ultimate disposal The 
storage of bottom ash In open top hoppers does not represent a source of fugitive emissions, 
since bottom ash IS handled wet and Since It does not contsln fine partlcJes which can become 
entrained due to wind conditions 

7 1 2 5 Fly Ash Storage 

Fly ash IS charactenzed by very fine particles which would Yield high fugitive emissions H stored 
In outdoor piles This matenalls therefore handled In enclosed Silos, which resuits In essenbally 
no emissions of fugitive dust, and IS conSidered to represent BACT 

7 1 2 6 Coal and Ume Delivery 

The generation of fugitive dust may resuH from rad unloading of coal and pebble lime Fugitive 
emiSSions may be controlled with water sprays, by enclosing the unloading area within a 
structure, and by collecting airborne dust wlth'n the structure by use of a fabriC filter Since fabriC 
fiHers for room ventilation systems can control emissions to 0 001 gr JOSCF or less, this level of 
control IS considered to represent BACT 

7 1.2 7 Coal and Ume Conveyors 

Coal and pebble lime will be handled at the Indiantown facility with vanous mechanical conveyors 
which reclaim bulk matenals from storage, crush and size coal and lime, and transport the 
matenals to Silos local to the boilers Each of these handhng steps results In a potential source 
of fugitive emissions Such emiSSions may be controlled with water sprays, or by utilIZIng 
enclosed conveyors, transfer towers, and crushing stations Further fugitive emiSSion control 
may be obtained by maintaining a shght negative pressure In these encloses so that fresh air Will 
leak In rather than dust being able to leak out The air evacuated from the enclosures can be 
cleaned by fabnc filters at vanous pOints along the conveYing system Since fabriC filters from 
the various conveying segments can control emissions to 0 001 gr8lnsjDSCF or less, thiS level 
of control IS conSidered to represent BACT 

7 1 2 8 Flyash Conveyors 

Flyash consIsts of very fine ash and hme particles which exhibit a high potential for fugitive dust 
emisSions dunng handhng Wetting of the ash to Improve handhng charactensbcs or handhng 
In totally enclosed conveYing systems represent alternatives to control fugitive emissions For 
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the Indiantown prolect, flyash will be conveyed from the bag house hoppers to a storage silo 
within a totally enclosed pneumatic conveying system Exhaust from the pneumatic conveYing 
system will be discharged through a fabric fitter Flyash will be loaded via dustless conveyor 
from the silo Into dedicated fully enclosed railcars for transport and off site disposal Since bin 
vent filters can control emissions to 001 gralnsjDSCF or less, thiS level of control Is considered 
to represent BACT 

7 2 Conclusion 

The Indiantown prolect Will Incorporate BACT for the control of fugitive PM emissions resulbng 
from the storage and handling of coal, lime and ash Inactive coal storage piles Will be covered 
so as to prevent fugitive emiSSions The active coal pile Will be enclosed In a structure ventilated 
With bin vent fitters Coal, lime, and ash Will be conveyed and handled Within enclosed negative 
draft conveyors equipped With fabriC filters Flyash Will be conveyed With a pneumatic conveYing 
system exhausting through bin vent filters Flyash will be transported In enclosed railcars to 
prevent the emiSSion of dust dunng transportation These methods of control Will result In 
minimal emiSSions of fugitive dust from the Indiantown project 
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80 BACT DETERMINATION FOR TRACE METALS 

81 Formation of Metals Emissions 

Three regulated trace metals, mercury (Hg), beryllium (Be), and arseniC (As) Will potentially be 
emilled from the proposed Indiantown PC faCIlity In greater than PSD Significance levels The 
quantity and characteristics of these trace pollutant emissions depend on the coal composrtlon, 
the chemical and phYSical properties of the trace metals and performance of the control devices 
Operational features of the combuSlion process do not significantly eflect metal emiSSions 

Heavy metal emissions from fossil fuel-fired bOilers are created as a resun of combuslion of fuels 
containing metals Due to the high temperatures and turbulence In the furnace, metals are 
released In both a particulate and vapor phase, often as metal oXides, chlOrides and su~ates 
Depending on the metal compound Involved and Its condensation temperature, a vapOrized 
metal begins to condense mostly on the surfaces of the fine solid particles In the flue gas (since 
that fraction has the greatest surface area) at normal stack temperatures (about 350· F and 
below) and almost totally at temperatures below 212· F (Hasselms, 1985) Condensation occurs 
as the flue gases cool In the bOiler and espeCially as condensation temperatures are achieved 
In a aCid gas control device such as a spray dryer absorber Many of the metal compounds 
emitted from coal-fired bOilers, for Instance lead and beryllium, condense at temperatures above 
572· F Thus the probability of removing these metals uSing a particulate control deVice IS qurte 
high (Clarke, 1986) On the other hand, mercury condenses at lower temperatures and IS, 
therefore, more difficult to extract 

82 Trace Metal Control Alternatives 

There are eight coal-fired facllrtles listed In the BACT /LAER Clearinghouse wrth IImrts for trace 
metal emiSSions, In each listing the hmlts are for beryllium, mercury or both In cases where the 
control technology IS speCified (5 of 8 IIslings), the predominant method IS concurrent With 
particulate control For beryllium, emisSion limits listed In the Clearinghouse range from lOx 
IO~ to 6 5 X IO~ Ib/MMBlu For mercury, Ihe IImrts range from I 5 X IO~ to 7 9 X IO-5lb/MMBtu 

Programs to assess the relative advantages and disadvantages of anernabve pollution control 
deVices on trace metal collection from coal combusbon have only recently begun However, test 
data IS available from programs to determine the best syslem of trace metals conlrol from 
mUniCipal waste combustors (MWCs), In conjunction wrth the proposed new source performance 
standard for these sources, these data are currerrtly more complete than any other data available 

R\PUBS\PROJECTS\5402008\400 58 8-1 



In the pubhshed literature and as such are considered the best representation of trace metal • 
control from combustion sources In general 

Vanous test data show Improved trace metal collection at lower temperatures Results from the 
Quebec City pilot plant Incineration tesllng (KlICIUS, t 986) reported that over 99 5% of the heavy 
metals, excluding mercury, were removed between test temperatures of 23Q e F and 399-F 
Removal effiCienCies of mercury were reported to be greater than 90 percent at temperatures less 
than 2B4 ° F from tests on a dry scrubbing system (Including fabnc filter) and 95 percent at 2B4 ° F 
for a spray dryer/fabnc filter system At test temperatures of 399°F, the mercury removal 
effiCiency was poor 

These pilot plant studies support the theory that trace metal control relies, at least In part, on 
suffiOJent particulate control and flue gas temperature 

There Is currently no NSPS for control of trace metals from coal combustion In the proposed 
NSPS for MWCs, however, emissions of trace metals would be regulated as a component of 
°MWC emissions ° The background matenal for these standards thus renects the most current 
and accurate Information available for control of trace metals, and prOVides InSight as to current 
Agency positions on alternative controls 

In general, EPA has concluded that effiCient particulate malter control serves as a surrogate for • 
control of MWC metal emisSions (EPA, 1989b) 

In the preamble to the proposed NSPS for MWCs, the EPA has baSically stated that adequate 
PM controls are adequate for trace metal controls The EPA endorsed use of spray dryer 
absorbers and fabnc filters for PM and SO, control from MWC's 

Therefore, BACT for all trace metals IS proposed to be use of the proposed particulate matter 
emisSion rate to perform better than 0 Ot8 Ib/MMBtu 

In light of the fact that mercury IS more volatile and therefore more difficult to control than the 
then heavy metals emrtted from coal combustion, mercury contrailS discussed In more detail 
below 
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• 83 Mercury 

• 
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8 3 1 Formation Mechanism 

Trace quantities of mercury are present In coal Most of this mercury Is expected to volatihze 
dunng combustion In the furnace Approximately two-thirds of the merculY content In the flue 
gas"",ts as solid mercunc chlonde (HgCl,), the other third Is exhausted as elemental merculY 
vapor (Flald, 1990) Volatile merculY IS expected to condense upon submlcron particles 
contaJned In the flue gas and exrt as erther condensed aerosol or solid mercunc chlonde and be 
controlled by the fabnc fi~er Some of the vapor IS expected to be emllled uncontrolled 

8 3 2 Available Control Technologies 

Potentlsl control alternatives for mercury Include 

• Sodium sulfide Injection upstream of SDA/fabnc filter (or ESP) 

• Activated carbon Injection upstream, wrthln, or downstream of SDA and upstream of 
fabnc fi~er 

• Wet scrubbing techniques 

• Spray dlYer followed by a fabnc fi~er 

• Flue gas cooling 

At thiS time, rt IS not absolutely clear to the EPA which control a~ernabve best reduces merculY 
emissions from any combusbon process (Porter, 1990) or which operallng vanables In the 
combustor Influence a~evnatlve controls' performance RecognIZing thiS, the EPA stated In the 
preamble to the proposed NSPS for MWCs that a jOint EPA/lndustlY task force IS being 
established to Investigate merculY emissions and controls, and that the findings would be 
considered In development of the final standards (54 FR 52251) 

As part of the effort of the JOint task force, two meellngs were held at Research Triangle Park In 
FebrualY 1990 to diSCUSS both 'precombustion' controls of merculY emissions and add-on 
control of merculY emissions It IS eVident from the meetings' transcripts that there are not only 
numerous unknowns regarding mercury formation and control, but there are some valid Side 
Issues that must also be resolved before the subject can be understood and the MWC NSPS for 
Hg fairly promulgated 
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Some of the key Issues raised In the meetings were 

• the potential of NOx controls by ammonia injection to reduce mercury control 
effiCienCies of SDA/FF systems, 

• Inadequate emiSSions data to set a mercury limit, 

• the relationship between the amount of carbon In the flue gas and the amount of 
mercury control, and whether thiS IS more Influential on mercury emiSSions than NOx 
controls, 

• whether 70 percent mercury control IS typically achieved by SDA/FF systems, 

• the converSion of merCUric chlonde on the filter cake to mercury vapor over time, 

• reliability of current test methods, 

• the inconsistencies In test data between the U S and European faclhtles (which use 

different test melhods) 

• lack of data on mercury content of ash, effects of add-on mercury control to ash toXICIty 
and pOSSible outgassing, 

• contradictory data and general varlabllrty of data, 

• the overemphasIs on mercury control from MWCs. 

• establishing which mercury control systems are "demonstrated". 

• whether an emission hmrt IS supportable and what the hmrt would be, and 

• how to handle all the work activities at the U S EPA prior to promulgation With hmrted 
resources 

The follOWing prOVides more Information on the controls discussed by the EPA/Industry task 

force 
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Sodium Sulfide !Dlectlcn 

Sodium sulfide (Na"S) can be sprayed Into the gas stream as a 10 percent water solution, erther 
upstream of or In the spray dryer Na"S IS a soluble crystalline Industrial chemical commonly 
used In the leather and dye Industry The mercury vapor IS converted to solid mercunc suffide 
according to the following reaellon 

Na"S + Hg + H20 + 1 /202 ~ HgS + 2NaOH 

The resulting solids are collected In the baghouse or ESP as particulate (Buschmann, 1990) 

The technology was developed (patent pending) and IS marketed by Rak!, an air pollution 
control deVice vendor The technology has been tested at several new MSW InCinerators, but 
has not been utilized on a coal-fired faCIlity 

The limited data available for thiS process suggests that Na"S Inlectlon may reduce Hg 
emiSSions, although there are some Inherent problems wrth the available data For Instance, 
mercury emiSSions were not reported In the literature for times dUring test periods when the N~ 
Injection system was not operating In fact, data for some MWC facillbes equipped wrth SDA/FF 
shows conSiderable Hg removal Without Na"S Injeellon Removal effiCienCies at the Unkoplng 
faCIlity In Sweden and the Quebec Crty Incinerator were 94 and 95 percent, respectively, uSing 
only a spray dryer and fabriC filler (EPA, 1987a) 

The Na"S Injection system may present concerns Na"S IS Similar to lime or sodium hydroxide 
In terms of personnel protection equipment Personnel handling sodium hydrOXide require skin 
and eye protection, however, Na"S Is not conSidered to be very toXIC HgS, one of the reaellon 
products, IS tOXIC, but Will compose less than 0 01 percent of the ash collected In the system and 
thus Will not contribute greatly to overall tOXicity (Flak!, t99O) EPA's task force on mercury also 
recognizes that the effects of transferring the mercury to the ash need to be studied further 

A potential disadvantage IS cost, conSidering that no PC unrts have Installed the control system 
and conSidering that the amount of addrtlonal Hg removal pOSSible has yet to be fully uqantlfied 
Flak! estimated that the cost of adding the sodium sulfide system to a typical Flak! air pollution 
control deVice train IS 2 percent of the caprtal and operating costs As more experience IS 
gained With the technology, these costs Will become more defined 
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Activated Carbon Imectlon 

Activated carbon or a modified activated carbon matenal may be Injected upstream of the spray 
dryer or In the spray dryer to achieve mercury reductions There are currently no PC unrts 
operating which employ actlvavted carbon Injection 

ACltlvated carbon Injection systems are listed as being offered commerCially by A/S Nlro 
AtomIZer of Denmark and Research Cottrell According to the Nlro patent, powdery activated 

carbon IS contlnuousfy fed Into the flue gas upstream or downstream of the spray dryer 
absorber The choice of Injection location IS Influenced to some extent by the choice of 
partlcuJate controls If an ESP IS used, the benefit of added retention time and, hence, reaction 

potenbaJ within the filter cake (which IS unique to fabnc fi~er use), Is missing To ,"crease overall 
reaction time and thus achieve high removal efficiencies, the carbon IS Introduced upstream of 
the spray dryer/ESP If a fabnc filter IS employed, the preferable Injection location IS downstream 

of the spray tower, Since the lower temperatures promote greater adsorptlvrty A~hough the 
reaction time IS less when Injected upstream olthe control device, the addrtlonal contact between 
Hg and carbon In the filter cake compensates 

Fine powdery activated carbon IS preferred over coarse or granulated carbon because rt has a 
higher adsorptive capaCity and IS Jess expenSive According to the Nlro patent, fine powdery 

activated carbon (Including any fine powdery carbonaceous matenal such as coal or coke) was 
once suspected to cause plugging In fabnc filters and unacceptably high pressure drops 

Carbon Injection may achieve Sizeable Hg reductions, as shown by two sets of test data In the 
Nlro patent In three pilot-test runs, Injection of 80 mg/Nm3 ,n flue gas at a location between the 
SOA and fabnc filter resulted In overall Hg reductions of 89 percent (230°F run), 95 percent 
(230°F run), and 91 percent (284 OF run) Hg reductions wrth no carbon Injection were sbll 

Sizeable, however, at about 69 percent 

On full-size MWCs tests, 78 to 93 percent Hg reductions were achieved With carbon Injection 

(wrth Injection upstream of SOA/ESP) However, data from these tests Indicate Hg removals of 
66 to 27 percent With the carbon Injection system off 

Carbon Injection systems are not conSidered to be demonstrated on PC bOilers In addrtlon, 

costs are not well defined but, as With Na"S InJection, may add about 2 percent to caprtal and 

operaling costs olthe SO./partlculate control deVice More Importantly, a Significant amount of 
carbon IS used and discarded on a continuous baSIS None of the vendor Irterature diSCUSses 
the solid waste generated, however, If rates of 50 to 80 mg/Nm' are required for successful 

operabon, then 50 to 80 mg/Nm3 of addrtlonal waste will be generated 
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Consldenng that (I) the reductions achieved wrth Na.S or carbon Injection above that achieved 
wrth Ihe SDA/FF alone are questionable, (2) true system costs are not well defined, and (3) no 
one eJse In Ihe U S has Installed them, activated carbon and Na.5 Injeebon are conSidered 
unrepresentative of BACT 

Wet Scrubbing Technlgues 

There Is a general opinion that because of the saturated operabng condrtlons and cooler flue gas 
temperatures In wet scrubbing, better mercury condensation and collection should occur than 
In SDA/FF systems The NJDEP tested the effiCiency of mercury removal at the small scale 
resource recovery faCIlity In Ft Dlx, New Jersey, which uses a baghouse upstream of a wet 
scrubber USing EPA Test Method lOlA, the removal effiCiency ranged over three test runs 
between 16 6 percent and 74 9 percent (average 42 8 percent) Not only was the vanablldy In 
test results Similar to that observed In SDA/FF·eqUipped MWC facllrtles, the removals were 
actually lower ThiS IS only one set of test data, but rt does not support use of wet scrubbers as 
BACT for for control of mercury from coal·fired facllrtles 

Flue Gas Cooling 

Flue gas cooling has been conSidered essential for Hg removal because Hg typically enters the 
control equipment as a vapor Test data available for MWCs both support and refute thiS theory 
Env Canada and Flak! reported Hg reduction of 40 percent when flue gas was cooled to 289 'F 
(Env Canada, 1987) EnVironment canada also reported (1986) data that are more InconclusIVe 
Over two test runs for each temperature, mercury reductions were 90 9% (230' F), 97 3% (257' F) 
and, 937% (284' F) The lowest flue gas temperature achieved the lowest percent mercury 
control Tests conducted In June 1989 at Ogden Marlin's Indianapolis Resource Recovery 
FaCIlity, which uses a spray dryer /fabnc filter control system, Indicate that measured emiSSIOns 
of mercury were well below the expected levels Mercury removal effiCiency was measured at 
spray dryer outlet temperatures Of 265 and 295' F The Indiantown faclldy should exhlbrt 
correspondingly low Hg emiSSions Since the outlet temperature Of the spray dryer of the 
proposed faCIlity IS antiCipated to be 150' F 

ConclUSion 

There are many Issues yet to be settled with mercury emiSSions control However, a well~ 
operated and maintained spray dryer absorber /fabnc fi~er control train (a control train prOViding 
high mercury removal effiCienCies) IS proposed as the BACT for Hg control since no clear 
eVidence eXIsts that there IS a more stringent control alternabve available 
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90 BACT DETERMINATION FOR RADIONUCLIDES 

Coal-fired faclhtles release trace amounts of radioactive elements to the atmosphere from 
naturally OCCUrring radlonuchdes present In the fuel These radlonuclldes are prlmanly those that 

have eXisted since primordial times and their daughter products which have not completely 
decayed due to their long haH-lives The primordial radlonuchdes that are associated with 
emiSSions from coal combustion are potasslum-40 (f<"D), uranlum-235 (U~ and decay products, 

uramum-238 (U"") and decay products, and thOrlum-232 (Th"') and decay products 

1('0 IS present as a fixed proportion 01 naturally occurring potassium The U23S decay series 
contributes only a small fraction of the radioactivity of the U238 and Th232 decay senes, most of 

the radioactive emiSSions from a coal fired plant come from the U238 and Th232 senes 

Only one facJllty, the Mt Paso FBC cogeneration faCIlity In Kern County CA IS listed In the 

BACT /LAEA Clearinghouse as having a hmlt on radlonuchdes The hstlng denotes that BACT 
for radlonuclldes for thiS faclhty is the same as BACT for particulate matter fabriC filter 

For the proposed Indiantown baller, It IS estimated that approXimately 6 6 x 10-4 cunes/year of 

Th232 and 1 5 x 1 0" cUries/year of U"" Will be emitted (EPA 1989a) Since radlonuchdes Will be 
emrtted as partlcuate matter these emiSSions estimates are based on the projected controlled 

PM emissions 

A study by McBride (1973) used a 1,000 MW coal-fired plant to develop dose contributions from 
the Ingestion, Inhalation and external pathways (e g dermal absorption) The radiation dose due 
to emissions from the large coal plant was shown to be much lower than from natural 

background The dose from the proposed Indiantown faclhty, approXImately one-third the size 

of that used by McBnde, IS also expected to be less than the natural background 

On December 15, 1989, EPA released the final rule for the Nallonal Emissions Standards for 
Hazardous Air Pollutants (NESHAPs) for radlonuchdes (54 FA 51654) The emissions of 
radlonuchdes from coal-fired power plants were excluded from thiS ruhng since they pose a nsk 

below the assumed safe level 

Since the emiSSions of radlonuchdes from coal combustion are emitted as PM and PM 1 0, the 

particulate control device (fabric filter) Will also control radlonuchde emiSSions Use of a fabriC 

filter to control emissions of radlonuclldes Incurs no additional economic Impact, has no adverse 

energy or energy or environmental Impacts, and IS technologically demonstrated FabriC filtration 
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thus can be concluded to be representative of BACT for radlonucllde emissions from the 
Indiantown faCIlity 
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003 IblMMBtu - FF (90%) 

o 03lb1MMBtu - Ff (99 8%) 

CFB-elrculatlng nUldlzed bed FB-fluldized bed LlG-lIonlte SS-spteadar stoke' PC _ pulv9rized coat N$-nollpecifled 

• 



COAL FIRED BOILERS 
BACTILAER CLEARINGHOUSE 
LISTINGS FOR S02 (1980 - PRESENT) 

Q" Oat. of 
N~. T.". (t.4MBlllnlr) Reviewing Age)' IHUance BACT for S02 

Applied Energy Servlc •• CFB "50 HawaliOOH 11_ 645lblhr (48 ppm) -llm .... on. bed (90%) 
A E S Tham.. Inc FB '23 CanffllCticut DEP ..... o 32lb1MMBlu -limtttOlM Injection (10%) 
A e S Tham.. toe F. .23 Connecticut OEP 8/9188 o 32lb1MMBtu -llmtlltonalnjectlon (70%) 
COgamllle Rocky Mount (4 unll8) SS '" Nonh Carolina OEM 7120/89 o 31 IblMMBtu - Dry Urn. FGD 
Cambria Cogen Inc (2 unll.) CF. 55. Pennlylvanil8AQC 6128188 55e Iblhr - Urnaetonelnj (2 1 ea S) 
Scrubgra" Power COI'P (2 unit.) CFB ... hnntylvanil 8AQC 1/18188 o 45 rbJMMBlu - hm ... OIM InJ Good,..., United De ..... opm.nl F. 577 N~ YOfk SIal, DEC 10114188 o IS IblMMBtu -limestone bed (90%) 

Norttl Branch energy Partner. LP CFB ... Penn.y!vanr, BAOC "'"'" o 811bJMMBiu - IImalltonalnJ ($0%) 
United o.wlopmellt Group F. 5T7 New York Statt OEC 8/25188 011 IblMt.tBIu - Urnallonelo] 
Fort Howlld CFB 50' Wlacontin DNR tl21/88 o 71bJMMBiu -llmtetone InJ~) 
NorthPsttm Power Co CF. 51' Penntylvanlt BAOC 11/17188 o 32lb1MMBtu -lIm .. ton.ln] 
Edenlburll Power Co F. ." Penn.ylvanll BAOC ...,.. 1 IbJMMBtu - IImellon.lnJ ($0%) 
Tenne_ Valley Autllorlty FB 1579 Kentucky DAC 6104/88 1 21bfMMBtu -llm ... one InJ (90%) 
Plnther Creek Energy CF. 1170 P.nnlyWlnla DEA 2111.188 o 33 IbJMMBlu -
GWF Power Syttem. Co Inc CFB ." Bay At .. ACMD (CAl 2111188 o 1091bJMMBtu -lIm.8Ion1In] 
Clly or WYlndottl Dept Mun SVCI CF. '" Wayn. Co APe (MI) 12101187 o 49& IblMMBlu - IlmelionelnJ 
Cogenlril( Michigan LuBing Corp SS ." Michigan DNA 1131181 1 811bJMMBIu -lime ",,'I, dryer (90%) 
Fort Drum Heating Planl CF. '00 New York St,Ie DEC 4101181 1 21b1MMBIU -Ilmellone Inj (90%) 
Wm H Zimmer Generating Station CFB " ... SouIhwelll Ohio APCA '''''' o 548lb1MMBIU - Mg enhlnced lime FGD 
GWF Power Syttem. Co F. 274 EPA Region IX 1128/81 20 ppm -lIm.llonelnl 
Archbald Powe, Corp NS .<0 Penn.rtvanll DEA lIUIII1 o 15 IblMMBtu -lIm.lloneln] (90%) 
MI PolIO Cogenllatoln Co CF. .. MW EPA Region IX 1/12181 o 041bIMMBtu -Ilmellone In] (90%) 
FoIIII Wheeler Power (2 unite, CF. 283 Penn~nll DER ''''"' o 241bfMMBIu -llm.lIlon.ln) 
~rldan Coal Co CF. '" P.nn.ylvenl. DEA 1211/86 o 251bIMMBtu -llm.stone In] 
Pyropowl' Corp CFB ... Kem County APCD 1211186 o 039lblMMBtu -Ilmelloneln] (9fI2%) 
J Pagnottl EntllprlH' CF. 1082 PenneylvanllDEA 11/1/88 o 221bIMMBtu -llm.llon.ln] 
Alo Bravo Refining Co FB 38. EPA Region IX '0122188 o 038lbJMMBtu -limellon.ln] (95'111) 
Utall Pow8f & Ughl Co (12 unit) NS 4000 Utah BAC 1011.188 1 2 IblMMBtu -(80%) 
RID Bravo Refining Co FB ,. MW EPA Region IX .,,"'" o 038IbJMMBtu -111IIG"on.ln] (95%) 

Cog.nulx Carolina leasing Co NS 20. North Carolina OeM 1nJ88 1 64lblMMBtu -lOW S coal 
NorIhe .... rn Power Co NS '" Pennlylvanla OER 6121188 o 321b1MMBtu-

BMCP CF. .30 Kern County APeD ""m. o 039lblMMBtu -lIme .. on.lnj (96%) 
Cogentrlx of Virginia Inc NS 200 Virginia APCB 01'2188 I 52 IblMMBtu-
TVA - Shawn" Steam Pllnt F. 1430 Kentucky DAPe 4/15188 o 881bJMMBIu -limelione Inl (90%) 
WeBtwood Energy Propertl91 NS '" Penntylvanfa DER , ...... o 21bJMMBtu -lIme .. one InJ (93 6%) 

Wilt Electric Power Co F. 92' Wl.conlin DNA , .. , I 21bJMMBtu -lIm9ltoneln) (90%) 
Cogeneration N.tlon,' Corp F. 300 EPA Region IX 12131185 o oa11bJMMBtu -lime InJ (95%) 
Corn Productl F. . .. MW EPA ReglOllIX 12111/85 59lblhr -lIme"oneln) (90%) 
Cogeneration N,tional Corp NS 2796 San JoaquIn Cly ApeD 12113185 0048 Ibn.tMBlu - timestone InJ (95%) 
Tenne_ Vallay AutOonly FB 200 Kentucky OApe 12113185 1 21bIMMBtu -limelioneinj (83 9%) 

Signal Frackville Energy NS NS PenneylvanllDER ""'" o 211bIMMBtu - IImelllone InJ 

CFB-elrculaUng fluidized bed FB-fluldlzed bed LtG-lignite S$-spreader Maker N8-not tpeclfled 

• • • 
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COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR PM (1980 - PRESENT) 

~N Date 01 
MMBtu/h1 

" A e S Tnarnea Inc f. . " ConnacllOulDEP 81018 • o 021bIMMBtu - Baghou .. (98 8%) 

A E S Tn.mea Inc FB ." Conneclleul OEP 8I9J8. o 021bfMMBtu - Baghoute (99 8%) 

Cogantrix Rooky Mounl (4 unhl) SS '" North Carolina OEM 7120/89 00200 IblMMBlu - Fabric Ftlt9r 
Cambria Cogen Inc (2 unlta) CfS 55' ~nn.ylv.nla BAOC 5120189 It! 81b11lr - Fabric Filter (go (1% ell) 

Scrubgran Power Corp (2 unlta) Cf. , .. Pennaylvanla BAQC 1/18188 00300 IblMMBtu -Fabric Collector (99 96% Iff) 

Goodyear Uniled Development f8 on New yortl. Stale DEC 10114188 o 0221bIMMBtu - Fabric Fillar (99% Iff) 
North Branch Energy PartnarllP Cf" "" Pannaylvanla BAOC "''''' o 03(PM) 0 028 (PM10)lblMMBtu - FF (09'MIafl) 

United Development Group FB 577 New York Stala DEC "' ... o 0221bIMMBtu _ Pull. Jet BaghoulIEI (99 8% af!) 
Fort HCMIIfard corp CfBC 50. WlM:O!ltln DNR "'U .. o OSlblMMBtu - aaghou .. 

North'aetern Power Co CfS ." Pennaylvanla BAQC 8117/88 o 028lb1MMBtu - Fabric filler (89'Wo eft) 

Edenaburo Power Co FB .17 Penn.ytvanla BAOC 81818. 00300 IblMMBtu - BaghoulI8 (oa 98% eff) 

TVA-ShawnM AFBC '579 Kentucty DAQ ~"88 o 031bIMMBtu - Baghou .. (~ eff) 

Panther Cr .. k Energy NS 1170 Pennlytvanla DER 2117188 o 03lb1UMBtu - Baghou .. (tI8'Mo eff) 

(JWF PaMr Sytteml Co Inc Cf '" Bay ..... ea AQMD (CA) 2111188 30 Ibid Baghou .. Put .. Jet 

City 01 Wyandotte Dept Mun Svc, CFBC 38S WayneCo APe 12107187 o 011tbIMMBtu - baghou .. (96 9%) 
Cogentrbe Miehigan Lea,ing Corp SS 21' Michigan DNA 7131/87 o 03 LblMMBtu _ Baghou .. (oa 1 % elf) 

Fort Drum Heating PLant CfB .90 New York Sla" DEC 411/87 o 051biMMBtu - Baghou .. 

Wm H Zimmer GeneratLog Sta NS .. '" Southwest Ohio APCA 2mB7 o 025tblMMBtu - ESP (96 5% eff) 

Archbald Power Corp N' , .. PannlyLvania DEA 1118187 o 05lblMUBtu - Fabric FILter 

Mt PolO Cogeneration Co CfS " MW EPA Raglon IX 1112187 001 gr/decr - baghou .. 

Foster Wheel" Power (2 unite) NS , .. Pennsylvania DER '2129180 o 031b1MMBtu - Baghou .. (99 9% elf) 

TultaKCorp NS " Virginia APCB 12118/88 o 43 LbJUMBlu _ lItlIing ehamber (35%) 

Sheridan Coal Co NS ." Pennsylvania DER 1211/88 003 tbIMMBlu - Baghou .. fCyclone 

Pyropower Corp Cf • ... Kern Coonly APCD 1211/88 o 012lbiMMBtu -labrle IIlIer (96 9'M!) 

J Pallnottl Enterprl ... NS 1082 Pennsylvania DEA 1111188 o 03lblMMBtu _ BaghooMI'CyeLone 

Utah Power & Light Co NS .000 Utah BAa 1011188 o 1 IblMMBtu - ESP (oa% ell) 

CogentriK; Carolina LeaslnO Corp N. .. , North Carolina OEM 7/7/68 o 03tbIMMBtu - bag filter (99 1%) 

Northeastern Power Co NS 540 Penn.ytvanla DEA ",,, .. o 028tbIMMBtu _ Fabrle Fillar 

BMCP Cf. '" Kern County APCD 8120/88 o 0158 grldeel-Iabrle collector (99%) 

Cog .... triK Hopewell NS ... Virginia APCB 8/12188 o 031bIMMBtu - baghou .. (991%) 

CogenlrlK Carolina Lea8lno Corp NS ", North Carolina DEM ~"'" o 03 LbJMMBtu - baghou .. loa 1%) 

TVA-Shawn .. AfSC . ..,. Kentueky DAPO 4115/88 o 03lbiMMBtu - FF (oa%) 

Westwood Energy Ptoperti .. NS '" Pennsylvania DEA """. o 031bIMMBtu - FF (99 9:2%) 

Cogenaratlon National Corp Cf. 2798 San Joaquin Cly APeD 12113/85 o 038tbIMMBtu - baghou .. 

TVA - Padueah CfB .., Kentucky DAPC 12113185 o llb1MMBtu - baghou .. (98 85%) 

Signal Fraekvllie Energy NS NS PannlylYanla DEA 1212/85 o 0121biMMBIu - Baghou .. (99 9% elf) 

Com Product. CfB ... San Joaquin cty APCD 10128185 o 0181bIMMBtu - baghou .. 

While Pme Power Project NS 7" Nevada DEP ./818, 002 tbIMMBtu - baghOUM (99 8%) 

Cenlral State Unlverlily NS .. Dayton RAPCA 7/1/85 o Ilb/MMBlu - baghouM (99%) 

Union Camp - Franklin NS , .. Virginia APCB 7/1/85 o 05 tbIMMBtu _ ESP (119%) 

CFB-clrculallng fluidized bed FB-fluldiled bed LIG-lIgmte SS-spreader stoker PC - pulverl:zed coal NS-nOl 8pElCilied 



COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR PM (1980 - PRESENT) 

~H Data of 

, 
Wiec Electne Power Co PFBC 82' W.eeonslo DNR "" D 02 IblMMBlu _ ESP 

OM Co NS '20 Alabama OEM 11129184 o 1 IbfMMBlu - baghou .. (98 7%) 
Amalgamalle Co NS '797 Alabama OEM 11129/84 o 051bIMMBIu - baghou .. (118%) 
Puge' Sound Naval Shlpylrd NS NS Puga' SOund APCA .,25". o 02g,/sc'- baghoulI& (n 9%) 
Cogenlrill; - Lumberton NS 20' Nor1h Carolina OEM 9110184 o 031bIMMBtu - baghouoo (99 1%) 

Alabama Power Co NS '48 Alabama OEM 9110/84 o 051bIMMBIu _ baghou8(l (99 6'MI) 

Virginia Pow,r - Portsmouth NS ",. Vilglnla APCB 7127184 o 031b1MMBtu - ESP tft 3%) 
CogenlriJf - KananlMUa NS ,., North Carolina OEM 8125184 o D31b1MMBIu _ baghouse (991%) 

Cogenulx - Hamilton NS '02 North Carolina OEM "31M o 031b1MMBIu - baghoulI8 (99 1%) 
American Ugmta Producll CFB '71 EPA Region IX ",0184 o 0131b1MMBtu - baglloufi\8 (99 "'III) 
lower Colorado River AuthorIty UG "" TexllBACB 12122183 o 031b1MMBtu - ESP (98 96%) 
""'-rlcan Ugnlte Prod Co FB 2<0 Amador ely APCD 12121183 00158 grfdec!_ baghooee (et~) 

Intermoontian Power PJOJ8ct NS 8352 Uta.hBAO 10117183 o 021b1t.4MBtu - FF (et 8%) 

Ba"n Electric Poll¥er Coop NS "', North Dakota SHD 1112183 o 031bJMMBtu _ baghou88 (99 88%) 

EII .... an Kodak Co NS 070 New YorkOEC 12}20111' o O35IbIt.1MBtu - ESP (1119 57%) 
Wathlngton Water Power Co NS 2080 EPA Region X 11117/82 o 031bIMMBtu 

tow. Elechic Ltght & F'oIwer Co NS .., EPA Region VII 10129/82 o 031bIMMBtu - ESP 

Holyoka Water Power - Mt Tom NS ... 7 Mattachulllln.OEOE 10127182 o 08 IblMMBIU _ ESP (et 51 %) 

B F Goodnch CFB 'SO IlIinOlIEPA 8118182 o 08lb1MMBtu -cjIClone & baghouBII (99%) 
Cfnclnatl Gill & Elect NS .. " Kentucky OAPe 5114182 o 7lblMMBtu_ 

Welt Taxae UtlliUe. Co NS .. TeKaeACB ""., o 031b1t.4MBtu _ ESP (et 7%) 

KenlUcky Utilitlel NS .... KenlUcky OAPe "''''' o 03lb1MMBtu - ESP (9118%) 

JaeklonvUle Eltte Auth NS "'" MW Florida OER 1/1182 o 031bIMMBtu _ ESP (91178%) 

SC Public SW: - Crose NS '" MW Soulh Carol In. OHEC 121311' o 031b1MMBtu - ESP (9118%) 

Hou ... on lighting & Power NS ,"" EPA Region VI 11112181 003 IbIt.4MBtu _ FF(et 72%) 

Central Power & Light NS '781 EPA Region VI 10119181 o 031bJMMBIu _ ESP (ae 8%) 

Tamp. Elec1 Co NS ... , MW Florida DER 10115181 o 031b1t.4MBtu - ESP(08'Mo) 

Oklahoma all & Elect NS .,.. EPA RegIOn VI 1015181 o 031b1MMBtu - ESPor blghoulIII (ae 8%) 
o.tmllMl Power & Light NS 5702 EPA Region III 9/30/81 o 031blt.1MBIu _ ESP (ae 615%) 

Panorama Enercorp Inc NS 37 MW EPA Region X ."'''' 0007 gr/decf _ ESP (99'MI) 

SW Elect Power NS 720 MW EPA Region VI 811/81 o llb1MMBtu _ ESP (99 8%) 

Pensylwml. Elec1 Co NS "" EPA Region III 8118181 o 031bJMMBtu - ESP (99 7%) 

NY state Elect- Cyuga NS ,"0 EPA Region II """" o 031b1MMBtu - ESP 

lowa-lIl1noll Gae & Beel NS 7000 EPA Region VII 8/18181 o 03lb1MMBtu - ESP 

Idaho Nat Engm8llnng Lab NS 82' EPARagloo X ~518' 005 grldscl- beghoue (99%) 

Plains Elect GIIn & Trenl NS 2471 EPA Region VI 5127181 o 03lblMMBtu - blghou811 (ae 9%) 

Nevada Power Co NS '" MW EPA Region IX 4113181 o 0151bIMMBtu - baghooee 

Big RIve" Elec1- D B Wil800 NS .... Kentucky DAPe 3111181 o 031bn.1MBlu - ESP (ae 8%) 

AL Eleet Coop Inc LlO ..." Alabama ApeD 2124/81 o 031blt.1MBtu - ESP 

SW Elect Power NS .. " EPA Region VI 21231" o 031b1MMBlu - ESP (9118%) 

CFB-<:Ireulatlng nUldlzed bid FS-nuldlNd bed LlG-liglliia SS-spreacter ... oker PC - pulverized eoal NS-not speCIfied 

• • • 



• • • 
COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR S02 (1980 - PRESENT) 

Size Dall 01 

I'suence 

While Pine Power NS '50 MW Nev.d.OEP ""', o 181bn.tMfIu _lima apr.~ drying (84%) 
c.ntral Stat, Uol_IIty NS .. Dayton RAPCA 111/85 1 e Ib/MMBlu -low SeMI 
Union Camp Franklin NS '45 Virginia APCB 711185 1 51b1MMBIu - 1 <Mo S coal 
SCE - Biogeo Power Project CF. 21' EPA Region IX .,..,.. II '4lbJUMBtu _llmestonelnl (ft'MI) 

3MCo NS 12' A1ab«ma OEM l1f29184 1 51bIMMBtu -low S coal 
Amalo.malze Co NS 18' Alabama OEM 11129184 2 211bJMMBtu _low S coal 
Pu~ Sound Naval Shipyard NS NS PUge1 Sound APCA 9125184 II 231bIMMBIu - apr.ydryet" 
CogantrlK of NO Lumberton NS '02 North Carolina OEM 8110184 1 elblMMBtu -lOW Scoal 
Alabama Power Co NS '48 Jeffer_ Cty HD 8110184 1 111b1MMBtu - klW SeMI 
Virgin. Power - Portsmouth NS 11211 Virginia APCB 7/27/84 1 52lb1MMBlu - low S coal 
Cogenlrhc of Ne KenanSVIII. NS 20' North Carolina OEM W,"'" t e IblMM8Iu -low S COlli 
Cogenlrix 01 Ne Hamilton NS 20' North Carolina OEM ""184 I 'lblMMBtu -low SCOII 
American Ugnne Produeta FB ... EPA Region IX 1110164 es Iblhr -llma8tona inJ ($4 3%) 
Lower Colorado Rivfl Aulh L1. m. Tel(aa ACB 12/22183 llblMMBlu _ limestone ICrubber (90%) 
AmeriCln Lignite Prod Co F. 24' Amador Cly APCD 12121183 115 ppm - limestone InJ (84 25%) 
IntermounlllUl Povm PfofBct NS '3" UtahBAO 10/17183 o 0151b1MMBlu _limestone ICrubblllf (80%) 
Buln Electric Power Coop NS "" North Dakota SHD 1/12183 011 IblMMBtu - spray dryer 
Eaetman Kodlk NS 07' New York DEC 

W_ 
I 2 IbJMMBlu -low S coal 

Waahlngton Wiler Power Co NS 2080 MW EPA Rttglon X 11117182 o 221bIMMBtu -limeetone scrubber 
Iowa Electric Light & Power NS 10000 EPA Regloo VII 1012"" 08 IblMMBtu - limestona .crubber 
B FGoodrk:h CFB 15. IIllnola EPA 9/18182 1 2 tbIMMBtu _lImelllone InJ (85%) 
Cinclnattl Gu & Eleclrlc NS 63" Kentucky DAPC 511 .. 182 1 21b1MMBIu -wet scrubber (81 6%) 
Wast Texea Ulltltl8a CO NS OI ToltACB ""'" o 51bno1MBlu -limestone .crubber (70%) 
Tacoma City Light NS 10" EPA Raglon X 5/11182 023 tblMMBtu _ dry .crubber (85%) 

Kantucky Utliill .. - Hancock NS .... Kentucky DAPe 5115182 1 2 tbIMMBtu - wet scrubber (litl 8%) 
Jacksonville Elec Auth NS .,. AoridlDER 111182 078 tbIMMBlu -limeilimeatooe FGD 
SC Pub Svc - Cros, SiI8 NS 50' MW South Carolina DHEC 213182 o .. , IblMMBtu -lOW S coal 
Houlllon Ugtlling & Power NS "20 EPA Rttglon VI 11/12181 o HlhlMMBtu -limestona scrubber (70%) 
Holyoka Wale, Power - Mt Tom NS , .... 7 Maa .. chuMlta DEaE 10127181 I II IbJMMBtu-
Central ~ & Ught NS 8781 EPA Regloo VI 10111it1l11 o 38lb1MMBtu - FGD 
Tlmpl Elect Co NS m MW AoridlDER 10/15181 o t2 IbnoIMBtu _limestone scrubber 
Okllhoma Gaa & Elect NS "50 EPA Region III 1015181 048 IblMMBtu - FGD 
Delmlrva Power & Light NS 5702 EPA Region III '13018' 011 IbJMMBtu - scrubber (70'111) 

SW Elect Power NS 720 MW EPA Region VI 911181 1 21b1MMBtu - F(lD 
Pennsylvantl Elect CO NS 82" EPARagion lit 8118/81 o e2lbIMMBtu _lIl1K1.crubbmg (77%) 
NYS Elect & Gaa-Cyuga Slat NS "50 EPA Regiooll 6129181 o II tblMMBtu - FGD 
lowI-llllooia Gaa& Elect NS '000 EPA Region 1111 6/10/81 o II IblMMBtu -low S COlli 
Idatto Nat Engineering Lab NS ... EPA Region X ~"" 1 21bIMMBtu - fluidized bed 
Plalna Elect (len & Trana NS 2 .. 71 EPA Region Vi 5127181 o 21b1MMBtu - FGD (90%) 
N_dl Power CO NS 500 MW EPA Region IX 4113/81 o llblMMBtu - wet lime .clubber 

CFlk:irculatlng fluidized bed FB-nuidlzed bed UG-lignll' SS-apraader stoker NS-not specified 



COAL FIRED BOILERS 
BACT/LAEA CLEARINGHOUSE 
LISTINGS FOR S02 (1980 - PRESENT) 

Size Date of 

"" -wet 
AL e.ct Coop Inc LOG .. " Alab«mlo APeD 212411 • o 81bR.!MBIu - FGD ~'MI) 

SW Elect Powar NS .. " EPA RegIon VI 2123181 0" tbJMMBtll - wet Ilmellon. FGD (814%) 

Contaln.r Corp or AmartCil PC NS Philadelphia AMS 1120/81 o 51bJMMBIu - 'PI.Y dryer 
Nebr •• ka Public Pow" 0111 NS ... MW N.br.-'OEC 12fH1I80 o 38lb1MMBlu - dry .club", (70%) 

New England Power - Br.~on Pt NS 10t125 M .... chu .. n.Oeoe 1111180 1 21 IblMMBlu -

E Kentucky Power - J K Smith NS " .. Kenlucky OAPC 1121180 1 21bJMMBtu - weI.:rubber (80'MI) 

City ot Wilk ..... Barr. NS ." EPA Region III 711/80 1 61bIMMBtu - low S coal 

Cwtl ...... Wrlgnt Cotp FB '" EPA Region II 6'13180 o 31M.1MBtu -limeltonelnJ ("'MI) 
Intermountlan PcIw1fr Project NS '''' MW EPA Region vm 111818' 015 IblMMBtu - tclubber 

Utah Power & Uoht - Hunter NS , .. MW EPA Region VIII 0l2I1l, o 121b1MMBtu -lICrubber (90%) 

Platte River Pwr - Rawhide NS '''' MW EPA Region VIII 0122110 o 131b1MMBIu - dry ICrubber (80%) 

Sunft_r Elect Coop - Holcomb NS "'. EPA RegIon VII 511'1180 o <Ii IblMMBlu - dry KfIlbber (80%) 

Michigan S Centf.1 Pwr Agcy NS N" Michigan DNA ~ .... Ilme.wn1 .crubber (80~) 

Kentucky Power -C.rr, F.c NS 11"3 K.ntucky DAFe 4/18180 o IS IbfMMBtu - FOD (85%) 

TVA ShewnH Plio! Am FB 200 Kentucky DAFe 4114180 1 21b1MMBIu - fluidized bed 

TucllQfl EIIC Powel Co NS 350 MW EPA RegIon IX 4111180 o 2t81b1MMBtu - dry telubbel (8&16) 

MarquetteU & Pwr _ Shl,.a NS 15'78 MlchlglJl DNA 411180 o 41bfMMBtu - 'P"Y 11m. FOD (70%) 

N Indiana PubliC semce NS ,.., EPA Region V 3/31180 o e2lb1MMBtu - terubber (80%) 

Cotor.do Ute-Crlig NS .... EPA Region VIII 312'180 02 tbJMM6tu - dry ecrubber (80%) 

Cljun ElfIe Power Coop lIG 850' EPA Region VI 3125/80 1 08 ibIMMBlu - IImellimelllon • .crubbef (80%) 

Grind H.ven Lt & Pwr NB 71' Michigan DNA 3118180 o 81bJMMBtu -11m. alUlry .crubber (80%) 

De .. ,.t GIn & TrlJl' Moon Lake NS .00 MW EPA Region VIII V4IlI' 0055 tbIMMBtu - WIt ecrubber (94%) 

Muteliine Power & Wallr N" ... MW EPA Region VII 1124180 o 45lbfMMBtu - wet lime.on • .crubber 

CFB-circutlling fluidized bed FB-fluidlzed bed LlG-lignill ss-.prelder IIoker NSwnot IJIICIIied 

• • • 
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COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR SULFURIC ACID (1980 - PRESENT) 

N~. 

" Cogentrlx Rockr Mount 
Cogantrix SOuthport 

Cogent,i" RoItboI'o 
White Pine Power Project 
lower Colorado Rlwr Authority 
Wsslngton Waler Power Co 

ss 
NS 
NS 
Ns 
UG 
Ns 

375 North Carolina OEM ,., 
North Carolina OEM ,., 
North Carolina OEM 

750 OW NevadaOEP 
.735 Tex .. ACB 
2080 MW EPA Region IX 

CFB-cllculaling Iluld.zed bed FB-fluldll&d bed LlG-llgnile Ss-sprMd'f.tole" NS-nOl 'Peclfied 

Dale 01 

I 

712018, 
m", 

5/2818' 
81818, 
12122/83 

11111182 

o 0021IbIUMBtu - Dry Um. FGO 
o 0211b1MMBtu -low S coal 
o 0211b1MMBtu - no eonuol, 
35 6lbJhr- boiler op'fallon 
o !Me lb/MMBtu 
80 9 IbJhr 

• 



COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR NOx (19BO - PRESENT) 

~N Oateof 
Name T",. (MMBtulhr) Reviewing Agene~ 'nuance BACTIot'NOx 

AppIt.d enerIJy $eMcee CF. "50 Hawaii DOH '~5180 238lb1ht (25 ppm) - SNeA (62'16) 

It. e s Ttl.m.. Inc FB '" Connecllcul DEP 8/9188 o 36lb1MM8tu - ftuldlzed bed combustion 
A e S Tham .. Inc FB ." Connecticut DEP ..... o 38lbJUMBlu - nuldlzed bed combulltloo 

Cooenlrlx Rocky Mount (4 unIte) SS 37. North Carolina OEM 7120188 06000 IblMMBlu - COlllrol 01 Exc ... Air 
Serubgrl" Power COfP (2 unll., CFB ... Penntylvanla BAOC 1/18188 03000 IblMMBIll - Cornbullton Control 

ClIIIlbr" Cogan Inc (2 unlta) CFB '50 Pennsytvanla BAOC 5128/89 335 51blhr - Combustion Conkol 

Goodyur United DeY9lopmanl FB Ii77 N_ York Stm DEC 10114188 o 51biMMBIU - Combu8Ilon Conkel (80% aft) 

North Branch Energy Partnar. LP CFB .., PanntY!vanla BAQC m",' o IIlblMMBtu 

United Development Group FB sn N_ York SWe DEC ~5188 o 51bJMMBtu - combu8tJon Control (85% 1ft) 
FOft Howard CF. 50. WitcOn8ln DNR 812118' 04& IbJMMBtu - Proper Bid Oparallon 

NorttI .... '" ~ Co CFB '" Penna)'lvanla BAQC 8117188 081b1MMBtu 
Edanaburg Power Co F. '" Pennlyfvllnla BAClC 5100II, o 81b1MMBtu 
T.nn .. _ VaillY Authority FB ",. Kentucky DAQ M',," o 81b1MMBlu 

Pantn.r Creek ~roy CF. 1170 Pennlylvania DER 2117/88 o 42 IblMMBtu 
GWF Paw« SyvtlmlCo Inc CFB '" 8IIIy Area AQMD (CA) 2111(88 o 0741bIMMBiu - Ammonia In) Sy.t.m 
City 01 Wyandotte Dept Mun Svcl CF. ... Wayne Co APC (MI) 12107/87 o 41bIMMBIu -t.mp 1450-1850 F - equip D.sign 
C~nlTbc Michigan lIatlng COrp SS '" M!chlg.n DNR 7/31187 o 81b1MMBiu - dlsign Ind operalmg prllCticel 
Fort Drum Heating Planl CF. '" New York St.I. DEC 4101187 08 iblMMBlu - Combuetlon Control 
Wm H Zimmer G.nerallng Station CFB ,,- Southwe.t Ohio APCA """ o 8lbJMMBlu - Low NOx Burnell(35% eff (.11)) 
GWF Power 8y8leml Co FB '" EPA Region IX 1/28/87 28 ppm - lIaged COmbu811on ammonia InJ 
Archbald Power Corp NS , .. Penn'Yf\lanla DER 1/18187 o 251b1MMBIu 
Mt Poeo Cog.n.,atoln Co CFB " MW EPA Region IX 1112187 o 1 IblMMBtu - SNCA 
foller Wh"I.r Pow.r (2 unltl) CFB '" Penn.,...,.nla DER '2i28i1' 08tbIMMBtu 
Sh.rlden Coal Co CF. '50 Pennaylvenla DER 1211188 o 81bJMMBtu 
Pyl'opower Corp CFB ... Kern COUnly APCD 1211188 o 092 IbnAMStu (LAEAJ - SNCR 
J Pagnottl Enlerprl ... CFB "" Penn.ylvenla DER 11/118B 041bIMMBtu 
Rio Bravo R.finlng Co FB ". EPA Region IX 'M2IH o IlblMMBtu _ SNCR 

Utah Power & Ughl Co ('2 unll) NS .... UtahBAQ 10/1188 o 491b1MMBIu - Low NOle Burn (35%.ff) 
Rio Bravo Refining Co F. ,. MW EPA Region IX ~,..,. 78 ppm -SNCR 

Cog.ntrlx Caro/lna Lea.lng Co NS '" North Carolina OEM 7(7188 o 81bIMMBtu - conlrol of exc ... air 
Northllilern Power Co NS 54. ~n.yfvlInia DEA fJl27f8e o 81bIMMBIu 

BMCP CF. '" Kern COUnty APCD ~''' .. o 039lblMMBtu - SNCR (80 .... ) 

Cog.ntrlx 01 Vllglnla Inc NS , .. Vllglnla APCB fJll2188 o 81bIMMBIu 
TVA - Shawnee Steam Planl F. ,,,a Kenlucky DAPO 4115188 o 81bIMMBIu 
W.stwood Energy Prop.l1.e. NS ", Pennsylvanls DER 1108188 o 81bIMMBiu 
W.8C Electric Power Co F. '" Wltton.ln DNR , .. , o 51bIMMBtu - Proper Combuilion 
Cogeneration Nallonal Corp F. 300 EPA Region IX 12/31185 30 ppm - (LAER) SNCR 
Com Prod",", FB ••• MW EPA R9glon IX 12118/85 50 ppm - SNCR (60%) 
Cogeneration Nallonal Corp NS .,. . San Joaquin Cly APCD 12113/85 30 ppm -SNCR 
T8IIn __ V,11ey Authority FB , .. Kentucky DAPC 12113/85 058 IblMMBlu 
Signal Frackville Energy NS NS Pennsylvania DER '21210' o BlblMMBlu 

CFB-<:Irculating fluidized bed FB-fluldlzed bed LlG-IIgnUe SS_'preader 8Ioker NS-nOi ,peeUled 

• • • 



• • • 
COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR NO. (1980 - PRESENT) 

~ .. Dill of 
Illuanee BACT lor NOx 

While Pine Power NS 7SO MW Nevld.OEP """ o 451bIMMBlu - design & combu.lon 
Clnlra! Slltl Unl_IIt, NS .. Caylon RAPCA 7/1185 o 81bIMMBtu 
Union Camp Franklin NS .. , Virginia APCB 7/1185 843815 Ionlyr - Ingln .. ,lng dellgn 
SCE - Bloge" Power Proj$(lt CFa '" EPA RegloolX 4f211185 34 ppm (0 043lb/MMBIuj - SNCR (80%) 
RID Bravo Rennlng Co CFa 375 MW Kern County AFCC "''''. o 21b1f,AMBIu (LAEA) - CFB combuIUon 
3M Co NS '20 AI,bamaOEM 11/2W84 071b1MMBlu 
Amalolmalze Co NS '80 Alabama OEM 11128184 o 57lbJMMBtu 
Cooentrix of Ne lumberton NS 202 North Carolina OEM 9110184 o 71b1MMBIu -control of_xeBllal, 
Alabama Pow., Co NS ... J.".flOll ely HD 8/10184 o e IblMMBtu - operating practice • 
Virgin. Pow" - Port8l11OUlh NS 1129 Vlroinia APCB 7/27184 o e IblMM81u - combuetion design 
Cogantrbi: 01 NO KenaoWlII, NS '02 North Carolina OEM 8110184 o 71b1MMBtu - control ofexc ... air 
eoganlnx 01 NO Hamilton NS 20' North Carolina OEM 8/,_ o 71b1MMBIu - coollol of &!(Ce .. air 
American Lignite Producl, FB "'" EPA Region IX 1110184 81 51b1hr - clb 
Lower OoiOl'ado River Auth LlO 4735 re)(asAOB 12122183 o 61b1MMBtu - burner dealgn 
American Lignite Product, FS '" AmadOI' Oty APCD 12121183 150 ppm - lIeged combuttlon 
Inttrmountlan Pow'r Project NS "" UlahBAO 10117183 o 55lb1MMBtu - eombullton conlrol 
Blain Seetrle Power Coop NS ",. North Dakota SHD 1112183 o 45lb1MMBtu - eombulllon conlloit 
Eattman Kodak NS 070 NewYorII;DEO 12120182 o 71b1MMBIu - eombullion control 
Washington Water Power 00 NS 2080 MW EPA Region X 11/17182 o 51bIMMBtu 
lowl Electrle Light & Power NS 10000 EPA Region VII 10129182 o 51bIMMBtu - eombuttlon d&&lgn 
B F Goodrich CFB '50 IIlInoi,EPA 8/,8/82 o 8 IblMMBtu - equipment deSIgn 
Oloclnatll Gas & EIeclnc NS 83" IWntucky DAPe 5114182 o 71b1MMBIu 
W.tt Tel<al Utllillea 00 NS .. Te)(a,AOB 5120182 o 51b1MMBIu 
Tlcoml eily Light NS 10" EPA Region X 5111182 o 51b1MMBIu 
Kentucky UtlUllea - Hancock NS .... Kentucky DAPe ~'5182 o 81b1MMBIu 
Jaehonvllle Elec Auth NS .,. FlotldaDER 1/1/82 o 81b1MMBIu 
SC Pub SYc - Or08' Site NS ... MW SouItl Oarollna DHEC 21318' o IIlblMMBlu - equip de,lgn 
Houlton Lighting & Power NS 57 .. EPA Region VI 11112181 o 51b1MMBtu - 02 conlrol, 
Hoi~ke Wattr Power - Mt Tom NS 1447 Mat8llehuaan, DEaE 10127181 nol apecilled 
Oentral Power & Light NS 8781 EPA Region VI 10119181 o 51b1MMBtu -lire boll; dealgn 
Tampa Elecl Co NS ." MW FlorldaOER 10115181 o e IblMMBlu - equip de .. gn 
Oklahoma Gat & Sect NS 52SO EPA Region VI 1015181 o 51b1MMBtu - e)(ee ... lr 
Delmarva Power & LIght NS '70' EPA Region III 9130181 o e IblMMBtu - burner design 
Panorama Enercorp Inc NS 37 MW EPA Region X 9122/81 o 171bIMMBtu 
SW Elecl Power NS 720 MW EPA Region VI 911181 o IIlblMMBlu - low NO)( burne" 
Pennaylvanla Elect Co NS " .. EPA Regton III 1118181 OllibIMMBlu 
NYS Seet & Gat - O)'llga Stal NS "50 EPA Region II 8I2Om, o e IblMMBlu - good de'lgn 
lowa-lllinoll Gas & Elael NS 7000 EPA Region VII 8/18181 011 IblMMBtu - boiler dealgn 
Idaho Nat EnglnHrlng Lab NS ." EPA Region X ~ ... , o 51b1MMBtu - combuttlon controll 
Plalnl Beet Gen & Trant NS 2471 EPA Ragton VI 5127181 045 IblMMBlu - lira boll; de .. gn 

CFB-<:Irculiling tluldlled bed FB-fluldlzad!>tld L1G-IIgnlte SS-8preader ttoIt.r NS-not IpeCified 



COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR NOx (1980 - PRESENT) 

SIH Dale 01 
Nam, T,.. (MMBlw1Ir) RetMwlng Ageoc:y 1_- BACT lor NOx 

N_d. Power Co NS ... MW EPA Region IX 4113181 o 44lb1MMBlu - dellign 
Big River. Seel - 0 B Wileon NS ... , Kentucky DAPC 3111{81 o IS IblMMBIu - boIh,r detign & opel 
AL Elect Coop Inc UG .,,' Alabama APCO 2/24/81 o fllblMMBtu - boiler datign & O!l'E',allon 
sw s.ct Power NS .. " EPA Region VI ""/81 o IS tbIMMBlu - LNB & FOA 

Nabra*a Public f'cII.qr DlIt NS ... MW Nabr ... OEC 12fll1f8O o 51b1MMBtu 

New England Power - Brayton PI NS lGeZS Me.Mehu","a DeaE 11/1/80 not speclfted 
E Kentucky PQwer - J K Smhh NS "eo Kentucky O,I,PC 8121180 o 81bIMMBtu - boiler delign 
Curtllt-W,lght Corp F. '37 EPA Reglontl ~I"" "~ 
Int_wnllan Power Projllct NS 75' MW EPA Region VIII 0l8I8O o 55lb.vMBtu - dellan 
Utah Power & Ugh! - HUMt' NS '" MW EPA Reglon VIII ""'" o 55lbIMMBtu - bolle, detlon 
Platte Alvei Pwr - Rawhide NS 25. MW ePA Region VIII 5mI8. o 51b1MMBtu -datiOn 
SUnflower Elect Coop _ Holcomb NS W. EPA Region VII 5119180 o 81bIMMBtu - mged comb LEA 

Michigan S Central Pwr Agey NS NS Mlehlge" DNR 5f16180 o IS IblMMBtu - controlaltca .. air 

Kttnluck,. PowlIr - Cur I Fac NS 110<3 "'nluck,. DAPC 4118180 o IS Ib MMBlu - boIlar dllign 

TuCion EkIc Pow« Co NS '" MW EPA Rlglon IX 4111180 o 44lb1MMBIu - combulllion modllicllloni 

Marqulllta LI & Pwr - Btllr .. NS 617 IS Mlchlgln DNA <1'180 o 51bIMMBtu 

N Indiana Public SllVIca NS "'" EPAAlglon V 3131180 o ISlblMMBlu 

CoIorldo Ula-Cralg NS 5350 EPA Region Viii 3127180 o 51b1MMBIu 

Cajun Bee Pow« Coop UG 050' EPA Rlglon VI "''''' o IS IblMMBlu - 02 Control 

Grand H ..... n Lt & PM NS 71. Michigan DNA ","" o 61b1MMBiu 

De.rllI Gen & trani Moon Lake NS ... MW EPA Region VIII 21<18. o 55lb1MMBIu 

MUleatine PowlIr & W.ler NS '" MW EPA Region VII 1124180 o 61b1MMBtu 

CFB-clrcul'llng lIuidlzad bed FB-lIuldlzed bed LlG-hgnile SS-epra.dar .okar NS-not IJI)tIclfiad 

• • • 



• • • 
COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR CO (1980 - PRESENT) 

Size Dalaol 

" Cogentrlx Rocky Mount (4 Unlll) SS 37. North C.rolma OEM 1120189 o 0200 tblMMBtu - Combustion Control 
A E S Thame. Inc F. .23 Connecticut OEP 819189 o 11 IblMMBtu 
A E S ThIllTM'I loe F. .23 Connecticut OEP ./918. o 11 IblMMBtu 
Cambria Cogan Inc (2 unlta) CF. . .. Penn.yI",oia 8AQC 5I26/lI' 83 91blhr - Combustlon Control 
Selubgrasl Power Corp (2 unllal CFB , .. Penn8y1vanla BAQC 1118189 o 1000 IblMMBlu 

Goodyear United Developmool Group FB 577 NewYOI'\(OEC 10114/9 o 21b1MMBIU - COmbustion Conlrola 

North Branch Energy Partner. LP CFB ... Pennsylvania BAQC "' .... o 151b1MMBIU 
Uniled Development Group F. 577 Now York Stata OEC 9125188 o 2 IblMMBIU - Combusllon Conlrol 

Fort HO¥Illfd Corp CFBC ,.. Wi..::on8ln DNR 9121188 o 21b1MM8tu - Pfopor Bed Operation 
Eden,burg Pow'r CO F. 0" Penntylvan!a BAOC 8/8188 o 181b1MMBtu 

TVA - StiElWfl&EI Steam Plant AFBC 18" Kentucky OAC 514188 o 41b1MMBtu 
GWFPowarSylllam,Co Inc CF 20' Bay Nee ACMO (CA) 2111188 o oa Ib/MMBlu - Best Engineering Practlcea 

CUyo! Wyandotte Dapt Mun $vea CFOC ... WYllla Co Ape (MI) 1217/81 o 14 IbJMMBtu - Temp 1450-1650 F - eqUip dalllgn 

Cogentrlx Michigan Leaalng Corp " 21. Michigan DNA 7/31187 02 IbIMMBlu - delllgn and operallon 

Fort Drum H.aIlng Plant CFB "" New Yorio: Stale DEC ,11$, 025 IblMMBtu - Combulltlon Control 

GWF Power SyvtemaCo FB 27. EPA Region IX 1/28187 200 ppm - AFBC 

MI Poto Cogeneration Co CFB ,. MW EPA Region IX 1112187 50 Iblhr - control of over lire air 

Foeter Wheeler Power (2 unlla) H' '83 Pennlylvania OER 12i29IU o 5tbIMMBtu 

Rio Bravo Refining Co F. ". EPA Region IX 10122188 o 271bIMMBtu - combustion control a 

RIO Bravo RefIning Co FB " MW EPA Region IX 8119188 o 271bJMMBtu - combulltlon conlrol. 

Cogenlrlx carolina L"'lng Co H' 20' North C«rolLna OEM m/OO o e IblMMBlu - control of EIlCCe8llllr 

Cogenlflx olVlrglnlBl Inc H' 200 Vltglnla APeB 8112188 081b1MMBtu 
TVA-StUI'M_ Steam Plant FB 1430 Kentucky OAPe 411518e o 41bIMMBlu 

Nortem Energy Group WF 'SO New York Slale DEC 12111185 o 35lb1MMBlu - CombulitlOll Control 

Cogenerallon NatIonal Corp H' ,,.0 SIn Joaquin CI~ APCO 12113185 tlmilio be eel - lIaged combu8llon 

T en08_ Vallay Au'honty FB '00 Kentucky OAPe 12113185 "00' 
Corn Producta CF. .20 san Joaquin Cty APeD 10120185 none lilted 

White Pine Power HS ,,. MW NeyadBi DEP ""'. 383lblhr 

SCE - Blogen!>ower Project CF. '12 EPA Region IX "''''' o t2 IbJMMBtu - boIlar combuBllon control. 

RIO Bravo Refining Co CF. 37. MW Kern County APeD '128/85 0.27 IblMMBtu - circulating bed combuetlon 

Wleconlin Electric Power Co PFBC • 25 Wi\lCOll~ln DNA ,,, . o 091bIMMBlu - Proper Combuilion 

3M Co H' 120 AlBlbama OEM 11120184 o 2 IblMMBIu - boiler deSign & operating pr8(:tlce. 

Amalgamalze Co H' '80 "'Blbama OEM 11/29184 o 2 IblMMBtu - bolter deSign & operallng pr8(:tlcea 

Cogenlflx of NC lumberton H' 20' North CerOlina OEM 9110/84 o 8 IblMMBtu _ control 01 excess air 

Vlrglna Power - Portsmouth H' 1129 Virginia APeB 7127184 o 02tbJMMBtu - combulllon desIgn parameta" 

Cogentrlx 01 NC Kenaneville H' 20' North Carotlna OEM 9/10/84 o 8 IblMMBtu _ control 01 exes .. air 

Cogentrlx of NC Hamilton H' 20' North Carolina OEM 9/10/84 o e IbIMMBtu - control ofexcen air 

Amellcen lIgOile Producta F. '" EPA Region IX 1110184 24 2 IbJhr - circulating nUld bed 

Lower Colorado River Auth L1G 4736 Texae ACB 12122183 o 12IblMt.4Btu-

American Ugnrte Products F. '40 Amador Cty APCD 12121183 138 ppm - Bleged combustion 

CFS-clrcuiatlng nuldlzed bed FB-ftuldlzed bed lIG-Ilgnlte SS-spreader atoker N8-nol epecilled 



COAL FIRED BOILERS 
BACTILAER CLEARINGHOUSE 
LISTINGS FOR CO (1980 - PRESENT) 

&N Date of 
Name T",. (MMBIUlht) RevieWing Agey Issuance BACTIOf CO 

Ea&tman Kodak NS 070 Now YQrk DEC 12120/82 o 0451b1MMBlu - cornbu8lton control 

Wa8hlngton Water Power Co NS .... MW EPARegIonX 11117182 332lb1hr 

B F Goodrich CF. '50 IIIIn0l8 EPA 9118182 400 ppm - equlpmpenl deSIgn 

Kentucky UlmUs. - Hancock NS .... Kentucky CAPe 4115182 o 048lblMMBlu 

SC Pub Svc - Cros. Site NS ... MW 800m C«rollna OHEC ,-, o 04lb1MMBtu _ equipment deBlgn and operation 

Houelon Ugh!lng & Power NS 57211 EPA Region VI 11112181 o 059lblMMBtu - 02 control. 

eantr.1 Pow., & Light NS .781 EPA Region VI 10119181 o 06lb1MMBIu - 02 control ophmai '/III1h NOx 
T.m~ Beet Co N. <25 MW Florida OER 10115181 o 0141biMMBtu - equipment design & opera1!on 

Oklahoma Ga. & Elect NS .,50 EPA Region VI 1015/81 o 64 Ibn.tMBlu - com control, & ploper operation 

Delmarva Power & Light NS "'2 EPA Region III 0/3018, o 04lb1MMBlu - burna, deBliln 

Panorama Enercorp Inc NS '" MW EPAReglonX 0122181 10731b1hr 

SW Elect Powe' NS no MW EPA Region VI 81118! o 081bn-fMBlu - efficient combustlOll 

Pennlylvanla Elact Co NS " .. EPA Region III 811818' o 04lb1MMBlu 

NVS Elect & 0 •• - e)'llG. Stili N' "" EPA Region 11 ~2"81 - good combu.llon precUc •• 

Plain. Eleel Gen & Trani NS 2471 EPA Region VI ""m, o 083lblMMBtu - fil. bol( datign & com control 

Nevada Power Co NS ... MW EPA RegIOl'lIX 4113181 ~ ppm - design & IKeS.1 air control 

AL EIec COop Inc LIB .... AI,bama APCD 2/24/81 o 098lblMMBtu - boiler deMon & opalillon 

SW Bact Powe, NS .. " EPA Region VI ""/81 o lib MMBlu -low 8)(C"" air 
Nebl.ella Public Power Old NS ... MW Nebraska DEC 1211&'80 so ppm 

Curtl ..... Wrlght COI'P FB 137 EPA Region II ~'3180 000. 

Intermounttan f"Qwef Project NS 750 MW EPA Aegron VIII ""'" 1248lblhr 

SUnftower Elect COOp - Holcomb NS " .. EPA Regron VII 5118180 o 064lbIMMBlu-

CoIOfado Uta-Cralg NS S3SO EPA Region VIII '127180 no control 

CBJun aee Power Coop LIB ..,7 EPAAegIOl'l VI ""'" o 09lb1MMBlu - 02 control 

De_at Gien & Trane Moon Lake NS ... MW EPA Region VIII 2/4180 no control 

CFB-ciJculallng nuldlzed bed FB-nuldlzed bed lIG-Ilgnile Ss-.p'esd,r 8I.olcar NS-nolBpeclrred 

• • • 



• 
Name 

F. 
A E S Thames tnc FB 
Camboa Cog.n Inc (2 unite) CF. 
Scrubgrllll Power Corp (2 unlls) CF. 
Fort Howard corp CFBC 
North Brarn:h Energv Partne" LP CF. 
City of Wyandotte De~ Mun Svcl CFBC 
Cogenlrlx 01 Virginia Inc N' 
TVA.- Shawn .. SI"m Planl FB 
Tenn .... Valley Authority FB 
Virgin. Power - Portlmoulh NS 
Lower Colorado RIY4Ir Aulh LOG 
Waahlnglon Water Power Co NS 
Oelmarw ,"","r & Ught NS 
Panorama Enlrcorp Inc NS 
Nevada ,,-, Co NS 
Intarmountlan Power Project NS 
Colorado Ule-Cralg NO 
Delllrel Gao & Trane Moon Lake NS 

• 
COAL RRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR VOC (1980 - PRESEND 

m" Date of 
I 

" ." Connecticut OEP 81018. .U Coonecticut OEP 819/89 ... Pennly\vanla 8AQC "'_ , .. Pennaylvanla BAQC 1118/88 

'OS WIBCOllsin ONR 0/2'188 ... Penn.ylvanla BAQC 912t1188 

'" Wren. Co Ape (MI) 1217187 ... Virginia APCB &'12/88 

1430 Kentucky OAPe 4115188 ... Kentucky OAPe 12113185 
1128 Virginia APCB 7{27184 

4". Telll.ACe 12122183 

""" MW EPA Region X 11117/82 

570' EPA Regloo III ..... , 
" MW EPA RegIon X 9122181 ... MW EPA Region IX 4113181 ,,, OW EPA Regloo VIII WOI8O 

5300 EPA Regloo VIII 3127/80 ... OW EPA Regloo VIII 21<180 

CFB-elrculltmg ftuldlzed bed FB-ftuldlzed bed lIG-lignlle SS-spreeder stoker NS-not specified 

• 
o 021bJMMBtu 

o 021bfMMBtu 
Combustion control 
00050 IblMMBtu 

2211blh 
o 021bIMMBtu 

886lbJh 
o 003 IbJ'MMBtu 
000. 

000' 

o 004lb1MMBtu - combustion deelgn plrlmelers 

o ooa 1 tbJMMBlu 

332lbltlr 
0001 tbIMMBtu - burner deslgn 

385lbltlt 
_ proper boiler deilgn 

3751bltlr-
noconlrol 

noconlroi 



Name 

Appllad Energy SeMce. 
Port Wlllhington Power Planl 

FOfI Howard 

White Ploe Power 
lower Colorado RIver Authority 
Waehlngton Waler Power Co 

Easlm.n Kodak Co 
NY SIaIe E&G - Cruga 

Nevada Power Co 

CFBC - circulating nuldlZGd bed NS- not epeciliad 

• 

T"" 
CF" 
NS 

CF" 

NS 
NS 
NS 

NS 
NS 

NS 

COAL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR TRACE METALS (1980 - PRESENT) 

&" Dale of 
(MMBlulhrj Reviewing Alley 18lUance BA.CT limit. 

21SO HawaII DOH '~5190 Pb - 0 0031b1MMBlu 

82. Wiac:on8ln DNR , ... Be - 8 5a-8lb1MMBtu _ ESP 
Hg -1 ug/m3 

Pb - t 8e-4 IbJUMBtu - ESP 
SOS Will(:on.tn DNR 8121/88 ae - 9a-4Ib/hr 

Hg - 0 0-4lb1hr 
Pb - 0 031blhr 

'50 MW NevadaDEP """. Hg _ 0 051bJhr - proper boiler operation 

"" T ... asACB ,2122/83 Hg-0131pr 
2080 MW EPA Region IX 11/17182 Be -OO21b1hr 

Hg - 0 031bJ1ir 
Pb - 0 27 Iblhr 

,'" N_YorIi DEC '2I20I0' Be - 0 00llb1hr- ESP 

"SO EPA. Region II ",.." Be - no IImll - ESPIFGD 
Hg - no limit _ ESP/FOD 
Pb - no limll - ESP/FGD 

"" MW EPA Region IX 4113181 Be - nolimll 
Hg - no limit _ PM conkols 

Pb - nollmil 

• • 



• 

Name 

Wiaconeln Tlilye Mill. Inc 
Georgi. Pacific Corp 
Ow,ne-nlinol"nc 
Ekrry Holding Co 
Pelfo-Lewl. Corp 

"-
Angu, Petroleum 
HOIJ8ioo Ughlln; & Power 

• 
OIL FIRED BOILERS 
BACTtLAER CLEARINGHOUSE 
LISTINGS FOR NOx 

~H 

(MMBlunJr) Revlewln Agency 

1484 WII.eonain DNR 
118 Southwest OH APCA 

103 Toledo Env Svc. 
.25 Kern County APCD 

" EPAflsg,on IX ". Kern County APCD 
62' Kern County APCD 
185 EPA Region tV 

Date 01 
I6tUBnce 

10110/88 
IO .. 
1I12et88 
10J2185 
8(7184 

1214184 
111>9163 
1118180 

• 

BACTIorNOx 

o 38lb1MMBlu _ bw eKee" ai' 
o 31b1MM81u -low 'Kce" III 

o 1451b/MMBlu -g.aloll firing 
o 12 IbIMMBtu _ LNB & FOR 
o 12!bJMMB,u _ LNB 
o 121b/MMBtu - SNCR 
o 13Ib,uMBtu_LNB 
03IM"'MBtu 



• 

WieconBln T1,au8 Mill. Inc 
Georgia Pacific Corp 
GMC-CPC Hamilton-Fairfield 
Owen ... lltlnol,loc 
Unical 

Berry Holding Co 
Delco MOfalne Dill SMC 
Petro-lewla Corp 
Hopco 
AnOue Petroleum 

Houlton Ughbng &. Powe, 

Hooker Chemical &. PI"Uee Corp 

OIL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
LISTINGS FOR S02 

, ... WIIICOOSIn DNR 

'IS Southwest OH APCA 

" Southwest OH APCA 

'" Toledo Env Svc. 

." Kern County APeO 

." Kem County APeD , .. Ollytan RAPCA 
50 EPA Region IX 

." KIIrn County APCD 

." I(em County ApeD 

'" EPA Ruglon IV 

II • EPA Reglon III 

oalo of 
I 

10/10188 , ... 
12131188 
11126J&e 
12127f85 

""'" 711/85 

"'0' 
1214184 
11/29/83 

1116180 

713179 

• 

l1IbJMMBtu-l%Soll 
1 08lb/MMBtu - 1% Soil 
1 1 IblMMBtu -limit S conlont 
o 521bJMMBIu - g8l1011 filing 
o 0385lb1MMBlu - lIue glll8 IICrubOOf 
o 071b1MMBtu - cluatlc IICrubber 
131b1MMBiu 
o 052lb/MMBtu - .clubber 
o 034 IblMMBlu - IICrubber 

o 04lb1MMBtu - IICrubber 
o 51b1MMBIu -low S 011 

4 33lblMMBtu - 113% S 011 
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H""", 

OIL FIRED BOILERS 
BACT/LAER CLEARINGHOUSE 
lISnNGS FOR vee 

10' 

." 
Toledo Env Svc, 
Kefn County APCD 

Dale 01 

1112e188 
12/4/84 

• 

o 0031b1MMBlu - g.e/OII finng 
0000 Iblhr - vapor collection and inclner.tlOn 
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Name 

Wisconsin Tl811U1I MIII8 Inc 
Georgia Pacific Corp 
Owanl-llilnol,'nc 
Dalco Moralna Div GMC 
Hopco 

Hooaton Lighllng & Power 

• 
OIL FIRED BOILERS 
BACTILAER CLEARINGHOUSE 
LISTINGS FOR PM 

&n 
(MMBtuJhr) ~ewlng Agency 

1484 Wleconaln DNR 

'" SoulhweB1 OH APeA 
'03 Tol,do Env SVca ". Oarton RAPC" .. , Kern Cwol, APCD 

'" EPA RegIQflIV 

Dale 01 
IUuance 

10110188 , ... 
11128188 
711/85 
12/4/84 
1118180 

• 

BACT lor PM 

o 09lb1MMBlu -1% Soli 
o D91b1MMBtu -1% SoU 
o 021b1MMBtu _ gallolllliing 
o 081b1MMBIu 

o 02721b1MMBlu -wellCrubber 
o llb1MMBtu 
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WllCOIlldo TI_ MIU, Ine 
GMC-CPC Hamilion-Faufieid 

OIL ARED BOILERS 
BACTILAER CLEARINGHOUSE 
LISTINGS FOR TRACE METALS 

0a1eol 

1484 

" 
Wisconein DNA 10110188 
SouthwettOH APCA 12131/88 

• 

Be-nollmlt-l% Soli 
AI-5ppm In 011 
Cd-2ppmlnod 
Cr -10 ppm In oil 
Pb -100 ppm In 011 

• 
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1 0 INTRODUCTION 

The Indiantown Cogeneration L P (ICL) Prolect IS proposed to be constructed at 
a site along Highway 710 approximately 3 miles northwest of the community of 
Indiantown and 9 miles east of Lake Okeechobee, Flonda The proposed site IS 
southwest of and abuts the Caulkins Citrus Processing facIlity and the Flonda Steel 
Corporation Indiantown steel mill property The SIte occupies the central portion 
of Section 35, Township 39 South, Range 38 East, Martin County, Flonda 

The U S Environmental Protection Agency (EPA) has promulgated Prevention of 
Significant Detenoratlon (PSD) regulations (40 CFR 52 21) which require a perm~ 
review and approval for new or modified eXlsllng sources which emitted crrtena 
pollutants In amount greater than the slQnlflcant emission levels Since the 
proposed source will have emissions which exceed the significant levels, the 
proposed ICL plant IS subject to PSD review Based on the Flonda Administration 
Code (FAC, 17-2510), the State of Flonda has the PSD authonty through the 
Flonda Department of EnVIronmental Regulation (FDER) A completed FDER Form 
17-1 202(1) for Application to Operate/Construct Air Pollution Sources IS attached 

Although part of the SCA process, this document IS prepared as a complete PSD 
perm~ application Therefore, design Information and analysIs required by the 
federal and state regulations are Included In this document The following sections 
Include 

o A discussion of the regulatory rallonale as It applies to the project 
(SectIOn 2 0) 

o A description of the technical approaches used for the vanous air 
quality Impact analyses (Section 3 0) 

o A descnptlon of the development of dispersion model Input parameters, 
Including model op~ons, emission data, meteorological data, and other 
relevant parameters (Section 4 0) 

o Results of the dispersion modeling (Section 5 0) 

o A summary of the VISibility Impact analYSIS (Section 6 0) 

o The analyses of other air quality related effects, Including effects on SOil 
and vegetation, cooling tower Impacts, and a health effects evaluation 
for the state regulated air tOXICS (Section 7 0) 
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20 REGULATORY RATIONALE 

This section provides an overview 01 the prolect and summarizes the basIs for 
Identifying the air qualily regulations with which the prolect must comply 

2 1 PROJECT DESCRIPTION 

The proposed plant Will be a 330 MW net pulverlzed-coal-flred facility The facility 
Includes one bOiler and one steam generator lIghtolf and startup Will be WIIh 
natural gas or No 2 fuel 011 Extracting steam Will be supplied to the adlacent 
Caulkins C~rus Processing Plant The flue gas desulfurlzat,on (FGD) system for 
sulfur dioxide (S02) removal IS proposed to be a dry scrubber Particulate 
emissions Will be removed from the flue gas by means of multi-compartment fabriC 
filter (baghouse) before discharging from the plant stack The stack Will meet good 
engineering practice (GEP) stack height specifications 

Solid waste Will be removed by rail or truck for olf-slte disposal Cooling at the 
plant Will be achieved by means of a mechanical draft cooling tower 

211 FUEL 

The proposed primary fuel Will be eastern bituminous coal haVing a sulfur content 
of 2 0 percent Natural gas and No 2 fuel 011 Will be used for lightofl and startup 
A representative fuel analysIs for these fuels IS presented In Table 2-1 

Coal Will be delivered by rail, unloaded, and stored In an enclosed storage facllily 
on site A grassed Inactive coal pile, sized for 30 days storage at full load, IS also 
proVIded lime used for sulfur capture In the flue gas cleanup system WIll be 
delivered by train or In enclosed, self-unloading trucks and stored In an enclosed 
structure 

Fuel 011 IS stored In aboveground tanks located within a diked area No 2 fuel oil 
Will be delivered by truck or rail 

An emission Inventory for the proposed ICl plant has been developed based on 
applicable New Source Performance Standards (NSPS) as well as vendor-supplied 
data or appropriate EPA AP-42 emission factors The total plant flue gas discharge 
Will be based on the follOWing 

Main BOiler, Coal Aux BOiler, a,l 

Pollutant Ib/hr Ib/MMBtu Ib/hr Ib/MMBtu , 

S02 5826 017 1773 005 

NOx 5826 017 682 020 
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Main Baller. Coal Aux Baller. 011 

Pollutant Ib/hr Ib/MMBtu Ib/hr Ib/MMBtu 

CO 377 011 150(a) 473 

Particulate 61 7 0018 14 

VOC 123 00036 063 

Pb 0035 000003 000083 

Note (a) Unit IS ppm 

The ICl emissions with respect to regulated crrterla and non-criteria air pollutants 
for full load (100 percent) and partial loads (75 percent and 50 percent) are 
presented In Section 4 0 Fugrtlve emissions resuiling from coal handling. storage 
and ash handling are presented In Section 4 0 

Five scenarios were examined to determine the worst-case air quality Impacts 
based on the emiSSions and the associated stack parameters Scenarios 
conSidered are 

Case Fuel lQad (%) 
1 Coal 100 
2 Coal 75 
3 Coal 50 
4 Gas 100 
5 011 100 

Cases 4 and 5 Involve an aUXIliary bolier. usually dUring IIghtoff and startup stages 
However, the aUXIliary bOiler may be operated continuously for several months If 
necessary Thus, long-term Impact analysIs IS also performed for these two cases 

2 1 2 EMISSION CONTROL 

The flue gas cleanup system consists of an FGD system and a baghouse for 
particulate control The proposed FGD system for S02 removal Will consist of a 
spray dryer absorber uSing lime slurry as the reagent The system IS deSigned to 
have a sulfur removal efficiency of 95 percent for coal with a sulfur content of 
2 0 percent Particulate emiSSions are removed from the flue gas by means of a 
multi-compartment bag filter before discharging from the plant stack NOx 
emissions from the stack are controlled by advanced combustion controls and a 
selective noncatalytlc reduction (SNCR) technology The emiSSion control system 
proposed for the ICl plant represents the best available control technology 
(BACT) The BACT analysIs, which IS based on the "top-down" approach, IS also 
presented 
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Fugitive emissions from coal storage and matenal handling are controlled by 
enclosing most of these operations and venting through fabnc filters A summary 
description of emiSSion controls for these fugitive dust sources IS presented In 
Section 421 

2 1 4 PROJECTED CONSTRUCTION SCHEDULE 

The construction schedule IS preliminary, based on Information available at thiS 
time Construction IS projected to take place In a single phase Site preparation 
work could be Initiated as early as July 1992 It IS anticipated that commercial 
operation of the facility Will begin In December 1995 

2 2 AIR QUALITY REVIEW REQUIREMENTS AND APPLICABLE REGU" 
LATIONS 

The applicability of three federal regulations promulgated as a result of passage of 
the Clean Air Act amendments of 1977 must be conSidered In the evaluation of the 
regulatory reqUIrements and their applicability to the proposed ICL plant 

22 1 PREVENTION OF SIGNIFICANT DETERIORATION 

Sources that are "major stationary sources" and "major modifications" located In 
areas designated as attainment or unclass,f,able for Nalional Ambient Air Oualily 
Standards (NAAOS) are subject to the PSD regulations Since Martin County and 
the surrounding counties are designated as "In attainment or cannot be classified" 
for all cntena pollutants (40 CFR 81 310), the task at hand IS to determine whether 
the proposed facllily would be classified as a major source under the PSD 
regulaliOns A "major stationary source" IS defined as anyone of 28 specified 
sources which has a potenllal to emit 100 tons per year or more, or any other 
stationary source which has the potential to emit 250 tons per year or more of any 
regulated pollutant (40 CFR 5221) 

The proposed facilily IS listed as a 100-ton per year source (fossll-fuel-fired steam 
electnc plants of more than 250 million Btu/hr heat Input) and has the potential to 
emit more than 100 tons of a crrtena pollutant (see Section 2 1 2) Therefore, the 
proposed facility IS subject to PSD review 

Under PSD, each pollutant emitted from a major source In Significant quanbtes, as 
defined In Table 2-2, and for which the area IS designated as "In attainment" for the 
pollutant, must undergo a PSD analYSIS The PSD analYSIS Involves the follOWing 

o BACT analYSIS 

o PSD Increment Consumption AnalYSIS, Including other Increment­
consuming sources In the area (~ applicable) 

o NAAOS Impact analYSIS, Including other significant sources In the area 
(If applicable) 
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o Nonattalnment area Impact analysIs 

o Class I PSD area Impact analysIs 

o Other arr quality-related Impact analyses 

Each of these IS briefly described In the follOWing paragraphs 

BACT AnalysIs For all pollutants emitted at significant levels (see Table 2-2), a 
control technology must be selected and defended that Will resun In the maximum 
reduction In pollutant emissions considered achievable for the source uSing current 
technology Energy requrrements, envrronmentallmpacts, and economic Impacts 
must be considered In the BACT analysIs 

PSD Increment Consumption An ambient arr quality analYSIS must be conducted 
for total suspended particulate matter (TSP), S02' and nitrogen dioxide (N02) for 
those pollutants With a resultant Significant Impact due to the proposed faCIlity If 
requrred, the analYSIS must demonstrate that the PSD ambient arr quality 
Increments, shown In Table 2-3, are not exceeded by the proposed project Since 
the facility Will be located In a Class II area, only those Increments apply to thiS 
project Finally, Since there are a number of other known Increment-consuming 
sources In the site area, the Increment consumption analYSIS for the proposed 
faCIlity must Include these other sources If they produce overlapping Significant arr 
quality Impacts 

• 

National and FlOrida Ambient Arr Quality Standards The ambient arr quality • 
analYSIS must also demonstrate that the project's arr quality Impact, plus applicable 
background levels, does not exceed the NAAQS and Flonda Ambient Arr Quality 
Standards (FAAQS) shown In Table 2-4 As before, the analYSIS IS requrred only 
for those pollutants emitted In Significant quantities (see Table 2-2) With a resunant 
Significant Impact due to the faCIlity Other major sources of the applicable 
pollutants (I e, With emiSSions greater than 100 tons per year) must also be 
Included If those sources produce overlapping Significant Impacts 

Nonattalnment Area Impact AnalYSIS A demonstration that the proposed source 
Will not Significantly Impact deSignated nonattalnment areas must be Included In the 
ambient arr quality analYSIS 

Palm Beach County, about 9 kilometers south of the Site, IS the only nonattalnment 
area (for ozone) In the VICinity of the proposed faCility The proposed source has 
VOC emiSSions that are greater than the PSD Significant emiSSion rate However, 
as stated In the arr quality modeling protocol for the proposed JCL plant submitted 
to FDER In July 1990, the U S EPA GUideline on Arr Quality Models (EPA, 1986a) 
Indicates that "the use of models Incorporating complex chemical mechanisms 
should be conSidered only In a case-by-case baSIS With proper demonstration of 
applicability These are generally regional models not deSigned for the evaluation 
of IndiVidual sources but used pnmarlly for region-wide evaluations" This 
statement and the fact that the proposed faCIlity IS not located In an ozone 
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nonattalnment area preclude sublectlng the proposed ICL plant to a VOC 
emiSSions Impact assessment 

Impacts on Class I PSD Areas Any source wrrhln 100 kilometers of a Class I area 
must also demonstrate Insignificant levels for air quality Impacts at that area Since 
the proposed faCility IS approximately 145 kilometers north of the Everglades 
Nalional Park (a Class I area), the proposed faCility IS not sublect to thiS provIsion 
of the PSD review process 

AddltlonallmpaC!s AnalySIS Any source sublect to the PSD regulations must also 
prOVide an analYSIS of any adverse air quality-related Impacts to 

o VISibility 

o SOils 

o Vegetalion 

o Commercial, reSidential, and Industrial growth that the prolect might 
cause 

222 NEW SOURCE PERFORMANCE STANDARDS 

The NSPS apply to new, modified, and reconstructed sources of emissions for 
which the U S EPA has promulgated standards The EPA promulgated NSPS for 
fossll-fuel-flred steam generators (40 CFR eo, Subpart D) wrrh a heat Input greater 
than 250 MMBtu per hour In 1971 Since ItS promulgation, the EPA has proposed 
revISions and amendments to Subpart D a number of times One of the 
amendments, Subpart Da, would apply to the proposed ICL plant Subpart Da was 
proposed In 1978 and promulgated In 1979 and speCifically applies to electriC utility 
steam generating Units 

ElectriC utility steam generating unrrs are sublect to NSPS Subpart Da prOVided 
they meet all three of the following criteria If the plant does not meet anyone of 
the criteria, rt may still be sublect to NSPS (e g , the promulgated and proposed 
emisSion limits In Subpart Db) Subpart Da IS applicable to electriC steam 
generating units that 

o Are capable of combustlng more than 73 MW (250 MMBtu/hr) heat 
Input of fosSil fuel errher alone or In combination wrrh any other fuel 

o Supply more than 25 MW electriCity to any utility power distribution 
system for sale 

o Supply more than one-third of their potential electriC output capacity to 
any utility power distribution system for sale 
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The proposed prolect meets these three crrtena and thus IS sublect to the NSPS • 
reqUIrements set forth In Subpart Da These requirements are summanzed 
specifically for coal-fired bOilers In Table 2-5 

Section 6046a(c), Compliance ProvIsions, provides that the standards for 
particulate matter, nitrogen oXides (NOx), and S02 apply at all limes, except dunng 
penods of startup, shutdown, or malfunction, or when emergency conditions eXist 

223 FLORIDA AIR TOXleS NO-THREAT LEVELS 

The Flonda air tOXICS "no-threat" levels were developed by the FlOrida Air Toxlcs 
Working Group for controlling tOXIC emisSions from stationary sources to levels 
which Will not endanger publiC health The Impact of all tOXIC air contaminants 
emitted by new sources must be evaluated based on the air tOXICS permitting 
gUidelines (Flonda Air Toxlcs Permitting Strategy, draft, 1990) Air tOXICS emilled 
by the proposed ICL plant Will be evaluated and compared With the appropnate 
"no-threat" levels regulated by the FDER 
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Table 2-1 
FUEL ANALYSIS 

Ultimate AnalysIs 

Gravimetric Breakdown (%) 

Element Coala No 2011 Natural Gas 

Carbon 6537 8726 73913 

Hydrogen 463 1267 24047 

Oxygen 469 000 1249 

N~rogen 1 16 002 0773 

Sulfur 200 005 0018 

Chlorine 015 

Ash 1200 

Water 1000 

Total 10000 10000 10000 

Proximate AnalysIs 

Component 

Volatile Matter 99395 9992 

Fixed Carbon 0425 000 

MOisture 005 000138 

Ash 005 000 

Sulfur 005 0018 

Total 10000 10000 

The heat of combustion of coal, No 2 fuel oil, and natural gas are estimated to 
be 11,800 Btu/lb, 19,130 Btu/lb, and 950 Btu/ft', respectively 

a - Worst case fuel 
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Table 2-2 
PSD SIGNIFICANT EMISSION RATES AND MAXIMUM TOTAL EMISSION 
RATES FOR THE PROPOSED INDIANTOWN COGENERATION PROJECT 

Significant Maximum Total Air Quality 
Emission Rate Emission Rate AnaI}'SlS 

Pollutant (.ons/yr)· (tons/yr)b Required? 

Particulate Matter (TSP) 25 3061 c Ves 

PM 10 15 2762c Ves 

Sulfur DIoxide 40 26294 Ves 

Nitrogen Oxides 40 28505 Ves 

Volatile Organic Compounds 40 566 Ves 

Carbon MonOXide 100 18584 Ves 

Lead 06 0152 No 

Mercury o 1 0172 Ves 

Beryllium 00004 0041 Ves 

Fluorides 3 2226 Ves 

Asbestos 0007 0 No 

Vinyl Chlonde 0 No 

Total Reduced Sulfur 10 0 No 

Hydrogen Sulfide 10 0 No 

Reduced Sulfur Compounds 10 0 No 

Sulfuric ACid Mist 7 651 No 

Any other poll utant regulated 
under Clean Air Act Any rate 

Benzene 0 No 

Inorganic Arsenic 0766 Ves 

Each regulated pollutant Any rate caUSing an Impact of 1 .... gjm3 No' 
(24-hr average) or greater In any Class I 
area within 10 km of source 

a - Source 40 CFR 5221 (b) 
b Maximum total emiSSions are based on the maximum hourly emiSSion rate 8,760 hrs/yr and 
1,000 hrsjyr of operation for the main and auxIliary bOilers respectively, with an annual load 
factor of 100 percent for both boilers 
c - Maximum total TSP and PM~ 10 emissions are conservatively assumed to be the same and 
Include fugitive emiSSion sources listed In Table 4~2 
d - The closest Class I PSD area IS the Everglades National Park located about 145 km south of 
the proposed ICL Therefore, air quality analyses are not required on thiS baSlS 
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Table 2-3 
MAXIMUM ALLOWABLE PSD INCREMENTS 

(Jlg/m3
) 

Class I Class II Class III 

Sulfur DIoxide 

Annual 2 20 40 

24-hour 5 91 182 

3-hour 25 512 700 

Total Suspended 
Particulate Matter 

Annual 5 19 37 

24-hour 10 37 75 

Nrtrogen D,ox,de 

Annual 25 25 50 

Source 40 CFR 52 21 (c) 
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Pollutant 

PM(') 

SO, 

NO, 

CO 

Ozone 

Lead 

Table 2·4 
STATE OF FLORIDA AND NATIONAL 
AMBIENT AIR QUALITY STANDARDS 

Federal 
Averaging NAAQS 
Time (Ilg/m') 

24-Hour 150 
Annual 50 

3-Hour 1,300(') 
24-Hour 365 
Annual 80 

Annual 100 

1-Hour 40,000 
8-Hour 10,000 

1-Hour 235 

Calendar 15 
Quarter 

Florida 
AAQS 
(Ilg/m') 

150 
50 

1,300(') 
260 
60 

100 

40,000 
10,000 

235 

1 5 

(')Amblent air quality standards are based on PM,o' and PSD Increments are 
based on TSP until such time as EPA promulgates PSD Increments for PM,o 
Compliance With PM IO ambient standard and PSD Increments for TSP were 
evaluated based on TSP modeled Impacts 

(2)The 3-hour average SO, ambient air quality standard IS a secondary (welfare­
related) standard All of the other Federal and FlOrida ambient air quality 
standards are primary (health-related) standards 

Sources 40 CFR 50 
FDER, TItle 17, Part III, Chapter 17-2300 
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Table 2-5 
NSPS FOR ELECTRIC UTILITY STEAM GENERATING UNITS 

Affected 
Facility 

Coal·flrecl bOilers 
(and coal-denved fuels) 

Pollutant 

Particulate 
Opacity 

Emission Level 

003 Ib/mililon Btu 
20% (27% for 6 mlnjhr) 

Requirement 

Continuous 
Compliance 

S0, 120 Ib/mllhon Btu and 90% Continuous 
reduction except 70% reduction 
when emissions are less than 
06 Ib/mil1lon Btu 

NO, 

AnthraCite, bituminous, 060 lb/mllhon Btu 
and specified lignites 
SubbrtumlnQus coal, coal 050 Ib/mrllion Btu 
derived fuels and shale oil 
More than 25% (wt) coal 
refuse Exempt 

Continuous 
Compliance 

Source 40 CFR 60 Subpart Da Proposed 19 September 1987 (43FR 42154) promulgated 11 June 1979 
(44FR 33613) 
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3 0 TECHNICAL APPROACH 

The purpose of this section IS to present the technical approach for addressing the 
key elements of the vanous air quality Impact analyses discussed In this report 
These key elements Include (I) determining GEP stack height, (2) defining air 
quality Impact areas, (3) establishing the emiSSion Inventories to be analyzed, (4) 
estimating background air quality conditions, (5) describing the disperSion 
modeling methodologies to be used to estimate PSD Increment consumpllOn and 
compliance with ambient standards, and (6) evaluating other air quality-related 
Impacts (e g , VISibility Impairment, source growth, effects on sOils and vegetation, 
cooling tower Impacts, and the potential for adverse hea~h effects) 

3 1 GOOD ENGINEERING PRACTICE STACK DETERMINATION 

A stack bUl~ to GEP height will aVOid atmospheric downwash effects and eliminate 
this from haVing to be considered for disperSion modeling 

The GEP stack height (Hg) IS defined by the following equation (EPA, 1985) 

Hg ~ 

where Hb = 
l ~ 

Hb+ 15 (l) 

the height of nearby structures 
the lesser dimenSion of the height or 
prOJected width of nearby structures 

The length, width, and height dimenSions of the adJacent bOiler bUilding and coal 
storage-silo bay, which are the tallest buildings on the site, and other nearby 
structures with the potenllal to cause bUilding downwash have been considered In 
this evaluation The downWind distance to which a nearby structure IS presumed 
to have a significant Influence on the stack emissions IS limited to 5(l) 

For the proposed ICl plant, a GEP stack height of 500 feet was determined from 
the above formula This GEP stack height was calculated based on the height of 
the bOiler bUilding (200 feet) and the maximum prOJected width of the bOiler 
bUilding (209 3 feet) Since ICl Intends to use a sub-GEP stack height of 495 feet 
(above grade), the disperSion modeling analyses were based on this sub-GEP 
stack height 

3 2 DEFINING THE IMPACT AREAS 

As a conservative approach, the Impact areas for each criteria pollutant, (i e , S02' 
TSP, PM-IO, N02 and CO) are defined as a Circular area whose radius IS equal to 
the greatest distance to which disperSion modeling shows that the proposed 
emissions will have a significant Impact These Significant ambient air quality 
Impact levels are given In Table 3-1 (EPA, 1987a) 
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Impact area determinations for each averaging penod applicable to these pollutants • 
were made uSing the dispersion modeling approach discussed In Section 3 5 The 
crrcle enclosing the farthest radial distance to which significant Impacts are 
predicted defines the "modeling area" for a specific pollutant and averaging time 
If there IS no significant Impact area for a given pollutant emitted by the proposed 
facility, no further modeling IS needed for that pollutant Based on the modeling 
results In Section 5 I, slgnITlcant Impact areas for the cntena pollutants sublect to 
PSD review for the proposed ICL plant are summanzed In Table 3-2 Impact areas 
extend to 425 km and 45 km for S02 (24-hour average) and N02 (annual 
average), respectively Other pollutants have no significant Impact areas 
calculated The following section addresses the development of the modeled 
emiSSion Inventory on the basIs of these results 

33 ESTABLISHING THE EMISSION INVENTORY 

The emisSion Inventory for the proposed ICL plant IS presented In Section 2 1 2 
Generally, when a proposed facility has a significant arr quality Impact for one or 
more crrtena pollutants, rt IS necessary to IdentITy those other sources In the area 
that emit those pollutants In significant amounts (I e, 100 tons per year) or that 
consume available PSD Increment levels The procedure for developing these 
Interactive and PSD Increment consuming emISSion Inventories IS to Identify any 
sources of these two types that are located In or have a significant Impact on the 
Impact area of the proposed source 

The modeling results show that there are slgnITlcant S02 and N02 Impacts, • 
therefore, other sources of these pollutants need to be Identified 

Emission parameters for the proposed ICL plant under different operating loads are 
presented In Section 4 2 

34 BACKGROUND AIR QUALITY DETERMINATION 

Representative arr quality monltonng data are needed to determine background 
levels for those pollutants With estimated significant Impacts EPA gUidance 
specifies that generally 1 year of onslte arr quality and meteorological monrtonng 
data IS requrred to support the PSD permrt application (EPA, 1987a) However, the 
use of eXlstrng, representative data IS acceptable If the Impacts of the applicable 
pollutants (1) are below the monltonng de minimiS levels (see Table 3-3), (2) do 
not threaten the PSD Increment or the NMOS, or (3) do not slgnITlcantly Impact 
the nearest Class I PSD area 

The Impacts of all crltena pollutants are well below the de minimis monrtonng levels 
and do not pose a threat to either the PSD Increments or the NMOS (see Section 
5 2 and 5 3) Therefore, an onslte monltonng program IS not requrred, and eXisting 
arr quality data collected adlacent to the ICL srte will be used to demonstrate 
compliance With the arr qualrty standards (FDER letter, July 23, 1990, see 
Attachment A) 
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Existing alf quality data are available from mOnltonng stations operated by Flonda 
(FDER, 1987-1989) for the cr~ena pollutants and by Flonda Power & ught (FPl) 
(October 1988 - October 1989) for S02' N02, PM-10, and ozone for the Marlin Coal 
Gasification/Combined Cycle (CG/CC) project In the Immediate vlcln~ (w~hln 
about 3 miles) of the proposed ICl plant The cmena for determining data 
representativeness consider mOnitor location, data quality, and how current the 
data are (EPA, 1987a) Section 5 3 1 discusses the evaluation of data representa­
tiveness and Identrtles the background levels to be used 

Since recent monltonng data are available, the FDER considers ~ appropnate to 
define 3- and 24-hour average background levels based on the highest of the 
second-highest concentrations over the most recent 3-year measurement penod 
Annual average background levels are determined from the highest of the annual 
average values measured over the 3-year penod Total Impacts are calculated as 
the sum of the Incrememal modeled concentralion (see Section 3 5) and the 
corresponding background level ThiS IS a conservative approach because (1) the 
day associated with the Incremental modeled concentration does not cOincide w~h 
the day of maximum background measurement, (2) the greater of the background 
values, determined as above from among the regional stations considered, was 
used, and (3) for PM-10, Incremental TSP concentrations were used 

35 DISPERSION MODELING ANALYSIS 

3 5 1 PSD INCREMENT CONSUMPTION 

TSP Impacts (see Section 5 1 2) due to emissions from the ICl stacks and fugitive 
sources are less than the significant levels specified for annual and 24-hour 
averglng penods and are, therefore, not considered In the PSD Incrememal 
analysIs 

As Indicated In Seclion 3 2, significant Impact areas were Identified for S02 and 
N02 Therefore, PSD Increment consuming sources which em~ S02 and N02 and 
are located In or have significant Impacts on the significant Impact area of the 
proposed source are Included In the PSD Incremental analysIs 

352 AMBIENT AIR QUALITY STANDARD COMPLIANCE 

Compliance w~h the applicable federal and state ambient alf quality standards 
listed In Table 2-5 Will be demonstrated through the dispersion modeling resu~s 
presented In Section 5 1 These modeled concentrations were combined wrth 
representative background alf quality levels determined In accordance with the 
technical approach outlined In Section 3 4 to determine the total Impact Again, 
because S02 and N02 emiSSions from the proposed ICl plant have thelf significant 
Impact areas established, other major S02 Interactive sources located In or having 
a slgnrtlcant Impact on the Impact areas of the proposed source are considered 
In evaluating the total combined Impacts to the ambient alf quality TSP and PM-10 
Impacts were based on emissions only from the proposed facility for the reasons 
given above Results from the separate analyses of fugitive and stack emissions 
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were Included Lead and other pollutants that have health-related no-threat levels • 
established by the FDER are also addressed 

SO, IS the primary pollutant of concern for this project Short-term Impacts for 
other pollutants were scaled from SO, modeling results In proportion to their 
respective emiSSion rates Annual average NO" TSP, and PM-10 Impacts were 
scaled directly from the SO, modeling output 

The rallos between CO and SO, emissions are 0 65 and 267 for the rnaln bOiler 
and the auxIliary bOiler stacks, respectively Thus, the maximum CO 1- and 8-hour 
Impact locations do not necessarily occur at the same locations as those based 
on the SO, emissions Consequently, 1- and 8-hour average CO Impacts were 
modeled Independently 

According to EPA modeling gUidance (EPA, 1986a), It IS appropriate to use the 
highest second-highest rnodeled concentrallon for short-term averaging periods 
(I e , 1-, 3-, 8-, and 24-hour) when the analYSIS IS based on the use of 5 years of 
off site meteorological data (see Secllon 4 3) Annual average Impacts are to be 
based on the rnaxlmum modeled value over the 5-year period ThiS gUidance was 
followed In presenting the results given In Section 5 1 

3 5 3 MODEL SELECTION 

The air qualJly dispersion modeling analyses reqUired to support thiS PSD permit 
application are Identified In the sections above and are described In more detail In • 
Secllon 4 0 The EPA Industrial Source Complex - Short Term (ISCST) dispersion 
model (EPA, 1987b) was selected for these analyses because of lis abllJly to 
Simulate the disperSion of emiSSions from multiple pOint and area sources In 
addition, the model IS capable of accounllng for bUilding wake effects on 
disperSion, allOWing for variable emiSSion rates With time and With meteorological 
cond~lons (e g , Wind eroSion), and considering the effects of particle depos",on 
by gravltallonal settling ThiS latter phenomenon occurs With a significant fraction 
of the relatively large particle sizes found In fugitive dust emisSions These 
capabilities have resu~ed In EPA's designation of ISC as the preferred model for 
estlmallng concentrallons from sources With these characteristics (EPA, 1986a) 

The current version of the ISCST model (dated 88348) was used ThiS verSion 
Incorporates the Schulrnan-Sclre direction-dependent bUilding wake algor"hm and 
other enhancements CurrerJ! EPA gUidance suggests that the ISCLT (Long Term) 
model not be used because of several InaccuraCies In the code As a resu~, 
annual average concentrations In these analyses were based on the liN-Days" 
averaging option In the ISCST model 

Output results for these disperSion modeling analyses are presented In Section 5 1 
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36 VISIBILITY IMPACT ANALYSIS 

A vIsibility Impact analysIs IS one of three additional analyses reqUired to be made 
In support of the air quality portion of a PSD perm~ application 

There are no Federal PSD Class I areas within 100 km of the proposed site The 
closest PSD Class I area IS the Everglades National Park located about 145 km 
south of the proposed Sile A vIsibility screening analysIs was performed to 
determine the potential vIsibility Impairment The FDER-suggested VISCREEN 
model (EPA, 1988c) was used to perform this analysIs 

37 OTHER AIR QUALITY RELATED IMPACTS 

Besides the vIsIbility Impact analysIs discussed In the prevIous section, two 
addllional Impact analyses are required to support this PSD permit application 
They are a salls and a vegetation Impact analysIs In add~lon, two other analyses 
were performed The ~rst of these analyses addresses the potential for enhanced 
fogging and ICing conditions resulling from the operation of the heat diSSipation 
system (cooling tower) at the plant The second analysIs addresses the potential 
for adverse hea~h effects due to the emission of air tOXICS from the facIlity 

371 GROWTH ANALYSIS 

The typical elements of the growth analysIs Include 1) a projection of the 
associated Industrial, commercial, and resldenlial growth that will occur In the area, 
2) an estimate of the air pollution emiSSions generated by associated permanent 
growth, and 3) an air quality analysIs which Includes these estimates 

The availability of resldenlial, commerCial, and Industrial services In the area was 
assessed first Next, new growth which must occur to support the proposed 
source was predicted The amount of resldenlial growth depends on the size of 
the available work force, the number of new employees, and the availability of 
hOUSing In the area Industrial growth IS growth In those Industries providing 
goods and services, maintenance facll~les, and other large Industries necessary 
for the operation of the proposed facIlity Based on the predicted growth, an 
estimate of the alf pollution which likely would evolve from permanent residential, 
commercial, and Industrial growth was developed Excluded from conslderalion 
were emiSSions from temporary sources associated with construction actlv~les at 
the ICL plant and mobile sources USing the developed air pollullOn estimates for 
the area, a qualitative air quality Impact assessment for these minor sources was 
performed Section 7 1 presents the resu~s of this analysIs 

372 EFFECTS ON SOILS AND VEGETATION 

For most sOil c1asslf,callOns and vegetation found In the area, ambient air 
concentrations of criteria pollutants below the NAAOS and FAAOS will not result 
In detrimental effects As discussed In Section 3 2, maximum ground-level 
concenlrabons of all the cr~erla pollutants emmed from the facility are Inslgm~cant 
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and well below the aforementioned standards Section 7 2 outlines potential • 
Impacts associated with the major cntena pollutants These Impacts are based on 
published sensitivity levels compared to the modeled Impacts discussed In 
Section 5 1 

3 7 3 COOLING TOWER IMPACTS 

A linear, mechanical draft, counter-flow cooling tower (with a bank of 10 cells) IS 
proposed to meet the closed-loop cooling requirements of the ICL plant The 
cooling tower IS designed to handle a heat load of 1,655 MMBtu per hour, wrth a 
circulating water flow rate of 265,000 gallons per minute (gpm) and an air flow rate 
of 1,575,400 cubiC feet per minute (cfm) per cell at the design condition of 80 of 
ambient wet bulb temperature, a cold water temperature of 90 of, and a hot water 
temperature of 103 OF 

The operation of the cooling tower could affect the vegetallon In terms of salt 
deposition and the local climatology In terms of vIsible plumes, ICing, and fogging 
In the Immediate vIcinity of the proposed facility 

Cooling Tower Impact Model The enVIronmental Impacts due to operation of the 
proposed cooling tower were evaluated uSing the Seasonal/Annual Cooling Tower 
Plume Impact model (SACTI), which IS sponsored by ElectriC Power Research 
Institute (EPRI, 1984) ThiS numencal model IS an extension of an earlier model 
evaluatIOn study carned out by Argonne National Laboratory The SACTI model 
uses the cooling tower effluent release parameters to determine a series of • 
combinations of the meteorological vanables that represents the full range of 
atmosphenc conditions affecting plume disperSion and depOSition The model 
calculates salt depOSition rate from the plume dnft, vIsible plume length/height, 
and fogging/Icing for the determined meteorological cond,llons 

374 HEALTH EFFECTS EVALUATION FOR AIR TOXICS 

The health effect evaluation for releases of air tOXICS to the atmosphere from thiS 
facility follows that descnbed In the "Flonda Air Toxlcs Permrtllng Strategy" (FDER, 
draft 1990) Only pollutants that do not have an NAAQS have been examined, 
since the pnmary NAAQS IS a health-based standard A demonstration of 
compliance with the pnmary NAAQS (I e , for lead) IS considered to adequately 
provide the health risk assessmem For each emitted tOXIC air contaminant, the 
model-predicted concentrations are compared to the "no-threat" levels which may 
be associated with vanous (I e , 8-hour, 24-hour, or annual) averaging times A set 
of the "no-threat" levels has been provided by the FDER If a source does not 
meet the no-threat levels for each tOXIC air comamlnant, a number of measures 
suggested by the FDER may be used for reevaluation 
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Table 3-1 
PSD SIGNIFICANT AMBIENT AIR QUALITY IMPACT LEVELS 

Averaging Time 

Pollutant Annual 24-Hour 8-Hour 3-Hour 1-Hour 

S02 1 "g/m3 5 "g/m3 25 "g/m3 

TSP/PM" 1 "g/m3 5 "g/m3 

N02 1 "g/m3 

CO a 5 "91m3 2 mg/m3 

Source EPA, 1987a 

Note This table does not apply to Class I areas A significant 
Impact for Class I areas IS 1 "g/m3 on a 24-hour basIs for 
PM" and S02 
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Table 3-2 
SIGNIFICANT IMPACT RADII FOR THE ICl SOURCES 

Pollutant RadII (km) Averaging Time 

S02 as Annual 
425 24-hr 
a 3-hr 

N02 45 Annual 

TSPjPM-10 a Annual 
a 24-hr 

co a S-hr 
a 1-hr 

Source Bechtel, 1990 

Note Stack emissions from the main bOiler and the oil-fired auxiliary bOiler are 
both considered In the Impact radII determlnallon 
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Table 3-3 
PSD SIGNIFICANT MONITORING CONCENTRATIONS 

Pollutant 

Carbon monoxide 

Nitrogen dioxide 

Sulfur dioxide 

Particulate matter (TSP) 

Particulate matter (PM-l0) 

Ozone 

Lead 

Asbestos 

Beryllium 

Mercury 

Vinyl chlonde 

FlUOrides 

SulfUriC aCid mist 

Total reduced sulfur 

(Including H2S) 

Reduced sulfur 

(Including H2S) 

Hydrogen sulfide 

Source EPA, 1967a 

Air Quality Concentration (,.,g/m3
) 

and Averaging Time 

575 (6-hour) 

14 (Annual) 

13 (24-hour) 

10 (24-hour) 

10 (24-hour) 

a 

o 1 (3-month) 

b 

o 001 (24-hour) 

o 25 (24-hour) 

15 (24-hour) 

o 25 (24-hour) 

b 

c 

c 

02 (I-hour) 

a No speCifiC air quality concentration for ozone IS prescnbed Exemptions are 
granted when a source's vac emisSions are 100 tons/year 

b No acceptable monltonng techniques available at thiS time Therefore, 
mOnltonng IS not reqUIred until acceptable techniques are available 

, No acceptable monltonng techniques available at thiS time However, 
techniques are expected to be available shortly 
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4 0 DISPERSION MODEL INPUTS 

Various features of the ISCST dispersion model were used to estimate air quality 
Impacts from the proposed facility In two distinct analyses The model was run 

o With constant emission rates to evaluate ambient concentrations for all 
the receptors 

o With vanable emisSion rates and particle settling characterlsllcs to 
Simulate dispersion of fugitive particulate emissions 

The purpose of thiS section IS to descnbe the various model Inputs reqUired for 
these analyses, Including model options, emissions data, meteorological data, 
receptor grids, and other relevant Information Since S02 IS the primary pollutant 
of Interest for thiS prolect, the model was run uSing S02 emisSion rates 
Concentrallon values for other pOllutants were scaled from these results In 
proportion to the respective emission rates for each pollutant 

Model Input Information for the VISibility Impact assessment IS presented separately 
In Section 6 1 Likewise, the analYSIS of cooling tower Impacts, which Includes the 
disperSion of particulate material In the COOling tower dnft, IS discussed In 
Section 73 

4 1 MODEL OPTIONS 

Each of the two modeling analyses Identified above used different features of the 
ISCST model to estimate air quality Impacts at various receptor locations Model 
options were selected to meet applicable EPA cntena, to account for different 
pollutant disperSion characteristics, and to prOVide results based on different 
averaging durations, as reqUIred 

Model opllons that were selected Include 1-, 3-, 8-, and 24-hour and annual 
averages and rural mode (see Section 4 5) Buoyancy-Induced disperSion was 
used because the proposed sources Involve fuel combustion (EPA, 1986a) Since 
sub-GEP stack heights were used for the proposed sources, the gradual plume 
rise option was selected In conjunction With the bUilding downwash option (EPA, 
1986a) The stack tiP downwash option was not used because the bUilding 
downwash option was already selected (PDER, 1983, MDAQC, 1984), and the 
calm processing roullne was used to calculate concentrallons dUring calm periods 
(EPA, 1986a) The eqUivalent regulatory defau~ options associated w~h the 
meteorological Input data are discussed In Section 4 3 

The resultant S02 concentration values were used to scale 24-hour and annual 
average TSP and PM-l0 Impacts, annual average N02 concentrations, I-hour and 
8-hour CO concentrations, and quarterly average lead Impacts 
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There are numerous sources of fugitive particulate emissions within the proposed • 
facility They Include among others storage Silos, coal unloading and reclaim 
hoppers, coal conveyors, crusher tower, and an Inactive storage pile Section 
4 2 1 describes the emiSSion rate characteristics of these sources In more detail 
From a modeling standpOint, vent emissions were treated as pOint sources 
Furthermore, emiSSions trom certain sources were vanable as a function of 
operaling schedule The physical characteristics of the emissions were also 
considered for some of the sources In order to account for the effects of 
gravitational particle settling These aspects of the analysIs, as well as the 
seleclion of other options, are discussed further In this section 

For fugitive particulate emiSSions, two of the more general oplions selected Include 
flat terrain (see Section 44) and rural mode (see Section 45) The regulatory 
default option was not chosen because several of the default values were not 
applicable Specifically, stack tiP downwash does not apply Since, by definition, 
fugitive emissions are those which do not pass through a stack likewise, since 
these emisSions are released at ambient temperatures, buoyancy Induced 
dispersion did not have to be accounted for The arbrtrary selection of final plume 
rise has essentially no effect on the dispersion calculations Since all of the 
emiSSions are at ambient conditions With virtually no eXit velOCity The release 
height of the fugitive source was used as the pOint source stack height To 
simulate fugitive emiSSions Without plume rise, the stack exit veloCl'i¥,. diameter, and 
temperature were assumed to be 0 001 mIs, 1 m, and 0 °c (273 K), respectively 
(TACB, 1988) In the ISCST model, a stack temperature of 0 °c IS a defaun value 
which sets the stack and ambient temperature (read from the sequential hourly • 
data) to the same value for model calculalions If the ambient temperature IS greater 
than 0 °c Since It IS rare for the ambient temperature to be lower than 0 °c at 
West Palm Beach, the selection of 0 °c as the stack temperature Will ensure that 
no thermal plume rise IS permitted for modeling fugitive particulate sources 
Processing of concentrations under calm Wind condrtlons was also accounted for 

The Inactive coal storage pile, which IS covered With SOil and seeded to minimize 
emiSSion, has a capacity to store a 30-day supply It Will be used only ~ there IS 
an Interruption of supply, thus, no normal operational schedule IS planned Since 
the pile Will not be disturbed under normal operalional condrtlons, fugrtlve 
emissions from the Inactive coal storage pile were not Included In the modeling 

Emissions for the remaining fugitive sources were assumed to vary as a function 
of time of day Schedules were based on typical operaling experience at maximum 
material handling rates An operalional day of 8 hours was assumed to extend 
from 7 A M through 3 PM, represented In the model by hours 7 through 14 ThiS 
IS a conservative approach from a dispersion standpOint, since relatively more 
stable condllions occur earlier In the day 

Finally, gravrtalional settling of particulate emissions was accounted for by 
distingUishing the amount of material In the 30- and 10-mlcron size ranges (I e , the 
nominal TSP and PM-10 size categories, respectively) Size categones were 
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dehned based on Information In the technical literature Other settling parameters 
(I e , settling velocity and reflection coefficients) were developed In accordance with 
ISC model users gUidance (EPA, 1987b) 

4 2 EMISSIONS INVENTORIES 

The purpose of this seclion IS to Identify the emission charactenstlcs of the sources 
Included In the various modeling analyses described above For the proposed ICL 
plant, both stack and fugitive emission sources are described Characteristics of 
the particulate emisSions resulting from operation of the plant cooling tower are 
discussed In Section 7 3 2 

42 1 PROPOSED SOURCE 

Air pollutants Will be emitted from a Single stack at the proposed faCIlity FugrtlVe 
particulate emisSions from a vanety of matenal handling and storage sources will 
also occur The follOWing subsections describe these sources In more detail 

Stack Emissions For the purpose of the modeling analyses descnbed In thiS 
section and In Section 5 0, emissions from the ICL main stack are based on coal­
flnng Emission rates and charactenstlcs at three operating loads were considered 
(I e , full or 100 percent load, 75 percent, and 50 percent) Operating parameters 
are presented In Table 4-1, as well as emiSSion rates for SO" NO" particulates, 
lead, and CO To be conservative, PM-10 emiSSions, which are a subset of TSP 
emissions from the stack, are assumed to be the same In these analyses 
Emission rates and stack parameters for the 011/ gas-hred aUXIliary bOiler are 
presented In Table 4-2 Figure 4-1 Identrtles the ICL plant main and aUXIliary bOiler 
stacks as Items 12 and 11, respectively 

Fugltlye Emissions Fugitive particulate emiSSions will occur at the proposed plant 
from various matenal (I e , coal and lime) handling and storage (coal) operations 
Figure 4-2 depicts a flow diagram for these coal operations Emission parameters 
for these sources are lISted In Table 4-3 Emission rates based on maximum 
material throughput were Input to the model 

A bnef description of these sources follows Plot plan Identification numbers 
corresponding to Figure 4-1 are also given 

o Coal Unloading Hopper and Feeder (1) Coal arrIVes on srte via 
bottom-dump rail cars The unloading faCIlity Will be enclosed with dust 
collection and suppression equipment and Includes a Side-mounted car 
shaker The hopper IS located below ground level 

o Coal Unloading Conveyor (2) A belt conveyor, enclosed In a tubular 
gallery, IS provided between the unloading structure and tripper 
conveyor A belt scale IS also proVided The unloading conveyor Will 
have a dust collector 
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o Stacking Tripper Conveyor (3) A tripper conveyor IS provided In the 
coal storage building The conveyor IS equipped wrth a traveling 
carnage and discharge chute In order to form a longrtudlnal coal pile 

o Active Coal Storage Pile (3) The active coal pile IS rectangular In 
shape, about 35 feet high It IS enclosed by an A-frame bUilding, with 
the stacking conveyor entering at one end Dust collection equipment 
IS provided for transfer pOints In the enclosure 

o Inactive Coal Storage Pile The Inactive storage pile (coal storage yard) 
IS about 45 feet high, with a 30 degree slope The Inactive pile IS bUilt 
up In compacted layers The pile will be covered with sOil and seeded 
to minimiZe fugitive dust 

o Emergency Reclaim Hopper (3) The emergency reclaim hopper, 
located Inside the coal srtorage bUilding, will be used to reclaim coal 
from the Inactive coal pile via mobile equipment 

o Reclaim Conveyor (3) Normal reclaim IS by a portal scraper reclalmer 
which removes coal from the side of the active pile and deposits rt In 
the reclaim conveyor, located Inside the coal storage building 

o Emergency Reclaim Pile (4) This IS an outdoor "come-and-go" type of 
pile sized to accommodate up to 30 carloads of Incoming coal 

o Emergency Stackout Conveyor (4) A dusrt collector and "lowering well" 
will be provided at the discharge end 

o Crusher Feed Conveyor (Transfer Conveyor) (3,5) This conveyor, 
enclosed In a tubular gallery, transfers coal from the coal storage 
bUilding to the crusher tower 

o Crusher and Transfer Building (5) The crusher transfer bUilding 
houses equipment to reduce the coal In size and transfer It to a 
conveyor system leading to the day storage silos The bUilding IS 
enclosed with dust collection systems at the crusher and all transfer 
pOints 

o Plant Feed Conveyor (5,6) This conveyor transports the crushed coal 
to the storage silo feed tripper The conveyor IS enclosed In a tubular 
gallery 

o Silo Dlstrlbullon Tripper (6) Located Inside the bOiler bUilding, this 
system directs the crushed coal to four operating storage silos and one 
spare silo serving the boiler Unit at the plant A dust collection system 
covers all silos and coal transfer pOints between conveyors 
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o Coal Silos (6) These silos hold coal prior to feeding II to the bOiler 
burner system The silos are covered except for the opening to receive 
coal from the silo distribution tripper 

o Ash Storage Silo (7) Fly ash collected from the baghouse hoppers IS 
stored In an elevated Silo The Silo has filters to collect dust as ash IS 
loaded Into the Silo and from dust collected In the Silo cyclone 
separator baghouse 

o Recycle Ash Silo (8) Fly ash collected from the bag house hoppers IS 
conveyed to the recycle ash Silo for use In the lime slurry plant The 
Silo has a vent filter The recycle ash slurry plant below the Silo IS 
enclosed 

o lime Silo (9) and Lime Slurry Plant (10) lime IS pneumatically 
transferred from rail car or truck to Silo The Silo IS eqUipped with a 
filter and dust collector The dust collector IS also used for the lime 
feed system The reagent pre-operation area IS enclosed 

o Soda Ash Silo (13) Soda ash for use In the clrculallng water system 
sldestream softener IS stored In the soda ash Silo The silo IS eqUipped 
wllh a vent filter The reagent preparation area below the Silo IS 
enclosed 

42 2 PSD INCREMENT CONSUMING SOURCES 

Sections 3 3 and 3 5 1 relate the fact that because there are significant SO, and 
NO, Impacts due to stack emissions from the proposed ICL, a PSD Increment 
consumption analysIs IS necessary PSD sources are those sources which 
commenced construction after the base line date for a specific pollutant The base 
line establishes which sources In the area of the proposed ICL plant will consume 
PSD Increments Based on the FPL Martin CG/CC PrOject Site Certification 
Applicabon (1989), II was Indicated that the base line dates established by the 
FDER for SO, are January 6, 1975 for sources greater than 100 tons/year and 
December 27, 1977 for sources less than 100 tons/year For NO" the base line 
date IS February 8, 1988 

A summary of the Increment-consuming sources within and/or affecting the ICL 
plant's Significant Impact areas has been extracted from the SCA for the Martin 
CG\CC prolect The Martin CG/CC project has an SO, Significant Impact area at 
a distance of 50 km from the Martin site Thus, the emiSSion Inventories prOVided 
by the FDER to that project approximately covered a 50 km radiUS of the Martin 
site The Martin CG/CC project In Its SCA also applied the "Screening Threshold" 
method (North Carolina DNR, 1985), which IS approved by both EPA and FDER, 
to objectively eliminate those sources In the emission Inventory which are not likely 
to have a Significant Interaction wilh the source undergOing evalualion The source 
screening procedure was applied such that sources emltllng more than 25 
tons/year of an applicable pollutant and located Within 15 km of the Martin site and 
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sources emitting more than 100 tons/year and located between 15 and 50 km • 
from the Martin site were Included both In the PSD Increment Impact and ambient 
background analyses Since the proposed ICl plant IS located only about 3 miles 
from the Martin SIte, the PSD-consumlng sources that have been Identified by the 
Martin CG/CC prolect are considered to be applicable for the ICl plant as well 
Additionally, the S02 and N02 significant Impact areas of the ICl plant are Within 
distances of 4 25 km and 4 5 km, respectively from the stack, however, the 
significant Impact areas for the Martin CG/CC project cover radII of 50 km and 7 5 
km from the Martin site Because of the short distance between the proposed ICl 
site and the Martin CG/CC Site, It IS conservative to Include source InventOries 
Identified In the Martin CG/CC project In the ICl plant's Impact analYSIS 

Furthermore, the FDER Indicated In July 1990 that there are no other new PSD­
Increment-consuming sources In the vIcinity of the ICl plant site since the submittal 
of Martin s SCA In 1989 Multiple-stack background faCIlity emiSSions were 
combined and assumed to be emitted from the stack with the highest emission 
rate uSing that stack's emiSSion parameters A summary of the PSD Increment-
consuming sources for the proposed ICllmpact analYSIS IS presented In Table 4-4 

4 2 3 BACKGROUND SOURCES 

A background Interactive source analYSIS IS required based on the same reason 
stated above Similarly, a summary of the base hne Interactive sources WIthin 
and/or affecting the ICl plant's slgmflcant Impact area has been extracted from the 
SCA for the Martin CG/CC prolect In the Martin CG/CC project, the screening • 
threshold method was applied In Identifying the background sources Within a 
radius about 50 km of the Martin site (see Table 4-5) Again, Since thiS set of base 
line Interactive sources covers a radius of about 50 km, the use of these data IS 
conservative for the proposed ICl plant 

43 METEOROLOGICAL DATA 

Onslte meteorological data are not required for the proposed ICl plant In thiS 
case, EPA modeling gUidance reqUires modeling analyses to be based on the use 
of 5 years of meteorological data from the nearest monitoring location with 
conditions representative of the site area (EPA, 1986a) 

The closest first-order National Weather Service (NWS) station IS located In West 
Palm Beach, FlOrida, about 26 miles east-northeast of the proposed facility 
Sequential, hourly meteorological data and twice-daily upper air soundings 
collected at West Palm Beach for the years 1982-1986 were prOVided by the FDER 
for use In the air quality analYSIS JOint frequency distributions of Wind speed, wmd 
direction and stability are presented In Table 4-6 Five-year composite seasonal 
and annual Wind roses are presented In Figures 4-3(a) through 4-3(e) 

Default Wind speed profile exponents and vertical potential temperature gradients, 
eqUivalent to those selected under the regulatory defaun option of ISCST, were 
also chosen 
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4 4 RECEPTOR GRIDS 

This section describes each of the receptor grids used for the two phases Involved 
In the air quality Impact analysIs made with the ISCST model 

The significant Impact area and the screening analyses used a polar receptor grid 
centered on the plant stack The grid system consIsts of 36 direction radials, each 
separated by 10" Increments As suggested by the FDER, receptors were placed 
at ground level at succesSive 250-meter Intervals The coarse-mesh receptor grid 
proVides suffiCient resolution and downwind coverage to determine the extent of 
the Significant Impact area for each pollutant and the locations of all crrtlcal 
receptors to be evaluated In the refined phase of the analysIs 

The refined phase of the air quality Impact analysIs used a fine-grid (100 m gnd 
resolution) centered over each critical receptor Identified In the screening phase 
analysIs, such that two rings were added to erther Side of the cntlcal receptor 

Impacts due to fugitive particulate emissions were estimated USing Cartesian 
coordinate receptor grids Fugrtlve dust tends to be released near ground level 
wrth Insignificant plume nse As a result, higher particulate concentrations are 
expected to occur at the plant property line Therefore, discrete receptors were 
placed along the Irregularly shaped ICL property line at each 100 azimuth direction 
uSing the main stack as the ongln In order to evaluate the expected decrease In 
particulate concentrations with Increasing downwind distance, one downwind nng 
distance (100 m) was placed beyond the ICL property line The closest SIte 
boundary IS to the east-southeast of the main stack Receptors near thiS section 
of the site boundary were selected In the same manner as In modeling TSP Impact 
from the ICL stacks In order to assess the maximum combined Impact All 
receptors In the fence line and other gnd pOints were assumed to be at ground 
level Figure 4-4 shows the locations of the discrete receptors Input to the model, 
as well as the plant stacks Receptor Idenliflcatlons are shown In Figure 4-4, and 
their corresponding coordinates are presented In Table 4-7 

45 bAND USE CLASSIFICATION 

An evaluation to determine whether the area IS conSidered to be urban or rural, for 
the purposes of atmosphenc disperSion modeling, was made based on land use 
characteristics and topographic features In the site area The evaluation conSiders 
the Auer land use claSSificatIOn method (Auer, 1978) referenced In Section 828 
of the GUideline on Air Quality Models (EPA, 1986a) 

ApprOXimately 95 percent of the area wrth,n a 3-km radiUS of the proposed facilrty 
has land use characteristics aSCribed to a rural setting Marshlands (Type A3) take 
up about 45 percent of the area From the south of these Type A3 areas to the 
west of the Indiantown township, the land use IS predominantly orchard (Type A2, 
agricultural rural) ThiS accounts for about 35 percent of the total area evaluated 
Interspersed within these two areas are woodlands, classified as A4 (undeveloped 
rural) and characterized as heavily wooded and haVing greater than 95 percent 
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vegetation These Type A4 areas make up about 15 percent of the entire area • 
evaluated 

The only substantial area considered to be charactenstlc of an urban enVIronment 
IS located on the north and east-northeast of the ICl plant The Caulkins Citrus 
Processing Plant and Flonda Steel Corporation located here can be classified as 
Type 11 (heavy Industnal), but make up only about 4 percent of the total area Part 
of the Indiantown residential area IS located about 3 km to the east-southeast of 
the ICl The land use type may be classified as R2 (compact resldenllal) 
However, this residential area accounts for a minimal portion (less than 1 percent) 
of the total area Thus, for air quality Impact modeling, the overall area IS 
considered as rural 
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Table 4·1 
MAIN STACK EMISSION PARAMETERS INPUT TO ISCST 

Coal-FIring 
Parameter 100% 75% 50% 

Stack Height (It) 495 495 495 

Stack Diameter (It) 16 16 16 

Flow Rate (aclm) 1,206,400 892,700 615,250 

Exrt Temperature ("F) 140 140 140 

Exrt Velocity (It/sec) 100 74 51 

Stack Base Elevation (It) 12 12 12 

EmiSSion Rates (Ib /hr) 

502 5826 4615 3102 
NO, 5826 4615 3102 
Particulate' 617 489 328 
CO 3770 2986 2007 
Lead 0034 0027 0018 

NOTE 

a - TSP and PM-l0 particulate emission rates are assumed to be the same lor thiS 
analysIs 
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Table 4·2 
AUXILIARY BOILER STACK PARAMETERS INPUT TO ISCST 

Parameter 

Stack Height (It) 

Stack Diameter (It) 

EXit Temperature ("F) 

EXit Velocity (It/sec) 

Emission Rates (Ib/hr) 

SO, 
NO, 
Partlculatea 

CO 
voe 
Lead 

NOTES 

No 2 Fuel Oil 

90 

55 

500 

103 

177 
682 
14 

473 
063 
4155x10' 

Natural Gas 

90 

55 

480 

102 

061 
358 
05 

336 
1 35 
• 

a - TSP and PM-10 particulate emisSion rates are assumed to be the same for this 
analysIs 

• - Not applicable 
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• Table 4--3 
FUGITIVE EMISSIONS 

DIscharge Control Maximum Hours at 
Source Emission Height Eff Emission Max Rate 
POint POint (ft) (%) (Ibjhr) (per day) 

Coal Handling 

Coal Unloading Area 

Unloading Hopperc 25 99 034 4 
Unloadmg Hopper PrtD 25 998 000098 • 

2 Storage (Trans Tower Area 

Stackout Conveyor> 75 75 0695 • 75 998 000112 • Transfer ConveyorD 75 998 000088 • 
3 Coal Reclaim AreaD 75 998 0000704 8 

• Emergency Reclaim Area 25 

5 Crusher Tower Area 

• Crusher 75 998 0298 8 
Transfer Conveyor' 75 998 0000704 8 

6 SIlo Bay Area 

Coal SlloF 180 998 000032 8 
Transfer Conveyor" 180 998 0000710 8 

Ash Handhng 

7 Ash Silo Area 

DlschargeB 120 998 00648 12 
UnloadlngB 120 998 0144 8 

8 Ash Recycle SlI06 75 998 00588 12 

Lime: Han~hng 

9 lime Silo AreaA 120 998 0012 16 

10 Lime Slurry Plan(' 60 998 00012 12 

13 Soda Ash SiioA 75 998 0002. 12 

References A = EPRI 3-59, B = UARG, 3-09 C = EPRI 313 D = AP-42 11 23 

• 
E = EPRI, 3-78, F = EPRI, 3-45 
EPRI = EPRI, 1984 AP-42 = EPA 1986, UARG = UARG, 1981 
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Table 4·4 
BACKGROUND SOURCE EMISSIONS INVENTORY· PSD SOURCES • 

UTM Coord§ !k!!l} §tack Parameters Emission Rates 'gal DIstance 
From 

Source ", ili V, D, Indiantown 
No &10 .ill! North 1!lll JmL>l J!!!l §Q, PM !ill, 'kml 

Power Ventures 5694 29759 192 422 226 09 66 (I) 881 268 

2 Fort Pierce Utll 5668 3()36 3 457 "'" 125 24 779 (I) (I) 492 

3 U S Sugar Corp 5061 29569 457 340 262 22 857 147 (I) 540 

4 AtlantiC Sugar 5529 29452 274 33' 97 20 118 48 (I) 457 

5 Osceola Farms 5442 29880 274 341 169 19 334 72 (I) 231 

6 Sugar Cane Growers 534' 29533 472 344 106 30 712 120 155 397 

7 US Sugar 5388 29881 305 344 224 21 325 110 175 245 
Bryant Plant 

8 Pratt & "vtlltney 5561 29791 46 544 134 34 234 (I) (I) 152 

, Palm Beach 5858 29602 762 505 249 20 441 (I) (1) 484 

10- FPL Martin CT (2) 5429 29924 650 411 188 61 4536 304 2324 56 

11 FPL Martin CT (2) 5432 29924 650 411 188 61 4536 304 2324 53 

12 FPl MaIM AB Pl 5430 29925 183 535 152 11 65 02 14 55 • 13- FPL Martm AB (3) 5432 29925 183 535 152 11 65 02 14 55 

14 FPL Martin OG (4) 5430 29925 76 786 396 03 03 03 39 54 

15- FPL Martin DG (4) 5432 29925 76 786 396 03 03 03 39 54 

H ., Stack Height Ts = Stack 8ul Temperature Va = Stack Exit VelOCity D. ;: Stack exit Diameter 
(1) No emiSSions data are available from FOER 
(2) Each source contams 4 units emissions shown afB the total amount (No 2011 @40 0F) 
(3) Auxlhary bOiler 
(4) Diesel generator 
Source FPL Martin PSD 1989 

• 
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Table 4-5 
BACKGROUND SOURCE EMISSIONS INVENTORY - BACKGROUND 

SOURCES 

UTM Coords {kml Stack Parameters Emlsslon Rata! (glsl DIstance 
F",m 

Source ", I& V, D, Indiantown 
No & to EaM !:!2!!ll J!!!l J!!!L!l J!!!l §Q, PM NQ, (Ism) 

14- FPL Martm 1 &2 5431 2992' 1521 421 211 80 17438 2180 6540 '64 
15 Everglades Sugar 5096 29542 219 477 101 11 40' (1) (1) 5316 

16- U S Sugar Corp 5061 2956' 22' 344 253 19 683 516 (1) 540 

17 AtlantIC Sugar 552' 29452 274 342 130 19 30. 328 (1) 457 

IS- Osceola Farms 5442 29680 274 341 236 19 584 301 (1) 231 

19- Sugar Cane Growers 534 • 29533 244 336 144 16 516 528 171 397 

20 US Sugar 5388 29681 198 342 364 16 355 470 (1) 245 
Bryant Plant 

21 Pratt & 'Wtutney 5592 29783 152 533 402 0' 740 (1) 50' 165 

22 FPL RivIere Plant 5942 29606 908 408 18. 4, 22385 (1) 4546 54' 
23- Caulkins CItrus Co 5481 29115 287 343 119 10 (1) 35 (1) 08 

H, = Stack Height T" '" Stack exit Temperature 
(1 No BrTlISSlOnS data are av8llable from FDER 

V. = Stack exit VelOCIty 0, = Stack exit Diameter 

Source FPL Martin PSD 1989 
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Table 4-6 • WEST PALM BEACH 1982-86 JOINT FREQUENCY TABLES 

Frequency (%) of Wind Speed & Direction for Stability Class A 

Surface Station No 12844 Time Period ANNUAL 
Speed (m/s) 

Direction 15 25 45 70 95 >11 Total 

N 0023 0160 0000 0000 0000 0000 0183 
NNE 0023 0091 0000 0000 0000 0000 0114 
NE 0023 0114 0000 0000 0000 0000 0137 
ENE 0000 0114 0000 0000 0000 0000 0114 
E 0000 0251 0000 0000 0000 0000 0251 
ESE 0068 0137 0000 0000 0000 0000 0205 
SE 0091 0205 0000 0000 0000 0000 0297 
SSE 0046 0114 0000 0000 0000 0000 0160 
S 0046 0205 0000 0000 0000 0000 0251 
SSW 0046 0205 0000 0000 0000 0000 0251 
SW 0114 0205 0000 0000 0000 0000 0319 
WSW 0023 0114 0000 0000 0000 0000 0137 
W 0023 0228 0000 0000 0000 0000 0251 
WNW 0000 0023 0000 0000 0000 0000 0023 
NW 0000 0114 0000 0000 0000 0000 0114 
NNW 0023 0183 0000 0000 0000 0000 0205 

Total 0548 2464 0000 0000 0000 0000 
Calms == 15 hours Total Class Dbs = 30% 

Frequency (%) of Wind Speed & Direction for Stability Class B • Surface Station No 12844 Time Period ANNUAL 
Speed (m/s) 

Direction 15 25 45 70 95 >11 Total 

N 0228 1141 0593 0000 0000 0000 1962 
NNE 0091 0776 0639 0000 0000 0000 1506 
NE 0137 0730 1871 0023 0000 0000 2761 
ENE 0183 0685 1666 0023 0000 0000 2556 
E 0068 1255 3081 0023 0000 0000 4427 
ESE 0114 1438 3354 0023 0000 0000 4929 
SE 0228 1346 4290 0046 0000 0000 5910 
SSE 0137 0867 1438 0023 0000 0000 2464 
S 0342 0844 0730 0000 0000 0000 1917 
SSW 0160 0844 0753 0000 0000 0000 1757 
SW 0160 1187 0753 0000 0000 0000 2099 
WSW 0274 0707 1141 0000 0000 0000 2122 
W 0137 0776 0913 0000 0000 0000 1825 
WNW 0205 0981 0616 0000 0000 0000 1603 
NW 0205 0867 0639 0000 0000 0000 1711 
NNW 0114 0936 0776 0000 0000 0000 1825 

Total 2784 15380 23252 0160 0000 0000 
Calms = 35 hours Total Class 000 = 416% 

• 
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• Table 4-6 (Contd ) 

Frequency (%) of Wind Speed & Direction for Stability Class C 

Surface Station No 12844 Time Penod ANNUAL 

Direction 15 25 45 
Speed (m/s) 

70 95 > 11 Total 

N 0388 1506 3400 0867 0023 0023 6207 
NNE 0137 0593 2350 1095 0023 0000 4199 
NE 0228 0685 5796 3103 0205 0000 10017 
ENE 0114 0958 6914 4404 0319 0023 12733 
E 0091 1209 10382 6863 0183 0000 18529 
ESE 0183 1050 12254 7211 0068 0000 20765 
SE 0251 1460 15152 6458 0114 0000 23435 
SSE 0228 1187 6366 2464 0114 0000 10360 
S 0730 2191 4153 1118 0068 0000 8260 
SSW 0502 1004 3126 0776 0000 0000 5408 
SW 0388 1483 2989 0936 0046 0000 5842 
WSW 0205 0958 2487 0753 0068 0000 4472 
W 0228 0936 2099 0844 0114 0068 4290 
WNW 0297 0176 2556 0821 0000 0000 4450 
NW 0297 1164 3537 0730 0091 0000 5819 
NNW 0365 1346 3423 0753 0000 0000 5887 

Total 4632 18506 86984 38997 1438 0114 
Calms == 99 hours Total Class Obs = 15 07% 

Frequency (%) of Wind Speed & Direction for Stability Class D 

• Surface Station No 12844 Time Panod ANNUAL 
Speed (m/s) 

Direction 1 5 25 45 70 95 > 11 Total 

N 0548 3674 6846 7142 0662 0023 18894 
NNE 0388 1643 3491 8397 0936 0091 14846 
NE 0137 1506 6177 18985 3126 0251 30782 
ENE 0114 1438 1 1615 34798 5066 0707 53738 
E 0274 2168 1 7114 40206 5454 0799 66014 
ESE 0183 2738 1 4718 20765 0936 0000 39339 
SE 0297 4472 1 7251 19784 0913 0160 42876 
SSE 0365 3217 9675 11409 0730 0023 25420 
S 0388 4267 7918 6731 0479 0000 19784 
SSW 0434 2966 4404 2784 0297 0023 10907 
SW 0548 3423 4587 3834 0479 0046 12915 
WSW 0411 2373 3628 2715 0342 0091 9561 
W 0411 2350 2921 4039 0844 0228 10793 
WNW 0342 2761 3309 5089 1027 0319 12847 
NW 0821 3605 7005 8466 0639 0046 20582 
NNW 0479 3317 8329 7667 0274 0046 20172 

Total 6138 45979 129587 202811 22202 2852 
Calms = 161 hours Total Class Obs '" 40 96% 

• 
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Table 4-6 (Contd ) • Frequency (%) of Wind Speed & Direction for Stability Class E 

Surface Station No 12844 Time Period ANNUAL 
Speed (m/s) 

Direction 15 25 45 70 95 >11 Total 

N 0525 3286 2510 0023 0000 0000 6344 
NNE 0251 1232 1689 0000 DODO 0000 3172 
NE 0114 1415 5203 0023 0000 0000 6754 
ENE 0091 1574 10976 0137 0000 0000 12778 
E 0183 3286 15243 0150 0000 0000 18871 
ESE 0342 4632 12345 0114 0000 0000 17433 
SE 0844 5982 1 1341 0137 0000 0000 19304 
SSE 0434 4678 5568 0046 0000 0000 10725 
S 0799 7142 4381 0000 0000 0000 12322 
SSW 0616 4427 1734 0023 0000 0000 6800 
SW 0730 4472 2350 0023 0000 0000 7576 
WSW 0593 3286 2282 0000 0023 0000 6184 
W 0546 3834 2829 0023 0000 0000 7233 
WNW 0776 4199 2875 0046 0000 0000 7895 
NW 0685 4723 7553 0000 0000 DODO 12961 
NNW 0753 5317 5636 0023 0023 0000 1 1752 

Total 8283 64485 94514 0776 0046 0000 
Calms '= 288 hours Total Class Obs '" 1681% 

Frequency (%) of Wind Speed & Direction tor Stability Class F 

Surface Station No 12844 Time Penod ANNUAL • Speed (m/s) 
Direction 1 5 25 45 70 95 >11 Total 

N 2213 3834 0091 0000 0000 0000 6138 
NNE 0844 1232 0000 0000 0000 0000 2076 
NE 0502 1757 0023 0000 0000 0000 2282 
ENE 0593 2829 0068 0023 0000 0000 3514 
E 1050 5317 0068 0023 0000 0000 6458 
ESE 1666 9949 0137 0000 0000 0000 1 1752 
SE 3012 12162 0137 0000 0000 0000 15311 
SSE 3788 6800 0091 0000 0000 0000 10879 
S 4199 11318 0000 0000 0000 0000 15517 
SSW 4381 7986 0068 0000 0000 0000 12436 
SW 4450 9264 0023 0000 0000 0000 13737 
WSW 3719 6777 0205 0000 0000 0000 10702 
W 4336 8443 0000 0000 0000 0000 12778 
WNW 3742 8123 0023 0000 0000 0000 11888 
NW 5043 9858 0068 0000 0000 0000 14969 
NNW 3537 7576 0114 0000 0000 0000 11227 

Total 47075 113226 1118 0046 0000 0000 
Calms == 2277 hours Total Class Obs = 1615% 
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• Table 4-6 (eonld ) 

Frequency (%) of Wind Speed & Direction for Stability Classes 

Surtace Station No 12844 Time Penod ANNUAL 
Speed (mjs) 

Direction 15 25 45 70 95 >11 Tolal 

N 3925 13600 13440 8032 0685 0046 39727 
NNE 1734 5568 8168 9493 0958 0091 26013 
NE 1141 6207 19670 22134 3332 0251 52734 
ENE 1095 7599 31239 39385 5385 0730 85433 
E 1666 13485 45888 47075 5636 0799 11 4549 
ESE 2556 19943 42808 28112 1004 0000 94423 
SE 4723 26629 48170 26424 1027 0160 107133 
SSE 4997 16863 23136 13942 0844 0023 59807 
S 6503 25968 1 7182 7850 0548 0000 58050 
SSW 6138 17433 10086 3583 0297 0023 37559 
SW 6389 20035 10702 4792 0525 0046 42488 
WSW 5225 14216 9744 3468 0434 0091 33178 
W 5582 16586 8762 4906 0968 0297 37171 
WNW 5362 16863 9378 5956 1027 0319 38906 
NW 7051 20331 18802 9196 0730 0046 56156 
NNW 5271 18734 18278 8443 0297 0046 51068 

Total 69460 260040 335455 242789 23686 2966 

Calms,. 2875 hours 

• Missed Obs = 0 hours Total Obs = 43824 hours 
T atal No of Days Counted '" 1826 
Notes 1 Total observation Includes calms 

2 The total days counted are for the entire data set 
3 Nee Wind speed ranges (mjs) 1 5 (0 1 8), 25 (1 833),45 (33-54) 70 (54-85), 

95 (85-11) 
4 Calm IS defined as wmd speed at 1 m/s or less (for dispersion modeling purpose 

only) 

• 
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Table 4-7 • DISCRETE RECEPTORS FOR FUGITIVE PARTICULATE ANALYSIS 

X Y X Y 
10 (m) (m) 10 (m) (m) 

1 743 3886 40 2515 -343 
2 1829 3840 41 2368 -77 1 
3 2012 3429 42 2231 -1170 
4 2560 2972 43 2003 -1544 
5 3109 2569 44 1655 -1884 
6 3749 2172 51 914 5889 
7 4517 1600 52 177 4 4773 
8 5404 1006 53 2487 4229 
9 2798 00 54 3200 3772 

10 2204 -286 55 3889 3200 
11 1943 -401 56 4572 2688 
12 1715 -969 57 5486 1884 
13 1600 -1257 58 6401 111 6 
14 1544 -1774 59 3831 00 
15 1429 -2451 65 1975 -331 5 
16 131 5 -3429 66 1682 -4343 
17 1029 -5395 67 1198 -6401 
18 00 -6744 66 00 -7772 • 19 -108 6 -6346 69 -1257 -731 5 
20 -2140 -5829 70 -2515 -6803 
21 -3086 -5313 71 -3543 -6172 
22 -4060 -4744 72 -4686 -554 1 
23 -5304 -4490 73 -6058 -511 1 
24 -6684 -377 2 74 -7544 -4261 
25 -8202 -2858 75 -9190 -3200 
26 -8632 -1372 76 -9601 -1573 
27 -7601 00 77 -8573 00 
28 -6744 1143 78 -7772 1317 
29 -6058 211 2 79 -6972 2400 
30 -5144 2972 80 -5998 3429 
31 -4229 3200 81 -4974 4170 
32 -354 3 4229 82 -411 5 4974 
33 -3255 5658 83 -371 2 6515 
34 -2231 6456 84 -2569 7430 
35 -914 5486 85 -1029 6456 
36 00 4855 66 00 5829 

• 
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50 DISPERSION MODEL RESULTS 

The purpose of this section IS to present the results of the ISCST dispersion 
modeling analyses described In Sections 3 a and 4 a These analyses are used 
to demonstrate Impacts (1) wrth,n Significant Impact areas of the proposed facllrty 
due to stack emissions from the ICL plant (for all criteria and certain noncrlterla 
pollu1ants) and (2) adjacent to the proposed faCIlity due to sources of fugrtlve 
particulate emiSSions from material handling and storage actlvrtles The results of 
a modeling analysIs to evaluate particulate Impacts due to cooling tower drift from 
the plant's cooling system are presented In Section 73 

5 1 IMPACTS DUE TO PROPOSED FACILITY 

ThiS section discusses the air qualrty Impacts due to stack and fugrtlve emission 
sources at the ICL plant The analyses consider faCIlity operation (stack emissions) 
at full (100 percent) load and at partial loads of 75 and 50 percent for receptors 
Within a 5-km radiUS of the faCIlity Results are based on the use of 5 years of 
meteorological data collected from the West Palm Beach NWS stabon (see Secbon 
4 3), as reqUired by the FDER 

SO, IS the primary pollutant of concern for thiS prOject Impacts presented for NO" 
TSP, PM-10, and lead were scaled from the modeled SO, concentrations In 
proportion to their respective emission rates likeWise, concentrations of 
noncrlterla pollutants released In amounts above threshold slgnrtlcant emisSion 
levels (I e , beryllium and ftuorldes) were scaled from the S02 modeling results 

5 1 1 S02 IMPACTS 

Impacts from S02 emissions were analyzed by the ISCST model For short-term 
Impacts, the highest second-highest concentrations are reported because the 
analyses were based on the use of 5 years of representative meteorological data 
For long-term (annual) Impact, the maximum concentration estimated for each year 
was used 

Table 5-1 presents annual, 24-hour, and 3-hour average SO, Impacts due to the 
proposed ICL main bOiler operating at full (100 percent) and partial (75 and 
50 percent) loads These resu~s are based on the screening modeling for 
receptors wrthln 5 km of the faCIlity The purpose of these screening modeling 
studies IS to determine the worst-load case Results Indicate that Impacts at partial 
loads are less than that at full load The tradeoff between dispersion due to a 
lower eXit flow rate and lower emissions at these reduced loads was apparently 
dominated by the latter 

Impacts from the oil/gas-fired aUXIliary bOiler were also analyzed to determine 
which fuel would have more Impact to the ambient air Table 5-2 shows that 011 
firing resulted In higher concentrations than gas firing for all the averaging periods 
conSidered Therefore, the Oil-firing aUXIliary bOiler was conSidered together wrth 
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the coal-firing main bOiler to estimate the maximum combined Impacts from the • 
proposed ICl stacks This approach IS conselVatlve because the auxIliary bOiler 
IS only planned to be operated on a part-time basIs In support of the main bOiler 

Screening analyses were made uSing a coarse-grid (250-m IntelVal) within 4 25 km 
of the facIlity The screening analyses revealed that due to the relatively short 
auxIliary bOiler stack, building downwash effects Induced by the bOiler bUlldmg 
were eVident near the proposed plant Therefore, for the refined-grid (100-m 
IntelVal) analyses, the receptors were placed much closer to the site In the 
refined-grid analyses, the receptors were placed around the maximum Impact 
locations predicted by the screening modeling The closest Me boundary IS 
located to the east of the main stack, Slightly more than 200 m away In order to 
Identify the maximum concentrations Induced by bUilding downwash, Instead of 
100 m, an IntelVal of 50 m was used between the first and the second rings of the 
polar receptor network Thus, the first ring distance was set at 250 m, Instead of 
300 m The ICl SIte boundary has an Irregular shape Concentrations predicted 
at the receptors located on-SIte were excluded In the analyses Table 5-3 presents 
the refined-grid modeling resutts for annual 1-, 3-, 8-, and 24-hour average S02 
concentrations due to the combined Impacts from the main bOiler stack and the 
auxIliary bOiler stack 

Of the 5 years modeled, the maximum annual average concentration IS 1 15fgjm3 

(occurring In 1985), only slightly more than the significance level of 1 pgjm ThiS 
value occurs to the east-southeast of the proposed facIlity (1000 radla~ at a 
distance of 250 m The maximum 24-hour average S02 value (11 6 pgjm ) also • 
occurs at thiS receptor and In the same year It should be noted that thiS 24-hour 
average value IS less than the monitoring exemption level (13 pgjm3

) The 
maximum 3-hour average IS 247 pgjm3 and occurs on the 3100 radial at a 
distance of 2 km The maximum 8-hour and 1-hour concentrations are 19 and 
61 2 pgjm3

, respectively 

As mentioned In Section 3 5 2 and elsewhere, S02 concentration values will be 
used to scale N02, TSP, PM-10, and lead Impacts due to stack emissions and for 
selected non-criteria pollutants as presented In the following subsections The 
ISCST-modeled results also Indicated that the main bOiler sliack has no Impacts at 
250 m downwind for 3-, 8-, and 24-hour and annual averaging periods (see Table 
5-4) For these averaging periods, all the Impacts at thiS distance are due to the 
bUilding downwash affecting the aUXIliary bOiler plume Thus, the aUXIliary bOiler 
S02 emiSSion rate was used to scale Impacts of other pollutants at thiS distance 
For the 1-hour averaging time, the main boiler and the aUXIliary bOiler contribute 
94 percent and 6 percent to the maximum Impact localion (800 m downwmd), 
respectively 

51 2 PARTICULATE IMPACTS 

As stated In Section 5 1 1, the maximum Impacts for 24-hour and annual averaging 
periods were contributed by the aUXIliary bOiler stack alone The ratio of the hourly 
aUXiliary stack particulate emiSSion (1 4 Ibjhr) to S02 emissions (17 73 Ibjhr) IS 
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about 0 079 Scaling the highest annual average S02 concentration reported 
above (1 15 Jlg/m', within 4 25 km) by this ratio ¥,elds a maximum Incremental 
annual particulate concentrallon of only 0 09 Jlg/m LikeWise, scaling the highest 
24-hour average S02 concentration (11 6 Jlg/m') Yields a maximum Incremental 
24-hour particulate concentrallon of only 092 Jlg/m' Clearly, the Incremental 
Impacts of stack-emitted particulates are well below the corresponding significance 
levels (1 Jlg/m' - annual, 5 Jlg/m' - 24 hour) 

The highest particulate Impacts due to the proposed ICL plant are a resu~ of 
fugitive dust emisSions from material handling and storage activities The highest 
annual and 24-hour average Incremental concentrallons are 0 17 and 3 3 Jlg/m', 
respectively (see Table 5-5) The maximum 24-hour fugitive particulate Impact IS 
less then the significant Impact level (5 Jlg/m') ThiS value occurs at the ICL 
property line, 600 feet from the coal un loading area, and decreases farther 
downwind of the boundary 

As stated In Section 5 1 1, the main bOiler stack has no contribution to receptors 
located at the property line for 24-hour or annual averaging periods Therefore, the 
combined Impacts of fugitive and aUXIliary bOiler stack emisSions were analyzed 
The maximum 24-hour particulate Impact from these stack emissions IS 0 92 
Jlg/m', which occurred on Julian day 10 In 1982 (see Table 5-4) The Impact of 
fugitive emissions on thiS date and at the same location was estimated by the 
ISCST model to be only 0 075 Jlg/m' Similarly, based on the maximum 24-hour 
particulate Impact produced by the fugitive emissions, the stack Impact at the same 
location and date was also analyzed The resultant combined Impacts are 
presented below 

1982 

1986 

Julian 
Day 

10 

164 

Fugitive 
("g/m') 

0075 

333 

Aux BOiler 
(!!glm') 

0916 

0014 

Total 
(ugjm"l 

0991 

3347 

The results show that the maximum combined 24-hour Impact (3 3 Jlg/m') IS below 
the Significant level of 5 Jlg/m' It IS also less than the mOnitoring exempllon level 
of 10 Jlg/m' For annual particulate Impacts, the highest values for stack and 
fugitive sources are 009 (see Table 5-4) and 017 Jlg/m' (see Table 5-5), 
respectively These two maximum Impacts do not overlap However, since they 
are relatively small, It IS conservative to use their sum (0 26 JlQ/m') as the total 
maximum annual Incremental Impact ThiS sum IS less than the Significant level of 
1 Jlg/m' 

5 1 3 N02 , CO, AND LEAD IMPACTS 

As stated above, the main bOiler stack has no contribution to the maximum 8-hour, 
24-hour, and annual Impact locations The ratio of maximum hourly aUXIliary bOiler 
stack emiSSions of NO, (682 Ib/hr) to S02 (1773 Ib/hr) IS about 3 847 Scaling 
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the highest annual average S02 concentration reported above (1 15 Ilgjm') by this • 
ratio Yields a m8l(lmum Incremental annual N02 concentration of 4 42 Il~jm' This 
value IS below the corresponding mOnltonng exemption level (14 Ilgjm ) for N02 

As stated In Section 3 5 2, for the auxiliary bOiler stack, the CO emiSSion rate IS 
about 2 7 times of the S02 emission However, for the main bOiler stack, the CO 
emission rate IS only about 0 65 times the S02 emiSSion Therefore, the m8l(lmum 
1- and 8-hour CO Impacts do not necessanly occur at the same locations as those 
predicted by the S02 emiSSions As a result, ISCST modeling was Independently 
made for 1-hour and 8-hour CO Impact analyses The modeling results showed 
that the maximum 1-hour CO Impact IS 78 2 Ilgjm', which occurred on Julian day 
11, 1983 The maximum 8-hour CO Impact IS 509 Ilgjm', which occurred on 
Julian day 21, 1985 Both of these maximum Impacts occurred at 250 m 
downwind from the main bOiler stack It IS eVident that these values are 
contnbuted by the auxiliary bOiler stack due to plume downwash The maximum 
1-hour value IS about 25 times less than the 1-hour slgmflcant Impact level 
(2,000 Ilgjm') The maximum 8-hour value IS about 10 times less than the B-hour 
significant Impact level (500 Ilgjm') As stated In Section 5 1 1, the maximum 
1-hour S02 Impact occured at 800 meters, Instead of 250 meters, downwind from 
the main stack ThiS confirmed the necessity for modeling CO Impacts 
Independently 

The total lead emiSSion of the ICL stacks IS less than the significant emission level 
(see Table 2-2), thus, no air quality analysIs for lead IS required 

51 4 NON-CRITERIA POLLUTANTS 

In add,llon to the air quality Impacts of crrtena pollutants (I e , those for which an 
NMOS has been established) discussed In the prevIous subsections, an Impact 
analysIs IS also required for noncntena pollutants Table 2-2 Identified the follOWing 
noncntena pollutants which are trace elements emitted by the ICL plant In 
slgmflcant amounts beryllium, fluondes, Inorganic arseniC, and mercury 

Significant ambient air quality Impact levels have not been established for these 
pollutants However, as mentioned In Sections 22 3 and 3 7 4, the Flonda Air 
Toxlcs Working Group, composed of FDER and local county air tOXICS staff, has 
developed a list of "no-threat" levels that can be used for a hea~h-effects 
evaluallon As stated earlier, the main bOiler stack has no contnbullon at the 
locations of maximum 8-hour, 24-hour, and annual averaging penods The trace 
element emissions of the main stack are In general two orders of magnitude 
greater than those of the auxiliary stack, except SO, mist, which IS only one-and­
one-half times greater As a result, for the health-effects analysIs, the main stack 
S02 emission rate should be used to scale emiSSions of trace elements In 
predicting their maximum concentrallons Results of the maximum Impacts 
produced by the main bOiler stack alone are presented In Table 5-6 The 
maximum S02 8-hour, 24-hour, and annual Impacts from the main bOiler stack are 
131,57, and 056 Ilgjm', respectively 
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The ratio of the estimated hourly main bOiler stack emiSSion rate for beryllium 
(00094 Ib/hr) to SO, (5826 Ib/hr) IS about 161 x 10 5 Scaling the maximum 
8-hour, 24-hour, and annual avera,ge SO, concentrations ~ee Table 5-6) by this 
ratio Yields 2 11 x 10 -4, 920 x 10 , and 9 04 x to" Ilg/m, respectively These 
values are two orders of magnitude less than the corresponding FDER "no-threat" 
levels of 0 02, 0 005, and 0 0004 Ilg/m3 

The ratio of the main bOiler stack fluoride emiSSion rate (5 08 Ib/hr) to SO, 
(5826 Ib/hr) IS about 0 0087 Scaling the maximum 8-hour and 24-hour average 
SO, concentrations by thiS ralio Yields 0 114 and 0 050 Ilg/m3, respectively These 
values are much less than their corresponding FDER "no-threat" levels of 25 and 
6 Ilg/m3, respectively No annual flUOride "no-threat" level IS available 

The rabo of the main bOiler stack emisSion rate for Inorganic arsenic (0 175 Ib/hr) 
to the corresponding SO, emisSion level IS 300 x 10'" Scaling the maximum 
8-hour, 24-hour, and annual average SO, Impacts by thiS ratio Yields 393 x 10-3, 
1 50 X 10-3, and 1 68 x 10-4 Ilg/m3, respectively The 8-hour and 24-hour values 
are two orders less than the corresponding FDER "no-threat" levels of 2 and 
o 5 Ilg/m3 The annual value IS 84 percent of rts corresponding "no-threat" level 
(0 0002 Ilg/m3) 

The ratio of the main bOiler stack emiSSion for mercury (0 067 Ib /hr) to the 
corresponding SO, emission level IS 1 15 X 10-4 Scaling 8-hour and 24-hour 
average SO, Impacts by thiS ratio Yields 1 51 x 10-3 and 656 x 10-4 Ilg/m3, 
respectively These values are two orders of magnrtude less than the 
corresponding FDER "no-threat" levels of Oland 0024 Ilg/m3 No annual "no­
threat" level IS available for thiS pollutant 

As Indicated In Table 2-2, Since sulfuric aCid mist emisSions (6 35 tons/year) are 
less than the significant emission level (7 tons/year), no air quality analysIs IS 
reqUired for thiS pollutant 

52 PSD INCREMENT CONSUMPTION DETERMINATION 

A PSD Increment consumption analysIs IS required for the proposed ICL on the 
baSIS of slgrllflcant Impacts due to stack SO, and NO, emiSSions (see Sections 
3 5 1 and 5 1) However, TSP Impacts are below the significance levels for both 
annual and 24-hour averaging periods As a result, a TSP Increment consumption 
analysIs was not reqUired 

5 2 1 SO. INCREMENT CONSUMPTION 

PSD sources of SO, emisSions In the VlClrllty of the ICL plant have been 
established and presented In Table 4-4 The Martin CG/CC project has eight 
combustion turbines, and each of them ducts to a separate stack These eight 
stacks are about 530 m apart and are grouped IntO two combined sources, Instead 
of a sing Ie co-located source, In order to Simulate them more accurately In 
disperSion modeling These two combined sources are shown In Table 4-4 as 
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Sources 10 and 11 Two auxIliary bolier stacks for the same project are separated 
by about 230 m and are modeJed as two separate sources (Sources 12 and 13 In 
Table 4-4) Similarly, two diesel generator stacks are about 230 m apart and are 
modeled as two sources (Sources 14 and 15 In Table 4-4) Thus, for modeling 
purposes, there are 15 SO, PSD Interactive sources for the proposed JCl plant 
Results of the SO, PSD Increment consumption analysIs are presented In 
Table 5-7 The 3-hour, 24-hour, and annual average SO, combined Incremental 
concentrallons are about 35 percent, 54 percent, and 20 percent of the 
corresponding maximum allowable PSD Increment levels The proposed ICl plant 
has no contribution to the combined 3-hour and 24-hour maximum Impact 
locallons and contributes only about 13 percent to the annual combined maximum 
Impact locallon ThiS IS an Indication that the proposed ICl sources emrt relatively 
small amounts of SO, compared to other nearby Interactive SO, sources 

522 NO, INCREMENTAL CONSUMPTION 

• 

In Section 4 2 2, PSD sources of NO, emissions In the vIcinity of the ICl plant have 
been established and presented In Table 4-4 Simliar to the SO, Increment 
consumpllon analysIs, eight combusllon turbines, two auxIliary bOilers, and two 
diesel generators at the Martin CG/CC project were also Included as NO, 
interactive sources Thus, for modeling purposes, there are 11 NO, PSD 
Interactive sources for the proposed ICl plant Results of the NO, Increment 
consumption analysIs are presented In Table 5-7 The highest annual NO, 
combined Incremental concentrallon (6 53 I'g/m'l IS about 26 percent of the 
corresponding PSD Incremental allowable (25 I'g/m') The proposed ICl plant • 
contributes about 68 percent to the annual combined maximum Impact location 

53 AMBIENT AIR QUALITY COMPLIANCE DEMONSTRATION 

It IS necessary for the project to demonstrate compliance With the federal and state 
air qualrty standards shown In Table 2-4 For SO, thiS determlnallon IS based on 
the combination of ambient background concentrations (see Section 531), 
Impacts due to background Interactive sources, and the Incremental Impacts due 
to the proposed facIlity (see Section 5 1) Interactive source analyses are required 
because the facIlity has been shown to produce Significant air quality Impacts for 
SO, and NO, For TSP, PM-10, CO and lead, only the combination of ambient 
background levels and the ICl concentrations were conSidered to demonstrate 
compliance With the appropriate air quality standards 

5 3 1 BACKGROUND AIR QUALITY 

As mentioned In Section 34, on-SIte monrtorlng IS not required because the 
estimated Impacts for all pollutants requIring an air quality analYSIS are well below 
the corresponding Significant monrtorlng concentrations Based on the ISCST 
modeling results, a summary of thiS finding IS presented In Table 5-8 Additionally, 
the FDER Indicated that the eXisting monrtorlng data from the adjacent FPl Martin 
SIte are representative of the proposed ICl area (see AppendiX A, FDER letter) 
For the purpose of compliance demonstration In thiS permit application, ambient 
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air qualrty data collected by the FDER for the ICL site vlclnrty and those collected 
by the Martin CG/CC project and by the nearby hlstoncal Martin s~e moMonng 
network are considered to establish background air quality levels 

FDER Air Quality MOnltonng Network 

Most of the state-run mOnltonng stations Within a 50 km radiUS of the ICL s~e 
measure particulate matter only In Palm Beach County, ambient CO, 0" N02, 
and S02 data are also collected The available state-operated air quality monltonng 
sites located w~hln thiS area are presented In Table 5-9 A summary of the FDER 
air quality monltonng data collected dunng the most recent 3 years (1987-89) IS 
presented In Table 5-10 Values presented In the table are the highest second­
highest measured concentrations for short-term averages and the highest 
measured concentrations for the annual average 

The highest recorded 8-hour CO level (5 ppm) IS about 56 percent of the federal 
and state standard (9 ppm), While the highest annual N02 level (25 I'g/m') IS 
25 percent of the applicable standards (100 I'g/m') The highest S02 
measurements for short-term averaging penods are lower than those recorded by 
FPL eXisting mOnitors, while the highest annual average IS equal to that recorded 
by FPL (see Table 5-11) The highest 24-hour TSP level measured at the FDER 
monitor at Martin County IS 103 I'g/m' (see Table 5-10), 69 percent of the state 
standard (150 I'g/m') ThiS value IS also lower than that recorded by the FPL 
mOnitors (see Table 5-11) 

Hlstoncal Martin Site Monrtonng Network 

The hlstoncal Martin site mOnltonng program as descnbed In the Martin CG/CC 
PSD permrt application IS bnefly discussed Background S02' N02, and TSP 
measurements have been made by FPL at four s~es (Nos 1, 2, 3, and 4) In the 
vIcinity of the Martin Plant on a once-every-sll<lh-day baSIS since October 1973 
These data were supplemented In 1979-1980 With two sites (Nos 5 and 6) 
monltonng S02 and N02 With continuous analyzers and a seventh site (No 7) 
monitoring TSP Only about 1 year of continuous S02 and N02 monrtonng data 
eXists at Site Nos 5 and 6 A summary of FPL h,stoncal ambient air quality 
monltonng data for the Martin srte vIcinity for the penod available (1973-1988) IS 
presented In Table 5-11 Figure 5-1 shows the location of these historical 
monltonng sites However, the historical S02 and N02 data were based prlmanly 
on "bubbler" type samplers, and 1 year of continuous analyzer monrtonng data 
were collected ,n 1980 Therefore, they render only a general Idea of the eXisting 
air qualrty levels In the vIcinity of the ICL site 

Martin CG/CC PrOJect MonltQnng Network 

The Martin CG/CC project conducted a 12-month (October 1988 through 
September 1989) on-site mOnitoring program Four pollutants (S02' N02, 0" and 
particulate matter) were measured ThiS monitoring program consists of two srtes 
One was located east of the Martin Plant location, and the other was located to the 
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west Nine months (October 1988 through June 1989) of the measurements were • 
presented In the Martin CG/CC PSD permit appllcallon Measurements for the rest 
of the 3 months (July 1989 through September 1989) were presented In the Final 
Data Report for the Martin CG/CC prolect A summary of the 12-month 
measurements IS presented In Table 5-12 Figure 5-1 shows the locations of these 
alf quality mOnltonng sites As shown In the table, data collected by the Martin 
CG/CC PSD program are In good agreement with those measured In the FPL 
eXisting mOnltonng network and the FDER mOnitors Data reported In Table 5-12 
are most current and meet the PSD momtonng data recovery rate and quality 
assurance requirements 

Background Determlnatron 

The two Martin CG/CC PSD mOnltonng sites are approximately 4 2 and 102 km 
west-northwest of the proposed ICL Site, respectively Because of the proximity 
of these monltonng stallons to the proposed site and the currentness of the data, 
measurements for the Martin CG/CC prolect are considered to be the most 
representative data for the ICL site area These data have been used to determine 
the background alf quality levels for S0" NO" and PM-10 Background alf quality 
levels for other cntena pollutants (CO and TSP) were determined uSing the eXisting 
FDER monltonng data The background alf quality levels determined for the 
proposed ICL site and thelf corresponding federal/state standards are presented 
In Table 5-13 

The follOWing section presents total Impacts for TSP, PM-10, S0" and NO, based • 
on the modeled Incremental concentrations In Section 5 1 and the assumed 
background values above 

5 3 2 INTERACTIVE BACKGROUND SOURCES 

Interactive background sources are descnbed In Section 4 2 3 and presented In 
Table 4-5 As stated In Section 3 5 2, S0, and NO, have Significant Impacts on the 
ambient alf Thus, S0, and NO, Interactive background sources were Included In 
the ISCST modeling to estimate the maximum background levels Background 
levels estimated by modeling were added to the measured background levels 
established In Section 5 3 1 to determine the total background levels Since the 
measured background levels already Include Impacts from these Interactive 
background sources, the approach of uSing the total background levels (measured 
background + modeled background) IS conservative The combined maximum 
Interactive Impacts (ICL stack sources + background Interactive sources) are 
presented In Tables 5-14 and 5-15 for S0, and NO" respectively 

533 CRITERIA AIR POLLUTANTS 

From Section 5 1 1, based on the ICL stack emiSSions, the highest PSD 
Incremental S0, concentrations were 1 15 ~g/m3, 11 6 ~g/m3, and 24 7 ~g/m3 for 
annual, 24-hour, and 3-hour averaging penods, respectively (see Table 5-3) 
However, detailed modeling has shown that the ICL S0, stack emiSSions have no 
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contribution to the maximum Interacllve background Impact locations for both 3-
hour and 24-hour averaging periods within a study area of 4 25 km radius centered 
at the ICL main stack On an annual basIs, the ICL stack emissions contribute only 
about 1 6 percent (0 11 J1g/m3

) to the maximum Interactive background Impact 
location within the studied area When combined with the corresponding 
monitored bac~round values Identified In Table 5-16, the resu~ant total Impacts 
are 616 J1g/m , 61 1 J1g/m3

, and 243 J1g/m3 for annual, 24-hour, and 3-hour 
averaging periods, respectively These values are all well below the respective 
federal and state ambient alf quality standards (see Table 5-16) 

The highest modeled TSP Impacts due to the cOmbinaTIOn of the ICL stacks and 
fugitive particulate emiSSions are a 26 J1g/m3 (annual) and 3 3 J1g/m3 (24-hour) 
within 4 25 km of the proposed facIlity (see Section 5 1 2) The correspondln~ 
background values from the prevIous subsection are 133 J1g/m3 and 39 J1g/m , 
respectively Total Impacts are 1356 J1g/m3 and 423 J1g/m for annual and 24-
hour averaging penods, respectively These values are likewise well below the 
pnmary and secondary state TSP standards For this analysIs, It has been 
assumed that both modeled and monitored TSP data would conservatively 
represent PM-l a Impacts Thus, the total "particulate (PM-1O)" annual 
(1356 J1g/m3

) and 24-hour (42 3 J1g/m3
) Impacts are stili below the corresponding 

pnmary and secondary NAAOS of 50 J1g/m3 and 150 J1g/m3
, respectively The 

conservatism lies In the assumed background level, In that rt IS a value for TSP, the 
PM-l a value would be less 

Total annual NO,lmpact IS 115 J1g/m3 (Table 5-16) based on the modeling resu~ 
In Section 5 1 3 and the monrtored background value This concentration IS only 
about 11% of the corresponding federal and state standard (100 J1g/m'j 

Incremental CO Impacts reported In Section 5 1 3 were several orders of 
magnrtude below the corresponding federal and state standards The maximum 
1- and 6-hour concentrations which occur near the srte boundary (250 m 
downwind of the main stack) are contnbuted solely by the downwash plume from 
the auxIliary bOiler stack 

The maximum Incremental 24-hour lead concentration was shown above to be 
0015 jig/m3 This maximum 24-hour value IS so far below the quarterly average 
lead standard (1 5 J1g/m3

) that compliance IS unquesllonable 

Overall, rt has been demonstrated that compliance with the federal and state 
ambient alf quality standards will occur dunng operation of the proposed ICL for 
all cntena alf pollutants 
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Table 5-1 • FULL AND PARTIAL LOAD 502 IMPACTS FROM MAIN STACK 

Averaging Load Concen a Locatlonb 

Penod Year (%) (Ilg/m') (Olst, Orr) 

Annual 1982 100 056 30,310 
75 052 30,310 
50 042 25,310 

1983 100 046 30,310 
75 043 30,310 
50 035 25,310 

1984 100 036 35,300 
75 034 30,310 
50 027 25,310 

1985 100 045 30,310 
75 042 30,310 
50 034 25,310 

1986 100 041 35,270 
75 037 30,270 
50 030 30,270 

24-Hour 1982 100 56 30,310 
75 52 30,310 • 50 40 30,310 

1983 100 44 10,350 
75 40 20,300 
50 32 25,300 

1984 100 48 25,280 
75 44 25,280 
50 36 20,280 

1985 100 46 35,290 
75 42 30,290 
50 34 30,290 

1986 100 44 20,250 
75 39 20,250 
50 30 15,260 

3-Hour 1982 100 198 30,300 
75 178 25,300 
50 142 25,300 

1983 100 199 20,300 
75 194 10,320 
50 157 20,300 

1984 100 222 20,310 
75 207 20,310 
50 164 1 5, 310 • 
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Table 5-1 (Continued) 

Averaging Load Concen a 

Period Year (%) (lIg/m') 

1985 100 197 
75 187 
50 149 

1986 100 205 
75 178 
50 138 

Locatlonb 

(DIS!, Olr) 

20,270 
20,270 
20,270 
1 5, 250 
1 5, 250 
10,270 

a - Maximum annual concentration, or highest second-highest average 
concentration from ISCST (3- and 24-hr) 

b - Receptor coordinates distance In kilometers, direction In degrees relative to 
ICL main stack 
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Table 5-2 • AUXILIARY BOILER S02 IMPACTS 

Annual 3-Hour 24-Hour 
Year Fuel (llg(m3) (llg(m3) (llg(m3) 

1982 011 109 139 63 
(0 5, 330) (0 75, 350) (0 5, 320) 

Gas 004 05 02 
(0 5, 330) (0 75, 350) (0 5, 320) 

1983 011 081 14 a 72 
(0 5, 320) (0 5, 50) (0 5, 330) 

Gas 003 05 03 
(0 5, 320) (0 5, 50) (0 5, 330) 

1984 0,1 082 141 70 
(0 5, 320) (0 5, 360) (0 5, 350) 

Gas 003 as 02 
(0 5, 320) (0 5, 360) (0 5, 350) 

1985 011 080 148 67 • (0 5, 320) (0 5, 360) (0 5, 330) 

Gas 003 as 02 
(0 5, 280) (0 5, 280) (0 5,330) 

1986 011 087 147 61 
(0 5, 280) (0 5, 310) (0 5, 320) 

Gas 003 05 02 
(0 5, 280) (0 5, 310) (0 5, 320) 

Notes Concentrations are In Ilg/m3 

Shown within parentheses are distance (km) and direction (degree) relative 
to the main boiler stack 

• 
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• Table 5-3 
ANNUAL AND SHORT-TERM AVERAGE 502 IMPACTS 
(MAIN BOILER AND AUXILIARY BOILER COMBINED) 

Averaging Concen a Location" 
Penod Year (llg/m1 (Olst, Olr) 

Annual 1982 092 06,320 
1983 106 025,110 
1984 085 025,120 
1985 1 15 025, 100 
1986 104 025,110 

24-Hour 1982 116 025,110 
1983 99 025,110 
1984 11 1 025, 120 
1985 113 025,110 
1986 90 025, 100 

8-Hour 1982 171 025,100 
1983 170 025,110 
1984 162 025, 120 
1985 190 025,110 

• 1986 168 025, 100 

3-Hour 1982 247 025, 100 
1983 222 025,110 
1984 237 20,310 
1985 225 025,110 
1986 224 025,110 

1-Hour 1982 576 08, 100 
1983 599 08,30 
1984 578 08,250 
1985 612 08,80 
1986 581 08,270 

a - M81<lmum annual concentration, or highest second-highest concentrations (1-, 
3- 8- and 24-hr) , , 

b - Receptor coordinates distance In kilometers, direction In degrees relative to 
ICL main bOiler stack 

• 
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Averaging 
Pollutant Period 

SO, 1-Hour 

3-Hour 

8-Hour 

24-Hour 

Annual 

PM 24-Hour 

Annual 

NO, Annual 

CO 8-Hour 

1-Hour 

Table 5·4 
RELATIVE CONTRIBUTIONS AT MAXIMUM IMPACT LOCATIONS 

(ICL STACK SOURCES ONLy) 

Main Aux Dlst Dir 
Baller Baller Total Year (km) (deg) 

576 35 612 1985 08 80 

00 247 247 1982 025 100 

00 1904 1904 1985 025 110 

00 116 116 1982 025 110 

00 115 1 15 1985 025 100 

00 092 092 1982 025 110 

00 009 009 1985 025 100 

00 442 442 1985 025 100 

00 509 509 1985 025 110 

00 782 782 1983 025 100 

Notes Concentrations are In /lg/m' 

Juhan 
Day 

201 

15 

21 

10 

10 

21 

11 

Distance and direction shown are In km and degree, respectively, relative to the ICL main stack 

20524 01111,lndlantn SCA 

• • 



• Table 5-5 
PARTICULATE IMPACTS DUE TO ICL FUGITIVE EMISSION SOURCES 

Annuala Locatlonb 24-Hour' Locatlonb 

Year (1l9/m3
) (x, y) (Ilg/m'l (x, y) 

1982 017 -7601,0 26 -7601,0 

1983 016 -7601, 0 24 -7601,0 

1984 014 -7601,0 16 -6744, 1143 

1985 013 -7601, 0 13 -8632, -1372 

1986 017 -7601,0 33 -7601,0 

a ~ Maximum annual average concentration 
b - x, y coordinates In meters relative to ICL plant stack 
c - Highest second-highest 24-hour average concentration 

• 

• 
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Table 5-6 
MAIN BOilER STACK MAXIMUM S02 IMPACTS • 

Annual 3-Hour 8-Hour 24-Hour 
Year (Ilg/m') (Ilg/m') (Ilg/m') (Ilg/m,) 

1982 056 203 12 1 57 

(32, 310) (29, 300) (26, 310) (32, 310) 

1983 046 201 122 48 

(31,310) (275, 300) (09,350) (09,350) 

1984 036 222 107 48 

(32, 300) (20, 310) (26, 280) (26, 280) 

1985 044 198 106 46 

(31,310) (21,270) (36, 290) (34, 290) 

1986 041 205 131 44 • (34, 270) (1 5, 250) (21,250) (21,250) 

Maximum 056 222 131 57 

Note Shown within parentheses are distance (km) and direction (degrees) of 
Impact relative to the lel main bOiler stack 

• 
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• Table 5-7 
PREDICTED PSD INCREMENT CONSUMPTION 

ICl Combined Maximum 
Averaging Incremental Incremental Allowable 

Pollutant Time Concentration Concentration PSD Increment 

5°2 3-Hour 0 1768 512 
(36, 310) (36, 310) 

24-Hour 0 494 91 
(30, 280) (30, 280) 

Annual 0527 398 20 
(35, 270) (35, 270) 

NO, Annual 442 653 25 
(025, 100) (025, 100) 

Notes All concentrations are In Ilg/m' 

• Shown within parentheses are distance (km) and direction (degrees) 
relative to ICl main bOiler stack 

• 
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Table 5-8 • PSD SIGNIFICANT MONITORING CONCENTRATIONS FOR EXEMPTION AND 
CORRESPONDING MODELED IMPACTS FOR THE PROPOSED ICL PLANT 

Slgmflcant Modeled 
Averaging Concentratlona Concentratlonb 

Pollutant Time (~g/m3) (~g/m3) 

Carbon Monoxide B-Hour 575 509 

Nitrogen DIoxide Annual 14 442 

Sulfur D,ox,de 24-Hour 13 116 

TSP 24-Hour 10 33 

PM-10 24-Hour 10 33 

Ozone d 

Lead 3-Month 01 00003" 

Asbestos g o O'h 

Berylhum 24-Hour 0001 < <0 001' • 
Mercury 24-Hour 025 < <0 001" 

Vinyl Chlonde 24-Hour 15 a O'h 

Fluondes 24-Hour 025 005 

Sulfunc ACid Mist 24-Hour' 0014' 

Total Reduced Sulfur k a O'h 

Reduced Sulfur k a O'h 

Hydrogen Sulfide 1-Hour 02 a O'h 

Benzene a Oh 

Radlonuchdes 

Radon 222 

Arsenic B-Hour' 00039 • 
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Table 5-8 (Continued) 

a - Source PSD Monltonng GUidelines (Table A-2) (EPA, 1987) 

b - Except as noted, based on maximum annual average concentration, or 
highest second-highest 24-hour average, or maximum 1-hour average 

d - No specific concentration for ozone IS prescnbed Exemptions are granted 
when a source's vae are < 100 tons/year 

e - The 3-month average concentration for lead was not estimated because the 
maximum 24-hour average value was about 300 times less than the 
corresponding 3-month significance level 

f - Under the PSD regulations, an air quality Impact analysIs IS not required for 
this pollutant because ItS emission IS below the applicable significance level 

g - No acceptable monltonng techniques available at this time Therefore, 
mOnltonng IS not reqUired untIl acceptable techniques are available 

h - No Impacts There are no emisSions expected for this pollutant 

I - The maximum 24-hour average concentration for beryllium IS 4 75 x 10-5 
ug/m3

, about 20 times less than the corresponding Significance level 

- The maximum 24-hour average concentration for mercury IS 1 44 X 
10-4 ug/m3

, about 10 times less than the corresponding Significance level 

k - No acceptable mOnitoring techniques available at thiS time However, 
techniques are expected to be available shortly 

- No monltonng techniques, significant concentration, or averaging penod 
specified In the PSD MOnltonng GUidelines 
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Table 5-9 
FDER AIR QUALITY MONITORING SITES USED FOR THE 

ICL PLANT VICINITY • County Site 10 TSP SO, NO, CO 0, 

Palm Beach 017 J02 x 
003 G02 x 
004 G02 x 
004 G01 x x x 
006 G03 x 
007 G01 x 
004 J02 x 
005 J02 x 
006 J02 x 
006 J09 x 
007 G01 x 
001 G01 x 
002 G01 x 
003 G01 x 
001 G01 x 
002 J03 x 
005 G01 x 
006 G01 x 
008 J02 x 
009 J02 x 
010 J02 x • 011 J02 x 
012 J02 x 
013 J02 x 
014 J02 x 
015 J02 x 
001 G01 x 
003 G01 x 
002 J02 x 

Marlin 004 F02 x 
002 F01 x 
002 G01 x 
002 G09 x 
003 G01 x 

Hendry 002101 x 
002 J02 x 

Highlands 001 F03 x 
Okeechobee 002 F03 x 
51 lucie 004 F01 x 

004 F09 x 
009 F02 x 
001 F01 x 
001 F09 x 

Source FDER, 1987, 1988, 1989 • 
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• Table 5-10 
SUMMARY OF FDER AIR QUALITY DATA FOR THE ICL SITE VICINITY 

Averaging Maximum 
Pollutant County Penod Concentration NAAOS FAAOS 

1987 1988 1989 

S02(a) Palm Beach 3-hr 52 58 68 1300 1300 
24-hr 12 11 27 365 260 
Annual 3 3 8 80 0 

Palm 1-hr 152 137 117 
Annual 22 25 24 100 100 

CO(b) Palm Beach 1-hr 6 7 7 35 35 
8-hr 4 5 4 9 9 

Ozone(b) Palm Beach 1-hr 0091 0107 0106 012 012 

TSP(a) Palm Beach 24-hr 251 250(e) 161 260(c) 150 
Annual 50 50 128 75(d) 60 

• Hendry 24-hr 650 576(1) 73 260 150 
Annual 42 36 47 75 60 

Highlands 24-hr 50 143 35 260 150 
Annual 20 20 28 7560 

Marlin 24-hr 98 103 78 260 150 
Annual 39 39 40 75 60 

Okeechobee 24-hr 52 72 105 260 150 
Annual 26 26 28 75 60 

SI Lucie 24-hr 457 189(g) 219 280 150 
Annual 72 67(g) 82 75 60 

PM-10(a) Palm Beach 24-hr 78 150 150 
Annual 33 50 50 

24-hr 65 150 150 
Annual 23 50 50 

(a) Concentration In Ilg/m3 
(b Concentration In ppm 

• (c) Pnmary standard speCified with a secondary standard of 150 IlQ/m3 
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Table 5-10 (Continued) 

(d) Pnmary standard specified with a secondary standard of 60 Ilg/m' 
(e) FDER Indicated that this exceedance was caused by a fugitive dust event 

associated with a sugar cane transfer station operated 12/17/88 (Source 
Martin CG/CC PSD Application, 1989) 

(I) FDER Indicated that this exceedance was caused by reentralned particulate 
matter due to sugar cane harvesting activities and occurred on 12/17/88 
(Source Martin CG/CC PSD Application, 1989) 

(g) FDER Indicated that these exceedances were due to fugitive dust from a 
nearby cement plant and an asphalt plant and heavy vehicle traffic on 8/1/88 
(Source Martin CG/CC PSD Application, 1989) 
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• Table 5-11 
FPL HISTORICAL AIR QUALITY MONITORING DATA FOR THE 

MARTIN SITE VICINITY (1973-1988) 

Averaging Station Concen (a) NAAOS FAAOS 
Pollutant Penod Number (Ilg/m3) (Ilg/m3) (Ilg/m') 

S02 3-Hour 5 105 1,300 1,300 
24-Hour 5 61 365 260 
Annual 6 8 80 60 

N02 24-Hour 1 158 
Annual 5 16 100 100 

TSP 24-Hour 3 200(c) 150(b) 150 
Annual NIA 60(b) 60 

(a) Highest concentration 
(b) Federal secondary standard 
(c) This exceedance occurred In 1986 and IS considered uncharactenstlc of the 

overall TSP monltonng data recorded for the Martin site 

• Source FPL Martin CG/CC PSD Application, 1989 

• 
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Table 5-12 • FPL MARTIN CGICC PROJECT ON-SITE AIR QUALITY 
MONITORING DATA (OCTOBER 1988 THROUGH SEPTEMBER 1989) 

MOnitored 
Averaging Concen NMOS FMOS 

Pollutant Penod (;lg/m") Srte (;lg/m3
) (;lg/m3

) 

S02 
3-Hour 61 East 1300 1300 
24-Hour 126 East 365 260 
Annual 1 3 East 80 60 

N02 1-Hour 62 West 
Annual 54 East 100 100 

Ozone 1-Hour 165 East 235 235 
Annual 47 Both 

PM-10 24-Hour 39 East 150 150 
Annual 133 West 50 50 

Sources 
FPL Martin CG/CC PSD Apphcalion, 1989 • Enwosphere Company, Final Data Report for Martin CG/CC, 1989 

• 
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• Table 5-13 
BACKGROUND AIR QUALITY LEVELS FOR THE ICL SITE 

VICINITY 

MOnitored 
Averaging Concen NAAOS FAAOS 

Pollutant Penod (/Jgim3) (lJflim"l (/Jllim31 
SO 1'1 

2 3-Hour 61 1,300 1,300 
24-Hour 126 365 260 
Annual 1 3 60 60 

NO 1'1 
2 l-Hour 62 

Annual 54 100 100 

PM-l01'1 24-Hour 39 150 150 
Annual 133 50 50 

TSpI21 24-Hour 105 260 150 
Annual 40 75 60 

COl31 l-Hour 7 35 35 
8-Hour 5 9 9 • Sources 

(1) FPL Martin CG/CC PSD Mon~ors, 1989 
(2) FDER monllors at Martin and Okeechobee, highest recorded among the two 

stations within 3 years (1987-1989) 
(3) FDER mOnitor at Palm Beach, concentration In ppm 

• 
20524016\lndoantn SCA 



Table 5-14 • INTERACTIVE BACKGROUND S02 IMPACTS 
(IncludIng ICl Stack Sources) 

Year Annual 3-hour 24-hour 

1982 688 1820 435 
(425, 170) (41,300) (06, 310) 

1983 598 1795 485 
(025, 110) (42, 300) (425, 180) 

1984 627 1671 377 
(425, 180) (425, 290) (42, 180) 

1985 621 1624 376 
(025, 100) (40,310) (425, 150) 

1986 571 1599 370 
(425, 180) (08, 270) (1 0, 240) 

Notes Concentrations are In Ilg/m3 

Shown w,th,n parentheses are dIstance (km) and directIon (degree) relatIve • to ICl maIn bOIler stack 

• 
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• Table 5-15 
INTERACTIVE BACKGROUND N02 IMPACTS 

(IncludIng ICL Stack Sources) 

DIstance Direction 
Year Annual (m) (degree) 

1982 558 600 320 

1983 571 250 110 

1984 507 250 120 

1985 610 250 100 

1986 533 250 110 

Notes ConcentratIons are In ~g/m3 

• 

• 
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Table 5-16 
SUMMARY OF AIR QUALITY ANALYSIS 

Interactive Monitored Total 
Averaging Year (Juhan ICL Background Background Impact NMOS FMOS 

Pollutant Penod Day, Penod) Sources Sources (~g/m') (~g/m') (Ilg/m') (~g/m') 

SO, 3-Hour 1982 (164,4) 00 1820 610 243 1,300 1,300 

24-Hour 1983 (96) 00 485 126 61 1 365 260 

Annual 1982 011 677 1 3 818 80 60 

NO, Annual 1985 442 168 54 115 100 100 

PM" 24-Hour 1986 (164) 33 None 390 423 150 150 

Annual 1982 026 None 133 1356 50 50 

CO 1-Hour 1983 (11,11) 782 None 8,001 8,Q792 40,000 40,000 

8-Hour 1985 (21,1) 509 None 5,715 5,7659 10,000 10,000 

a - Stack and fugitive emisSions combined 
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60 VISIBiliTY IMPACT ANALYSIS 

An analysIs was performed to assess the degree of vIsibility Impairment to the 
nearest PSD Class I Area (Everglades National Park) associated w~h operation of 
the proposed ICl The analysIs was made In accordance with technical gUidance 
provided In the Workbook For Plume Visual Impact Screening and AnalysIs (EPA, 
1988b), as discussed In Section 36 Specifically, thiS evaluation quantified the 
visual Impairment In terms of atmospheric discoloration from NOx, particulates, and 
secondary aerosols and the visual range reduction (Increased haze) from 
particulates and su~ates 

6 1 MODEL INPUT 

The VISCREEN model was used to assess vIsibility Impacts Model Inputs Include 
particulate and NOx stack emissions, distance from the ICl plant to the Impact 
area, source-observer distance, the typical background visual range, and the 
hypothetical worst case meteorological conditions These Inputs are summarized 
as follows 

o 

o 
o 
o 

Maximum Stack Emissions 
Particulates 
NOx 
Background ViSUal Range 
Distance to Everglades NP 
Meteorological Cond~lons 

62 IMPACT ASSESSMENT 

61651b/hr 
5826Ib/hr 

40 km (EPA, 1980, P 59) 
140 km (minimum distance) 
Pasqulli Stability Class F 
Wind Speed ~ 1 m/s 

USing the data desCribed above, the level-1 model generates cr~lcallndexes for 
plume perceptibility (De~a E) and plume contrast against the sky or terrain 

If the absolute value of anyone of these Indexes IS greater than 2 or 0 5 for De~ 
E or plume contrast, respectively, the emission source falls the Level-1 vIsibility 
screening test and continued evaluation uSing the Level-2 procedure IS necessary 
Resu~ of the level-1 vlslbll~ screening test are discussed In thiS section 

Emissions from the proposed ICl plant will be reduced by pollution control 
equipment such that only SO, and NO, have Significant Impact areas w~hln 4 25 
km and 4 5 km radII from the main stack, respectively In add~lon, the opac~ of 
emisSions from the faCility are lim~ed to 20 percent Therefore, Impairment to 
vlslbll~ In the Everglades National Park, which IS about 145 km to the south of the 
proposed facility, IS expected to be minimal However, the Class I vlslbll~ analysIs 
has been made to demonstrate that no Significant effects will be observed 
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Vanous VISCREEN runs were also made to Identify the optimum source-observer • 
distance so that maximum visual Impacts Inside and outside the Class I area do 
not exceed the screening crltena Two screening runs shown In Tables 6-1 (a) and 
(b) are w~h different source-observer distances, 60 and 65 km, respeCllvely 
Table 6-1 (b) shows that the optimum source-observer distance IS 65 km Since 
all of the ,ndexes are below the corresponding screening Ilm~s, the proposed ICL 
plant passes the Level-1 vIsibility screening test This Indicates that, when 
operational, the facility Will have InSignificant vIsibility Impairment dunng the worst 
meteorological conditions and that no Significant VISibility Impairment will be 
observed In the Everglades NatIOnal Park 
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Table 6-1 (a) 
VISUAL EFFECTS SCREENING ANALYSIS FOR 

SOURCE INDIANTOWN COGENERATION 
CLASS I AREA EVERGLADES NATIONAL PARK 

*** Level-l Screening 
Input Emissions for 

Particulates 
NOx (as N02) 

Primary N02 
Soot 
Primary SO, 

6165 
58260 

00 
00 
00 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

**** Default Particle Characteristics Assumed 

Transport Scenario SpecificatIOns 

Background Ozone 
Background Visual Range 
Source-Observer Distance 
Min Source-Class I Distance 

*** 

04 ppm 
4000 km 
6000 km 

14000 km 
14500 km Max Source-Class I Distance 

Plume-Source-Observer Angle 
Stability 

11 25 degrees 
6 

Wind Speed 100 m/s 

RESULTS 

Asterisks (*1 Indicate plume Impacts that exceed screening criteria 

Maximum Visual Impacts INSIDE Class I Area 
Screening Criteria ARE NOT Exceeded 

De~a E Contrast 

Backgrnd Theta Azi Distance Alpha Crlt Plume Crlt Plume 

SKY 10 161 1400 8 200 002 05 000 
SKY 140 161 1400 8 200 001 05 000 
TERRAIN 10 161 1400 8 200 006 05 000 
TERRAIN 140 161 1400 8 200 002 05 000 
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Table 6-1 (a) (ContInued) • 
MaxImum V,sual Impacts OUTSIDE Class I Area 

ScreenIng Cntena ARE Exceeded 

Delta E Contrast 

Backgrnd Theta AzI DIstance Alpha Cnt Plume Cnt Plume 

SKY 10 60 549 109 200 2480' 05 - 004 
SKY 140 60 549 109 200 862 05 - 017 
TERRAIN 10 45 510 124 200 508 05 008 
TERRAIN 140 45 510 124 200 156 05 007 
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Table 6·' (b) 
VISUAL EFFECTS SCREENING ANALYSIS FOR 

SOURCE INDIANTOWN COGENERATION 
CLASS I AREA EVERGLADES NATIONAL PARK 

••• Level·1 Screening 
Input Emissions for 

Particulates 
NOx (as N02) 

Pnmary N02 
Soot 
Pnmary SO. 

6165 
58260 

00 
00 
00 

Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 
Ib/hr 

•••• Defau~ Particle Charactenstlcs Assumed 

Transport Scenano Specilications 

Background Ozone 
Background Visual Range 
Source·Observer Distance 
Min Source-Class I Distance 

••• 

04 ppm 
4000 km 
60 00 km 
140 00 km 
14500 km Max Source-Class I Distance 

Plume-Source-Observer Angle 
Stability 

11 25 degrees 
6 

Wind Speed 100 m/s 

RESULTS 

Astensks (.) Indicate plume Impacts that exceed screening cntena 

Maximum Visual Impacts INSIDE Class I Area 
Screening Cntena ARE NOT Exceeded 

De~a E Contrast 

Backgrnd Theta Azi Distance Alpha Cnt Plume Cnt Plume 

SKY 10 159 140 a 9 200 003 05 000 
SKY 140 159 140 a 9 200 002 05 000 
TERRAIN 10 159 1400 9 200 008 05 000 
TERRAIN 140 159 1400 9 200 002 05 000 



Tab,e 6-1 (b) (Continued) • 
Maximum Visual Impacts OUTSIDE Class I Area 
Screening Cntena ARE NOT Exceeded 

Delta E Contrast 

Backgrnd Theta Azi Distance Alpha Cn! Plume Cn! Plume 

SKY 10 65 606 104 200 1971 05 - 003 
SKY 140 65 606 104 200 682 05 - 013 
TERRAIN 10 50 568 119 200 374 05 006 
TERRAIN 140 50 568 119 200 113 05 005 

• 

• 
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70 OTHER AIR-QUALITY-RELATED IMPACTS 

7 1 POTENTIAL GROWTH IMPACTS 

7 1 1 CURRENT LAND USE IN THE AREA 

The proposed slle IS to be located 9 miles east of Lake Okeechobee w~hln 
Indiantown Township, Martin County, Flonda The s~e IS southwest of and abuts 
the Caulkins Citrus Processing Plant and the Flonda Steel Corporation Indiantown 
steel mill property 

The site IS currently zoned as ,ndustnal but has hlstoncally been used for 
agncultural purposes (grazing cows) This IS consistent With the area surrounding 
the site as well An aenal survey of the site area revealed patterns associated With 
a rural agncu~ural land use, mU~lple wetlands, and a few Isolated rural resldenlial 
pockets and Industnal facilities No areas of special value, scenic ViStas, or 
recreational areas eXist Within the Immediate site area 

7 1 2 PROJECTED GROWTH 

The proposed facility Will be capable of prodUCing up to 225,000 pounds per hour 
of steam that Will be sold to the Caulkins CitrUS Processing Plant for use In Its 
facll~ Immediately to the northeast The electnc power that will be produced Will 
be sold to FPL 

ConstrucliOn of the proposed facility Will reqUire a work force averaging 
approximately 800 workers over an approximately 42-month penod An adequate 
work force now eXists In an area of about 60-100 miles around the s~e to support 
this construction wrthout Importation of workers As a result, there IS very little 
projected Influx of workers Into any adjacent communilies A few workers Will be 
expected to relocate temporanly dunng construction, and there Will be some 
permanent relocation associated With operation However, these numbers Will be 
Within planned area growth projections and will not be the cause of any Increased 
development 

7 1 3 POTENTIAL IMPACTS 

Minimal associated growth IS anticipated as a resu~ of the construction and 
eventual operation of the ICL plant and IS w~hln the growth projected to occur 
Within the area As a result no air-quality-related Impacts directly attnbutable to the 
growth associated With the proposed plant are anticipated Conversely, the 
construction and operation of the plant Will eliminate the agncu~ural actlVlly that 
currently occurs on the site 

20524 01B\lndillnln SCA 7-1 



72 POTENTIAL IMPACTS ON SOILS AND VEGETATION 

Section 7 1 1 briefly discusses eXisting land use patterns found In the SIte area As 
IS stated In that section, the area IS relatively rural and exhlMs a mixed pattern of 
agricultural use for grazing and citrus groves, rural residential, Industrial 
development and undeveloped woodland, open field, and wetland 

The 232-acre site IS characterized by three vegetation communities pine flatwoods, 
freshwater marsh (wet prairie), and ruderal lands (disturbed) Pine flatwoods 
occupy approximately 2007 acres (87 percent), freshwater marsh and ditch 
occupy 23 3 acres (10 percent), ruderallands (roads, trails, clearings, and eXisting 
transmission corndor) are found on approximately 8 acres (3 percent of the SIte) 

721 SOILS 

Soils are capable of removing sulfur dioxide and nitrogen dioxide directly from the 
atmosphere (Abeles, et ai, 1971, Ghlorse and Alexander, 1976) Calculations 
Indicate that Salls In the United States have the capacity to accommodate the total 
sulfur dioxide and nitrogen OXide production rate current In the United States 
(Mudd and Kozlowski, 1975) Sulfur dioxide, when absorbed by the SOil, IS 
primarily converted to sulfite and sulfate, however, some may also be converted 
to organic sulfur Nitrogen dioxide absorbed by the SOil IS likeWise converted to 
nltnte and nitrates ThiS converSion, In contrast to that occurnng With the sulfur 
compounds, may be aided by nitrifying micro-organisms In the SOil (Ghlorse and 
Alexander, 1976) Nitrogen, In contrast to sulfur, IS also a primary plant nutrient 

The primary effect of sulfur dioxide and nitrogen dioxide depOSition and absorptIOn 
by Salls IS the resultant lowering of the soil pH Low SOil pH Will have an Influence 
on most chemical and biological reactions In the SOil It accelerates minerai 
weathering and the release of phytotOXIc Ions to the SOil solution It Will affect the 
migratIOn of clay and organic materials down through the SOil-profile development 
process, and It Will affect the level and availability of most plant nutnants In the SOil 
solution 

Aluminum and manganese mobility IS also a primary area of concern, relative to 
heightened SOil aCidity The presence of soluble aluminum In the soil IS generally 
a result of aCid weathering of clay materials The solubility of SOil minerals at low 
pH IS of conSiderable Importance to plant growth and IS also a conSideration when 
assessing the potential for the transport of Ions to aquatic systems Heavy metals 
that may be present In the SOil Will also be more readily available for uptake by 
vegetation at lower SOil pH levels 

Trace elements absorbed to particulates emitted from coal-fired power plants reach 
soils by direct depOSition, the washing of plant or any other particulate Intercepting 
surfaces by rainfall, and the decomposition of plant litter The potential for tOXICity 
from particulate depOSition on Salls depends on the specific elements present and 
whether or not those elements are present In the soil In states that can be readily 
absorbed and aSSimilated by rooted growing plants ThiS availability IS dependent 
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on a variety of factors, Including the physicochemical properties of the trace 
elements, the sOil chemistry, the vegetation present, the biological characteristics 
of the sOil, and any other affecting enVIronmental parameter, such as temperature 
and precIpitation 

Considerable work has been done on the effects of carbon monoxide on man and 
animals, however, little has been done In regard to potential Impacts to solis and 
vegetation It IS known that soli micro-organisms Will use carbon monoxide as a 
carbon source (Bennett and HIli, 1950) 

Site SOils 

According to the Martin County SOil Survey, SOils on the proposed ICL site Include 
Lawnwood fine sand, Lawnwood fine sand, depressional, Waveland sand, 
Waveland sand, depressional, BaSinger fine sand, BaSinger fine sand, 
depressional, Sanibel mUCk, and PlaCid sand 

The three most common SOil types are Waveland sand, Lawnwood fine sand, and 
BaSinger fine sand All are nearly level, poorly drained SOils SUpporting pine 
flatwoods The remaining SOil types are hydriC SOils associated wrth the wet 
prairies These are nearly level, poorly drained SOils of depreSSions In the 
flatwoods These SOils are ponded for 6 or more months of the year 

Potential Impacts to SOils 

Particulate depOSition may affect solis by altering pH and by potentially Increasing 
the availability of heavy metals In the SOil for plant uptake It has also been 
determined that uptake by vegetation will not Increase dramatically unless the 
depOSited trace elements were conSiderably more available than the endogenous 
forms Those levels are prolected not to be surpassed In regard to the sizes of 
the depOSited particles and the relationship of that particle size distribution to 
potential Impacts, ~ rt can be determined that the Impact to SOils of the total 
particulate depOSition IS Inslgnmcant, then the related Impact of a portion of that 
total (particles less than 10 microns In diameter, or PM-10) would likeWise be 
InSignificant 

As to the potential for Impact from emissions of carbon monOXide, the levels 
expected from the proposed plant (see Section 5 1 3) Will not result In the polental 
for any Significant adverse Impacts to solis In the site area 

722 VEGETATION 

ThiS section discusses the potential for detrimental effects to vegetation assOCiated 
With operation of the proposed ICL plant General Information concerning the 
variability of plant response to air pollution, types of InJUry, and characteristics of 
Injury IS presented to establish a background for conSideration of the results of the 
analYSIS Background land use and vegetational data are discussed to establish 
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which plant species are to be considered In the analysIs Specific data relating to • 
the sensitivity of Important plants to S02' N02, and particulates IS also provided 

The response of Individual plant species to air pollutants vanes not only with the 
concentration to which they are exposed and the duration of exposure, but w~h a 
wide range of enVIronmental, physiological, and genetic factors as well For 
example, S02 Injury may be less likely for a plant's growth In sulfur-defiCient soils 
Under these conditions, S02 may even have a fertiliZing effect (EPA, 1976) In 
general, factors which enhance plant growth may also Increase Injury 

The effects of air pollutants on vegetation can be placed Into three broad 
categones acute, chronic, and long-term In the first case, Injury IS due to 
exposure to high concentrations over a relatively short penod of time Chronic 
InjUry IS the result of exposure to relatively low concentrations over a longer penod 
of lime, whereas long-term Injury Includes abnormal changes In ecosystems and 
subtle physiological alterations of plants Effects can be caused by both direct 
exposure to air pollutants and secondary factors such as changes In SOil pH (FWS, 
1978) 

Air pollulion may also affect entire ecosystems, as well as ,nd,v,dual pJants (Smith, 
1974) Effects Will, of course, vary, depending upon the pollutant load to which the 
system IS subjected and the ecosystem In question 

S~e VegataliOn 

Approximately 200 acres of pine flatwoods and 24 acres of wet prairie and ditch • 
are present on the proposed plant site An additional 8 acres of ruderal or 
disturbed land also occur Within the proposed Site as an eXisting transmission line 
right-of-way, clearings, roads, and trails The ruderal land component of the 
proposed site contains a diverse array of opportunistic weedy plants, such as 
common ragweed, bahla grass, beggar's ticks, and dropseeds 

The wet prairies wetlands on the project site vary slightly In size, configuration, 
topographic relief, and hydroperlod These natural features tend to regulate 
species compoSItion and structure, together w~h ether enVIronmental factors such 
as drainage, rainfall, cattle/hog perturbations, edaphlc cond~lons, and exotic 
species Invasion For comparatIVe purposes, two hydrologically Isolated wet 
prairies were sampled a 0 45-acre, shallow depression located In the northeastern 
corner of the site and an 8 16-acre, deeper wetland located In the center of the 
property 

Both of the wet prairies sampled were relatively undisturbed The smaller wet 
prairie was dominated by big carpetweed, blue maldencane, and bushy goldenrod, 
In order of magnitude These three species are Indicative of a trans~lonal 
hydroperlod (I e, dry most of the year With saturated to Inundated cond~lons 
seasonally) The surface SOil Within the depression was dry at the ground surface 
dUring the sampling period Species composition was Uniform across the relatIVely 
flat system 
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The larger wetland was mOist at the upland/wetland Interface (saw palmetto edge) 
and contained 6 to 14 Inches of water In the center Transrtlonal wetland species 
occurred In a somewhat homogeneous fashion along the more landward reaches 
of the wetland However, the ponded center of the wetland supported more 
obligate hydrophytes, such as pickerelweed, maldencane, frog's-blt, and 
mermaid's weed 

The zonation of obligate and facultative wetland species within the wetland 
conformed to the hydropenod and sOil types The center of the wetland IS ponded 
for 2 to 6 months In the rainy season and has a poorly drained, organic surface 
layer (Sanibel muck), while the wetland fnnge IS dner and IS supported by a more 
sandy, poorly drained hydnc sOil (Lawnwood fine sand, depressional) The 
dominant wetland species of the larger wet prairie Included blue maldencane, big 
carpetweed, shortsplke bluestem, and malden cane, In order of magnrtude 

The physiognomy of the pine flatwoods was rather homogeneous throughout The 
herbaceous layer was dominated by wlregrass and other typical flatwoods species 
such as broomsedge, bottlebrush threeawn, dlchanthellum grass, St John's wort, 
and gallberry seedlings 

The shrub strata was dominated by the conspicuous saw palmetto Woody 
components of the shrub layer In order of magnitude Include gallbeny, 
staggerbush, dwarf live oak, pawpaw, and tarflower The canopy was open and 
consisted solely of south Flonda slash pine The south Flonda slash pine sampled 
ranged In dlameter-at-breast-helght from 4 to 165 Inches 

Potential Impacts to Vegetation from 502 Emissions 

Since research on acute efiects of SO, on vegetation has been carried out for a 
number of years, It IS pOSSible to classify vanous plants wrth respect to their 
senSItivity to this pollutant (FWS, 1978) Plants have been ranked as senSitive, 
Intermediate, or resistant In this regard Table 7-1 lists the sensrtlvrty of 47 plants, 
trees, and Important agncultural crops which have been Identified as sensrtlve to 
SO, emission Dose-response curves have been presented for each sensrtlvrty 
class and may be used to determine the pOSSibility of SO, Inlury (see Figures 7-1 
to 7-3) As noted In the figures, the lowest3-hour concentrallon expected to cause 
Inlury or damage to sensitive vegetation IS about 0 15 ppm (390 jJg/m"l 

The highest second-highest Incremental 3-hour ground-level SO, concentration 
predicted to result from operation of the ICL plant IS 24 7 jJg/m', occurring 0 25 km 
east of the site (see Section 5 3 2) Since thiS concentration IS well below threshold 
values for sensrtlve speCies, rt IS not expected to resu~ In vegetation Injury Even 
consldenng the combined 3-hour maximum Impact (ICL + Interactive background 
sources + monitored background), the concentration IS 242 /1g/m' which IS only 
about 62 percent of the Injury threshold level (390 jJg/m') for sensitive vegetation 
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Potential Impacts to Vegetation from NO. Emissions 

01 the various oXides of nitrogen, NO and NO, are Important air pollutants In 
relation to air pollution Inlury to vegetation, NO, IS of primary concern, since NO 
IS OXidized to NO, In the atmosphere While the database IS not as extensive for 
NO, as for S0" plant sensrtlvlty ratings have nonetheless been developed for thiS 
pollutant (EPA, 1976) As With S0, response, plants have been ranked as 
sensitive, Intermediate, or resistant With respect to their susceptibility to Injury from 
NO, Table 7-2 categorizes plants which are Important agricultural or forest 
species, With respect to NO, sensitivity 

A dose-response curve has also been developed for NO" thiS may be used to 
determine the pOSSIbility of Injury to vegetallon Figure 7-4) As shown In the figure, 
threshold levels for 3-hour and 24-hour exposures are about 1 0 and 0 4 ppm 
(1,890 and 750 ug/m'), respectively The maximum 3-hour and 24-hour NO, 
Impacts calculated for the ICl area are 95 and 44 5Ilg/m', respectively Since the 
maximum expected levels are several orders of magnitude below the threshold 
levels, no Injury to vegetallon from thiS pollutant IS expected 

Potential Impacts to Vegetallon from Particulate EmiSSions aSp (PM10) 

In companson With the effects of SO. and NO, on plants, less IS known concerning 
particulate matter Particulate matter vanes greatly In size and chemical 
composition However, most studies fall to deflne one or both of these parameters 

• 

when diSCUSSing effects on vegetation Thus, dose-response curves, such as • 
those utilized for S0, and NO" have not been generated 

Studies relating to particulates have addressed a number of pollutant sources and 
speCifiC particles, however, most data pertain pnmarlly to the effects of settlable 
dusts Studies have shown that cement kiln dust, which IS higher In lime than coal 
combusllon particulates (Jones, et al , 1979), does have an affect on both fir trees 
and bean plants (Mudd and Kozlowski, 1975, Darley, 1966) limestone dust In 
concentrations averaging 824 Ilg/m' has also been shown to affect tree growth, 
disease susceptibility of plants, and forest composrtlon (Brandt and Rhodes, 1972, 
1973, Manning, 1971) ThiS average concentration, however, IS several times 
greater than either of the applicable federal or state particulate standards to which 
the plant Will be held (see Table 2-5) The highest second-highest predicted 24-
hour ground level concentration from the ICl faCIlity IS 3 3 Ilg/m' (for TSP) at the 
site boundary (42 3 Ilg/m' With background) (see Section 5 3 2) It can therefore 
be concluded that particulate emisSions from the ICL plant are not anticipated to 
cause Injury In vegetation 

As With Impacts to SOils, the fact that Impacts to vegetation are expected to be 
Insignificant from depoSItion of all potenllal particulate emiSSions supports the 
expectation that Impacts from the depOSItion particles In the PM-10 size range Will 
likeWise be Inslgmf-lcant 
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Potential Impacts to Vegetation from CO Emissions 

In companson with other pollutants, relatively little research has been accomplished 
regarding the effects of CO on vegetation Available Information Indicates that a 
potenllal does eXist for Impacts to vegetation, but only at levels of concentration 
far In excess of those expected from operation of the ICl The mBXImum 
Incremental I-hour CO concentration expected IS 78 2 Ilg/m' At thiS level, 
vegetation damage IS not anticipated Furthermore, 5011 mlcroMorgsnlsms can use 
carbon monoxide as a carbon source (Bennett and HIli, 1950) 

7 3 COOLING TOWER IMPACTS 

ThiS section addresses Impacts associated With the operation of the ICl COOling 
tower Potenllal effects of long-term salt depOSition, due to cooling tower drift, on 
nearby SOils and vegetallon are discussed Additionally, climatological Impacts 
(I e , enhanced potential for fogging and ICing condillons) In the site vIcinity are also 
summanzed 

General tower deSign and performance data are provided, as well as Input to the 
cooling tower drift model used for these analyses (see Section 3 7 3) The resuns 
from these analyses are summanzed In the following subsections 

7 3 1 COOLING TOWER DESIGN 

A mechanical draft, counter -flow cooling tower With a bank of 10 cells IS proposed 
to meet the closed-loop cooling reqUirements of the ICl plant DeSign data for the 
cooling tower are presented In Table 7-3 The dnft rate of the proposed cooling 
tower IS 0 002 percent, or 5 3 gpm The total dissolved solids of the system IS 
about 2,800 milligrams per liter (mg/I) 

7 3 2 MODEL INPUT 

The SACTI mathematical model (see Section 3 7 3) Incorporates the tower 
performance, which relates eXit air temperature to ambient wet bulb temperature, 
and dnft rate, which IS expressed as a percentage of the total Circulating water 
flow, as discussed above The model also reqUires a dnft droplet size dlstnbubon 
The dlstnbutlon Input to the model IS based on a study of mathematical models 
that charactenze plume and dnft behavior from cooling towers (EPRI, 1980), and 
IS listed In Table 7-4 

Meteorological data used by the model were from the NWS station In West Palm 
Beach, (see Section 4 3) To assess the Impacts of cooling tower operation w~h 
respect to salt depOSition rates and enhanced fogging and ICing cond~lons In the 
SIte VICinity, a 5-year composite meteorological data set (1982-1986) from West 
Palm Beach was used 

The SACTI model calculations used a polar coordinate receptor gnd system The 
gnd system was centered on the center cell of the proposed cooling tower 
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Receptors were placed at 22 5-degree Intervals at downwind distances ranging 
from 0 1 to 10 km at successive 100-meter Intervals for salt deposllion estimates • 
For the vIsible plume analysIs, receptors ranged from 50 to 5,000 m at successive 
Intervals of 50 meters 

7 3 3 IMPACT ASSESSMENTS 

The enVIronmental Impacts addressed Include an assessment of the potenll8l 
effects on nearby salls and vegetation from salt drift deposition Climatological 
Impacts are discussed In terms of the potential for enhanced fogging and ICing In 
the vIcinity of the plant and possible related Impacts to traffic 

SOlllVegetation Impacts 

Seasonal and annual salt deposllion rates were calculated In units of 
kg/km'/month By applYing a factor of 0 0089, this unit can be converted to 
Ib/acre/month Table 7-5 shows that the majority of the drift IS depoSIted on s~e, 
within 100 meters of the cooling tower on an annual basIs The maximum off-s~e 
salt deposition rate IS about 18 1 Ib/acre/month This value occurs 200 m north 
of the cooling tower dUring the summer season The Caulkins C~rus Processing 
Plant and Florida Steel Corporation are located to the north and east of the ICL 
cooling tower, respectively, thus, the maximum off-site salt deposition rate occurs 
within the Caulkins C~rus property Beyond the property boundaries of the 
neighboring facII~Ies, the maximum salt depOSition rate In all directions IS 28 
Ib/acre/month, occurnng 600 m to the west of the cooling tower This maximum • 
Impact occurred dUring the fall season 

One mechanism for the Impact of saline drift on plants IS through the absorption 
of salt accumulated In the sOil Accumulation Will occur ~ the annual depos~Ion of 
salt exceeds the rate at which salt IS washed from the sOil by rainfall The results 
of studies (MPPSP, 1979, pp 4-18 to 4-23) with sandy loam soil suggest that a 
depOSition rate of about 89Ib/acre/month (100 kg/Ha/month) of NaCI can cause 
some accumulabon of san In the sOil As stated above, the maximum off-s~e san 
depOSition rate IS 18 1 Ib/acre/month This value IS much lower than the monthly 
threshold value that causes salt accumulation In sOil Therefore, no Significant sOil 
Impacts are expected The annual average rainfall rate at the ICL site area IS 
conSiderably higher than the Chalk POint, Maryland area In the quoted study 
Therefore, the threshold value used In the analysIs IS conservative 

Direct salt damage to vegetation IS due to the absorption of san from drift that IS 
depoSIted on a plant's leaves The absorbed san can cause Immediate damage 
or accumulate In the woody tissue of perenmal plants until It reaches tOXIC levels 

An Investigation of the potential effects of cooling tower drift on vegetation was 
conducted In which predicted salt depOSition rates (I e , an esbmated amount of 
salt depoSIted over a umt area per season and year at a certain direction and 
"distance" away from the tower) were compared to available salt Injury thresholds 
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Near the edge of the proposed power plant site boundary, salt deposition rates on 
an annual basIs (I e, the equivalent rate In Ib/acre/month times 12 months per 
year) range from 042 to 2169 Ib/acre/year The greatest concentrations are 
generally located to the north and east of the proposed power plant, where eXisting 
Industrial facll~les are located C~rus, a potentially sensitive plant to salt deposition, 
IS present In large groves from the south-southeast clockwise through the 
southwest and also to the northwest of the cooling tower The closest groves are 
about 4,000 feet to the southwest and about 4,200 feet to the south of the cooling 
tower At these locations the highest levels of salt depos~lon over an annual 
period are about 0 6 Ib/acre/year and 1 1 Ib/acre/year, respectively, this should 
not result In any significant foliar, shoot, or frUit damage or any long-term 
reductions In growth, yield, or photosynthesIs 

Cooling tower drift Will also depoM san on the surrounding Improved pasture, truck 
crops, dairy farms, and sugar cane agricultural land and In the area around the 
proposed cogeneration plant s~e, but at distances from the tower much greater 
than to the citrus groves The agricultural land around the proposed plant should 
not be affected by these emiSSions, since the maximum amount of san depos~ed 
Will only amount to about 1 Ib/acre/year at the closest distance to agrlcunure near 
the site (I e , the c~rus groves) A cautionary IIm~ of 100 Ib/acre/year can be used 
for agricultural areas based upon known salt Injury thresholds to crops, e g , 
tobacco, 214 Ib/acre/year, corn, 107Ib/acre/year, and soybean, 107-154 
Ib/acrefyear (Mulchl, Wolf, and Armbruster, 1978) Therefore, the proposed plant 
operation would not cause the cautionary limit to be approached or exceeded 
Within agricultural areas 

Based upon a literature reView, one of the most sensitive native plant species to 
salt Inlury IS flowering dogwood (Comus flOrida) The lowest Injury threshold for 
flowering dogwood IS reported at 81 Ib/acre/year (CUrtiS, et al ,1978) Anhough 
flowering dogwood IS only naturally occurring much further north of Martin County, 
a Similar dogwood speCies, stiff cornell (Cornus foemlna) would be expected w~hln 
the mixed and cypress swamps In the Immediate area (approximately 2,900 feet 
southeast of the COOling tower) 

On the baSIS of the reported Injury threshold and a predicted maximum annuaJ san 
depOSition rate of 2 7 Ib/acre/year In the vlclMy of forested wetlands offs~e, no 
adverse effects to dogwood or other Indigenous vegetation IS expected at thiS 
location Native vegetation assoCIated With pine and wet prairies does occur on 
the site and along property boundaries Salt depOSition could, at a maximum, 
range from 1728 to 216 9 Ib/acrefyear on the northern property boundary and at 
higher rates Within the SIIe, possibly resulting In plant Injury Furthermore, the 
"units" of the modeling results shown In Table 7-5 (whether kg/km2/month or Ib/ 
acre/month) Imply that the depOSition rate value applies un~ormly over the entire 
uM area, for example, a square kilometer However, the value IS actually 
determined for the specific receptor pOint, If the rate of depOSition at the pOint were 
the same over the entire uM area, then the reported value would resun But, as 
the values In Table 7-5 show, there IS a large gradient In deposllIDn rates between 
adjacent dlrecllDn sectors and successive downwind distances Therefore, the 

20524 O'6\lnd,antn seA 7-9 



numencal results are generally conservative, and so It IS not known to what degree • 
and over what penod any adverse effects to plant physiology would be eVidenced 

Based upon the assumption that ambient salt depDsltlon rates In the region are 
minimal, salt deposited from the cooling towers should have no significant adverse 
effect on natural vegetation or crops Just outside SIte boundanes or In the region 
of the proposed cogeneration plant 

Climatological Impacts 

Local climatological data from the West Palm Beach NWS station were used to 
charactenze ambient fogging and ICing conditions In the absence of the proposed 
cooling tower (DOC, 1972) On average, heavy fog conditions (I e , With vIsibility 
at 1/4 mile or less), which are generally In response to synoptic-scale 
meteorological conditions, occur about 8 days per year Because of the prevailing 
subtropical conditions, no snow was observed dunng the 29-year penod 

In this study, 5 years of hourly surface data and twice-daily mixing height data for 
the NWS station at West Palm Beach (1982 to 1986) were Input to the model to 
descnbe ambient atmosphenc conditions The model sorts the hourly 
meteorological data IntD classes defined by wet-bulb temperature, relative humidity, 
and wind speeds for the 16 compass directlDns (I e, north, north-northeast, 
northeast, etc) The maximum downwind honzontal extent of the elevated vIsible 
cooling tower plume IS more than 5 km at a height of 1 km above the ground The 
highest frequency of this condlt,Dn occurred 0 73 percent of the time In the • 
northeast directlDn The frequency and vertical extent of vIsible plume OCcurrence 
resulting from the operation Df the cooling tower IS presented In Table 7-6 for all 
16 directions out tD 5 km 

In view of the small frequency of the occurrence (64 hours/year) of the vIsible 
plume In any given directlDn, the Impact of the cDoling tower on local climatology 
IS expected to be Inslgnrtlcant 

Potential TraffiC Impacts 

The VISible plume may reduce VISibility If It crosses the path of ground-based or air 
traffic The only nearby public rDad IS U S Route 710 Its closest approach to the 
plant site IS at least 750 meters to the northeast At thiS distance, the plume height 
IS about 150 meters above the ground (see Table 7-6(c)) Since terrain around the 
plant site IS essenllally flat, VISibility on nearby roads IS not expected to be 
degraded by the formalion of thiS elevated VISible plume With respect to potenllal 
VISibility Impacts to air traffiC, the Circle T Ranch airport, located about 5 miles to 
the east-northeast of the plant Site, IS the closest airport to the proposed facility 
that IS open to the general public The VISible plume length In the ENE direction 
of the ICL cooling tower IS only 150 meters Therefore, the VISible plume will not 
hinder the safe operation of aircraft dunng takeoff or landing at the Circle T Ranch 
airport The nearest pnvate airport IS located 2 5 miles north of the plant site The 
VISible plume length In the north direction of the ICL cooling tower IS only 150 
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meters Thus, the vIsible plume will not have adverse Impact on the safe operation 
of aircraft dUring takeoff or landing Two malor airports, West Palm Beach and 
Stuart, are more than 20 miles away from the ICL s~e No Significant VISible plume 
Impacts are expected at these distant airports 

Induced ground-level fogging will occur dUring plume downwash cond~lons This 
locally Induced fog will be dissipated rapidly due to the high winds associated w~h 
plume downwash conditions' Most ofjthe plume fogging events occurred within 

~ ~ '>' ,~. 

300 meters of the cooling tower (see-Table 7-7) Plume fogging IS estimated to 
occur up to 1 25 kilometers from the tower for the south and south-southeast 
directions only Since the northwest-southeast oriented Route 710 IS more than 
750 meters from the plant, the bUilding-Induced ground fog occurred In the south 
and south- southeast directions Will never obstruct the traffic flow on that road 
SImilar to the climatological data, the SACTI model predicted no Occurrence of 
ICing In thiS subtropical area The frequency of fogging and ICing occurrences 
resuiling from the operation of the cooling tower IS presented In Table 7-7 
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Table 7-1 
RELATIVE SENSITIVITY TO S02 OF PLANTS IDENTIFIED ON SITE 

AND OF IMPORTANT AGRICULTURAL CROPS AND FOREST TREES' 

SENSITIVITY 
SPECIES I PaDr, Original I RATINGb 

Trees and Shrubs 

Blackberry S 
Black willow S 
Blueberry S 
Green ash S 
Large-toothed aspen S 
Staghorn sumac S 
Tulip poplar S 
Virginia pine S 
Cottonwood I 
Red maple I 
Rose I 
White oak I 
Beech R 
Black gum R 
Black locust R 
Pin oak R 
Red oak R 
Smooth sumac R 
White dogwood R 

Herbaceous Plants 

Bindweed S 
Black mustard S 
Broomgrass S 
Cocklebur S 
Dandelion S 
Goldenrod S 
Ins S 
Lambs quarters S 
Nightshade S 
Orchard grass S 
Prickly lettuce S 
Ragweed S 
Sour dock S 
Sweet clover S, Ie 
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Table 7-1 (Continued) 

SPECIES 

Violet 
Cordgrass 
Milkweed 
Deptford pink 
Barley 
Cucumber 

HerbaceQus Plants (Continued) 

lima bean 
Pea 
Rye 

Crops and Vegetables 

Soybean 
Spinach 
Wheat 
Irish potato 
Corn 

NOTES 

a - Sources (Anderson, 1979, Ghlorse and Alexander, 1976) 

b - S = sensitive, I = Intermediate, R = resistant 

c - This species IS noted In two categories Since the source 
list was compiled from the data of numerous researchers 
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SENSITIVITY 
RATINGb 

S 
I 
I 
R 
S 
S 

S 
S, Ie 
S 

S 
S 
S 
I 
R 



Table 7-2 
RELATIVE SENSITIVITY TO NO. OF PLANTS IDENTIFIED 
IN THE SITE AREA AND OF IMPORTANT AGRICULTURAL 

CROPS AND FOREST TREES' 

SPECIES 

Trees and Shrubs 

Black locust 
Hombean 
Oak 
Pine 

Herbaceous Plants 

Black mustard 
Dandelion 
Lamb's quartersR 
Pigweed 

Crops and Vegetables 

Apple tree 
Barley 
Bean 
Pea 
Corn 
Tomato 
Wheat 
Asparagus 

a - Source EPA, 1976 

b - S = sensrtlve, I = Intermediate, R = resistant 

c - ThiS species IS rated In two categories since several 
varieties are Involved 

20524 016\lndlaotn SCA 

SENSITIVITY 
RATINGb 

R 
R 
R 
R 

S 
I 

R 

S 
S 
S, Ie 
S 
I 
I 
I 
R 

• 

• 

• 



• Table 7-3 
ICL MECHANICAL-DRAFT COOLING TOWER DESIGN PARAMETERS 

Number of Cells 10 

Heat Load 1,655 MMBtu/hr 

Circulating Water Flow Rate 265,000 gpm 

Design Wet Bulb Temperature 80 of 

Approach 10 of 

Range 83°F-1osoF 

Air Flow Rate Per Cell 1,575,000 acfm/cell 

Dnft Rate 0002% 

• Tower Dimension 60ftx6ooftx56ft 

Fan Diameter 328ft 

• 
20524 016\,lndlllntn SCA 



Table 7-4 
COMPOSITE COOLING TOWER DRIFT EMISSION SPECTRUM" 

dl d, Mass 
Interval (I'm) (I'm) Fractlon(%) 

1 0 10 000 
2 10 20 053 
3 20 30 443 
4 30 40 741 
5 40 50 651 
6 50 60 548 
7 60 70 351 
8 70 90 326 
9 90 110 1 78 

10 110 130 095 
11 130 150 076 
12 150 1BO 1 10 
13 180 210 1 17 
14 210 240 132 
15 240 270 1 41 
16 270 300 182 
17 300 350 267 
18 350 400 233 
19 400 450 229 
20 450 500 1 51 
21 500 600 433 
22 BOO 700 351 
23 700 800 382 
24 800 900 273 
25 900 1000 1 71 
26 1000 1200 319 
27 1200 1400 332 
28 1400 1600 643 
29 1600 1800 221 
30 1800 2000 307 
31 2000 2200 154 

a • Source EPRI, 1984 
b • Droplet diameter lower (d,) and upper (d,) size range In microns (um) for given 

Interval 

20524 016\lllCIlanln SCA 
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TABLE 7 5 COOLING TOWER SALT DEPOSITION 

.................. ********* ••••••••• PLUME SALT DEPOSITION TABLE (KG I(KM ··2-MO » ............. *** ••••••••••••• * •• ** 
INDIANTOWN, 1982-86 WEST PALM BEACH MET DATA (LHeCT, 10 CYCLES) 
SEASON"ANNUAL 

DISTANCE ••••••••••••••••••••••••••••••••••••••••••••••••••• *. WIND FROM .................... *** ••••••••• *** ••••••• *** •••• **.** 
FROM N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW AVG 

T()IjE' 
(M) 

100 
200 
300 
400 
SOO 
600 
700 
BOO 
900 

1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 
4100 
4200 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 

••• * ............................................... * PLUME HEADED ••••••••••••••••••••••••••••••••••••••••••••• ******* 
S 

14275 
1220 
35' 

155 90 
112 58 
86 71 
4049 
26 35 
17 79 
15 45 
18 58 
2352 
1034 
21 07 
14 12 
334 
331 
320 
3 17 
316 
315 
255 
239 
200 
155 
1 27 
1 15 
110 

9' 
73 
40 
36 
34 
34 
34 
34 
34 
34 
34 
32 
30 
30 
30 
30 
24 
24 
24 
24 
24 
20 

SSW SW WSW WNW NW NNW N NNE 

9260 20325 29540 58567 32095 33592 19129 22912 8524 
811 1648 2432 4783 2309 2425 1618 2031 1135 
1~ ~ ~ 1m w ~ _ ill ~ 

96 79 185 59 302 16 607 37 376 13 398 54 215 03 276 18 152 30 
44 19 84 58 150 72 307 94 187 54 205 79 132 92 197 61 72 64 
1936 33 76 111 32 224 80 143 09 15647 94 10 141 12 38 27 
14 31 25 33 68 80 137 59 111 68 121 19 50 23 67 68 24 14 
8 65 13 97 30 49 62 18 74 86 82 44 28 58 44 64 19 16 
5 45 869 21 67 42 54 4663 53 01 1699 24 76 11 74 
3 94 6 25 20 88 40 77 44 66 50 22 15 49 21 44 8 49 
3 21 4 99 18 81 37 24 40 36 44 53 15 44 27 17 7 17 
459 593 1686 3289 3644 40441573 36241422 
3 75 4 78 12 42 24 36 26 30 29 60 9 37 14 34 11 93 
1 63 2 54 20 06 47 09 18 41 19 82 30 39 41 71 2 60 
1 48 2 68 15 65 35 62 18 36 19 75 21 52 28 55 2 47 

80 1 23 6 08 " 61 16 80 18 23 3 60 4 72 2 03 
51 61 5 86 11 34 13 06 14 11 3 56 4 70 1 79 
49 60 5 82 11 28 5 31 5 66 3 49 4 58 1 74 
48 58 5 80 11 26 5 18 5 49 3 48 4 56 , 69 
46 56 5 80 11 24 4 95 5 18 3 46 4 52 1 64 
41 50 5 80 11 22 4 88 5 06 3 45 4 52 1 47 
37 45308 598 456 476 232 364 131 
34 41 3 02 5 88 1 58 1 92 2 20 342 1 18 
29 36 2 91 5 63 1 28 1 56 1 95 2 86 94 
26 33 2 75 5 31 1 23 1 49 1 70 2 30 80 
~ ~ 268 517 1M 1~ 1~ 201 77 
23 ~ 241 4~ U ~ 151 1~ N 
23 30 2 40 4 80 76 90 1 48 1 79 73 
16 21 2~ 463 U ~ 1~ 151 ~ 

14 19 1 63 3 18 76 89 94 1 05 47 
13 17 21 ~ ~ 46 ~ ~ 41 
12 17 19 41 n 41 31 ~ ~ 
11 15 18 40 32 40 30 52 35 
11 15 18 40 32 40 30 52 35 
10 13 18 40 ~ W ~ 52 U 
09 12 18 W ~ ~ ~ 52 21 
08 10 18 40 32 40 30 52 20 
04 05 18 40 32 40 30 52 11 
03 04 18 40 27 32 30 52 06 
~ 04 16 n ~ U U 50 06 
~ 04 14 34 23 V U 48 06 
~ 04 14 34 22 U U U 06 
~ 03 14 34 21 ~ U 47 06 
~ 03 14 ~ 17 18 U 47 M 
~ 03 09 21 17 18 16 34 M 
~ 03 09 ~ 16 17 16 n M 
~ ~ 09 ~ 16 17 15 ~ M 
~ 03 09 ~ 16 17 15 ~ M 
~ 03 09 ~ 16 17 15 32 ~ 

~ M 08 17 16 17 13 V ~ 

NE 

9615 
1247 
332 

167 71 
80 82 
4248 
27 51 
21 46 
13 02 
947 
795 

15 35 
12 80 
3 24 
2 82 
230 
203 
195 
1 87 
183 
1 .7 
1 47 
134 
109 

88 
83 
80 
80 
.2 
55 
49 
46 
40 
40 
35 
27 
2. 
15 
07 
07 
07 
06 
O. 
O. 
06 
06 
06 
05 
05 
05 

EN. • ESE SE SSE AVO 

8029 12659 98~ 13048 11616 19567 
709 1132 752 989 1024 1642 
210 338 212 274 317 440 

92 40 145 42 137 64 182 63 130 66 226 40 
70 61 111 35 48 03 62 36 106 76 123 53 
54 99 87 23 40 59 53 27 84 55 88 26 
23 41 36 79 32 73 41 81 34 50 53 64 
16 12 26 15 22 03 29 61 25 87 33 29 
9 95 16 54 18 80 25 19 16 77 21 85 
833 13 74 1780 23 43 14 02 1965 

12 08 20 93 14 30 18 10 18 99 19 37 
17 48 31 64 12 U 15 42 26 54 21 60 

5 62 9 62 7 83 10 04 10 25 12 71 
11 69 1761 3 89 5 52 13 51 1633 
766 11 43 3 87 5 50 8 51 12 50 
180 304 365 528316548 
1 79 2 99 3 26 4 78 3 15 4 80 
175 293 272 393 306 366 
1 74 2 91 2 47 3 45 3 03 3 57 
173 289 202 266 302 345 
173 289 193 249 301339 
1 51 2 53 1 88 2 45 2 76 2 60 
1 43 2 40 1 17 1 60 2 56 2 05 
1 18 2 00 66 1 00 2 01 1 73 

85143 63 97138 149 
66 109 59 92 100 134 
57 92 46 76 87 1 19 
54 86 43 73 82 1 17 
45 69 43 73 68 106 
34 55 43 72 57 82 
23 37 40 68 43 38 
21 34 38 63 39 35 
20 33 38 62 38 34 
20 33 38 62 38 34 
20 33 38 62 38 33 
20 33 38 62 38 32 
20 33 38 62 38 31 
20 33 38 62 38 30 
20 33 29 46 38 26 
20 32 23 33 36 23 
20 31 19 28 35 22 
19 31 19 27 35 22 
19 31 17 25 35 21 
19 31 13 17 35 20 
16 26 12 17 32 16 
16 U 12 16 32 16 
16 25 12 16 31 16 
16 25 12 16 31 15 
16 25 12 16 31 15 
13 20 12 16 25 14 



TABLE 7 5 COOLING TQJER SALT DEPOSITION (Contd ) 

•••••••••••••••••••••••••••••••••••• PLUME SALT DEPOSITION TABLE (KG I(KM ··2 NO » •••••••••••••••••••••••••••••••••• • INDIANTOWN. 1982 86 \lEST PALM BEACH MET DATA (lMDCT. 1D CYCLES) 
SEASON =ANNUAL 

DISTANCE ..................................................... \lIND fROM ...................................................... 

"'" N NNE NE ENE , ESE SE SSE S ssw SW WSW W WNW NW NNW AV' 
TD'WER •••••••••••••••••••••••••••••••••••••••••••••••••••• PLUME HEADED •••••••••••••••••••••••••••••••••••••••••••••••••••• 

1M' s SSW SW WSW W WNW NW NNW N NNE NE EN' , ESE SE SSE .V, 
5100 20 02 03 08 17 16 17 " 27 05 05 " 20 12 ,. 25 " 5200 20 02 03 08 17 ,. 17 " 27 05 05 " 20 12 ,. 25 " 5300 19 02 02 08 17 ,. 17 12 25 05 05 12 19 12 ,. 24 " 5400 17 02 02 07 ,. 

" 17 10 " 05 OS 11 18 12 " 21 12 
5500 ,. 02 02 07 15 ,. 17 10 22 05 05 11 17 12 ,. 20 12 
560D " 02 02 06 " ,. 17 09 18 05 05 08 " 12 ,. ,. 11 
5700 12 02 02 D. " " 17 09 18 05 05 08 13 12 ,. " 10 
5800 10 02 02 06 12 ,. 17 08 15 05 05 07 12 12 ,. 12 10 
5900 09 02 02 05 12 ,. ,. 07 " 05 05 06 11 10 14 11 09 
6000 09 02 02 05 12 15 ,. 07 14 05 05 06 11 09 12 11 09 
6100 09 02 02 05 12 15 ,. 07 14 05 05 06 11 09 12 11 09 
6200 09 02 02 05 12 15 ,. 07 14 05 05 06 11 09 12 11 09 
6300 09 02 02 05 12 15 " 07 14 05 05 06 11 09 12 11 09 
6400 09 02 02 05 12 15 ,. 07 14 05 05 06 11 09 11 11 09 
6500 09 02 02 05 11 15 ,. 07 14 05 05 06 11 08 11 11 09 
6600 09 02 02 05 11 14 15 07 14 05 05 O. 11 07 09 10 08 
6700 09 02 02 05 11 14 15 07 14 05 05 D. 11 07 09 10 08 
6800 09 02 02 05 11 14 15 07 14 05 05 O. 11 07 09 10 08 
.900 09 02 02 05 11 14 15 07 14 04 05 06 11 07 09 10 08 
7000 09 02 02 05 11 14 15 07 14 04 05 06 11 07 09 10 08 
7100 09 02 02 05 11 14 15 07 14 04 05 06 11 07 09 10 08 
7200 09 02 02 05 11 14 15 07 14 04 05 D. 11 07 09 10 08 
7300 09 02 02 05 11 14 15 07 14 04 05 06 11 07 09 10 08 
7400 08 02 02 05 11 14 15 06 " 04 05 06 10 07 09 09 08 • 7500 07 02 02 05 11 14 15 06 12 04 05 06 09 07 10 08 08 
7600 07 02 02 05 11 14 15 O. 12 04 05 06 09 07 10 08 08 
noo 07 02 02 05 11 14 15 D. 12 04 05 O. 09 07 10 08 08 
7800 07 02 02 05 11 14 15 06 12 04 05 06 09 07 10 08 08 
7900 07 02 02 05 11 14 15 06 12 04 05 06 09 07 10 08 08 
8000 07 02 02 05 11 14 15 06 12 04 05 06 09 07 10 08 08 
8100 07 02 02 05 11 14 15 06 12 04 05 d. 09 07 10 08 08 
8200 07 02 02 05 11 14 15 06 12 04 04 05 09 07 10 08 08 
8300 06 02 02 05 10 " 15 05 11 04 04 05 09 07 10 08 07 
8400 06 02 02 05 10 " 15 05 11 04 04 OS 09 07 09 08 07 
8500 06 02 02 05 10 " 15 05 11 04 04 05 09 07 09 08 07 
8600 06 02 02 05 10 " 15 05 11 04 04 05 09 07 09 08 07 
8700 06 02 02 05 10 " " 05 11 04 04 05 09 07 09 08 07 
8800 06 02 02 05 10 " " 05 11 04 04 05 08 06 09 07 07 
8900 06 01 02 04 10 " " 05 10 04 04 04 07 06 08 07 07 
9000 05 01 02 04 08 " " 04 08 03 04 04 07 D. 07 06 06 
9100 05 01 02 04 08 " " 04 08 03 04 04 07 04 05 06 06 
9200 05 01 02 04 08 " " 04 08 03 04 04 07 04 05 06 06 
9300 05 01 02 04 07 " " 03 07 03 03 03 05 04 05 05 05 
9400 04 01 02 03 07 11 11 03 06 03 03 03 05 04 05 05 05 
9500 04 01 02 03 07 10 10 03 06 03 03 03 05 04 05 05 05 
9600 04 01 02 03 07 10 10 0' 06 03 03 03 05 04 05 05 05 
9700 04 01 02 03 07 10 10 03 06 0' 03 03 05 04 05 05 05 
9800 04 01 02 03 07 10 10 0' 06 03 03 03 05 04 05 05 05 
9900 04 01 02 03 07 10 10 03 06 03 03 03 05 04 05 05 05 

10000 04 01 02 03 07 10 10 03 06 03 03 03 05 04 05 05 05 

• 



TABLE 7-6(a) VISIBLE PLUME FREQUENCY 

• •••••• **.******** ... **************** PLUME LENGTH FREQUENCY TABLE ... *****.************ .. *.*********** 
INDIANTOWN, 1982-86 WEST PALM BEACH MET DATA (LMDCT, 10 CYCLES) 
SEASON=ANNUAL 

DISTANCE ************** •• *********************.*** .... WIND FROM .*** ........ **************** ...... ************ 

FROM N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW SI.OI 
TOWER *** •• ****************** ... * ..... ********** .. PLUME HEADED *************tttttttt*********************** 

'M) S SSII SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE SI.OI 

SO 530 244 ". 7 74 15 68 9 62 10 42 6.5 835 353 395 323 509 376 5 ,. 4 93 100 00 
,.0 34 175 362 81 1 .2 30 39 16 22 2 17 257 17 40 37 40 33 15 02 
150 12 44 53 n 98 13 18 13 09 169 196 05 18 30 29 05 789 
200 02 37 41 01 04 13 18 00 00 151 179 00 •• 30 29 01 508 
2SO 02 25 25 01 04 13 18 00 00 115 141 00 00 30 29 01 405 
300 00 21 19 00 00 03 03 00 00 99 121 00 00 20 24 00 310 
3SO 00 17 15 00 00 03 03 00 00 82 102 00 00 20 24 00 2 67 
400 00 17 15 00 00 03 03 00 00 82 102 00 00 20 24 00 267 
450 00 17 15 00 00 03 03 00 00 82 102 00 00 20 24 00 267 
SOO 00 13 12 00 00 03 03 00 00 62 73 00 00 20 24 00 2 11 
550 00 13 12 00 00 03 03 00 00 62 73 00 00 20 24 00 2 11 
.. 0 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
6SO .0 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
700 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
750 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
800 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
8SO 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
900 o. 13 12 00 00 03 02 00 00 62 73 00 o. 18 24 00 208 
950 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 

1000 00 13 12 00 00 03 02 00 00 62 73 00 .0 18 24 00 208 
1050 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1100 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1150 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 

• 1200 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1250 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1300 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1350 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1400 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1450 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1500 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1550 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
, .. 0 00 13 12 00 00 03 02 00 .0 62 73 00 00 18 24 00 208 
1650 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1700 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
175. 00 13 12 00 00 03 02 00 00 62 73 .0 00 18 24 00 208 
'''0 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1850 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
, .. 0 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
1950 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2000 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2050 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2100 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2150 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2200 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2250 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2300 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2350 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2400 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2450 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
2500 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 

• 



TABLE 7 6(b) VISIBLE PLUME FREQUENCY (Contd ) 

1 •••• **.**** ... ******** •• ** ••••••• **. PLUME LENGTH fREQUENCY TABLE •••• **.***.*****.* ••••• * •• ****.**.* • • INDIANTOWN 1962 56 WEST PALM BEACH MET DATA UNDCT 10 CYCLES) 
SEASON=ANNUAL 

DISTANCE ********************************************* WIND FROM ********************************************** 

'Re" N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ""' 1M. ** ••••••••• * •• *******.** •• *****************. PLUME HEADED * •• **********.**.*******.*********.********* 
(M) S SSW SW WSW W WNW NW NNW N NNE HE ENE E ESE SE SSE Sl>I 

2550 00 13 12 00 00 03 02 00 00 '2 73 00 00 18 24 00 208 
2600 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
2650 00 13 12 00 00 03 02 00 00 '2 73 00 00 '8 24 00 208 
2700 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
2750 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
2800 00 13 12 00 00 03 02 00 00 .2 73 00 00 18 24 00 208 
2850 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
2900 00 13 12 00 00 03 02 00 00 '2 73 00 00 '8 24 00 208 
2950 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3000 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3050 00 13 12 00 00 03 02 00 00 '2 73 00 00 '8 24 00 208 
3100 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3150 00 13 12 00 00 03 02 00 00 .2 73 00 00 18 24 00 208 
3200 00 13 12 00 00 03 02 00 00 .2 73 00 00 18 24 00 208 
3250 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
3300 00 13 12 00 00 03 02 00 00 '2 73 00 00 18 24 00 208 
3350 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3400 00 '3 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3450 00 '3 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3500 00 '3 12 00 00 03 02 00 00 .2 73 00 00 18 24 00 208 
3550 00 '3 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
3600 00 '3 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 2 08 
3650 00 '3 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
3700 00 '3 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 • 3750 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3800 00 '3 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
3850 00 '3 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
3900 00 '3 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
3950 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4000 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4050 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4100 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4150 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4200 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4250 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4300 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4350 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4400 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4450 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4500 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4550 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4600 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 
4650 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4700 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4750 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4800 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4850 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
4900 00 13 12 00 00 03 02 00 00 .2 73 00 00 18 24 00 208 
4950 00 13 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
5000 00 13 12 00 00 03 02 00 00 .2 73 00 00 '8 24 00 208 

• 



-----------------====~-------------I 
TABLE 7 6(c) VISIBLE PLUME FREQUENCY 

• ***********.************************ PLUME HEIGHT FREQUENCY TABLE *********** ••• ********************** 
INDIANTOWN, 1982-86 WEST PALM BEACH MET DATA (ooCT, 10 CYCLES) 
SEASON::ANNUAL 

HEIGHT ** •• * .............. ** .......... *.*******.**** WIND FROM •• ****** •••• ******.*.********.*.************** 

"'" N NNE NE ENE E ESE SE SSE S SSI/ SW WSW W WNW NW NNW SUM 
TOWE. -*.*** •••• ----_ ••• __ ...... --................ PLUME HEADED ......... *** ..... ** ..... ** •••••••• *** ••••••• 
(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE SUM 

10 530 244 480 7 74 15 68 9621042 605 835 353 395 323 509 376 5 10 4 93 100 00 
20 530 230 437 7 74 15 67 9621042 605 835 348 389 323 509 376 510 4 93 9930 
30 42 45 53 06 13 55 73 " 45 1 69 196 31 55 101 1 20 54 1070 
40 22 41 44 03 04 03 03 03 13 1 65 1 91 12 21 20 24 28 596 
SO 00 41 44 00 00 03 03 00 00 1 65 1 91 00 00 20 24 00 4 91 
60 00 33 33 00 00 03 03 00 00 144 173 00 00 20 24 00 432 
70 00 28 29 00 00 03 02 00 00 131 160 00 00 18 24 00 3 95 
80 00 25 25 00 00 03 02 00 00 1 15 1 41 00 00 18 24 00 353 
90 00 21 19 00 00 03 02 00 00 99 121 00 00 18 24 00 3 07 

100 00 17 15 00 00 03 02 00 00 82 102 00 00 18 24 00 264 
"0 00 17 15 00 00 03 02 00 00 82 102 00 00 18 24 00 264 
120 00 17 15 00 00 03 02 00 00 82 102 00 00 18 24 00 264 
130 00 17 15 00 00 03 02 00 00 82 102 00 00 18 24 00 264 
140 00 17 15 00 00 03 02 00 00 82 102 00 00 18 24 00 264 
150 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
160 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
170 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
180 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
190 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
200 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
210 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
220 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
230 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 

• 240 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
250 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
260 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
270 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
280 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
290 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
300 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
310 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
320 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
330 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
340 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
350 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
360 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
370 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
380 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
390 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
400 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
410 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
420 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
430 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
440 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
450 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
460 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
470 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
480 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
490 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 
SOO 00 13 12 00 00 03 02 00 00 62 73 00 00 18 24 00 208 

• 



TABLE 7-6(d) VISIBLE PLUME FREQUENCY (Contd ) 

************************************ PLUME HEIGHT FREQUENCY TABLE ******************************** .. ** • INDIANTO'WN, 1982 86 WEST PALM BEACH MET DATA (LMDCT, 10 CYCLES) 
SEASON"ANNUAL 

HEIGHT •••••• *.**********.** •••• *** .. **.****.**** •• * WIND FROM *.******************.********* •• ************** 
FROM • .NE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW SUM 
TOWE' ******.*.* ••• *******.**** •• *****.*.********* PLUME HEADED ******** •••••• **.*.*.*.**.********** •• ****** 
(M) S SSW SW WSW W WNW NW NNW • NNE ME ENE E ESE SE SSE SUI 

510 00 " " 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
520 00 " '2 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
530 00 " '2 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
540 00 " '2 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
550 00 " '2 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
560 00 " '2 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
570 00 " '2 00 00 03 02 00 00 62 73 00 00 " 24 00 2 08 
580 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
590 00 " '2 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
600 00 " '2 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
610 00 " '2 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
620 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
630 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
640 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
650 00 " " 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
660 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
670 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
680 00 " 12 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
690 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
700 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
710 00 " 12 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
720 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
730 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
740 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 • 750 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
760 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
770 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
780 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
790 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
800 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
810 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
820 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
830 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
840 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
850 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
860 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
870 00 " " 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
880 00 " " 00 00 03 02 00 00 62 73 00 00 " 24 00 208 
890 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
900 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
910 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
920 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
930 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
940 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
950 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
960 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
970 00 " 12 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
980 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 
990 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 

1000 00 " " 00 00 03 02 00 00 62 73 00 00 '8 24 00 208 

• 



TABLE 7-7 FOGGING AND ICING FREQUENCIES 

• ********* .. ****** .. *************.*** HOURS OF PLUME FOGGING TABLE ************ •• *****************.**** 
INDIANTOWN, 1982 86 ~ST PALM BEACH MET DATA (LMDCT, 10 CYCLES) 
SEASON=ANNUAL 

DISTANCE ********************************************* ~IND FROM ************************************* •• * ...... 

F"" , 'NE HE ENE E ESE Sf SSE , 'SW '" "'" " "'" '" NN" AVO 
TIM. ............. * .......... **.***************** PLUME HEADED ******************************************** ,M, , SS" '" lIS" " """ '" NN" , NNE NE ENE E ESE Sf SSE AV' 

'00 4 7 67 84 102 '4 9 0 0 9 9 8 5 8 13 0 0 9 519 
150 75 2 6 5 7 235 378 8 5 5 25 25 5 4 8 30 8 5 3 8 100 7 
200 7 , 4 8 '6 9 348 , 9 , 2 , 2 1 , 0 2 3 0 2 1 24 723 
250 63 0 0 130 29 4 0 0 , 7 , 7 0 0 0 26 0 0 2 0 567 
300 38 0 0 55 '25 0 0 7 7 0 0 0 , , 0 0 2 0 264 
350 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 
400 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 
450 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 4 0 
500 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 40 
600 , 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5 30 
750 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 , 0 20 

'000 , 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 20 
1250 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 , 5 
1500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

***********************.************* HOURS OF RIME ICING TABLE .. ************************************ 
INDIANTOWN, 1982 86 WEST PALM BEACH MET DATA (LMDCT, 10 CYCLES) 
SEASON=ANNUAL 

DISTANCE ********************************************* WINO FROM ********************************************** 
FROM , NNE NE ENE E ESE Sf SSE , SS" SW lIS" " "'" '" NN" AV' 

• , ..... .. ****************************************** PLUME HEADED ******************************************** 

(M' , 'SW SW "'" " "'" '" NN" , NNE HE ENE E ESE Sf SSE AV' 

100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
150 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
200 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
300 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
350 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
400 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
4SO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
SOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1250 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1500 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
'750 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

• 
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Florida Department of Enmronmental Regulatton 
1\vm 'Ibwers Office Bldg • 2600 Blatr Stone Road • 1allahassee, Flonda 32399-2400 

Bob MaRmez Governor 

Ms. Mary E. Coffey 
Bechtel 

Dale: 1W:Ichtnann Se:cretary 

July 23, 1990 

15740 Shady Grove Rd. 
Ga1thersbury, Maryland 20877-1454 

Re: Preconstruction Mon1tor1ng Exemption Request 

Dear Ms. Coffey. 

John Share:r Assistant Secretary 

The prelim1nary modeling prov1ded in your Plan of Study for the 
Ind1antown S1te Cert1f1cat10n App11cat10n shows that the maX1mum 
a1r qua11ty impacts are less than the pollutant-spec1f1c "de 
minimus" concentrations for each pollutant. In add1t10n, as we 
d1scussed, the eX1st1ng monitoring data from the Martin s1te of 
Flor1da Power and Light is representat1ve of the proposed source 
area. 

Based on th1s informat10n and the d1scret10n of the Department, the 
preconstruct10n amb1ent a1r quality mon1tor1ng requirement for the 
pre11m1nary Indiantown Cogenerat10n ProJect is exempted. 

If you have any questions, please call me at (904)488-1344. 

Sincerely, 

Al~~ 
Meteorolog1st 
A1r Mode11ng and Assessment 
Bureau of A1r Monitor1ng & Assessment 

cc: Tom Rogers 
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1016 COASTAL ZONE MANAGEMENT CERTIFICATIONS 

The Coastal Management Act of 1976 (Section 380 21-360 25, Flonda Statutes) 

requires that the Coastal Zone Management Section of FDER be responsible for 

cerliflcatlon of consistency with the Florida Coastal Management Program (FCMP) 

for all federal licenses, permits, actIVIties, and projects listed In Section 

360 23 (3) (C), Florida Statutes, when such activities are subject to federal 

consistency review and affect land or water use, are seaward of the JUrisdiction of 

state, or there IS no state agency with sale JUrisdiction for such consistency review 

In accordance Wlth FCMP consistency evaluation procedures, copies of the 

following documents are Included In Section 10 1 of this S~e Certrtlcatlon 

Appllcallon 

• 

• 

Combined applications for construction In, and discharge of dredge or 

fill materials to, waters of the United States, Section 404 of the Water 

Pollution Control Act of 1972, as amended), 

Notice of Proposed Construction or Alterallon (reqUIred by Part 77 of 

the Federal AViation Regulations [14 CFR Part 77] pursuant to 

Section 1011 of the Federal AViation Act of 1956, amended) 

Federal Consistency Evaluation Procedures (15 CFR 930 50) require these permit 

applications and the FAA Notice to be accompanied by a consistency certlficallon 

attachment which Includes 

• A written and pictorial deSCription of the proJect, 

• An assessment of probable Impacts relevant to applicable FCMP 

statutes, and 

• A signed statement by the applicant regarding consistency of the 

project With FCMP statues 



Each application Included with this Site Certification Application IS accompanied by 

such consistency certification 

=4 016\lndWlrn SOA 
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• 1017 FAA PERMIT APPLICATION 

• 

• 
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FCMP CONSISTENCY CERTIFICATION 
INDIANTOWN COGENERATION, L.P. 

DESCRIPTION OF THE PROJECT 

Ind~antown Cogeneratl0n, L.P. (IeL) proposes to construct and 
operate a cogeneratl0n proJect 1n Martln County, Florlda, 
appproxlmately 3 mlles northwest of Indlantown. ThlS proJect 15 
a pulverlzed coal flred steam unlt that wl11 produce 
approximately 330 MW of electrlclty for sale to Florlda Power and 
Llght Company, and up to 225,000 Ib/hour of process steam for 
sale to the Caulklns Cltrus Processlng plant The antlclpated 
commerclal operatl0n date for the faCl11ty is December 1, 1995 
The project wl11 be a quallfYlng faCl11ty (QF) as deflned by the 
Public Utl11ty Regulatory Pollcles Act of 1978 

The IeL plant wl11 occupy a 232 acre lndustrlally zoned slte, 
north of Indlantown To the north of the s~te ~s the Caulk~ns 
c~trus Process~ng plant and an abandoned Flor~da Steel 
Corporat~on plant. The s~te ~s bounded on the west by Tampa 
Farm Products and on the south and east by vacant ~ndustr~ally 
zoned land. The s~te w~ll be des~gned to accommodate all the 
fac~l~t~es necessary to generate power from coal wh~le 
ma~nta~n~ng the wetlands and a s~gn~f~cant port10n of the uplands 
on the s~te as requ1red by Mart1n county regulat~ons These 
fac~l~t~es w~ll 1nclude the power block, coal and ash handl~ng 
equ1pment, a ra~l loop and a water storage pond. The f~gure 
attached to th1S not~ce prov~des a conceptual layout for the 
proposed cogeneratl0n proJect 

Assessment of Probable ProJect Impacts 

As part of the Federal Conslstency Evaluat~on Procedures, an 
assessment of the probable lmpacts of the proJect on the coastal 
zone were determlned 1n relat~on to the Flor~da Coastal 
Management Program (FCMP) statutes. 

Flood Zones - The ICL plant w111 be w~th~n Zone B (100 to 500 
year flood plaln area) as def~ned by flood 1nsurance rate maps 
All ICL facll~t1es w~ll be at or above the 100 year flood 
elevat~on of 31 ft. NGVD In add1t10n, all ICL fac~llt~es w~ll 
be des~gned to comply w~th all appl~cable South Flor1da Water 
Management D1str~ct (SFWMD) and Flor~da Department of Natural 
Resources (FDNR) requlrements regardlng flood protect10n control 
Installatl0n and operat10n of the ICL facll~ty 1S expected to 
have no adverse lmpact on the 100 year flood elevat10ns or flood 
flows. S~nce the plant wll1 be ent1rely above the 11m1ts of the 
100 year flood, adJacent propertles owners wl11 not be adversely 
affected 

A1r and water Impacts - These concerns wll1 be addressed by 
obtaln~ng the appropr~ate fac111ty operatlon and d~scharge 
perm~ts and us~ng pollt~on control measures to abate 1mpacts from 
fac~11ty construct~on and operatlons All constructl0n and 



• 
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operatlon permlts wlll be obtalned through the Power Plant Sltlng 
Act process 1n accordance wlth requlrements establlshed 1n the 
Preventl0n of Slgnlflcant Deterl0ratlon (PSO) alr quallty 
regulatl0ns and the alr quallty regulatl0ns governlng New 
Sources An Underground In]ectl0n Control permlt wl11 be 
obtalned for dlscharge of wastewater to the Boulder Zone of the 
Florldan aqulfer 

stormwater retentl0n baslns wl11 be used to collect runoff waters 
from the slte. The dlscharge from these baslns wl11 comply wlth 
all DER and SFWMD requlrements for protectlon of surface and 
ground waters. 

Archaeologlcal and Hlstorlcal Resources Impacts - A comprehenslve 
evaluatlon of archaeologlcal and hlstorlC resources wlthln the 
ICL slte and along the proposed water plpellne was conducted by 
Plper Archaeologlcal Research, Inc. wlth the conclusl0n that no 
archaeologlcal or hlstorlcal resources occur onslte ThlS study 
wll1 be submltted to the state Hlstorlc and Preservatl0n Offlce 
for concurrence wlth the flndlngs as part of the 11censlng effort 
for the ICL plant 

Water Resource Impacts - The SFWMD wl11 reVlew the proJect for 
water resources lmpacts. consumptlve use of water lS 
antlclpated, therefore, permlts for such use wll1 be obtalned 
from SFWMD Stormwater management practlces wll1 be employed to 
mltlgate lmpacts to water resources from runoff 

Power Plant Sltlng Act - An appllcatlon lS belng flIed wlth the 
Florlda Department of Envlronmental Regulatl0n (FDER) under the 
Power Plant Sltlng Act ThlS appllcatl0n wll1 present lnformatl0n 
dlscusslng the condltl0ns resultlng from constructl0n, and the 
antlclpated lmpacts from faclilty operatl0n, In order to provlde 
assurance that all appllcable state, regl0nal and local 
regulatlons are met and that the proJect wl11 be conslstent wlth 
the FCMP 

Conslstency Determlnatl0n 

The proposed proJect compIles Wlt& Florlda's approved coastal 
management program and wl11 be conducted ln a manner conslstent 
wlth such program • 
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1021 EXCERPTS FROM CHAPTER 33 ZONING OF THE MARTIN COUNTY 

CODE RELATED TO 

• ARTICLE XXXVIA 

DISTRICTS 

PUD PLANNED UNIT DEVELOPMENT 

• ARTICLE LX AMENDMENTS 
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A 1 Small Farms [hstnct U 3.3-456--.l3-4.69 
A 2 Agncultl.lraJ OIstnct U ,33-470-33483 
A-3 Coruervauon [hstnc:t ., ~~97 
HB-lA Hotel and Motel DI.,tnC1. Ii :)3..49s-.~15 
HB-1AA Hotel and Motel [h,tnct U 33-S1S-l3-S24 
HB-l Luntted BU'lness [hstr1C~ H ~:z5...-.33..SJ9 
B-1 B"'I..- [hsmcl., II ~ 

--

B-2 Bu.auaeu-Wbolesale au.~ OuItnet. 1133-654 ,~ 
s...a Rural au.t.neu Do.met., 'I ~70 
PUD P\anned Unit Development Ot.tncts It 33-571_ 
33-48115 
DIY 1 General ,Ii 33-571-33.581 10 
Dw 1. PUDIRl Planned Un" Development lRuldenual1 Sub­

DIst.nct. iii 33-581 ll-aa..sSl.20 
Dw 3 PUDIC) PhlDned Unit ~_lopment CCommeraan Sub­

DiW"Ict. H 33.581.21-3:).-58140 
Ow 4 PUOI.l) Pl.nned URIC [)eveiopmeM llndustnaU Sub 

D1Stnct. it 33-581. 4l~1 61 
01" 5 PUDlMHl Planned Unit Development (Mobile Homel 

Sub-OtsU'lct. it 33.sa162~1 75 
M-l lnduatnal [)l.CZ"Iet. It 33-$82~ 
M..z 1nd\W;na! DlRnct. U 33-15.96--33-809 
M.:J lnduatna1 IKstnC1. ,t :t3-610----33-823 
PS Public Ser"'JCUtC 1h.a'1et. I' 33-424--33-63.$ 
BY s.t ..... Yards", ~1 
lZ I..atenlll ZoIWlC. it 33-662-33-686 
BWlcliDC &ad CoucruCQOn. It 33-OB7-.l3-B83 
Recuiadona for ~n and Operauoa ot Mobde 
80_ or Trailer Parka. it 3.'3 68t 33-'711 

XLV RecWabon. for th4' Coucnacdon and OperaboD ot Onve--
111 TheaU'elllUld OU&Goor Theaft'eC 1133-712-33-722 

XLVL Still ~uon. 1133-~ 
XL VIL ezc..aaoM aad nIls. It 33-801-33-8IW 

XLVlU-LJX. ReM""-
LX. AlMaclmenu.1I ~~ 

LXI. Lecat Pro ... ..,as II~ 
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13:>569 MARTIN COUNTY CODE 

(b) Minunum Wldth along front property hnes shall be one 
hun.u..d (100) f~ 

(c) TheTe shall be no hDllt on the m3.X1mum. helght., except 
where adJacent to a re51dentlal dtstnct. 1n whlch case the 
maxltnum hetght us hmxted to three (3) stone~ 

(d) The haght of any structure shall not be such 50 as to 
lntrude Into a gildmg angie where adjacent to all' fields 

(e) When located upon streets or rughways carrylng a 
large volume of traffic. tractS located In ttus dlsmc:t shall 
provtde for a marpnal access road With a tmmmum of 
aCC:eSa and egress pol nts. There shall be a ten-foot planter 
smp between such access road. the nght-o{.way of the 
street or blghway. and parkmg arerul Wltilln the tract shall 
be acce!lmble only from the marg1nal access f'Oad. (Res. of 
5-9-67. Art. XXVUI. § 28.1) 

See. 33-570. Muumum yards reqwred. 

(a) Front: 30 feet. 

(b) &ar....a .. de: 

1 stoIy-10 f .... 
2 otonea-12f .... 
3 atonee and over-15 feet. 

(c) No ~ shall b. bmlt Wltlun 50 feet of the center 
hne o£ any pubJJc platted. nght-of-way not a designated 
~b-_c Inghway. 

(d) No structure ,haIl be bmlt Wlt1un 65 feet of the center 
hn. of a d..,gnated through-traffic Inghway (Res. of 
5-9-67. Art. xxvrn. § 28.2) 

ARTICLE XXXVIA. PUD PLANNED UNIT 
DEVELOPMENT DISTRICTS· 

DMSION 1 GENERAL 

See. 33-1571. Purpo ... and mtent. 
(a) The purpose of tins dmnct IS to proVlde an altematlve 

zonmg procedure that may be ased to estabhsh Planned 
-c~ refft'ell~peoal ~ents (ar Hutdunsou la1&a4. t.ottc" 

laWld. and. Jupsta' Ialand.. §§ 33012-
SglJP. No." 205.2 
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• 
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ZONING § 33-.571 

Urut Development Dlsmcts at appropnate locatIons in 

accordance WIth the planrung and. development obJectlves of 
the county 

(b) Although planned developments produced 10 compll~ 
ance wtth the term:!! and praV'lS10n5 of thls amcle may 
depart from the smct apphcatlon of use setback. helgnt. 
and mJDlmum lot reqwrements of standard zorung rustnct.s 
such developments are to be m keepmg Wlth the overall 
planmng and development goals and obJectlves of the 
county as set forth m the general plan. Planned Unit 
Development DlStnc:ts will further serve to gw.de the 
resource development of Ma.rtln County as defiDed by 
adopted speo.:fic area plans The mtent of thl3 amcle 15 to 
proVlde stand.a.rds by whlch such fleXlblhty may be 
aceomphshed.. wh.tle mamtalIllllg and protectmg the pubhc 
health., safety and welfare 

(c) A further purpose of t1us a.rtlcle IS to encourage the 
estabhsbment of a more complete hvmg enVU"Onment 
through the apphcanon of enhghtened and lmagmatlve 
approaches to cotamumty plamung and shelter deSlgn The 
planned umt development alternatlve should proVIde for a 
vanety of arcm:tectural solutlona. proVIde for the preserva­
bOD of natural features and scemc areas. proY'lde for the 
efficent use of open space, promote lugh standards In 

development layout., demgn and COllStructlOn.. reduce land 
consumption by roads. separate vehlcular and pedestnan 
arcu1atlOn systems. ongmate approaches to a meamngiul 
mtergratloD of common open area networks and developed 
recreatlon areas, help ~tabhsh neighborhood ldenbty and 
focus. encourage projects that will be d~gned to fit the 
natural condItlons of the property, and Ideally proVIde for 
the eompatlble ~ce of man With lns enVlrOnment. 

(d) It III also the purpose and mtent afthe Planned Umted 
Development Dlstnct to encourage development to occur In 
accordance WIth a coordmated and plan.ned extension of 
e=tmg and programmed commumty faohn.. (On! No. 
35, Part 1, 6-28-74) 

Sapp..No.l 2052.1 
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§ J.3...S72 \fA.RTIN COUNTY CODE 

See. 33-572. "Planned unIt developmentU deIlD.ltlon. 

(a) A planned tullt development' (also heremafter 
referred to as 'PUD'} l.S a land area under unwed control 
whlch 13 planned and programmea. Ul a smgle development 
operatlon or by a senes of prescheduled development phases 
accord.r.ng to an offioally approved final development plan 
such planned umt development aoes not necessanly 
corre~pond to propertY development and use regulatlons of 
the standard zorung dlstnct Ul wruch the propertY was 
preVlously placed. 

(b) A 'maJor planned urut development" IS defined as a 
I'eSldentlal PUD of greater than fifty (50) re51dentlal 
dweUmg umts or greater than ten (10) acres 10 area. 

(e) A "mmor planned urut development" tS ~e:fined as a 
reSldentlal PUD of fifty (50) resuientlal dwellmg unIts or 
1~8 or ten (10) acres or less m area. (Oro.. No 35. Part 1. 
6-28-74) 

See. 33-573. Relat10n of planned umt development 
reguiatiollS to general %omng. 9ubdlVl­
SIOD or other applicable regulatlons. 

(al The folloWlng pr'OVlSlOn.s shall apply generally to the 
aeatlon and regula:t1on of all PUD DlStncts. regardless of 
a..IIy confhcts therem Wlth general %onmg. subchVlSlOn. or 
other apphcable reguiatlons 

(1) Apphcatlon and revteW of the prel1mmary develop­
ment plan. shall be m heu of sketch plan reVlew under 
Ordmanc:e No 25 [sect>on 33-73J for multlple-famlly 
developments and preWmnary plat reVIew' under the 
subchvunon reguiatlons for 5ubdlvtslOn lots Applu:a· 
t:lon and reVlew of the final development plan shall be 
m heu of Slte and constrUctlon plan revtew under 
Ordmance No 25 [sect>on 33-73J for multlple-famlly 
dwellings and final plat revtew under the 5UbdrV1510D 

regulatlons for subdlV1Slon lots except that for 
subdlVlSlon lots a final plat must be sublIlltted and 
rev:Iewed !llD.ultaneously 

Stapp. No. 1 2052.2 
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ZQNIl'<G 

(2) The planned unit development gulaehnes and stan 
da.rds adopted. as part of dus zonmg ormnance snail 
apply to the creatlon of PUD D1SmctS and to the 
lSsuance of bwldmg pernuts and cernficates of 
occupancy In such mstncts (Oro No 35 Part 1 
5-28-74) 

See.. 33 .. 574. Locanon; plan.. 

(a) PUD Dlstncts may be e5tabwhed anywhere 1n the 
county regardless of the eXlSnng zonmg CllSmcts wnerever 
there are tracts of land swtable in locatlon su:e and 
character for the strUctUres and uses proposed to be planned 
and developed under umfied control pursuant to tins arnele 
In addltlon to the parucular reqUIrements of tlus amcle all 
PUD Dlstncts shall reqUU"e an amendment of the OffiClal 
zomng map as It affects the property m questlon to show the 
change from the eXlStlllg zomng chstnct to the PUD 
Dlstnct.. and a redl.stnct:mg: or rezonmg of the property 1n 
questlon from lts eXlStmg zorung chstnct to the PUD 
Dlstnct. 

(b) PUD Dlstnct zomng must be based elther upon a 
county general plan or upon a spec.fic area plan (Ord.. No 
35, Part 1. 5-28-74) 

Sec. 33-575. Effect of pla.nned umt development 2:on­
mg. 

When the board of county COmm1S81oners grants final 
approval to a proposed PUD zomng appilcac.on. the final 
development plan mc1udmg all related mformauon. agree. 
ments and supportmg matenals reqUl!'ed pursuant to th1s 
artlcle shall be adopted as an amendment to the PUD 
Zomng Dt.stnct and shall become the stanciards of 
development for the subJect PUD Thenceforth. development 
m the area delmeated as a PUD Dtstnct on the offioal 
wrung map shall proceed only m accord WIth the adopted 
plan and standards for s81d dlstnct. Such development 
shall conform to any order of stagmg or set of pnonues or 
lmutatlons or tune table of development In the amendment 
or obIewhere U1 thla arttc1e. (Ord. No 35. Part 1. 5-28-74) 
SU'P]L No.1 

2052.3 



• 

§ ~;6 -..tARTIN' COUNTY CODE 

Sec. 33-576. Uses authonzed 1n planned umt develop .. 
ment c:hstncts 

All uses authonzed m PUD D1Sttlcts as set out m the 
general plan or a spec.fic area plan are conmttonal uses 
subject to approval of a final development plan by the board 
of county cotnIIUSs1oners All reVlew agenCles boa:rds and 
COtnmlSS1ons shall cons1der whether the proposed uses are 
coml'atloie Wlth the general plan and! or the spectiic area 
plan and whether any adverse fiscal physlcal and 
commumty Servlce unpacts of the development on the 
county will be adequately proV'lded for (Ord. No 35. Part 1 
6-28-74) 

See. 33--577. Planned wut development 9ta.ndards. 

All PUD apphca:c.ons subrmtted shall conform to the 
purpose and mtent of thIs arttcle and be In comphance Wlth 
the followmg development standards 

(1) General .t=dard:s 

(a) A PUD shall conform to the appropnate praVl· 
Slons of the general plan or speofic area plan. 

(b) Sceme assets and natural features such as trees. 
dunes. mtertuial areas areas of archeological or 
hlatoncal Jlgmiicance. natural manne and terres-­
tna1 btoae commumtles fiood'Plama. strea:ms. 
aqw.fer recharge are~ and topogra'Piuc features 
should be protected and preserved to the extent' 
feastble. 

(c) A PUD Slte shall be developed 1n such a manner 
as to prevent substantJal Injury to the use and 
value of exlSt:Ulg surroundmg development. and 
shall not bmder. deter. or unpede development of 
surroundmg undeveloped propertles In accordance 
W1th the general plan or a spec:tDc area plan.. More 
spec:fically. such development shall not create 
undue hazards to persons or propertY. on or off the 
tract. from. posSIble floodmg. wmd or water 
eroslOn. subSldence of bwldmgs or other structures 
or fac.htles The conchtlon and type of soIL ground 

S~No.l 2052.4 
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ZONING § J3..577 

water level. ndal fluctuatlons dra.lnage and 
topography shall be appropnate to both tytle and 
pattern of use mtenaed. The Slte shall also contam 
suffio.ent Wldth and depth to adequately accom­
modate lts proposed use and destgn. 

(d) Structure9 and common areas should be arranged 
1Il such a way as to best serve the needs of 
occupants andl or other users of the PUD and 
m1mmJze any adver.Je effects on nelghbonng 
properces. 

(e) Integrated arclntectural design for bwldmgs 
struc:tares. landscaptng and common open areas 
will be encouraged.. 

(f) The pubhc health. safety, and general welfare, and 
the purpose and Intent of thIs a..rtlcle and the 
general plan.. or a spec:..fic area plan shall be 
mamtamed and preserved... 

(g) All land mcluded for purposes of development 
Wlthm a PUD Dtstnct shall be owned or under 
control of the pet:ltloner for such zorung destgna­
tlon. 

(h) All proposed PUD's must be In accordanco Wlth 
the adopted caPItal tm.provementa program.. lf 
any, 

(ll If a PUD couta..ms a auxtare of land uses, such as 
reslcient1al and commeroal or some other comm­
natlon.. the schedule of development shall proVlde 
for coordinatlon of these auxed uses.. 

en Underground utWtles will be encouraged wherever 
poaslble. Control and mamtena.nce of any pnvate-
1y owned utilitles proVlded by the apphcant shall 
be govemed by sectlOn 33-577(9) 

(le) County standards for ro~, streets, dnunage and 
other such Items shall be adhered to unless 
othennae proYlCied In tIwl artlc1 .. 

(1) Those parts of development or construcaon plans 
mvol'Y'lll« engmeermg. arc:hJ.tecture. landscape 

sU-PP- No. 1 2052.5 
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§ 3J...577 M.ARTIN COUl'o'TY CODE 

arclntecture or land surveymg shall be prepared 
and certliied respecovely by an englneer ar 
clutect.. landscape archltect. or land surveyor duly 
hcensed by the state 

(2) Pubhc facility a.n.d pubZ,c safety standards 

• 

Ca) A PUD shall be located tn an area In wtuch pohce 
and fire protect10n and other pubhc facilitJ.es are 
avaJ..lable and adequate for the uses proposed 
proVlded. however, that the apphcant may proVlde 
such faohbes whlch are not presently a valiable. 
and wntten assurance of such provunon shall be 
mcluded as a part of the approveQ final develop. 
ment plan. The cntena under whleh such 
apphcant-proVlded f.aohtJ.e..s will be accepted shall 
mclude consuieranon of facility tlmlng as outhned 
In the general plan or specfic area plan.. or 
caPItal lmprovements program. U any as well as 
other apphcable county standa.rd.s for such COQ­

stru,d:101l. 

(b) Witbm a PUD. there must be adequate space to • 
pe1'IDlt ac<:e081"1nhty to all struct1=s by fire..fight-
m.g and !JImdar emergency eqw:pment. 

(c) The applicant shall msta.Il m.. hydrants Wlthm a 
POD so that there are no more than S1X hundred 
(GOO) feet between hy<hants 

(d) All r=ndenbal bwldmp of two (2) or more stones 
shall mcorporate a heat and smoke detecc.on 
devtce m each hvmg omt. All bwldlng. of th~ 
(3) or more stones shall lDcorporate spnnkler 
systems for enclosed hallways and stalrWells 

(e) Where water pressure or lack thereof In a project 
15 conm.ciered by the county to present a potenttal 
problem. the applicant may be reqmred to mstall 
and mamtam booster pumps or a system of wet 
standPIpes m all bUlldmgs of three or more stones 
m hOlght. 

(0 The apphcant may also be reqmred to proVIde and 
mamtam power packs for emergency hghtmg In 
the event of fire or stm1]ar conflagratton. 

Supp. No.1 2052.5 
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ZONING 

(g) Elevators and passageways proV'lded In reslden. 
tlal strUctures shall be capable of accornmoaatlng 
a stretcher 

(3) Flll a.nd e:ccavat1on. 

(a) The apphcant's plans should mmral1ze the 
haub:n.g of fill along county ngnts~f way 

(b) The apphcant should aVOId planng fill tn natural 
floodplam.s to the extent posSlble 

(c) Any arc.fiClal lake created for the purposes of 
stann Water ccntalllment or for fill matenal 1S 
expected to meet all appllcable county standards 

(d) The apphcant 15 encouraged to utilize naturally 
'eXlStlng rugh and dry land for rugher densuy 
re91denc.al uses. 

(4) Vemcula.r and pedestnlln movement 

(a) Pnnopal vehlcular acc:e38 to a PUD shall be from 
streets and roads that meet county standards and 
are capable of supportmg eXlStmg and antlopated 
volumes of traffic. as well as traffic that will be 
generated by the PUD Access pomts shall bit 
deslgIled to proVIde smooth flow, controlled 
turnmg movements and muumum hazard to 
veiuculat' or pedestnan traffic. Mergmg lanes 
deceieratJ.on lanes. left tun:! staclong lanes and 
traffic chVlders shall be proVlded where eXlStmg or 
antlapated beavy flows of traffic mcb.cate such 
need. Where present or potentlal traffic loads 
mchcate a need. traffic Slgnals shall be proVlded 
No streets or roads Wlthtn a planned Unlt 
development shall connect to extenor streets 1Il 

such a way as to encourage use of tIllllor local 
streets for through traffic. Oed1catlon to the pubbc 
of Ulternal streets may be reqUIred by the board of 
county commlSSlonen. U necessary. and mternal 
as well as external PUD CJ.rC:Ulanon patterns shall 
be coorchnated Wlth the adopted county thorough 
fare plan, If any 

Supp.No.l 2052.7 



• 

§ 33-577 MARmf COUNTY CODE 

(b) Traffic VlSlCWty, both automaoue and pedestnan 
shall be preerved as follows No Lmpe<Ument to 
V'lSlbility WIthIn the nght-of-way between two 
and one-half (2/f.z) and seven (7) feet above 
centerlIne grad~ may exl.St at the lntersectlon of 
any street or road mternal to or at the penmeter 
of a PUD Wlthm a tnangle begmmng at the 
Junctlon of nght.<>f-way hnes (projected lf round 
comers eXlSt). thence fifty (50) feet along good 
lmes. thence along the hne connectlIlg those two 
(2) pomts 

(e) Project entrances from a PUD to artenal and 
collector roads should Dot be cl06er than on~ 
quarter (%) of a tm1e from the next entrance along 
an artenal or collector road. 

(d) Jog-type and nounght angle lntersectlons shall 
be avolded. 

• 

(e) Commeroal truck traffic should be separated £rom • 
other vehlcles to the maxlInum extent feaslble 

(5) Parlung. 

(a) The apphcant 15 encouraged to proVlde attractlve.. 
landscaped. weIl·lIghted storage and loadmg 
areas for all types of motor vehlcle8. as appropn­
ate to the development. 

(b) Mimmum off-street parlang space reqwrements 
for reslCient1al uses shall be related to the number 
of bedrooms proVIded by the apphcant as follows. 

Effiaenc:y apartments. 1.50 parmg spaces 
per umt; 

One-bedroom UDl~ 1 75 parkmg spaces per 
umt; 

Two or more bedroom UJUts. 2.0 parlang 
spaces per umt. 

(e) Comme=a1 parlcmg standards. The apphcant 
shall provtde a mlDlmum, of five and five-tenths 
(5.5) off'..street parkIng spaces per one thousand 

SUilP No 1 2052..8 
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ZONING 

{I 000) square fet::t of gross leasaole commercal 
floor area except that the appllcant may proVlae 
mformao.on to JustIfy anocpated multtple use or 
off·street parlang areas If such mult:lple use oi 
parkmg areas will 110t create parkmg problems or 
traffic hazard.s a reduCtlon tn the number of 
reqUl.r'e<i off-street eommerc.al padang spaces may 
be authonzed. 

(d) Subgrade parkmg accommodatlons are encourag­
ed wnere feasIble. 

(e) ReSldennaily onented parlang areas should be 
deslgned for no more than a stxty (60) veruc:ie 
storage capaaty, and for a ma.x:unum of fifteen 
(15) vehlcular spaces unbroken by lanciscapmg 

(f) Parkmg areas are encouraged to be Wlthm one 
hundred fifty (150) feet of any re51dence served by 
such areas 

(g) Entrances to parlong areas should be tdenafied 
by appropnate hghtulg 

(h) Paric.ng spaces shall be not less than ten (10) by 
twenty (20) feet m dunetlSlon. and parkIng atSles 
should be at least twenty-five (25) feet In Width.. 
Angle and parallel _lang shall m .. t standards 
set forth m the Amencan Insntute of A.rclutecU· 
"Arclutectural Grapluc Standards, SiXth Echtlon" 
(New York. 1970) 

(6) Dnunag •• 

(a) The appllcan:t shall meet all appllcable state 
federal. and county standards for the dl!Slgn of 
draInage faohtles. mcludmg on·stte cootamment 
of storm water ranoff. 

(h, The apphcant. wherever posSlble, shall uohze 
slammers and other mecharuca1 deV'lC'eS to remove 
undesuable pollutants. espectally from water 
runoff from pavement a..reas 

(c) The apphcant shall take partlcular care In the 
design of dramage faohtles to preserve or 

Savp. No. 1 2052.9 
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enhance the quahty of any adJacent bodies of 
water 1Il accordance Wlth federal state and county 
gmdehnes 

(7) Screerung 

(a) Fences walls andlor vegetaCve screentng should 
be proVlded at the penmeter of PUD s where 
nece5sary to reduce nOlSe glare, or other tnflu­
ences haV'lng an advene Impact etther on the 
PUD or on adJacent property Screerung should be 
of suffioent height to el..untnate the lmpact of such 
advene elements on the first floor of any use 
located. either Wlthm or adjacent to the PUD 

(b) Such screerung reqtnretnents may also be neces­
sary to separate chff'erent land uses W'ltlun the 
PUD such as t'eSldentlal uses from commeroal 
uses. developed recreatJ.on areas uchty facilitles 
or outdoor loachng and! or storage areas 

(8) Open Sptl~ 

(a) There should be reasonably convement access 
from all OCCUPled struc:tures to common open 
space!' 

(b) ContIguous and Interrelated open spaces are 
desued. 

(c) Open space plans should attempt to preserve 
valuable SIte amemues such as t.rees natural land 
forms topogn.phY. dunes, etc:.. 

(d) Open spaces should not be phYSically altered 
except for the addltlon of lanclscapmg and except 
CUI necessary to further one or more specrlic 
development obJecC.ves of the appltcant. 

(e) If a proposed PUD lS to be constructed In a tlmed 
senes of development phases and If such phases 
Include proVlSlOns f01" etther common or dedJcated 
open spaces lncludmg developed. recreatlon space 
the total area of common or dedJ.cated open space 
tncludmg developed recreation space proVlded at 
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the end of any phase of development shall bear 
substantlally the same relatlonsrup or greater to 
the total open space to be proVlded 10 the entlre 
PUD as the st:ructures or unIts completed or under 
development bear to the enUre PUD 

(9) lJanagement a.nd care of common elements 

(a) The apphcant shall proVlde for and estabhsh a 
property owners' 38SOClatJ.on organuatlon or 
other legal entlty for the ownersiup and malnte­
nance of any common elements such as open 
spaces or utlhtles deSIgnated. on the development 
plans The power and authonty of such orgaruza· 
tlon shall be msured and protected by covenants 
runmng Wlth the land. and such covenants shall 
be mcluded as part of the development plans 
subJect to approval by the county attorney and 
board of county COmntl391oners The estabhshed 
orga.ru.zatlon shall not be d.tssolved nor shall It 
dIspose of any common elements. by sa1e or 
otberwtse (except to an organI%anon conceIved 
and orgamzed to own and mamtam the common 
elements) Wlthout first rece1VlDg approval from 
the board of county con:umsSloners The board as 
a conchtlon precedent to the dtssolUtlon or 
dlSpoaal of common elements. may reqwre dedlca· 
bon of common open areas or unhtles to the 
pubhc as deemed. necessary 

(b) Such covenants shall further ptoV1de that tf the 
org8l1l%atlon estabhsbed to own and mallltam 
common elements (or any successor orgaruzatlon) 
CaUa at any tune to mallltam the common 
elements lD reasonable order and conmtlon 10 
accordance WIth the approved final development 
plan. then the board of county COmmLSsloners can 
serve wntten notice by certlfied mall. return 
receIpt requested. upon such orgaruzatlon and 
upon each owner of real property wtth..ln the PUD 
wluch nonce shall set forth the manner 10 whIch 
the orga.IU%3.uon has faded to mamtaUl the 
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common elements m reasonaole order and conch. 
tlon and shall demand that such fa..llure be 
remedled Wltlun tlurty (30) days of the senchng of 
such ooQee or m the alternatlve that such 
organzzatlon appear before the board at a 
specrlied tlme (at least ten (10) days but not mOn! 
than tlurty (30) days after the senchng of such 
notlce) elther to contest the alleged fa..llure to 
maJ.ntaln the common elements or to show caUSe 
why It cannot remedy such fallure Wlt.hm the 
thuty-day penod. If such fallure has not been 
remedled Wlthm the tlurty-day penod or such 
longer penoci as the board may have allowed" then 
the boartL In order to preserve the taxable values 
of the real property Wltbm the development and to 
prevent the common elements from becommg a 
pubhc nw.s&nce shall hold a pubhc heanng to 
corunder the adVlS3.bility of the county entenng 
upon such common elements and mmntammg 
them for a penod. of oue year Notlce of such 
heanng shall be sent by certified mml. ~ 
rece:Lpt requested. to the orgam7.3tlon Involved and 
to each owner of real property wtthm the POD 
and shall be pu:bhsbed one tlme m a news'P8per of 
general crculatlon pubhsbed m the county Such 
notlce shall be sent and publulbed at least fifteen 
(15) daya In advance of the heanng At such 
beanng the boa:(d may determme that It 15 or 15 

not adVISable for the county to enter upon such 
common elements take possesSlon of them and 
mamtam them for one year. The covenants 
nmnmg WIth the land OC<:UP1ed by the PUD .1uoll 
grant to the county such nght of entry, poaaesslon 
and mamtenance. proVlded that the above pro­
ced~ have been followed and shall proV1de that 
such entry, poS~Slon and maIntenance shall not 
constltute a trespass Such entry. P08ae5Sl01l and 
mamtenance shall not glve the pubb.c any nght to 

use the common elements. 

(c) The covenants runnmg Wlth the land OCCU'Pled by 
the PUD s1uoll further .pectfy that the board may, 
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upon publlc heanng Wlth nooee glven and 
pubWihed in the same manner as above return 
p088e9810n and ID.runten&.nce of such common 
elements to the orgazuzatlon or successor organl 
zanon. abandon such possesslon and ID.3J.nte­

nance. or conQnue such possesslon and IDaJ.D.te­
nance for addltlonal one-year penods 

(d) The covenantS c:reatUlg such orgamzatlon shall 
further proVlde that the cost of such mmntenance 
by the county shall be assessed ratably agaJ.nSt 
the properc.es W1.thm the development that have a 
nght to enjoyment of the common elements and 
shall become a charge or hen on Bald properaes 
and such charge shall be pald by the owners of 
smd propertles Wlthm tlurty (30) days after receipt 
of a statement therefor 

(lO) Fees Each petlt:loner for a PUD DlStnct shall pay a 
fee to the county for the exammatloo of development 
plans or an amendment thereto and the mspecc.on of 
aU reqw..red Improvements shown on such plans Such 
fees shall be determmed by the board. of county 
CQmmt8JQoner3. whlch by resolUtlon shall establIsh or 
change from tune to tlme a schedule of s8.1d fees for 
the exammatlon of preWmnary and final development 
plana and pian amendments. as wen as the UlSpect:lon 
of all reqmred unprovements mcluded Itt these plans 
Such fees shall be payable to the Martln County 
Board of County CommlSSloners and depOSIted. to the 
c=dtt of the general fund. (On! No 35 Part I. 
6-28-74) 

See.. 33-378. Planned. unIt development general pro­
cedures. 

Peahons for PUD zonmg shall be subtmtted. and 
proeessed m the same manner as for zorung changes 
generally and m accordance Wlth the followmg general 
procedures 

(1) Pr-eappllCatlOn conference. ?nor to subauttmg a 
formal appiIca.tlon for PUD %orung. the petltloner 15 
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req~ to Jomtly confer not less than once Wlth 
rep~entanves of the plannmg and zorung depart. 
ment and such other agenoes or staffs of the county 
as may be mvolved In the reVlew aIld proces81ng of 
such apphcatJ..ons The apphcant shall be nottfied m 
advance as to whtch other county agenCles will. be 
mvolved m such meetlng The peo.tlooer IS encouraged 
to con5lder at least two (2) alternative plan concepts to 
dlscuss Wlth staff members The staff W111 adV1Se the 
apphcant on the feasIbility of vanous possible design 
alternatlves and also proVlde mformaoon regardlng 
any projected plarus. programs or other matters that 
may affect the proposed pun The reqwred, preapph· 
caQ.on conference shall address the folloWlog matters 

(a) Physlcal charac:tensuo of the site for the 
proposed development. 

(b) The manoo between the antlc:pated project and 
surroundmg USe5. and the effect of the proposed 
development 00 the general plan or speanc area 

• 

plan and! or stated plannmg and development • 
obJectlves of the county 

(c) The status of ~g and proposed streets. 
uuhtles. or other pubhc and pnvate facb:b.es to 
serve the development. spec:tfically as the develo~ 
ment relates to the county's capital tmprovements 
program. li any 

(d) 

(eJ 

(f) 

(g) 

SQ'PPo No. 1 

The nature. destgn. effiCIency and a'Ppropnateneu 
of the prot'Osed streets. uchtles and other 
common fachtles planned to set'Vlce occu'Pants 
and use,. of the PUD 
Common open areas proposed by the apphcant. 

Mamtenance mechanISms and procedures desIg1l. 
ed to guarantee the care and u'Pkee'P of common 
elements. 

The apphcability of Chapte,. 380 05 and 380 06. 
F'londa Statu.... deahng relIpe<:t1vely Wlth are.,. 
of cntlcal state concern. and developments of 
regional tmpac:t (DRIl 
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(h) ReglonaL state 0'[' federal permlts reqwred U any 

(2) Appucatlon form... The apphcatlon form for a change 
of zonmg to a pun Dlstnct shalllndude the foilowmg 
Informatlon 

(a) Name, ad~s. and telephone number of the 
owner of recoro of the property to be rezoned 

(b) Name. addre!:s and telephone number of the 
developer If dtfferent from the owner and an 
explanatlon for the dlfference. 

(c) Name address and telephone number of the 
proJect 118lSOn. 

(d) Names adciresse5 and telephone numbers or the 
profesSlonals mvolved Wlth the PUD 

(e) Exact loc:a:c.on of the proposed proJect. Wlth 
proJect. boundanes dearly marked. as sho.,m. on a 
copy of current county assessment maps 

(f) Proposed name of project. whIch name 15 subled 
to acceptance by the board of county comm.LS~non· 
ers and wbJch must comply WIth the spmt and 
mtent of Chapter 1 T7 051. Flonda Statutes. 

(3) F Wn.g of apPUcc.twn.s Any appllcatlon reqwred under 
tlna art1cle shall be filed Wlth the planmng and 
zonmg department. where It sbaIl be revtewed for 
general completeness and for eomphance Wlth tius 
art1Cle before belng sent to reYleW1l1g departtnents 
agene .. and officals Except as dIrec<ed by the board 
of county comrmsaloners. the iollowmg reqmnments 
shall be adhered to by the plannmg and zonmg 
department 10 pr0<:e38mg a PUD apphcaaon. 

(a) A PUD apphcaaon mcluchng the prelunmary 
development plan With supportmg doctllDent:3 a5 

ulentlfied m tlna artlcle sball be subnutted to the 
planmng and zorung department on an offioal 
apphcatlOn Corm together wtth a check: payable to 
the "Martm County Board of County Conums­
stoners" 11l an amount equal to the proper 
pro<:esstI1g fee 

SlfPp. No. 18 2052.15 
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(b) All wntten correspondence concermng the apph­
catlOD etther between the appllcant and the 
county, between the apphcant and the varIous 
m<hVldual reVlew staffs, or between these vanous 
.rta:i:f.1 shall be subtmtted through the p1annmg 
and %Orung department. Both the apphcant and 
the p1annmg and zonmg department shall 
de5lgn8.te a luuson for purposes of such commum­
aeon. 

(c) The a'Ppllcacon snail be feVlewed by the plannIng 
and zorung department for any Items reqUlnng 
correct1on or completlon. If the appheat10n 15 
mcomplete. or tf correcb.Otul are reqtI:Jred. It will be 
T'etUn:led to the apphcant With a hst of defiC1enae5 
Wltmn ten (10) woricng dayS from the date of 
aubDll88lon. After subm.uuslon of a correded 
appllcatlon. the planmng and zomng department 
shall have ten (10) .."ricng days m wiuch to 

detemune that all dencenoe5 have been correct­
ed. 

(4) Applu:atton =enal3-Euulence of urufled controL 
The apphcant shall present Wlth the appheaaon form. 
8V1dence of W11fied control of the enure area Wlthm 
the propooed PUD dlatnct.. TIns shall mclude a "tie 
u:murance pohey or attorney's eeruficate of atle or 
other eVldenC8: acceptable to the county attorney for 
the subJect property. and a covenant of u:ufied control 
as descnbed. III sectlon 33..s8U(F). 

(5) S~PUD~ 

C.) The appilcant shall prcmde a proposed agreement 
wh~ It 18 stlpalated that the proposed develop" 
ment. If 1l11t1ated. ...u be undertaken and earned 
out. m aceoniance With. 

Su;JPo No. 18 

1. The preiJm1uary and final development plans 
... offinaJly adopted. 

2.. The regula:b.ona UlStmg when the amend· 
menU ~atmg the PUD were approved. 
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3 Such other conwtlons or momficanons ~ may 
be attached to the PUD Dlstnct 1n the process 
of the z:orung change 

(b) Followmg approval of a PUD apphcaoon the 
apphcant shall proVlde a final agreement sopulat 
lng to the spec::tfic conrutlOns under wnlcn the 
PUD will be constructed 

(6) Same-Prel"mnary development plan for a major 
PUD 
(a) Development Site miormaD.on to be subrmuea 

WIth a major PUD appllcaoon shall Include the 
followmg mformanon 

1 Vicuuty map at a scale of not less than one 
mch equals two thousand (2.000) feet. 

2.. Recent (less than tw'elve (12) montru old) 
vertlca1 aenal photograph of the SIte, Wlth 
project boundanes clearly marked. 

3 Boundary survey .related to true rnenman or 
U.s. Coast and Geodetlc Sur.-ey state gnd 
north. 

4. Full legal descnptlon of the property WIth 
attached. caples of any mstruments referred to 
such as deeds. plats. covenants or restnc:tlons 
etc. 

5 Names of owners, zorung chstnct classmcatlon 
and uses of the tract to be rezoned. the same 
for any contlguous holchngs of the applIcant 
(wregardmg mtervenmg roadways easea 
menU. etc:..). and the same for each ad)olI1lIlg 
tract lD separate ownersiup If the proposed 
PUD does not cover all of the contlguous 
holdmgs of applIcant. smd PUD must be 
chstlnctly Identlfied and an explanatlon of the 
reason for such ch£f'erence proVided. 

6 All adJo1Dl..ng property owners Wlthm three 
hundred (300) feet must be Identlfied by name 

SQl)p. No 1 2052.17 
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and address Where there ts ownership by a 
c;ondomuuum only the condoInuuum assoaa. 
bon need be llsted. 

7 Total area of the tract. 

8 Topographic map 'Nltb contour Intervals of 
one foot at a scale of not less than one mch 
equals one hundred Clom feet 

9 The locatlon of the followmg eustlng Items 
wtdun or unmematelv adjacent to the proper. 
ty" Bwlcbngs strUcture.s or other Improve-­
ments utilitles dralnageways chtches 
swales coastal CDostrUCtlOn setback hne. 
anc.·mosqwto chtcb.es .. easements of any 10nd 
whether used or not abuttlllg streets and 
roads mcludmg W'ldth and roU".:e numbers 
rallways. culverts bunal grounds and proper· 
ty hnes and recorded plats docks Jettles. boat 
ramps. bulkheads or other water related 
strUctures. 

10 The locaoon and approxunate area of the 
followmg eXIStmg ltems Wltiun or lIIlmedz.ately 
adjacent to the propertY' Watercoune5. water 
slU'iaces. wooded. areas. and wetlands by types 
(I.e. fresh water swamp, salt water marsh, 
mterndal area wet prru.ne or savanna) unless 
such mionnacon 15 otherwlse avaJlable to the 
county 

11 Detal1ed SOlls analystS Wlth assoaated vege­
tatlon types. unless such mionnanon 1S 

otherwtse aVallable to the county 

12. Wet and dry season water tables unless such 
miormatlOn 15 otherwtse avm.lable to the 
county 

l3. EVldence of urufied control per secQ.on ~ 
578(4) 

Prehmmary development deslgn mformat1on for a 
maJor PUD shall mclude 

2052.18 
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1 Statement of Intended market tnOlcatulg 
probable occupant charactenstlcs 

2. lAnd use plan or plans shoWlng the locac.on 
arrangement and dunenslons of all proposed 
land uses mcludmg the number of floor.l and 
hetght of all bwlamgs above firushed grade or 
above the fir3t floor hYIng elevaoon. bUlldmg 
setbacks from the development boundanes 
aad from adjacent streets roads alleys and 
ways the proposed traffic Clrculaoon pattern 
mcludmg the locanen and Wldth of all streets 
dnveways. walkways. btkeways. and en­
trances to parkmg spaces all proposea 
off·street parbng and loadmg areas, all 
proposed common elements mcludIng common 
open spaces and de<hcated open space and 
developed recreatlon areas 

3 A plan or statement shoWlng the loca:c.on and 
de~l1gn of all lalldscaped buffer.! or other 
screemng and mchcatmg the type of matenala 
proposed and heIght of such s~mng 

4. 

5 

6. 

A plan or statement detailing .the mam:ter of 
lmprovmg common or ded1cated open spaces 
lllclucbng developed recreatlon areas, together 
WIth all covenants mciuchng lease-hold mter­
ests, restnct10na and conwtJ.ona pertammg to 
the use, mm.ntenance, and operatlon of 
common elements 

A statement m tabular form of the antlcpated 
reSldennal den~J1ty (If any), the total number 
of dwelhng umts by type, sue number of 
bedrooms and SIte locatlon and gross leasable 
floor area for commercal as well as other 
nOn.reSldenttal uses, as appropnate 

Percentage of the SIte to be covered Wlth 
bwldmgs. .,dewalks parlang are.... roofed 
structUres, and other tmpervtous surfaces, 
percentage of the SIte to be covered Wlth water 

2052.19 
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howes percentage of the slte to be In golf 
course use (Lf any) percentage of the Slte to be 
landscaped and percentage of the stte to be 
left 1Il a natural undJ.sturbea conQl'bon 

7 An engmeer's statement det3.1hng prelumnary 
proposal.s for proV1dmg dramage outfall and 
on·Slte retennon conform.m.g Wlth such county 
regulanons and oromances as are 10 force and 
effect. includmg calculanons sue of storm 
water retentlon areas methods for poUutant 
removal locanon of berms swales, culverts 
storm water seWer:! fimshed grades and 
proposed slopes and grades adjacent to boc:hes 
afwater 

8 A plan or statement detailing prelmunary 
proposals for connectlon WIth eXlstmg water­
supply and samtary sewer systems or an 
altematJ.ve means of supplYlng water for 

• 

dnnkmg and ungatmg and of supplymg • 
samtary waste treatment and duposal. 

9. Arclutectural sketch.. of typIcal propo<ed 
structures mcludmg extenor hghtmg systems. 
SIgns and landscapmg. 

10 When a development IS to be constrUcted In 

phues or umts, a sequence of development 
schedule shoWlng the con.str"llctlon of each 
pnnapal funcc.onal element of such phases or 
umts. the approxnnate completlon date for 
each phase or umt and the extent. tmung. and 
e5tunated costs of all unprovemenu or Items 
to be ded1cated. such as roaoh. sewerage 
c!r.unago. and other pubhc or pnvate fachtles. 
reqwred to c:onstruct the proposed PUD 

11. LocatIon of temporary penmeter stakes and a 
temporary Slgn three (3) by five (5) feet m SlZe 

located at the front of the property ldentlfymg 
the project by number In order for county 
per:sonnel. memb~ of reVleW agence5. plan· 
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mng aoll zorung COtnmlSSloners and county 
COm.1lllS81oners to elocate the project and to 
make Slte lIlSpectlona. such SIgn to be erected 
Wltbm ten (10) days of apphcatlon SUbml5--

910n. 

12- If the PUD contaIns 8ubc:hVlSlon lots a 
prelmnnary plat of such lots or parcels 

13 A statement illustzatmg the relatlon of the 
PUD to the general plan and the speonc area 
pian. 

14 When a pt:Oposed PUD cont:a.ms fifty--one (51) 
or more dwelling umts or more than twenty 
tbouaand (20,000) square feet of gross leasable 
commercal floor area. the followmg adchtlon­
aJ matenals will be proVlded. 

a. A plan or statement detailing the ecology 
of the stte'1ll Its eXlStmg state, mcludmg a 
descnptlon of the fiora and fauna hnclud­
mg aquae!: commumt1es) normally found 
th~ and assessmg the unpact of the 
proposed. development on these natural 
resources. 

h. A plan or report dIscussmg costs and 
benefits that will a=no to Mamn County 
as a result of the PUn mcludmg a bnei 
evaiuatlon of pollee. fire protectlon. ambu­
lance sern.ce. emergency rescue setvlce 
water, sewerage. solld waste schools 
tranaportatlon facilities. health and wel­
fare sernce, parks. recreatton. open space 
and cultaral faohtles. and other pubhc 
faahtles. 

(7) Same-Preluruna.ry ckuelopment plan for 4 minor 
PUD Prehmmary development SIte and deslgn 
miormatlon to be subn:utted W'lth a rmnor pun 
apphca:tlon shall mclude 

(a) ltema 2 through 9 both mclUSlve and ltem 13 of 
sec!lOn 33-578 (6)(a) 
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(b) Item 2. ltems 4 througn 8 both melusIve. and 
Items 11 and 12 of sectlon 33-578 (6}(b) 

(8) Sa.m..e-Fin.al development plan. for a m.aJor PUD 
Final deta1.led wormaaon for a proposed maJor PUD 
or phase thereof shall mclude 

(a) DetaJ.led plan5 showmg the exact loC3.c.oD.. ar. 
nmgement and ciunenslons of all proposed land 
uses lllciuchng the number of floors and height of 
all bwlchngs above fimsned grade and above the 
first floor hvmg elevauo~ bwldmg setbacks 
from the development boundanes and adJacent 
streets, roads. alleys and ways, exact locatlotl of 
the t:raffic crculatlon pattem mcluchng the 
locatIon and WIdth of all streets, cinveways, 
walk:wa"" btkewaya. and entrances to parlcng 
spaces. final de5lgn of off..meet parkJ.ng and 
loadmg areas WIth exact cllmenslons final deslgn 
for all common 8nU mcluchng common open 

• 

areas, dedicated open space and developed rec- • 
mttlDn areas. 

(b) A detailed plan shOWUlg the locatlon and destgn 
of landec:aped buff"" and other s=emng. 1l1dicat­
_ the type of matenals proposed and the hetght 
of sw:h screemng. 

(c) A detmled plan or document mdlcatmg the exact 
manner of un:provmg developed recreaQotl areas 
and all covenants mciuchng lease-hold mterests. 
restndlona and conchuona pertaImng to the use.. 
maJJlteneDce:. and operatlOn of common areas 

(d) A:r1 aact statement m tabular form.. s1tmmen:z:ed 
by ph"" .. of the approved resldent1al de1lSlty (If 
any). total number of dwelling umts by type. sue. 
Slte locat1on. and number of bedrooms and total 
floor area (groaa leasable) for commeraal as well 
as ncmrestdentlal uaes. 

{eJ The e:<aet peree!1tage of the Sl" to be covered Wlth 
bmIdmgs. Sldewalks. parlcng area.s, _fed _true 
tares, and other Imperv10Wl surfaces areas to be 
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covered by water bowes. or by golf courses (If 
any), ~as to be landscaped. and those to De left 
In naturBl unchsturbed conwtlon 

(f) A deta.tled engmeers statement and work:mg 
drawmgs for provl(ilng dramage outfall and 
01l-Slte retentlon conformmg Wlth such countY 
regulac.ons and ordmances <US are m force and 
effect. mcludmg appropnate calculanons exaCt 
su:e of storm water retenuon areas final dIagrams 
of pollutant removal structures exact locatlon of 
berma~ swales culverts. storm water sewers, and 
fimshed slopes and grades. 

(g) Fmal worlc.ng drawmgs and detalls for proVldmg 
wat6 supphes for dnnkmg and lrrlgatmg and for 
proVldmg samtary sewer systems W'tth all appll­
cable penmt3. 

(h) Arcmtectural drawmgs of the proposed structures 
mcludmg front. slde and rear elevanoD.s~ prec13e 
bwldmg layout (external and murnan. exact SIte 
defllgn., mcludmg enenor hghtmg systems SlgllS 

and landscapUlg 

(,) A final plan or report mchcatlng ertent. ammg 
and estunated. cost of all unprovements such as 
roads.. sewerage, dramage. an:d other pubhc and 
pnvate faahb.es reqmred to construct the PUD or 
apphcable phase thereof. mcludmg proposed. form 
of bonds and other mstnunents as needed. whlch 
plan or report will relate to the sequence of 
development schedule If the PUD IS to be 
constructed 111 ph.aaes or umts. 

(j) A fiDel plan showmii street and house numbers 
and names 111 the PUD or phase thereof. In 

comphance With Ordmance No 23 (Chapter 30 
Art1cle ill. wluch plan must have been presented 
to and approved by the county office admmz9ter 
mg Ordmance No 23 (Chapter 30. Article IT]. 

(k) If the PUD or phase thereof contams subcilvu!Ilon. 

Supp.. No.1 
Iota. a final plat for recordIng WIth the office of 
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the county clerk. wrucn plat meets all apphcable 
proVlSlons of the suowVlSlon reguiatlon.s 

(l) All necessary regIonal. state and federal penmts 
or approvals m wntl.D.g 

(9) Same-Fmal development plan for a mmor PUD 
Fmal detalled miormatlon fot' a proposed IDlllOr PUD 
shall mclude Item (a), Items (c) through (g), both 
mclwnve. and Items 0), (k) and (l) of SecoOD 33-578(8) 

(10) Same-Number of caples In addl:b.on to mformanon 
generally reqmred for change of zonmg pennons. the 
apphcant shall submIt that matena! or mionnatlon as 
herem descnbed lD suffio.ent COples for Dece3Bary 

referrals and record. 
(a) Upon SUbrms810Il of a prehmmary development 

plan apphcatlon. twelve (12) COples of all plans 
reports. maps, documents. and other related 
miormatlOD must be supphed to the planDlDg and 
zomng department. 

• 

(b) Upon submlSSlon of an apphcatlon for final • 
development plan reYle'W, twelve (12) coples of all 

(11) 

:final Plans. reports. mapa, documents and other 
related mionnatlOD must be subImtted to the 
pJannmg and %OemI' department. 

(e) Documents refiect:tD..g changes or amendments to 
J=Vloualy sulmutted plans shall be funushed 111 

suffioen.t CQPles to satlSfy the reqUIrements of 
subparag:aphs(a) and (b) above 

(d) If the proposed PUD 15 a development of reglonal 
unpaa (DR!) .. defined 111 SectlOIl 380 06, F10nda 
Statutes. S1X (6) COpies of all plan3. reports. maps. 
d.ocnmenta and other related miormatlon reqUll"'ed. 
by the reg:Lonal reTlewmg agency (In adchtloJl to 
the normal req=ents of tlus artlcle) shall be 
sulmutted to the piamung and zorung depart­
ment. 

OtMr geTU!rai prof.ll.sums. 

(a) The SUbIlllSSlOU of bmldmg constructlon plana 
and apphcanons Cor bmldmg pemuts and certlfi· 
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cates of occupancy and other such adm.lrustratlve 
reqw.rements shall be accompilshed tn accordance 
W'lth establIshed county reguiatlons and polley 
except as herem proVlded.. 

(b) No bwldmg penmt or ceruficate of occupancy 
shall be lSsued 1n or for development 1n a PUD 
Dustnct except In confonmty Wlth all proVlS10ns: of 
the rez.omng to the PUD Dlstnct.. 

(c) Anythmg m th.ts arucle to the contra.ry notw'lth 
stanchng. the board of county COmmlSsloners may 
by re5Oiutlon shorten or extend the tlme penod for 
reVlew of PUD apphca.t::Lons. generally and may 
cbrect such shortemng or extenmon for an .. glven 
apphca:tlo~ U the board determmes that such 
shortemng or- exterunon IS necessary and proper to 
the orderly and effic.ent processmg of such plans 
(Orc!. No. 35. Part 1. 6-28-74;Ord. No 161. Part 1 
8-12-80) 

See. 33-579. Procedures for prebmmary plan reVlew~ 

(A) Dev~lopment revIew comm,tt.ee (DRC) 

(1) Apphcatlona for a prehmJDary development plan for a 
major PUD shall be """,owed Wltlun stXty (SO) 
workmg daY8 of the date on whlch S81d apphcanon lSi 

accepted as complete by the piannlng and zonmg 
departclen't. Apphcat:r.ons for prehmmary development 
plan for a mmor Pun shall be revlewed Wlthm tturty 
(SO) workms days of the date on whlch Sa.ld 
appilcatlon 18 accepted as complete by the plannmg 
and %Omng department. Every effort shall be m.ade to 
complete the reVIew WithIn a shorter penod of tune 
ExtensIons of the reVIew tune penod may be 
specrlically authonzed by the appbcant. Nonficaoon 
of such authonzed extenslon shall be transtIUtted to 
the board of coun.ty COmJI11S810ners by the plannmg 
and :omng department. 

(2) A n:Vlew of the applicatlon shall be conducted by the 
mWVldual sta:ff.s of the development reVIew cottmUttee 
(heremafter called the DRC) and consollCiated Into a 
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wntten report. The DRC shall o:mSlst of the depan 
ment head (or the department head 's de~ngnee) of the 
followmg-

(a) P\anm.ng de'Partment 

(b) Zorung department. 

(d E.o.gmeenng department 

(d) Bwldmg dep=en~ 

(e) County (or tn-eoUDty) health department. 

(3) The legal department shall provtoe the DRe such 
legal coWlSel .. may be reqwred 

(4) In admho~ other staffs or agenOe3 (local. reglonal 
state or federal) may be reque~ted to revtew the 
appheatlon. Notlficatton m wntmg of such other staff 
OT agen.cy !'eVle'WS shall be given to the apphcant by 
the planrung and %otung department. 

• 
(5) Senoaa problema or dlfficultles WIth the apphcatlon 

• 

that occur dunng the revleW' penod shall be brought to • 
the attentlon of the apphcant at the earnest posslble 
date so as to allow tune to amend the apphcaaon 
wtthout undue delay tr the apphcant agrees to amend 
the apphcat10n as deemed necessary. smd apphcant 
.hall notlfy the planmng and zotung department tn 

wntmg. If the amendment l.S 81gmOca.nt and would 
change the conclusIons that cught be reached.. 
processmg of the appllcatloa will cease pencimg 
rece1pt. of the amendment and the apphcant wtll be 
notlfied of Stleb adlon. When the apphcatlon 15 

resubmltted. the tulle penod of sect10n 33--578 (3) (c). 
shall begm agam.. After acceptance of the revued or 
amended apphca:b.on. the unexptreei balanee of the 
DRC _ (1IIXiy (60) or tIurty (30) workmg day" as 
appropnate) penod .haIl apply 

(B) Preheormg ""nt.ren«-
(1) The purpose of the preheanng conference shall be to 

8.SSlSt m bnngmg the apphcauon for PUD wrung as 
nearly as po8S1ble lllto conformIty Wlth the mtent and 
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proVlslons of tius artlcle or other apphcabJe regula 
nons and/or to define speo..fically any Justlnaole 
vanatlons from the apphcatlon of such regulatJ.ons 

(2) At the end of the afot"eS3.1d slXty (60) Or duny (30) 
woriang day reVlew penod as appropnate (sooner Ji 
the vanous s'taifs complete their reVIeW in less tune 
later 1f the apphcant requests an e"Ctemnon but tn no 
case later than fifteen (15) days pnor to the pubhc 
heanng of the pla.n.tU.llg and zomng commlsston at 
wiuch tlme the appileanon is scheduled to be 
dIscussed,). the applIcant and! or lus representatlves 
shall meet Wlth the DRC dunng a regularly scneauled 
pubhc meetmg to reVIew the apphcatlon. 

(3) The summary report pre;lared by the DRC punuant to 
sedlon 33-579 (A) (2) shall be made avaliable to the 
apphcant at least five (5) workmg days pnor to the 
regularly scheduled preheanl'lg conference 'Wlth the 
DRe. and shall become a part of the pubhc record. of 
the matter. 

(4) The applicant ,haIl, In wntmg. not later than five (S) 
days before th. scheduled publIc heanng of the 
peC:bon before the p1anmng and zomng comm;.s:non 
submIt to the pi8llllUlg and zomng departm.ent an 
mdJcatlon of agreement or dlsagreement Wlth the 
recommendat1oDJI of the DRe Reasons for chs~ 
ment should be clearly stated.. All such responses by 
the petlt10ner shall be mcluded lD the pubhc record of 
the matter. 

(C) Review by tM water man.agem~nt adu(.$ory board. 

(1) Appheants for prehmmsry development plan reVleW 
shall be furmshed a copy of the county standards on 
water management. If the county engtnet!r determmes 
that the prehmmary development plan conforms to 

these standards. or tf the apphcant amends }us plan 
Wlthm the SIXty (60) or tlurty (30) workmg day reVleW 
penoci. u appropnate. such that the standards are 
met. the appilcatlon will not r"eq,Ull"e reVlew by the 
water management adVlSory board. 
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(2) If the county engmeer determ..llle5 that the appilcanon 
for prel.munary aevelopment plan does not Inet!t such 
standards as determmed dunng the DRC reVlew the 
apphcaoon shall be scheduled for the next avatlable 
pubhc meetl.ng of the water management. adVlsory 
board. 

(3) The scope of the water management adVlsory board 
reVlew may Include any aevelopment lSsues concern­
mg ground andJ or surface water resources and 
management. however speoiic reasons for referral of 
the appilcatlon to the board shall be clearly stated on 
the pubhe agenda. 

(4) Wntten recommendatlons of the water management 
adVlsory board should be subautted to the pla.nmng 
and zoomg department. and to the apphcant at least 
five (5) days pnor to the date of the sch\iC.uled puhhc 
meetlng before the ORe. and shall be inCluded m the 
pubhc record of the matter. 

(5) The apphca.nt shall., in wntmg. not later than five (5) 

• 

days before the scheduled pubhc heanng of the • 
appheatlon before the planntng and %orung co~ 
ston. submlt to the planmng and wrung departr:nent 
an mmcatJ.on of &.gTeement or dI:sagreement Wlth any 
recommendatlons of the water management. adV\3OTY 
board. With reasons for cb.sagreement clearly stated. 
s8J.d correspondence shall be mcluded III the pubhc 
record of the matter 

(D) Heanng before the plaruung a.nd zomn.g com7JU,Ssum .. 

(1) Upon compietlon of the ORe revtew and condxtlonal 
upon the appllcant's comphance With all apphcable 
provlSlOns of tlna artlcle appropnate pubhc notlce 
shall be Ill""" and a pubhc heannl!' shall be held 
before the plannJng and ZOnlng comm1SSl0n on the 
apphca:con for preIuntn.ary development plan ap~ 
val. Advert:lSed pubhc notlce shall be glven In a 
newspaper of genera! crcu1atlon pubhshed In the 
county at least fifteen (15) days pnor to the pubhc: 
heanng. Notice shall be malled by certrlied mall. 
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return recelpt requested. to all property owneI"3 Wlt.hm. 
three hundred. (300) feet of the subject property at 
least fifteen (15) days pnor to the pubhc heanng 
When a propertY owner cownsts of a COndOMtnlum 

notlce need only be glven to the condomlIllum 
aasoo.aa.on.. If a proposed PUD 15 Wltiun one n:ule of a 
mUDlClpa.llty of another county not::l.ficatlon by 
cerafied ma.tl return recelpt requested must also be 
glven to such munlC1pahty or county at least fifteen 
(15) days pnor to the publ1c heanng 

(2) The plannJDg and :toomg comm1 SS1on shall corunaer 
whether the caUllty has the capamhb.es to accept the 
proposed PUD wtthout advene fiscal. phySlcal or 
eommw:uty sel"'Vlce lmpacts pursuant to the general 
standards of tlus dutnct. 

(3) In support of Its recommendatlons the pla.nmng and 
zorung COmtnlSS10n shall make determmatlons a3 to 
the-

(a) Swtability of the locale for the type and partern 
of development proposed m re1atlon to 

1 PhyBlcal c:haracUmstlc:s of the 51te and of 
surroundmg areas. 

2.. E.ns1:mg and probable future: development. 
t:ra.ffic patterns and volume3. dramage sewer-­
age, water ava1lability 

3. The proposed PUD relatlve to the capttal 
lmprovements program. d' any 

(b) Ability of the proposed development deSign to 
aclneve the general and spea.£ic PUD standarda 
of tlus art>cl .. 

(e) 

Supp. No.1 

Adequacy of eVldence of umfied control and the 
sUltability of any proposed agreements contracts 
or other 1%1!Itruments, or the need for such 
mstruments (or for amendments to. those pro­
posed). partlcu1arly as they ret1ect arrangements 
or praV1810ns to be made for the contInumg 
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operaoon and malIltenance of such common areas 
and facili'bes as are not to be proVlded and 
tnamtamed at public exl)ense Detenmoac.ons and 
recommendatlons of tlwI type shall be made only 
after consultatlon Wlth the county attorney 

(4) The planmng and zomng C0DllIll5S10n shall take one 
of the followtng actlons 

(a) Recommend approval to the board of county 
COII1.Jll1S81onen of the prelmunary development 
plan conmtlonal lli'on SubmlSslon of an acceptable 
final development plan and pertment documents 

(b) Recommend approval to the board of COWlty 

CODmUSSloner.s of the prebmmary development 
plan conchtlonal upon.. 

1 Mochfic:a:b.ons to the plan clearly stated. 

2. Subans810n of an acceptable final develop­
ment plan and pen::ment documents 

• 

3. Such other provlSlons as may be detenmned • 
by the pJannJng and %onmg COtnm1S510n.. 

(c) Recommend chsapproval to the board of county 
COmm]"81oners of the prehmlDBry development 
plan, clearly stating the ,""""no therefor 

(d) Table one tuDe only for lack of miormac.on.. 

(5) The actloD and mmutes of the pla.n.n.mg and %onmg 
comnmunon shall become a Part of the pubhc record of 
the matter 

(E) Heann.g befon tlu board of county comnu.sstoners 

(1) Upon completlon of the plamung and zonmg COm.Jlll5-

Slon rev1eW'. and u.nlesa the penoon lS Withdrawn by 
the apphcant or unlesa an adchtlonal prehearmg 
coDf=~ has been .cheduled, the boa:r<l of county 
comnmunoner.s shall schedule the apphcatlon for 
pubhe hearmg at the next avmlable comm"llon 
meetmg Advertlsed pubhc notlce shall be given m a 
newspaper of general orculatlOD pubhshed m the 
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county at least fifteen (15) days pnor to the pUbhc 
heanng Noace shall be OlWed by certlfied. Olall 
return receipt requested. to all property owners wttb.m 
three hundred (300) feet. at least fifteen (15) days pnor 
to the pubhc heanng. except that wben a property 
owner COnslSts of a concioID.1D.lum,. notlce need only be 
given to the condomuuum assocatloa... If a proposed 
pun 15 Wlthln one rrule of a muntClpahty or another 
county, nouce must also be gtven to such muruapahty 
or county by cem.fied mall. return recelpt requested, at 
least fifteen (15) days pnor to the pubhc heanng 

(2) When a development proposal 1S a development of 
reglonal unpact (DRD as defined by Sectlon 380 06, 
F10nda Statutes the add!tJ.onal publlc heanng re­
qwrements for a DRI shall be followed sunultane­
ously 

(3) The board of county COIIUIUSsloners shall conslder the 
wntten recommendatlons of the DRe. water manage­
ment adV'UJory board. planmng and zonmg COtnmls· 

Slon, and presentatlons by the pubhc m art'lVlOg at a 
deostoo on the prehmmary development plan. 

(4) The board of county commJS8loners shall coIlSlder 
wbether the county bas the capabwtles to accept the 
proposed PUD WlthOl1t adverse fiscal. pbys1c:al. or 
commumty serv\ce Impacts Pu:r:5uant to the general 
standards outhned m tlus artlde. 

(5) The board of county commuunocers may approve a 
prehmihary development plan: approve It WIth conch­
cons chsapprove the plan. or take any other actlon It 
deems necessary When an appi1catlon 13 adopted wah 
conciltlona. the board should speafy what act10ns must 
be taken by the apphcant m order to fulfill such 
conditions. When an appi1catlon 13 chsapproved. the 
board should state the reasons for the chsapproval and 
mcilcate what further act10llS. 1f any. by the apphcant 
or mochficatlons to the proposed plan. If any. IIllgbt be 
undertaken m order to secure the board's approval 

(6) If a 
the 

Supp. No.1 

prehmmary development plan 15 chsapproved by 
board of county comm.tS81oners no further 
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apphcatlons or reVlews regardmg the property In 

qUeSt10n wtll be allowed Wlthm twetve (12) months 
from the date of chsapproval except by speo.:fic 
authoruatlon from the board... unless the apphcant has 
mcorporated mto a reVLSed apph.c:anon all changes or 
mcxhficatlons necessary to meet the ~sed conm­
nona of the board of county COmIIllSSloner:s The 
submlSSlon of an amenaed apphcatlon under the 
conchtlons of thls subparagraph shall be processed as 
a new appilcatlon for prehmmary development plan 
reVlew, subject to the proVUl100.5 set fonh elsewhere 10 
th1a art1.Cle. except as dJrected. by the board of COUllty 

co1I1m1SSloners~ and there shall be no presum:ptlon 
that any such amended appllcatlon. for prehmmary 
development plan reVlew will. necesaanly or automatl­
cally be approved by the board of county COtmI1lS810D-

er3. 

• 

m Followmg adoptton of a prehmmary development plan 
by the board of county commt,moner.s. the plsnnlDg • 
and 'ZOmng department shall change the offioal 
zonmg map of Martm County to rulect the change of 
.zomng to a PUD Thstnct for the subject property If a 
prehmlnary development plan 13 adopted WIth ccnm-
bona. the plannlDg and zonmg department shall 
change the offio.al zomng ma-p to reflect the PUD 
Zonmg Il1atnc:t only after the board of county 
CQmmJsmoners has recm.ved. suffioent documents 
and/or guar.mtees from the apphcant that the 
reqllU'e<i ccnchuona have been or are bemg fulfilled.. 
The change of %Orung dlstnct will normally. but need 
not necesaanly. precede adoptlon of the fin.al develop-
ment plan. (Old. No 35, Part 1. 6-2&-74) 

Sec. 33-580. Procedures for final developmeDt plan 
revlew. 

(a) The purpose of the final development plan revtew 15 to 
ptOVlde a mechanIsm for the county to exa""ne the 
apphcant's dewled construdlon plan .. legal document> and 
other related matenaIs reqlllr'ed to bmd the agreements 
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made dunng prehmmary development plan reVlew and 
approvaL The final development plan for all of the proposed 
PUD~ Or any deSIgnated. phase thereof, mclucimg all 
agreements, provlSlOns documena maps and other per 
tment mformaQo~ shall be adopted as an amendment to 
the PUD loamg Ihatnct by ~olutlon of the board of county 
eolDlIll5Sloners. and shall control developmental the enttre 
PUD or apphc::able phase(s) thereafter 

(b) Upon rece1pt of an a'Ppheatlon for final development 
plan ~VleW. the pJannmg and :toamg department shall have 
ten (10) worlcm.g ciaYli to a.scertam 1f any Items reqwre 
correctlOu or completlon. as desc:nbed 1D sedlon 33-578(3) 

(e) Completed apphcatJ.ona for a final development plan 
for a malor PUD shall be reVlowed by the DRC Wlthm tlnrty 
(30) working day. from the date of aa:optanc:o of the 
completed apphcahol1. Completed appucatlona for a final 
development plan for a mmor PUD ahall be feVlewed by the 
DRC Wlthm fifteen (15) worlcng days !rom the date of 
acceptanC<! of the oompleted apphcabon.. Every effort ahall 
be made to oomplete the revt ....... thm a ohorter penod 0{ 
t1me~ Ext:en81ona of the revlf!W t1me penod may be speo:.5.cally 
authon:ed by the applicant. II the oompleted apphcatlOua 
are found aatuiactor:r W'lth reaped: to fann. content, 
ac:cura<:3', and other such requuementa mcludmc any 
conchuoDS &.II attached to the prehmmar,. development plan 
by the board of OO1Il1ty oommlllll1Onera, ouch apph""""na 
shall be scheduled for final development plan revtew at the 
!len avaliahle regularly scheduled pubhc mootmg of the 
board of county coinmJ lUQoner3. 

(d) Seno ... problema or cbf!ic:ultz ... thet occur durmg the 
final cIovelopme!lt plan revt.... shall be brought to the 
attention of the applicant at the earhat poBSlble date. 
FallUle of the appbcant and the ORC to resolve such ~sues. 
or question. u to the mtent of the board of county 
comm'Mloner8 m approvmg the prehmtnary development 
plan. shall cause the apphcab.on to be retamed to the next 
avmlable pubbc meetmg of the board of county commt"lOD~ 
us for c:lanficatlon.. (Ord. No 35, Part I, 6-2&-74) 

S'cqJp.No.18 
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Sec. 33-581. Procedure upon breach of pun agree­
ment.. 

(a) In the event that an appiIcant has receIved final 
development plan approval and has not sought bwldmg 
permlts Wlthm SlX (6) months from the date of such 
approval. or has fallen behind the agTeed development 
constructlon schedule by twelve (12) months or more the 
hoard of county comnusSloners snaIl serve notIce to the 
apphcant In wntmg of the date and place of a pubhc 
heanng on the planned unIt development at whlch tlme the 
apphcant wtU be glven an OppOrtunIty to e"tplam the 
reasons for the schedulmg delays and to propose a method 
of fu1fi1hng }us abhganons under the planoed UnIt 
development zorung agreement. The hoard may at rts 
chscrenon allow the appucant tune to demonstrate hls 
wUhngness to meet the county", conmnons 

• 

(b) If at the end of a reasonable penod of tune the 
apphdlnt 15 clearly unable or unWllhng to abIde by :he PUD 
z.onmg agreement. or 1f the conwnons of the zomng 
~ment have m some other manner been clearly V10lated • 
the board of county COI1'U'DlSSloner.l shall advert1Se for a 
pubhc beanng on the PUn, the purpose of wluch shall be to 
cause the property to revert to Its unmedlately pr!!'"eXlStmg 
%omng ciasam.canon.. 

(c) In the event of such breach of a PUD agreement.. and 
the revetslon of the property to Its pnor zonmg c:lasslfica­
tlOD.. no farther bmldmg penmts shall be 1.S8ued to the 
apphcant (or to }us succesSOr.l m lDterest> based upon the 
final development plan. Those portlOns of the property 
wluch may have bwldmg3 or structures constructed upon 
them m c:onfonm.ty With the final development plan shall 
thenceforth be regarded as nonconfomung uses With respect 
to the l'eVlSed .orung ciasalficabon. (Ord. No 35, Part 1 
6-28-74) 

Sec.. 33-58LL Procedures tor amendlnc a PUD. 

(a) Upon apphcatlOD by owner, the board of county 
commtMloners may amend the prehmrnary development 
plan or final development plan of a PUD. Minor amend· 
sgpp. No. 18 2052.34 
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ments may be reviewed and approved or dlsapprm,ed by the 
hoard of county commlSSloners after bemg placed on an 
agenda for a regularlv scheduled meetmg Any amendment 
to a PUD district other than a mmor change shall be 
processed with the necessary data to be determmed bv the 
DRC and shc:l.ll meet all other substantive and ~rocedural 
requirements of thIS article except that the letter nouce 
... hdll onh he sent to all propert .. owners \\ thm three 
hundred (300) feet of the bUlldlng(s) strm.turelsl or other 
Improvementls) to be amended The DRe shall determme 
\ .. hether a propo<;ed amendment IS minor tlr major and In 

m d,mg Ih • deLermmatwn <he DRC sh:,l' C(lnSlder the 
tt,I1(1 ..... m~ 

• 
(11 The t:'ttent If anv to ..... hleh the amf: lcime'1t \\oould 

aHect the cubtc .. olume of any buddmg, the number of 
structures the number of dwelhng Units 

(2) The e'Ctent II any to whIch the proposed amendment 
would affect the locatlon of any lot, block bUild mg. 
structure ... etback or common open area 

(0 The e'(tent If any. to which the propo!>ed ame"ldment 
would affect the location or amounts of land de ... oted 
to specified land uses 

(4) The e"ttent If any. to which the proposed amendment 
would affect the PUD agreement ur nnv of Its 
exhibits 

(5) The extent If any to which the proposed amendment 
would affect the mtent of the prehmmary development 
plan or final development plan 

(6) Any change of the perimeter boundary of the pu~ 
dlstnct shall be conSidered to be a major change 

(b) Any determmatlon by the DRC that an amendment IS 

minor may be reversed by the board of county commiSSion­
ers Any determmatlon by the ORC that a proposed 
amendment IS major may be appealed by the apphcant to 
the board of county commissioners and may be reviewed by 
the board after bemg placed on the agenda of any regularly 
scheduled meetmg In makmg a determmatIon as to 
Supp No 18 205235 
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whether an amendment IS mmor or major the board of 
county commlSSlOners shall use the cntena estabhshed m 
subsectlOn (a) above 

(c) In the event the constructlon of any bUlldmg, structure 
or other Improvement does not comply WIth the prehmmary 
or final development plan. the developer shall be ordered by 
the plannmg and zomng department to cease all such 
construction and no further bUlldmg permIts shall be Issued 
unttl the constructIOn has been reviewed as a major or 
mmor amendment by the board of county commlSsloners m 
accordance WIth paragraph (a) above At such pubilc 
meetmg It shall be the appltcant's responsIbility to JustIfy to 
the board of county commISSioners any vanatiOn from the 
preltmmary or adopted final development plan The board 
may, at Its dIscretIOn authorize any necessary modificatIons 
to the ongmal pun agreement or prehmmary or final 
development plan If the apphcant IS unable to Justify such 
modtficatlons to the board, the proViSIOns of sectlOD 
33-581. paragraphs (b) and (c) shall apply (Ord No 35. 
Part 1. 6-28-74. Ord No 161 Part 1. 8-12-80) 

Sec~ 33~581.2~ Planned umt development-Definl­
tiona 

(a) Common elements Lands structures and faelIttles 
whose ownership or use IS shared bv all owners or 
occupants Within the pun Common elements may Include 
but are not hmlled to open space recreation faahtles water 
bodies, pnvate streets and roads utlltty systems, and lomt 
parkmg or loadmg proVIsions 

(b) Common open areas Any lands under common 
ownershlp and control that are not covered by bUllchngs, 
roofed structures or Impervlous surfaces spectfically exclud~ 
mg golf courses and natural water bodles Also referred to 
aa open 8pace or common open space 

(c) Developed recreatIOn areas Lands structures and 
faCliltles under common ownership and control that have 
been lmproved to accommodate actlve recreational actlVl~ 

Supp. No 18 2052.36 
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tles rnclumng but not lumted to piay areas ball fields and 
courts, golf courses, artlficaliy created water homes 
recreatlonal or sooal clubhouses, btnldlng3 and structures 
blke t.:rruls and other paved recreatlonal areas 

Cd) Property owner3 assoClaUon A nonprofit o~am:zanon 
legally recogruzed by the laws of the State of Flonda and 
operated accordmg to recorded land agreements through 
which pnvate landowner9 snare the chreet and Inatrect 
expenses of mam.ta1rung common areas Also referred. to u 
home owners' aS80Claaon 

(e) Appbcant. Any owner. developer or mcb.V1dual legally 
authon.:ed by the ownerts) of pnlperty to represent such 
owner(s)" mterest m the development of the property 

(0- Covenant of urutied con.troL In order to preserve the 
IntegrIty of the development plan and msure Its executlon. 
the owner or owners shall proVIde a covenant of umfied 
control to be recorded that stlpulate5 that all of the subject 
property Wlthm the PUD will not be transferred. conveyed. 
sold or wVlded ll1 any umt other than Its enurety. except 
that m.mVldual fully constructed. umts and subdlV'lSlon lots. 
If any. may be conveyed. to mdlVldual purchasers. The 
covenant of umfied control may also pfOVlde. upon approval 
by the board of coun.ty commISSIoners. for the followmg 
conveyances. 

(1) I! the PUD IS d"lgDed and planned to be developed m 
phases or portloDS of phases, and each phase or 
pomon of a phase comphes With the reqwrements 
contamed Withm the PUD agreement. then each 
phase or portion of phases may be conveyed. 
separately upon final development pIan approval of 
that p~ or pOrbon of a phase. unless other;nse 
proVlded for In the PUD agreement. 

(2) Common elements. common open areas and developed 
recreatlon areas. If any. may be conveyed to a 
property oW1lers' 85SOCUltlOD or other legal entlty so 
long as such conveyance shall be subject to the 
express restnctlon that the subject property will. never 

Sc.pp.. No. 18 2052.37 
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be used for any purpose other tha.n as cornman 
elements. common open areas or developed recreauon 
areas as applIcable 

(3) Other portlons of the subJect propertY that Will be used 
or mamtamed by governmentaL enV'lrOnJDental. char­
ltable or other organIZatlons or agencies for sucn 
purposes as the board of county com.nusSloners may 
deem appropnate 

(4) Any amendment to an eX13~ PUD agreement that 
affects the covenant of UlU11ed control shall be 
considered a major amendment and letter notlce shall 
be proVIded to all residents Wltiun the development. 

(g) Park,ng ana.. A land area devoted to the ~"'ora.ge and 
roaneuvenng of motor vehtdes. whether such area 1.5 of 
pavement or grassed surface. mcludmg automoblle storage 
spaces. pariang 81Sles and other streets and roads permIt­
tmg mgre5S and egrtS8 to parmg spaces and asso<:1ated 
landscaped an .. and stn= 

(h) Gross lea.sabk floor area.. The total floor area wttlun 
bwldulgs de51gned for nonresld.ent1al use. WhIch area 1..S or 
IJ11ght be leased to tenants 

Cll Total resuit!nuai {loor a~ The total floor area Wlthm 
the extenor walla of all bwlchngs devoted to re5ldentlal 
p~ excluchng only ganges. carportS. covered padung 
structures. breezeways. open porches. open balcorues and 
storage or utlhty rooms not accesstble from the lOtenor of a 
bwlchng_ For Slngl~faID.11y lots upon whlch the purcilaser 
WIll eventually bwld a dwellmg strUcture a figure of two 
thoaoand (2.000) squaro reet may be used to calculate total 
floor ares. (On!. No. 35. Part 1, 6-28-74. On!. No. 161, Part 
1.8-12-80) 

Sees. 33-681.3-33-081.10_ Reserved. 
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DIVISION 4. PUD (l) PLANNED UNIT DEVELOPMENT 
(INDUSTRIAL) SUB·DISTRICT 

Sec. 33-581.41. Purpose and intent. 

(A) The purpose of this sub-district is to provide a district 
that may be used at the option of the developer to establish 
industrial planned unit developments at appropriate loca­
tions. 

(B) Industrial planned unit developments, which are 
approved in accordance with the terms and provisions of 
this sub.-district, may depart from the strict application of 
use, setback, height and lot requirements of standard zoning 
districts, provided that such developments do not conflict 
with the public health, safety and general welfare . 

(C) A further purpose of this sub-district is to provide for 
broad discretionary authority by the board of county 
commissioners to approve or disapprove industrial planned 
unit development applications based upon the health. safety 
and general welfare of the present and future residents of 

. Martin County. 

(D) It is also the purpose and intent of the industrial 
planned unit development sub-district to encourage develop­
ments that meet most, but not necessarily all, of the 
following criteria: 

(1) A location with frontage on an arterial highway; 

(2) An integrated. circulation and parking plan with 
provision for adequate parking and delivery access; 

(3) The provision of management, maintenance and/or 
promotional services to individual occupants; 

(4) Unified architectural design and, landscaping. (Ord 
No. 164, Part I, 4-14-81) 

Sec. 33-581.42. PUD(l) Definitions. 

Editor'. Dote-Part 1 of Ord. No. 164 enacted the catchline of § 
33-581.42. as set forth above. with no substantive proVIsIOns At the requ~l 
of the county. said section is included herein as enacted. 

Supp No. 20 2052.52 
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Sec 33-58143 Uses authonzed ID the )ndustrIal 
PUD(I) dIstrict 

All uses authoTlzed wlthm a PUD(I) dIstrict as stipulated 
by this article shall be conditional uses subject to approval 
of a PUD developMent plan by the board of county 
commiSSioners No use, locatIOn of use, mtensllY of use or 
condition of use shall be approved If It IS found by the board 
of county commissioners to be contrary to the adopted 
plannmg and development pohcles and objectives of Martm 
County or contrary to the health safety and general welfare 
of the present and future residents of the county 

Subject to the above. the followmg uses may be permitted 

(a) Uses permitted 10 the publac seTVlce district and any 
mdustrIal use other than those uses permitted m the 
M-3 industrial dlstrtct. 

(b) Utlhty plants and substations to mclude wastewater, 
potable water, electriCity, telephone and natural gas 
services 

(c) General office, retad. servtce and whol~liale commer· 
clal actIVItIes whIch are compatIble WIth the mdustn 
al usage 

(d) ReSidential uses not to exceed fifty (50) per cent of the 
total developed area 

(e) Off·street parkmg areas. garages and structures, as 
accessory to any of the permitted uses (Ord No 164, 
Part 1. 4-14·81) 

Sec 33·58144 Development standards 

(Al All PUD(I) projects shall conform to the standards for 
planned umt developments as set forth In section 33·577 of 
thIS Code except where In conflict With the proVIsions of thiS 
diViSion 

(Bl All PUD(!) projects shall conform to federal. state and 
local codes. and all apphcable permits and approvals shall 
be obtamed from the appropnate agencies pnor to approval 
of the final development plan 
Supp No 20 2052521 
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(C) CirculatIOn 

(1) No permanent entrance to a PUD(I) shall be permItted 
wIthm five hundred (500) feet of an eJ:lstmg or 
designated arterIal or collector highway IntersectlOn. 
unless there eXIsts a parallel road system for the 
arUna] hIghway or some other traffic arrangement 
designated to accommodate additIOnal vehicular 
traffic WIthout congestion at the mtersecbon 

(2) The use of parallel sel'Vlce or reverse frontage roads 
for access to large PUD(!) projects with high Tates of 
traffic generation 15 recommended 

(3) Parkmg areas shall have pedestrian walkways. 
strIped and signed pedestnan crosswalks, falsed 
curbs, bumper stops, landscaped areas and traCfic 
signs located In accordance WIth good 8afety practlce 

(D) Off-street parking-

(1) Parkmg spaces should be located wlthm walkmg 
dIstance of the bUlldmgs they are Intended to se'rVe 

(2) Parkmg area deSigns shall conform to Martm Coun­
ty's landscape ordinance (sectlon 23-52 of thlS Code) 

(3) Parkmg areas shall contaIn outdoor hghtmg (at 
appropnate Intervals and levels of illumination In 
accordance With county hghtlng pohCles) 

(4) No parking shall be allowed Immediately 1n front of 
budding entry dnveways. 

(5) Within a parking aisle or parkmg area, the desIgn 
shall not DUlt rtght-angle (ntnety (90) degree) spaces 
WIth dlagonal parkmg 

(6) Consideration shall be given to allOWing credIt for on 
Slte multiple uses and required parktng spaces 

(7) Parkmg shall be proVided for handicapped persons as 
required by the Flonda Statutes and thIS Code 

(8) The followmg are rnmlmWIl standards for the deSIgn 
of parkmg areas (excludmg loadmg areas) 

SUpp No 20 2052-52-2 
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Stall width 
Stall depth 
Stall depth when 

confined wlth-
m walls 
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9O-Degree 

Parkmg 
Two Way 

23 
10 
20' 

I 33 581 « 

60-Degree 4S-Degree 

Parkmg Parkmg 
One-Way One Way 

18 15 
12' 142" 
25'9" 30 

(nested) 20 18' 17' 
Overhang 2 2'3'" 26' 

(9) The following nummum standards shall be used to 
determIne the required number of parkmg spaces for 
various Uses Wlthm an mdustnal PUD 

(a) General mdustrlal usage One (1) space for each 
fifty (SO) square feet of customer sel'Vlce area, plus 
one (1) space for each five hundred (500) square 
feet of gross floor area. 

(h) Research/Development Laboratory One (1) space 
for each fifty (SO) square feet of customer servtce 
area. plus one (I) space for each five hundred 
(500) square feet of gross floor area. 

(d Warehouse One (1) space for each f"uty (SO) square 
feet of customer selVlce area, plus one (1) space for 
each one thousand (1,000) square feet gross floor 
area. 

(d) Wholesale trade One (1) space for each four 
hundred (400) square feet of gross floor area 

(e) Retall trade One (1) space for each two aundred 
(200) square feet of gross floor area.. 

(0 Restaurants (slt-down) One (1) space for each one 
hundred fifty (150) square feet of gross floor area 

(g) Bars/lounges One (1) space for esc-h one hundred 
(100) square feet of gross floor area. 

(h) F,nancloi mstltut,ons One (1) space for each two 
hundred (200) square feet of gross floor area, plus 
suffiCient area for elght (8) stackmg spaces for the 
first dTlve-m wmdow and five (5) stackmg spaces 
for each addltlonal wtndow 

Supp No 20 
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(I) Hotels and motels One (1) space for each guest 
room or sUite, plus one (1) space for each three (3) 
seats of Bny restaurant lounge. or conventton 
center that 15 part of the hotel and motel 

(]) Medlcal dental or uetennary office or dime Five 
(5) spaces plus one (1) space for each one hundred 
fifty (150) square feet of gross floor area 

(k) Professional or business of {lee One (1) space for 
each two hundred (200) square feet of gross floor 
area. 

(1) ReSldentla/ MInimum off street parkmg space 
reqUIrements for resldentJal uses shall be related 
to the number of bedrooms prOVided by the 
apphcant as follows EffiClency apartments. one 
and five-tenths (1 5) parkmg spaces per Unit. 

one-bedroom umts. one and seventy-five-hun­
dredths (1 75) parkmg spaces pet Uhlt. two (2) or 
mOre bedroom UQJts, two (2) parkmg spaces per 
unIt. 

(m) Utillty plants and substahons for W(l$te water. 
potable water. electnclty. telephone an.d natural 
gas serUlces One (1) space for each five hundred 
(500) square feet of office and work area 
floor space 

(n) Other uses not speclf,cally set forth above One (1) 
space for each two hundred (200) square feet of 
gross floor area 

(10) DeSIgnated grassed areas WIth stabIlI%ed sub·base for 
overflow parkmg purposes may be used to prOVIde up 
to ten (10) per cent of the requIred number of parkmg 
spaces 

(11) Areas shall be proVlded for the delivery and storage of 
goods, truck parking and the storage and collectlon of 
refuse and such areas shall be screened approprIately 

(E) UtilIties. tncludlng drainage 

(1) ConSideration should be made to haVing electrIcal, 
water and sewer. and commUnication utIlity hnes 

Supp No 20 
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placed underground Utilities shall conform to all 
apphcable federal state and local codes 

(2) Parkmg area hghttng fixtures Wlthm three hundred 
(300) feet of any adjacent prtvate reSIdence or pubhc 
road shall be designed or shielded or be of nonglare 
lIghtmg so as to elImmate glare to reSIdents and to 
users of the road 

(3) Any areas used for the storage or collection of refuse 
shall be screened from vIew. except that self-contamed 
trash collectIOn systems may be utilIzed 

(4) Dramage plans shall retam on~8lte the standard 
design year ramfall Dramage shall be prOVIded 10 
accordance With subsectIOns 301f.z ·43(II and III) of thlS 
Code and Chapter 14 (Flood Damage PreventIon) of 
thiS Code All developments shall retam the 
stormwater runoff attnhutabJe to the ten-year. one­
hour storm, except for lots less than thirty thousand 
(30,000) square feet, for which on~slte retention shall 
be a five~year. one-hour storm Runoff shall be 
dIrected to percolatIon areas prIor to mtroductlOn mto 
the storm sewer or other recelVmg faclIttles Adequate 
filtration of runoff from Impet'V1ous surface areas 
shall be proV1ded. dramage plans shall take moo 
consideratIOn the dramage of surroundmg private or 
pubhc property and shall not adversely Impact such 
property; and the e:ustmg water table of the SIte shall 
not be lowered If by so domg there would be damage 
to the county s natural water sources 

(F) Open spaces 

(1) A minimum of fifteen (15) per cent of the total Site 

shall be open space and sball be landscaped by the 
developer m accordance Wlth the landscape ordi­
nance, sections 23~49 to 23~56 Addltlonal open space 
that may be requITed In order to sabsfy the Martin 
County on~slte storm dnunage detentlon pohCles shall 
be similarly landscaped WIth appropriate shrubs and 
trees Landscapmg plans shall meet the minimum 
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reqUlrements of the county landscape ordmance (Code 
section 23·52) 

(2) The maximum permitted bUildmg Coverage shall be 
fifty (SO) per cent. 

(3) The use of semipermeable pavement to reduce the 
volume of surface water runoff may be conSidered in 

appropnate Site locatIOns 

(G) Performance standards 

(1) No smoke of a denSity greater than No 1. according to 
Rmgelmann's scale. shall be emitted except [that} 
smoke not In the excess of No 2. Rmgelmann's scale 
shall be permitted for not more than SIX (6) mmutes of 
anyone hour 

(2) No particle from any flue or smokestack exceeding 
two-tenths (02) graphics per cubic foot of flue gas at 
stack temperature of five hundred (500) degrees 
Fahrenheit shall be permitted 

(3) lndustnal uses shall present detailed plans and pro­
grams for the ehmmatlon of odon, dust and dirt to the 
plannmg and ZOOlDg director before a permit shall be 
granted. 

(4) No processes which result In the escape of obno::llous 
gases or fumes In concentratlons dangerous to plant 
or animal hfe or damagmg to property as defined by 
state and federal regulations shall be permitted 

(5) Operations creatmg glare shall be so shielded that the 
glare cannot be seen from outside the plant Site 

(6) Where processes lDvolve dlSpos.al of mdustllal sewage 
wastes, approval of the proposed method of disposal 
by the county health officer and the county engmeer 
shall be secured before a permit shall be ISSUed 

(H) Other standards. 

(1) All PUD(l) projects shall proVlde for fire prevention 
and fire extmgUJshment (to mclude a umfied water 
system for the enure proJect) that meets or exceeds the 
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requirements of the National Fire Codes, Volumes 1 
through 16, 1980 Edition, together with Supplements 
A and B for that edition. 

(2) The maximum height of any building or structure 
shall be forty (40) feet above the finished grade. except 
within one hundred (100) feet of a residential use 
where the maximum height shall be thirty (30) feet. 

(3) All PUD(I) projects shall provide a fifty-foot wide 
buffer which shall be walled. fenced or densely 
landscaped adjacent to any residential use or district. 
Said wall, fence or landscaping shall be a minimum 
of six (6) feet high. Any residential uses within the 
PUD(I) shall be suitably buffered by fences or dense 
landscaping. No roads, buildings or other structures 
shall be placed. within the buffer area unless 
specifically authorized by the board of county 
commissioners. 

(4) All industrial uses and activities shall be conducted 
entirely within enclosed structures and the adequacy 
of outside open air assembly, storage, display or sale 
of equipment, products or materials, shall be made a 
part of the planned unit development agreement. 

(5) All residential uses shall be suitably buffered by 
fences, walls or dense landscaping 80 as to eliminate 
adverse impacts from incompatible nonresidential 
uses. 

(6) Details regarding sign control, lighting and mainte­
nance responsibilities proposed for the owners or 
tenants association documents shall be considered by 
the planning and zoning board and approved by the 
board of county commissioners. 

(I) It is the intention of the board of county commissioners 
that these development standards shall be considered to be 
minimums for the development of a PUD(I) project and that 
there shall be no presumption that any PUD(n project that 
meets these minimums will necessarily or automatically be 
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approved by the board of county commISSioners (Ord No 
164, Part I, 4~14-81) 

Sec 33-58145 PUD(I) procedures 

Procedures for review of prehmmary and final develop­
ment plans and for amendmg or vOtdmg mdustrlal pun 
agreements shall be as specified In sectIOns 33-579, 33 580 
and 33-581, Code of Laws and Ordmances of Martm 
County, Fionda (Ord No 164, Part 1, 4-14-81) 

Sees 33-58146-33-58161 Reserved 

DIVISION 5 PUD (MH) PLANNED UNIT 
DEVELOPMENT (MOBILE HOME) 

SUB-DISTRICT 

Sec 33-58162 General proV1810D& 

(8) The purpose of this dlYlSlOn IS to provide a dlstnct 
that may be used at the option of a developer to establish 
mobIle home planned umt developments at appropnate 
locations In keepmg With the planmng and development 
objectives of Martin County. Flonds 

(b) A further purpose of thiS sub-district 18 to proVIde for 
broad discretionary authority by the board of county 
commissioners to approve or disapprove mobile home 
planned unit development apphcatlons based upon the 
health, safety and general welfare of the present and future 
residents of Martm County Prior to approval of a 
development plan the board of county commlssloners shall 
make a findmg of fact that the proposed mobile home 
planned umt development )S In accordance With the general 
or comprehensive plan, the specIfic area plan, If such plan 
has been adopted, the capital Improvements program. tf 
any, or other coord mated and planned extension of £X1SUng 
community faclhtles, and other development poliCIes and 
objectiVes as may be m force and effecL Such findmgs or 
fact shall take precedence over any other rules and 
regulatlOns of Martm County WIth which they may be m 
Supp No 20 
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Sec 33-812 Penalties 

(a) VlOlatlOns of thls arucle 15 a miSdemeanor pursuant to 
SectIOn 125 69 Flonda Statutes and IS pUnishable under saId 
sectIOn by Impnsonment for up to Sixty (60) days or a fine of up 
to five hundred dollars tS500 00) or both such Impnsonment and 
fine 

(b) In additIon to the above the construction mdustrv heens 
mg board may, pursuant to Chapter 7 3/4 of this Code, mvest! 
gate the actIons of any person holdmg a Martm County contrac 
tor 5 hcense or quahfymg agent who lS beheved to have delIberately 
or Wlllfully VIolated the prOVIsIons of thiS artIcle or who 15 be 
heved to have aIded and abetted any uncertIfied person to evade 
any prOVISIon of thiS article and tf saId contractor or agent 15 
found guilty take appropnate dISCIplInary actIon as set forth In 

Chapter 7 3/4 (Ord No 257 Part 1. ~ 12 625-85) 

Sees 33-813-33.954 Reserved 

ARTICLE XLVIII-LIX. RESERVED 

ARTICLE LX. AMENDMENTS 

Sec. 33-955 GeneraL 

Whenever the PUblIC necesS1ty. converuence, general 
welfare or good zorung practlce reqUlres the board of county 
COtJ1IIl18810nens may by te801utlon amend. supplement or 
change the regulatlons. dlstnct boundSl'1es or ciasSlficatlons 
of property now or hereafter estabbshed by tlus chapter or 
amendments thereto (Res. of 5-9-67, Art. XXXIX, § 39 1) 

Sec. 33-9tS6. Area for rezomng. 

In case of a petltlon for a change 1n the zorung of 
property. the %oru,ng board. .hall conmder whether the area 

descnbed In the ongInal petlnon should be enlarged In order 
to reflect the mterests of the county and to correspond Wlth 
the county plan The zorung board shall study and 
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recommend to the comrrusSlon such enlargement u any. as 
II may deem demrable. (Res of 5-9-67, Art XXXIX. § 39 2) 

Sec. 33-957 Board lrunatlon... 

The zorung board shall carry on a contmusl study of 
zorung zorung techruques and the relatlon of zorung to 
pnvate developments and pubhc lmprovements and any 
pertlnent parts of any county plan for the orderly growth of 
the county, and may from bme to orne subrrul recommenda· 
bOns on the amendments of thls chapter (Res of 5-9-67, 
Art- XXXIX, § 39 3) 

Sec. 33-958 BaSIS for recommendatIOns. 

In reVlewtng and iormulatlng recommendatlons to the 
comIIll881on on requested or proposed changee m tlns 
chapter the ~zorung board shall conSlder and evaluate the 
changes in relatlon to all pertment factors, mclumng the 
folloWlng-

(l) The character of the chstnct and Ita pecuhar 
awtabWty for pa.r1:lcular uses. 

(2) Conservatton of the value of bmld.mgs and encourag 
lng the most appropnate use of land and water 
throughout the county 

(3) The apphcable pomona of any current county plans 
and programs, such as land use, traffiewaya. ree­
reatlon. schools. nelghborhooda. dramage and hoWl-' 
lng 

(4) The needs of the oounty for land areas for apeoiic 
purposes to serve populatlon and econonue adlVltles 

(5) Whether there have been substantlal changes In the 
character or development of areas 1n or near an area 
under conBldera1l.on (or reZOr)lng 

(6) The facta and OplIUOns presented to the ZOPlng board 
through heanngw. (Rea. of 5-9-67, Art- XXXIX. § 39 4) 

SI1PP. No. 36 2096 
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Sec 33~959 Action by commiSSion 

If a petltlon or recommendatIon for a change or 
amendment to th18 chapter 18 not acted upon finally by the 
COmm18810n Wlthm SIX (6) months of the date upon whIch 
the report of the :tonmg board 18 filed Wlth the commiSSIon 
said petltton I5hall be deemed to have been derued (Res of 
5-9-67. Art. XXXIX § 39.5) 

Sec. 33~960 Condluonal rezonmg 

No amendment to th18 chapter to rezone property shall 
contam condItIons. hmltatlOns or requIrements not apphca· 
ble to all other property 10 the ZOning d18tnCt to whIch the 
partIcular property 18 rezoned (Res of 5 9--67 Art XXXIX § 
396) 

Sec. 33-961 Limit on petluons 

(a) Whenever the :z:onmg board has taken actIon to 
I"eCOmmend denial of a petlbon for re%onmg property. the 
:QnUlg board shall not consider any further pebban for the 
aame rezonmg of any part of the same property for a penod 
of two (2) years from the date oC such action. 

(b) Whenever the COmm18S10n haa changed, the zOning oC 
property by an amendatory resoluuon the ZOning board 
shall not conlnder any petition Cor rezonmg of any part of 
the same property for a penod of two (2) years from the 
effective date of the amendatory resolutiOn. 

(c) The above tune lunlta for zoning board consideration 
may ~ waived by the comm18810n by the affirmative vote of 
four (4) commls.nonen. when the commUUSlon deems such 
action neceaaBry to prevent an injustice or to faCl!1tate the 
proper development of the county (Res of 5-9-67. Art. 
XXXIX. § 39 7) 

Sec:.. 33-962. Procedure (or unendmenta. 

(a) A pet.ltlon for a change of chstnc:t regulat.lona may be 
filed by any atuen or owner of land In Mamn County 
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(bl PetitIons for change of zOning or dlstnct regulations 
shall be addressed to the zOning board and shall be filed 
with the county plannmg department. Such petitions shall 
contain or be accompamed by all pertment mformatlon 
which may be required by the zonmg board for Its proper 
conSideration of the matter including In the case of 
petltlons for rezoning of land with any Improvements 
located thereon at least one photograph Petitions shall also 
be accompamed by a fee to be set from bme to time by 
resolutIOn of the board of county commISSioners 

(c) After conslderatlon of a petltton for a change 10 zomng 
classlfi.cauon or in a dlStnct regulation the z.onmg hoard 
shall transmit the petltlOn and the board's recommendatlOns 
thereon to the commls~non 

(d) No recommendation for a change In :tonmg dlstnct 
ciaSslficatlOn or m dlstnct regulations shall be made by the 
:tonmg board to the commlSSlon unless and after a pubhc 
heanng as heremafter prescnbed has been held by the 
:tonmg board 

(e) Proposals ongmatmg With the commISSIon or !nlbated. 
by the zonlqg board shall be processed. m the same manner 
as provided for peutlOns m the precedlng SectiOns (Res of 
5-9-67 Art- XXXIX. § 39 8. Ord. No 138. Part I. § B. 
4-10-79 O,d No 184, Part IV 9-2281) 

(.roaa reference-Procedure for enactment of tonln&: ~gul.uona 
re,tnC:llona boundanes § 23-16 

Sec. 33-963. Hearings before zomng board 

(a) Notice of heanngs before the zonmg board In 

connection With changes 10 zontng dlstnct clasSification or 
changes 10 dlstnct regulatlons under thlS chapter shall be 
-pubhshed m a newspaper of general orculatlon In Martm 
County at least fifteen (15) days pnor to the date of the 
heanog Such notice shall apectfY the tune and place of the 
heanng and the matter to be conSidered at such heanng 

(b) In connection With heanngs on petltlons for change in 

the zontng dlStnct classtficatlon all owners of property In 
the area proposed for zonmg change and all ownens of 
property Wlthln three hundred (300) feet of the land subject 
to such petltlon. shall be glYen nobce of such hearmg by 
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mall Such notlce shall be maIled at least ten (0) days pnor 
to the date of the heanng For the purposes of such 
not1ficatlon an owner of property shall be deemed to be the 
person who, WIth lus address, 18 so shown on the tax rolls of 
the Ma.rtln County Tax Collector (Res of 5-9-67 Art 
XXXIX. § 39 9) 

ARTICLE LXI LEGAL PROVISIONS 

Sec. 33-975 Interpretanon9 purpose and conflICt. 

In mterpretlng and applymg the prOViSIons of tlus 
chapter. they shall be held to be a nurumum reqwrement for 
the promotlon of the health. safety. morals and general 
welfare of the county It 1S not Intended by dllS chapter to 
Interfere Wlth. abrogate or annul any easements, covenants 
or agreements between pames, proVldeci. however. where the 
regulations of tlus chapter on the same pomt as contamed 
1n any other law or resolU'b.on are more restndlve the 
proVl810ns of tlus chapter shall govern. and where the 
regulatlons of the other law or resolutlon are more restnctJ.ve 
than those of trua chapter, the other shall govern. (Res of 
5·9-67, Art. XL. § 40 1) 

Sec. 33-976. Valuhty. 

Should any arb.cle. secb.on. paragraph, sentence clause 
phrase or other part of thls chapter be declared by a court of 
competent Junschcb.on to be lnvahd such dec.slOns shall not 
affect the vahchty of the chapter as a whole or any part 
thereof. other than the part so declared to be lrtVRhd (Res 
of 5-9.07, Art. XL. § 40.2) 

Sec. 33-977. SaVlng clause. 

Any proaecutlon ansmg from a Vlolatlon of any resolutlOt' 
repealed by twa chapter. wtuch proseeuoon may be pendmt! 
at the tune tlus chapter becomes eifectlve or an} 
proaecutlon wtuch may be started Wlthm one year after tht 
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1022 EXCERPTS FROM THE MARTIN COUNTY LAND DEVELOPMENT 

CODE RELATED TO 

• SECTION 35-2 26 PUD (I), INDUSTRIAL PLANNED UNIT 

DEVELOPMENT 

• SECTION 35-4 3 HEIGHT EXCEPTIONS 

• SECTION 35-55 SPECIFIC CRITERIA REGULATING 

ADVERTISED CONDITIONAL USES 
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Condltwnal USes. 

All condItIOnal uses permItted in the COR, LC. Ge, WRC 
and WGC dIstricts except townhouse cluster dwelhngs 

Any community and pubhc servlce uses found approprIate 

(1)) AdditIOnal Uses. In addition to the permitted and ronm 
tlOnal uses allowed In tlus chstnct, expressway-onented transient 
commercIal servtce centers may be permItted subject to oomph 
anee WIth the performance specrlied m section 4 2<EX5) of the 
comprehensIve plan (Ord. No 293, Part I, 4-29-86) 

Sec 35-2.26 PUI){1) mdustnal planned unit development 

(A) Purpose and Intent. The PUD{I) dlstnct IS estabhshed to 
proVIde an altematlve zorung procedure that may be used to 
encourage the estabhshment of desirable mdustnal parks con 
wrung complete employment centers through the apphcatlon of 
enlightened and Imagmatlve design approaches at appropnate 
locatIons In accordance Wlth the planrung and development ob 
Jectlves of the comprehensIve plan Appropnate locatiOns for the 
estabhshment of PUI)(D dlstncts shall be lllnlted to those areas 
that are deSIgnated for mdustnal uses m the comprehensIve 
plan 

(B) Perm,tted Uses. In thiS dIstnct as a permitted use a buIld 
mg or premises may be used for the below uses All apphcable 
provISIOns of thIS code shall be satIsfied mcludIng Site plan re 
Vlew and performance cntena 

Perm,tted Uses. 

LImited Impact mdustrles 
Trades and sloUed sel'Vlces 
Wholesale trades and servIces 

(C) Condltwnai Uses. In thIS dIstrict as a conditIOnal use a 
budding or premises may be used for only the followmg condl 
bonal uses upon comphance WIth apphcable conditions stated In 

article V and all other apphcable proVISIOns of thiS code, tnclud 
mg Site plan reVlew and performance cntena 

Cond·twnal Uses 
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Any acceptable commumty and pubhc service uses 
General industrial uses 
UtilIties 
ProtectIve and emergency servIces 

(D) Adduwnal Uses. In addition to the permitted and cond! 
tlOnal uses allowed In this dlstnct, busmess and professional 
offices, general retail sales and servlces, lImIted commercial ae 
tlvltIes, pnvate parkIng and recreation areas, pnvate protective 
and emergency services, restaurants (excludmg dnve-ms), and 
vehicular servtce and mamtenance uses may be permItted pro­
vided that such uses are Internally located and onented to the 
pnnclpal mdustnal uses Wlthm the PUIXD proJect. servmg needs 
not otherwIse served In the general area of the project (Ord No 
293, Part 1 4 29 86) 

ARTICLE III CATEGORY "B" DISTRICT REGULATIONS 

TillS article describes the zonlDg dlstnct regulations In effect at 
the time of adoption of this code EXisting zoning wstnct regula 
tlOns as estabhshed 10 Chapter 33 of the Code of Laws and 
Ordmances WIll remam 10 full effect (Ord No 293, Part 1, 
42986) 

ARTICLE IV SUPPLEMENTARY REGULATIONS 

Sec 354 1 Fences. walls and hedges 

(A) General RequLrements Screemng and buffer zone reqUIre 
ments of sectIOn 2349, the Martm County landscape ordlOance 
No 285, must be met 

(1) All salvage operations shall be Vlsually screened Wlth a 
fence or wall of not less than eight (8) feet 10 helght, whlch 
shall be of masonry or wood construction and shall be 
WIthout openmgs, except for entrance and eXlt Such open 
109 shall be eqwpped WIth gates fonrung a V1SU8..l obstrucb.on. 

(2) The dIrector of commumty development may requU"e the 
screemng of any use or condItIon conSIdered. detnmental to 
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(B) Allowable Encroachments. In all dlstncts, structural and 
mechamcal overhangs such as roof extensiOns or cantue 
vered balcoDles. sills, gutters. wmdow alT conditIOners and 
awnIngs may extend up to three (3) feet mto requlIed. 
setbacks 

(e) Center Lme Setbacks. 

(1) No structure shall be bUilt wlthm fifty (50) feet of the 
center hne of any public or pnvate nght-of way deslg 
nated as a local street 

(2) No structure shall be butlt wtthm SIXty five (65) feet of 
the center hne of any puhhc or pnvate nght-of way 
designated as a collector artenal street or hIgbway 

(3) No structure shall be bUllt wltlun one hundred (100) 
feet of the center hne of the eXlStIng medtan strip of 
US H'ghway 1 (Ord. No 293, Part 1,429-86) 

Sec 35-4 3 Height e:l:eeptlons 

(A) Church steeples, spires and belfnes may exceed distnct 
height IUllltanons after approval by the communIty development 
dtrector However, the heights of these structures shall not ex 
ceed sIXty (60) feet from ground level and shall be a part of a 
pnnclpaJ butldlDg and not used for human occupancy 

(B) Roof structures, mcludmg clumneys, parapet waIls not over 
four (4) feet hIgh, tanks and supports, elevator machmery or 
shafts, penthouses used solely to enclose stalrWays and ventlla 
tlon or all' condltlomng apparatus may exceed chst.nct height 
regulatIons proVIded that such structures do not exceed ten (10) 
percent of the roof structure measured on a honzontai plane, 
proVided that such structures are not used for human occupancy 
and proVIded that the use of such structure does not mcrease the 
dlstnct height requirements by more than eight (8) feet 

(C) Agncultural structures, commuruc.atlon towers, permanent 
mstallatlons for utIlitIes or Industnal processes, and protectIve 
and emergency Bel'Vlce mstallatl6ns can be exempt from dlstnct 
height restnctlons subject to the followmg cntena 

(1) UtilIty poles and support structures are exempt from height 
restnctlons 
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(2) Unmanned structures in conjunction WIth agncu1tural uses, 
mdustnal uses and associated towers may exceed the chs 
trlct height hmltatIon up to fifty (50) percent over the 
standard 

(3) Any use, structure or tower 1D thIS category In excess of 
SlXty (60) feet In height must be authonzed by the board of 
county commiSSioners followmg the advertising require.­
ments of section 35-5 8 (puhhc heanng notlficabon reqwre­
ments for Special exceptlOns), must not be OCCUPied and 
must comply WIth fire code requlI'ements (Ord No 293, 
Part 1, 4 29-86) 

Sec 35-4 4 Model dwelling umts 

In any residential dtstnct where there 18 active development of 
ten (10) or more residential uruts, a developer or h15 agent may 
operate a sales office WIthm a model dwellmg urnt or other tem 
porary faclhty All model dwelling umts and sales offices shall 
meet all mstnct requlTement and be subject to the {ollowmg 
restnctlOns 

The sales office, If not tn a model dwelhng Unit, may be 
permitted as an accessory use on the same lot, but shall not be 
used except solely In connectlon Wlth the development In which 
located 

Model dwelhng Units may be used as a means to sell SImIlar 
homes for a penod of up to one (1) year Extenslons may be 
granted by the code enforcement admlDlstratlon, however. each 
such extenslOD shall not exceed a penod of one (1) year 

The sales office, If not m a model dwelhng UnIt, may be used 
as an office for one (1) year, and thereafter shall either be 
removed or used tn accordance Wlth regulatlOns generally ap­
plIcable Wlthm the dlstnct ExtensiOns may be granted by the 
code enforcement admlnlstrator, however, each such extension 
shall not exceed a penod of one (1) year 

At least five (5) off street parlung spaces shall be pI"OVlded on 
the same lot as the sales office or model dwelhng unlt or on 
contiguous lots, and shall be mamtamed as long as the model 
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fifty (50) feet of the front street property hne, or 
wtthm thIrty (30) feet of any sIde or rear property 
hne 

(c) The storage of inoperatIve vehicles or any other 
Junk or scrap shall not exceed a heIght of twelve 
(12) reet 

(d) The SIte plan shall comply wIth the supplemental 
screemng reqUirements of artIcle IV Includmg a 
benn and a fence (Ord No 293. Part I, (2986) 

Sec 35-5 4 Appeal of the declSlon of the eommumty de­
velopment chrector 

Any appeal of the deciSion of the commumty development dl 
rector to approve or deny a request for a conditional use approval 
under thiS section must be filed In wrltmg With the county ad 
mmlstrator wlthm fifteen (15) calendar days of the deelSlon Said 
appeal wIn be placed on the next avatlable agenda of the plan 
nmg and zoning board for consIderation of the appeal The plan· 
mng and zonmg board shall not request to waive or alter the 
cntena estabhshed m thiS section Any further appeal of the 
request for conditional use shall be filed with the CircUit court 
(Ord No 293. Part 1. 4 29-86) 

Sec 35-5.5 Specrlic cntena regulatmg adverb.sed condItional 
uses 

In addltlOn to satisfaction of the general provISIOns CIted In 

section 35 5 2, an advertised conditional use shall be permitted 
only upon a findmg by the board of county commISSioners at a 
regular scheduled meeting that the proposed use comphes wIth 
the requirements for the respective advertised condItIonal use as 
specified below The board's deciSIon regardmg the advertised 
conditIonal use shall be rendered after the pubbc hearing notlfi 
cation requIrements of sectIon 35 5 6 are met 

(A) AdvertLSed Conduwnal Community Land Use Actwlttes. 

(1) Atr{teld facdutes. Within the AG and PS dlstncts 
(a) A plan sealed by a registered engineer shall be 

presented which mdlcates the landing and take­
off corndors compnsmg the 8lmeld Such plan 

2223 
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shall sabsfy all requtrements of the Federal AVla­
bon Adnumstrabon mcludmg conformance With 
appropnate flight hazard cntena which may here­
mafter be Imposed The auiield plan shall mclude 
land use coIlSlderabons WIthm a five-thousand foot 
ramus of the boundanes of the proposed facIlity 

(b) No area used by atrcraft under Its own power 
shall be located wlthm two hundred (200) feet 
from any boundary hne of the faclhty 

(e) No runway pnma.ry surface shall be closer than 
three hundred (300) feet from any property hne 
and one hundred (100) feet from any residential 
structure 

(2) Chtld care factlth.es Wlthm the AG. RR-5A. RE 2A, 
RE lA, RE-O SA, RS-15, RS-lO, RS-75, RM 5, RM-8, 
RM 15, COR and LC mstrlcts 
(a) Site shall be located on a paved pubhc road WIth 

sufficient Wldtb to accommodate pedestrIan and 
vehicular traffic generated by tbe use The factI 
tty should be located near a major thoroughfare or 
collector street so as to mscourage traffic along 
resldentlal streets m the Impacted area 

(b) N"o such facIlIty shall be pemutted on a zone lot 
unless It contams a mInImum of flfteen thousand 
(15,000) square feet 

(c) One (1) accessory off street parkmg space shall be 
proVIded for each five (5) chlldren accommodated 
m the chlld care faClbty 

(d) SpeCIal passenger loadmg and unloadmg faCIlities 
shall be provided on the same lot for vehicles to 
pIck up or delIver chentele Such faclhtles shall 
mclude drIveways that do not requlre any backup 
movements by velucles to enter or elOt the prenuses. 

(e) AU regulations of the State of Flonda that pertam 
to the use shall be satisfied 

{O A fenced area stabilized and mamtalned WIth swt­
able ground cover of not less than three thousand 
(3,000) square feet of usable outdoor recreation 
area shall be proVIded for the first twenty (20) 
chIldren at anyone tIme One hundred fifty (150) 
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square feet of usable outdoor recreation area shall 
be required for each such chIld over twenty (20) 
Such area shall be delIneated on the SIte plan 
submitted at the bme the apphcabon 15 filed For 
the purpose of thIs prOViSion usable outdoor ree 
reaben area shall be hmlted to 
(1) That area not covered by buddmg or required 

off street parkmg spaces and shall be fenced 
and screened from adJacent property hnes 

(11) That area outside the hmlts of the requIred 
front yard 

(m) Only that area wruch 15 developable for ae 
tlve outdoor recreational purposes 

(tv) An area whIch occupies no more than eighty 
(SO) percent of the combmed total areas of the 
rear and SIde yards 

(g) The SIte plan shall comply WIth supplemental screen 
tng requu-ements of artIcle IV 

(3) PublIC or prwa.ie not-for-profit clubs and cultural or 
cw,," acnv,tres. Wlthm the RM-8, RM 15 and WRC 
mstncts 
(a) No bulldtng shall be located closer than fifty (50) 

feet to any lot hne wluch abuts a resuientlal chstnct. 
(b) No off street parking or loadmg space shall be 

located closer than twenty five (25) feet to any 
property hne abuttmg a residenttal dlstnct 

(c) The Slte plan shall comply Wlth supplemental screen 
mg reqwrements of article IV 

(4) Educatwnal mshtutwns. Within the AG, RR SA, RE 
2A, RE lA, RE 0 5A, RS-15, RS-10, RS 7 5, RM 5, RM 
8, RM 15. MHP, COR and PS dlstncts 

Supp No 40 

(a) Sites shall be located near maJor thoroughfares so 
as to dJ.scourage traffic along local resIdentIal streets 
ID reSIdential subdlVlSlOns 

(b) Dependtng on the type faclhty proposed, the mm 
tmal specIal reqwrements for the Site shall be 
Slmllar to standards utIlIzed by the Martm County 
School Board and the State of Fionda 

(c) No maIO or accessory budding shall be located 
WIthin one hundred (100) feet of any property hne 
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(d) The apphcant shall demonstrate a program of sys­
tematic mstructlOn and Site development plan rea 
sonably confonnmg WIth customary standards for 
respective forms of slmllar instruction 

(e) The apphcant shall submit a descnpbon of anbc 
Ipated service area and projected enrollment by 
stages u appropnate and relate the same to a 
development plan explammg-
(t) Area to be developed by constructIOn phase 

(11) Adequacy of Site to accommodate 8ntlClpated 
faClbbes enrollment, recreation areas, off-street 
parkIng and pedestrIan and vehicular cU'Cu 
latlOn on SIte mcludmg load.mg, unloadmg 
and quemg of school bus traffic 

!Ill) Safety features of development plan 
hv) Landscaped areas especIally treatment of prop. 

erty hnes abuttmg resldenttal propertIes wluch 
shall meet screemng reqwrements estabhshed 
in article IV 

(5) Nursmg homes, mcludmg rest homes and conuckscent 
homes Withm the RM 5, RM 8, RM 15, and COR 
dlStncts 
(a) No butldmg or structure shall be located. closer 

than fifty (50) feet to any lot hne abuttmg a resl 
dentlat dlStnct. 

(b) No off street parkmg shall be located closer than 
twenty five (25) feet to any lot hne abuttmg a 
resIdentIal dlstnct 

(c) A descrIption of the program of set'Vlces shall be 
submItted WIth the appitcatIon and the appbcant 
shall demonstrate that the method of operatIon 
and delivery of such health set'VlCes and dally 
care shall be m complIance WIth all relevant state 
and federal standards for operauon ofnursmg homes. 

(d) The SIte plan shall comply WIth supplemental screen 
109 requIrements of artIcle IV 

(7) Group housmg, (oster housmg and adult congregate 
{actiLtles. Wlthm all agricultural and resldent18l ms­
tClCts (AG, RR 5A, RE 2A, RE lA, RE 0 5A, RS-l5, 
RS 10 RS-7 5 RM 5 RM-8 and RM 15) 
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ZONING REGULATIONS § 35 5 5 

(a) All apphcable regulatlons of the State of Flonda 
shall be satIsfied 

(b) There shall not be more than twelve (12) unte 
tated resIdents In any hYIng Untt 

(c) The mtensIty of care shall be low, provldmg an 
environment that approximates family hVlng 

(d) Subject to reVIew and acceptance of traffic Impacts 
to adjacent properties 

(8) Places of worshIp Wlthm the RE 2A RE lA, RE 0 SA, 
RS-15, RS-10, RS-7 5, RM 5, RM-8, RM 15, MHP and 
MHS dlStrlCts 
(a) The minImum site for places of worshIp In reSI 

dentIat distriCts shall be twenty thousand (20,000) 
square feet With a mInimum Width of one hundred 
(lOOlfeet 

(b) Sites shall be located near major thoroughfares In 

order to dIscourage traffic along local residentIal 
streets Wlthm resldentlal neIghborhoods 

(e) No bUlldmg or structure shall be located closer 
than thIrty (30) feet to any property hne abuttmg 
a resIdential chstnct and no off street parkIng shall 
be located closer than twenty-five (25) feet to any 
lot lme abuttmg a residential dIStrict 

(d) The Site plan shall comply With supplemental screen 
mg requIrements of artIcle IV 

(9) Ut,lUleS wuh the exceptIOn ofrwrmal d/.Stnbutwn and/or 
collectwn faclLJtJeS CLe., poles, lmes, cable In trench and 
assocr.ated eqUlpment) Wlthm all distrICts 
(a) Site plan proposed shall show the proposed utlhty 

together WIth an eXlstmg system of which the 
proposed system WIll be an mtegral part A state 
ment shall be submitted which explams the func 
tlon of the proposed Improvement and Its conSlS 
tency with any overall utlhty system plan as well 
as the comprehensive plan 

(b) All equipment, machmery, and faclIttles not lo­
cated WlUun an enclosed bwldmg shall be screened 
from any abuthng residential district pursuant to 
article IV 
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§ 3555 MARTIN COUNTY CODE 

(c) The proposed location of the utllity shall be dem 
onstrated necessary relative to the other Sites for 
effective seTVlce to consumers wlthm the apph 
cant's service area 

(10) Commumcatwn towers. Wlthm the AG and PS dlstncts 
(a) Such structures shall comply With apphcable FAA 

and FCC regulations 
(b) Such structures shall mamtam a mmlmum one 

hundred foot setback from adjacent propertIes 
(c) A SIte plan for such structures shall comply WIth 

the supplemental screemng requrrements of arb 
cle IV 

(11) Congregatmg housmg for agncultural farm workers. 
Wtthm the AG dlstnct after revIew and recommenda 
bon by the planning and zorung commISSion at a regu­
larly scheduled meetmg 
(a) The mmimum area to be used shall not be less 

than sIxty (60) acres of productIve agncultural 
land 

(b) The total number of dwellmg umts cannot exceed 
the number of dwelhng umts that would be nor 
many permItted 10 the AG dlstnct. 

(c) There shall be a twenty foot open space tnalntamed 
between structures 

(d) The hous1Og shall be mhablted solely by falnlhes 
who work on the agncultural lands Identrlied lD 

(a), above 
(e) Once the agTlcultural actlVIbes have been ahan 

doned, the resldenbal Untts must be vacated and 
demohshed or converted to a use conformmg to 
the AG dlstrlct 

CO Must be consIstent WIth the proVlSlOns of the com 
prehenslve plan 

(B) Aduertz.sed Condltwnal CommerClal Use ActlVUUS. 

(1) RecreatlOnal vehicle park. Wlthm all AG, mobile home 
and commemal Wstncts (AG, RR-5A. MHP MHS, COR, 
WRC, WGC, LC and GCl 
(a) Submit to the development cntena for a mobile 

home planned umt development as per sectIon 
35224 
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(b) Document that the mix of uses IS Justdied and 
consistent with the characteristics of the lIDmedl 
ate community 

(2) Rt/2e ranges Wlthm the AG mstrlct 
(a) Such use shall reqUiTe a mlnllllUm twenty acre 

Site 
(b) No structure, buIldmg or mechamcal equipment 

assoclated With the range shall be located Wlthm 
three hundred (300) feet of any property hne 

(c) The applIcant shall demonstrate complIance WIth 
all apphcable regulations of the State of Flonda 
The apphcant shall also demonstrate bow safety 
and nOise factors have been addressed. through 
the Slte plan and other special features of the 
proposed. development 

(3) Limited commercUli actwztteS and restaurant uses (up 
cludtng fast food and drwe-m serlJlCe) Wlthtn the COR 
dlstrlct after the planmng and ZOning commlSSIon has 
been sabsfied that the folloWIng cnterla and stand 
ards have been met 
(a) The nature and scale of the retaIl use are conSIS 

tent and compatible WIth the prmcrpal residential 
or prmclpal office development 

(b) PreVIOUS or concurrent resIdential or office devel 
opment on the subject SIte proVIdes an on Site buffer 
from abuttmg property which IS deSignated for 
reSidential use, mcludmg COR 

(c) A plan for the entlre parcel IS submitted for re 
VIew and approval m an advertJsed publIc heanng 

Duly approved offices and shops located WIthm COR 
deSignated. areas as of the effective date of this chapter 
shall be deemed penmtted uses wlthm the COR area 

(4) Vehtcle and automot,ue fuel and lubrtcant reta£l sales. 
WithIn the LC Ihstnct 
(a) A DllDlDlum. lot area of ten thousand (10,000) square 

feet WIth a muumum lot frontage of one hundred 
(100) Cee' on each oCtwo (2) separate and mt.ersectmg 
art.enal roads as tdentlfied on the Martm County 
MaJor Thoroughfare Plan (ArtIcle V of the Compre­
henSIve Plan) 
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(b) No bUlldmg or structure mcludIng Signs, gasohne 
pumps, tank, vents, pump !Stands or canOPIes shall 
be located Wlthm twenty five (25) feet of any nght-
of way hne 

(c) The mtmmum buffer standards for the SIte must 
comply WIth general commercIal dlstnct buffer 
types as establIshed In section 23 S6(f), Landscape 
Regulatory Zones, of the Martln County Landscape 
Ordlnance. as revtSed 

(d) Any parcel proposed for thlS use must mamtaln 
the pbySlca1 separatlon of all bwld.mgs, structures, 
SIgns, gasohne pumps, tanks, vents, pump ISlands 
or canopies associated Wlth fuel sales from abut-
ting properties zoned for re8tdenttal use by a mln 
Imum of rUty (50) feet Where the parcel abuts a 
pubhc road or natural water body. haVlng a mln 
Imum Wldth of fifty (50) feet, the parcel shall be 
consIdered as abuttIng resIdentially zoned prop-
erty as defined by sectIon 23 56(fX4) of the MartIn • County Landscape Ordmance 

(eJ The Internal traffic ctreu.lahon system and park 
mg areas shall convemently proVlde for safe and 
effiCient on·slte maneuvenng of all vehicles using 
the Site The separation of parklng areas for the 
converuence storelhInlted commercIal retail use 
from the pump Islands and stacklng lanes for fuel 
sales must be mamtamed Access to the SIte shall 
be from artenal roads only. unless the board of 
county COmmtSSloners specIfically deterDllnes that 
access from a collector or local road would be ben· 
eficlal to the sUlToundmg neighborhoods 

(0 Speelal fuel storage requlJ'ements 
(,J All receptacles, tanks or f8Clhtles for the stor-

age of combustible products In excess of two 
hundred·gallon quanb:bes shall be located un 
derground and Wlthln all requlJ'ed setbacks 
Flammable matenals shall be stored Wlthm 
the bUIldmg setback hnes and m a manner 
satIsfactory to the county flJ'e marshal and 
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ZONING REGULATIONS § 35 5 6 

the director of the department of commv-mty 
development 

(11) All gasohne and petroleum product storage 
tanks shall be permitted and momtored for 
potenttal1eak.ages m accordance WIth the ap 
phcable regulations of the State of Fionda, as 
amended 

(lll) When an actlve Site dlspensmg flammable rna 
tenals becomes vacant for a penod exceedmg 
one (1) year. the property owner shall be re 
quu-ed to remove or treat, m a manner ap 
proved by the State of Flonda. all flammable 
matenals or storage tanks on Site (Ord No 
293, Part 1, 4-29-86, Ord No 312, Part 1, 
1113-86) 

Sec 35-5 6. Pubhc heanng Dotdicabon reqwrements for ad­
vertised concilbonal use 

Prior to grantmg approval for any use IdentIfied as an adver 
tlsed condltlonal use, the board of county commlSSlOners shall 
hold a puhhc heanng on the subject request SaId public hearmg 
shall be scheduled for any regularly scheduled meeting of the 
board after the followmg notification reqUirements are met 

(A) AdvertlSed Conduronal Uses In the AG. RR·5A. and RE·2A 
D&str&cts 

(1) Public notice In newspaper of general CIrculation at 
least fifteen (15) days prior to the hearing 

(2) Notification by the owner of the subject property by 
return receipt mad of the requested advertised condl 
tlonal use at least ten (10) days prior to the hearmg to 
all property owners wlthm SIX hundred (600) feet of 
the proposed advertised condItIonal use as determined 
by the most recent tax roll mamtamed by the property 
appraiser 

(B) AduertlSed Conduronal Uses &II All the Resu1entud D&stncts 
and COR LC GC, WRC WRC, LI GI and PS DlStrlctS. 

(1) Pubhc nottce In newspaper of general Circulation at 
least fifteen (15) days pnor to the heanng 
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trator on any matter relating to the adrn]DIstratlon of this artIcle 
shall COnstltute a VlolatIon thereof (Ord No 267, § 13, 9 10-85, 
On! No 358, I 1(14), 1-10-89) 

Sees 23-165-23-170 Reserved 

ARTICLE YIll DEVELOPMENT APPROVAL 
PROCEDURES' 

Sec 23-171 Development revtew commIttee 

(a) There shall be a commlttee known as the d(..velopment 
revtew commlttee (DRC) of Martln County. Flonda, which shall 
COnsist of the department director or hIs deslgnee from the fo1 
lowmg departments 

(1) Community development department, 
(2) Pubhc works department. 

(3) Countyadnnnlstrator • 

(4) Health department, 

(5) Pubhc safety department 

(b) The county attorney or his desIgnee shall serve as legal 
adVl!iOr to the DRC 

(e) The county admInistrator shall appomt the chaIrman of the 
DRC 

(d) The Martm County school dlstnct shall appomt an advl 
sory nOn\otlng member of the DRe 

(e) The d1rE~dor ofpubhc utlhtles shan be an adVISOry. nonvot 
tng member of the DRC (Ord No 297 Part 1m. 6 24 86) 

Sec 23-172 Approval procedures-Opbonal preappbcaboD 
conference 

(a) Appllcabtltty ThIs sectIon shall apply to an apphcatlons for 
master plan or final approval as specIfied tn sections 23 173 and 
23174, bela". at the sole optIon of the applIcant 

·EdJtor I not.e-Ord No 297 Part 1 Idopted June 24 1986 effectIVe Sept 1 
1986 added all Art VII to Ch 23 To Ivold duphcate numbering the editor hw 
added the mat.er\a\ as Art VUl n: 231'71-l3175 
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(b) Intent.. The preapphcatlOtl conference IS mt.ended to provIde 
the apphcant with the opportUnIty to JOIntly confer with mem 
bers of the development review commIttee (heremafter referred 
to as the DRC) prior to submlttmg a final formal apphcatlon The 
DRC will advise the apphcant on the feasIbIlIty of va no us POSSI 
ble design alternatIves, wlil generally adVIse the applicant as to 
which areas of the land development code and comprehensIve 
plan are apphcable and also provIde the apphcant mformatIOn 
regarclmg any projected plans, programs or other matters that 
may affect the project The opmlons expressed at the preapphcatroD 
conference are mtended to be solely for the general assistance of 
the apphcant and to prOVIde general dIrectIon to the apphcant 
and are m no event to be conSIdered bmdmg on the county staff, 
the count} commiSSIOn or the applicant 

(c) Procedure 

(1) Any person may submit a wntten request for a preapphcatJon 
conference to the commumt} development department to­
gether WIth the requIred apphcabon fee The form and 
content of the applicatlOn and the amount of the fee shall 
be as set from time to bme by resoiutlOn of the county 
commts<;\On 

• 
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(2) The apphcabon shall be reVIewed by the members of the 
DRC and thelt' comments orally presented to the apphcant 
at a meetIng arranged for that purpose The meetIng shall 
take place Wltlun flfteen (15) calendar days after submls 
810n of the wntten request (Ord No 297, Part HIlA), 
62486) 

Sec 23-173 Same-Master plan approvals 

(a) AppllCablZlty ThIs sectIon shall apply to all apphcatlOns for 
master plan approval, unless othel"WlSE! spectfied, mcludIng but 
not hmlted to 

(1) Prelmunary plats for all subdIVISIOns 

(2) PrehmlDary development plans for all planned Unit 

developments 

(3) Master plan approval of major SIte plans, which for pur 
poses of tlus article are defined as resldentlal developments 
of fifty (50) u;uts or more, or nonresIdential development 
whIch conwns ftfty thousand (50,000) square feet or more 
gross leasable area, or mu::ed developments wheretn the 
percentage of the above threshold amounts together total 
one hundred (lOO) percent or more (e g , 25 uruts (50%) + 
25,000 sq feet (50%) ~ 100%, 15 umts (30%) + 40,000 sq 
feet (80%) ~ 110%) 

(4) Mmor SIte plans, whlch for purposes of thIS artIcle are 
defined as reSidential developments of less than fifty (50) 
uruts or nonresidential, development which contams less 
than fifty thousand (50,000) square feet gross leasable area, 
are not requU'ed to obtam master plan approval but should 
Instead apply for fmal approval as set forth below 

(5) At the applicant's option, and solely at the applicant's 
nsk, an apphcatlOn for final approval may be submItted 
concurrent WIth or at anytime after applicatIOn for master 
plan approval, and may be reVIewed concurrent With the 
master plan In that event the followmg proVIsions also 
apply 
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a No final plan approval shall be granted unttl master 
plan approval has been granted 

b DRC comments regardIng the final plan request are 
condttIonal and may be reVlSed as a result of the mas­
ter plan approval 

c The manmum tIme frames for DRC reVIew of the 
fmal plan as set forth In section 23-174 shall be w8.1ved. 
and the fmal plans shall be reVIewed generally con 
current Wlth reVIew of the master plan. 

d Although a fmal plan applicatIon may be submItted 
concurrent WIth the master plan applIcatIon. each ap­
phcatlon must contam all reqwred matenals and stand 
on Its own ments 

(b) Procedure. 

(1) The folloWIng persons may apply for master plan approval 
of developments to real property 

a. The owner of the property or Ius authonzed agent 
b The lessee of the property With the wntten consent of 

the owner 
c A person under contract to purchase the property, WIth 

the wntten consent of the owner 
d A person haVIng an option to purchase the property 

W'lth the wrItten consent of the owner 

(2) An appllcatlon shall be submitted to the commumty de­
velopment department together With the requll'ed apphca 
bon fee The purpose of the applIcatIon IS to demonstrate 
compliance Wlth all applIcable laws and regulatIons. In­
cludIng the comprehensIve plan, and to proVIde a basIS for 
declSlon rnakmg by the development reVIew COIllIIllttee (here­
mafter referred to as the DRe) the plannIng and zonmg 
COmmlSSlon (heremafter referred to as P&Z) and the board 
of county commIssIoners The form. and content of the ap­
phcatlon, and the amount of the fee shall be as set from 
bme to tIme by resolutIon of the county commISSIon 

(3) The wrector of community development shall reVIew the 
apphcabon Wlthln two (2) workmg days of submIttal. to 
determme whether all necessary matenals have been sub-
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Dlltted. and may refuse to accept any apphcatIon which IS 
not complete For the followlOg 811phcatlons the penod for 
staff determ1Oatlon of completeness shall be five (5) work 
mgdays 

a PrehDllnary plats for all subdlVlslons haVlog more 
than frl'ty (50) lots 

b Preilm10ary development plans for planned umt 
developments 

c 8J.te plans for residential developments WIth ftfty (50) 
or more Ulllts 

d Site plans (or nonreSidential developments WIth fIfty 
thousand (50.000) square feet or more ofbulldlDg area 

e M8Jor amendments to approved planned Unit devel 
opments w1uch are also developments of regtonal tmpaCt. 

A determ1Oatlon of completeness IS for the purpose of al 
lowmg a reVlew of the matenal only and IS not to be 
construed as approval of any of the matenals Bubnntted 
After a deterDllnatIon of completeness. the applIcant shall, 
Wlthm ten (IO) calendar days, cause to be placed op the 
property a 8lgn notJfyt.ng 10terested persons that an apph 
cabon for development has been made The sue, locatlon 
and content of the Sign shall be as approved by resolution 
of the county CODllDlSSIOn. 

(4) After a determlnatIOn of completeness, the members of the 
DRC shall have no more than forty (40) calendar days to 
reVlew the apphcatton and prepare prehmlDary reports 
and recommendations, unless an extension of thIS time 
penod. 18 agreed to 10 wrIting by the applIcant For the 
followmg apphcatIons the penod for staff reVlew and ree 
ommendatlons shall be no more than nmety (90) days after 
a determlnatIon of completeness 

a. PrehIDlDary plats for all SUbdlVlslons havmg more 
than frl'ty (50) lots 

b Prehm10ary development plans (or planned Unit 
developments 

c Site plans for resldeDtIal developments With ftfty (50) 
or more UDlts 

d. Site plans for nonresidential developments With ftfty 
thousand (50,000) square feet or more ofbUlldmg area 
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e Major amendments to approved. planned unlt devel 
opments wluch are also developments ofreglOnaJ lmpact. 

In prepanng thell' reports. the members of the nRC shall 
request asslStance as needed from any other departments 
or agenCIes A coPy of the prehIDlnary reports and recom 
mendatlons shall be made avaIlable to the applicant no 
later than at the end of the reVIew penod The apphcant 
shall, WithIn ten (10) calendar days of the avrulablhty of 
the DRC's prellDUnary report and recommendatIons, sub­
mit to the commUDlty development department a wntten 
response 88 to whether he agrees or dIsagrees WIth each of 
the DRC comments No later than ten (10) calendar days 
after receipt of the apphcant's wntten response, the ORC 
shall meet to chscuss the prehml1l8l"Y reports and recom­
mendatIons WIth the apphcant The applicant may elect to 
respond to any deficIencIes noted In the prehlDlnary re­
ports Every effort shall be made to DOtIfy the apphcant of 
senous defiCienCIes dzscovered before the eZplr8.UOD of the 
reVIew penod If the apphcant elects to respond to any 
defiClencles noted 10 the prehmlnary reports, an 10tent to 
do 80 must be submItted 10 wnt10g to the commumty 
development department Wlthm ten (10) calendar days after 
the DRC meetmg The response must be submItted WithIn 
mnety (90) calendar days of the fil10g of the notice of 
mtent After submIttal of a response, the members of the 
DRC shall have at least seven (7) but no more than thll"ty 
(30) calendar days to amend theIr reports and recommen 
datloDS. tf needed For the folloWlng apphcatIons the pe­
nod for staff' amendment of reports and recommendations 
shall be at least thIrty (30) days but not more than forty 
(40) days 

a Prehmmary plats for all subdIVlSIOns haVlng more 
than fifty (50) lots 

b Preitmmary development plans for planned unlt 
developments 

e SIte plans for reSIdentIal developments WIth f"lfty (50) 
or more umts 

d. SIte plans for nonresIdential developments WIth ilfty 
thousand (50,000) square feet or more ofbutldIng area 
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e MSJor amendments to approved planned UnIt devel 
opments whlch are also developments of regional unpact. 

Any further request to respond to defiClenCles shall be 
processed m the same manner as the fll'St request Once 
the apphcant has elected not to respond to the prehmlDary 
reports and recommendatIons, the reports and recommen 
datlOnB shall be determmed to be final No adchtlonal 10 
formatlOD or matenal shall be submItted after the reports 
and recommendations have been determmed to be final 

(5) The matter shall then be scheduled for conslderatlOn by 
the P&Z at Its next available meetmg The P&Z may take 
any of the followmg actlODS 

a Recommend approval 
b Recommend approval, subject '" conchtlOns clearly stated. 
c Recommend dlsapproval WIth reasons clearly stated 
d Table once or more, but for no more than a total of 

forty-five (45) calendar days fOT further Information or 
reVleW as determIned by the P&Z 

e Table at the applIcant's request If tabled more than 
tWlce. the apphcant must renobfy the pubbc In the 
same manner as reqUIred for the ongmal heanng 

When consldenng Items tabled from a pnor meetmg, the 
P&Z may choose to diSpense Wlth heanng matenal which 
has been presented at the pnor meetmg 

(6) After recommendation of approval, approval subject to con 
dlbons, or dlsapproval, the matter shall be considered by 
the board of county commlSsloners at Its next avallable 
meebng The apphcant may elect to respond to any condI 
tlOns Imposed by the P&Z An mtent to do so must be 
submItted m wntmg to the commumty development de 
partment Wlth ten (10) calendar days after the actIOn by 
the P&:Z The response must be submitted to the commu 
mty development department Wlthm thuty (So) calendar 
days of the nobce of mtent 'The members of the DRC shall 
have fourteen (14) calendar days to reVIew the response 
and to comment on that response, as they deem appropn 
ate If the applIcant elects to respond to any condItions 
Imposed by the P&Z then the matter shall be consIdered 
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by the board of county commlsSloners at Its next available 
meetmg after DRC review of the response The board of 
county commiSSioners mllV take any of the following actIons 

a Approve 
b Approve subject to condItions clearly stated 
c Dlsappro\'a with reasl)ns dearly stated 
d Table tWIce but for no longer than a total of sixty (60) 

calendar days for further mformahon or review as 
determmed by the board of county commlSsloners 

e Table at the apphcant's requEst If tabled more than 
tWice, the apphcant must renotuy the puhile In the 
same manner as required for the ongInal hearmg 

(7' In all cases, apphC'attons whIch are not brought before the 
board of county I..OmmlSSloners wlthm one U) year from 
deterrmnatJ.on of completeness WllI be COnsIdered WIthdrawn 
TIns prOViSIOn may be waived by the board of county com 
mLSSloners upon a showmg that the applicant has made a 
good faith effort to dthgently proceed In obt.amlllg the 
development order requested 

(c) AddltlOn.al requlrements for PUD's and DR! s-

(1) In the case of applications for PUD preliminary develop 
ment plans, the additional public nollce requirements for 
rezomng pelitlons as set forth In Ch.lpter 33, Article LX 
must be met 

(2) In the case of applications for master plan approval of a 
development of reglOnallDlpact, as defined by Section 380 OS, 
FlOrida Statutes, the additIOnal public notice requirements 
of that sectIon must be met The time periods Sf't forth 10 
thiS article may be extended to the extent necessan' to 
accommodate the reqUll"ements of Section 380 06, Flonda 
Statutes (Ord No 297. Port 1(!!B).6-24-86 Ord No 360. 
Port 1. 3 28-89) 

Sec 23-174 Same-Final approvals 

(a) Appltcabtltty This section shall apply to all appitcatlon ... lor 
final approval unless otherWise specified, mclud10g but nut Inn 
Ited to 
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(1) Final development plans for SUbdIvIsions, including the 
final plat 

(2) Fmal development plans submItted pursuant to planned 
uml development zomng agreements 

(3) Mmor slle plans, which for purposes of thIs artIcle are 
defined as reSidential developments of less than fifty (50) 
umts or nonresidential developments contalnmg less than 
fifty thou<;and (50,000) square feet gross leasable area 

(4) Major slle plans, which for purposes of thiS article are 
defined as reSidential developments of fifty (50) umts or 
more, or nonreSidential development whIch contam fifty 
thousand (50,000) square feet or more gross leasable area, 
or mIXed developments wherein the percentage of the above 
threshold amounts together total one hundred (100) per 
cent or more (e g , 25 umts (50%) + 25,000 sq feet (50%) = 
100%, 15 umts (30%) + 40,000 sq feet (8013f) = 100%) 

(b) Procedure. 

(1) The followmg persons may apply for final approval of de 
velopments to real property 

a The owner of the property or hiS authorized agent 
b The lessee of the property wIth the wTltten consent of 

the owner 
c A pel"SOn under contract to purchase the property, WIth 

the wntten consent of the owner 
d A person haVing an optIon to purchase the property 

with the wntten consent of the owner 

(2) An apphcatlOn shall be submItted to the commumty de 
velopment department together with the required appbca 
tIon fee The purpose of the applicatIOn IS to demonstrate 
compliance with all apphcable laws and regulatIOns, m 
eluding the comprehensive plan and to provide a baSIS for 
deciSion making by the DRC and the board of county com 
mIssioners The applIcatIOn shall also con tam a statement 
that any condItions whIch were Imposed at the time of 
master plan approval have been met The form and con 
tent of the application and the amount of the fee shall be 

Supp No 52 
13421 



LAND USE ,23174 

as set from time to time by resolution of the county 
commiSSion 

(3) The c:brector of community development shall reVIew the 
apphcatlon Wlthm two (2) worklng days of submittal, to 
determme whether all necessary matenals have been sub­
mitted, and may refuse to accept any apphcatlOD whIch IS 
not complete A determmatIon of completeness IS for the 
purpose of allowmg a reVIeW of the matenal only and 1$ 

not to be construed as approval of any of the materials 
submitted After a deternnnatton of completeness In the 
case of minor SIte plans only, the apphcant shall, Wlthln 
ten (10) calendar days, cause to be placed on the property, 
a sJgll notIfymg mterested persons that an appbcabon for 
development has been made The sue.locabon and content 
oftbe SIgn shall be as approved by resolutIon oftbe county 
commiSSion 

(4) a After 8 determmatlon of completeness (where no change 
from an approved master plan 15 proposed) or after a 
determmatlon of mmor change by the DRC. and con 
flr'IDed by the county cotnmlSSlon pursuant to sectlon 
23175, below. the members of the DRC shall have no 
more than forty (40) calendar days to revtew the apph 
catron and prepare prel1mms'Y reports and recommen 
dabons, unless an extensIOn of thlS tlDle penod 18 

agreed to In wntmg by the apphcant In preparIng 
thell' reports, the members of the DRC shall request 
assistance as needed from any other departments or 
agencies A copy of the preliminary reports and rec 
ommendatlons shall be made aV811able to the apph 
cant no later than at the end of the specrlied reVlew 
penod The applIcant shall, wttlun ten (10) calendar 
days of the avallablhty of the DRC's prehDllnary re­
ports and recommendabons. subDllt to the commUDlty 
development department a wntten response as to whether 
he agrees or chsagrees wtth each of the DRC comments 
No later than ten (10) calendar days after receipt of 
the apphcant's wntten response, the nRC shall meet 
to chscuss the prehnnnary reports and recommenda 
tlOns Wlth the appbcant The appbcant may elect to 
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respond to any deficlenCeS no~d In the prelIminary 
reports Every effort shall bQ lJl8de to notify the apph 
cant of senous deficiencies dlSCOvered before the expl 
ration of the review penod If the applIcant elects to 
r.spond to any defiCIenCies noted m the prelImmary 
reports, an mtent to do so m~t be liubmltted In wnt. 
mg to the commumty development department Wlthm 
ten <lO) calendar days after the ORe meetmg The 
response must be submltted wfthtn mnety (90) calen 
dar daya of the notice of mtept After submIttal of a 
response, the members of the DItC lihall have no more 
than thIrty (30) calendar days to amend thell' prelulll 
nary reports and recommendatiOns. If needed Any 
further request to respond to defiCIenCies shall be pro­
cessed In the same manner as the first request Once 
the apphcant has elected not to respond to the prehm 
mary reports and recommenda~lQns. the reports and 
recommendatlons shall be dete~ed to be final No 
addItIonal mfonnabon or matenal shall be submitted 
after A report and recommencl~tlon has been deter 
Intned to be final Wltlun sevep. (7) calendar days of 
the final report and recommen4IJtlOn, the ORC shall 
lSSUe a wntten memorandum of approval or dlsapproval 
based on that report 

b Except In the case of final plata, the final ORC report 
and recommendation shall be CO)lSldered to be the fmal 
determination by Marbn County. and no further ac 
tlOD wtll be taken aD thts apphcatlOn If an apphcant 
IS In disagreement WIth the final PRC detenmnatlon, 
then he may appeal thiS determinatIOn to the board of 
county commissioners by fihng " wntten notlce of ap­
peal WIth the county adIDlnIstrator wlthm thirty (30) 
calendar days of that detenrunatlon 

(5) Fmal plats together WIth any requIred contra& and secu· 
nty documents shall be scheduled for conslderatlOn by the 
board of county commissioners at It{l next ava1lable meet· 
109 after lSB~ance of the final DRC reports and rerommen 
datlons The board of county commissioners may take any 
of the followmg actlOns 
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a Approve 
b Approve, subJect to condItIons clearly stated 
c Disapprove wIth grounds clearly stated 

~23175 

d Table tWIce. but for no longer than a total of sIxty (SO) 

calendar days for further mformatlon or revlew as 
determmed by the board of county commlSSloners 

e Table at the applIcant's request 

(S) WIthm ten (10) calendar days after COUDty comnnSSIon 
approval, or WIthm ten (10) calendar days after meetmg all 
condttIons of approval, the angInal record plat and ongI 
nal contracts and secunty documents shall be executed by 
county offiCIals and the ongInal plat submItted to the clerk 
of the CU'CUlt court for fih.ng 

(7) In all cases, apphcatIons Which have not receIved final 
DRC actIon, and final plats whIch are not brought before 
the board of county COm.mlSSloners WIthm one (1) year from 
determmanon of completeness will be consuiered Withdrawn. 

(c) AddLtwnal requu-ements for DRl's. In the case of changes to 
the development plan approval for a development of regIonal 
Impact, as defined by SectIon 380 06, Flonda Statutes, the addJ 
tIonal procedures and requlrements of that sectIon must be met 
The time penods set forth m t1us artlcle may be extended to the 
extent necessary to accommodate the reqwrements of Section 
38006, Flonda Statute, (Ord No 297, Part 1(I1C), 6 24-86) 

Sec 23-175 Same-Amendments and modificatJons 

(a) ApplLCabLhty TIllS section shall apply to all apphcatIons for 
amendment or modrlicatlon to a preVIously approved master or 
final plan 

(b) Procedure. 

(1) The followmg persona may apply for amendments or modI 
ficatlOns to master or final plan approvals 

a The owner of the property or Ius authonzed agent 
b The lessee of the property WIth the wntten consent of 

the owner 
c A person under contract to purchase the property Wlth 

the wntten cansent of the owner 
Supp. No 40 1345 
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d A person havIng an option to purchase the property 
With the wntten consent of the owner 

(2) An apphcatlon shall be submltted to the commumty de­
velopment department together Wlth the reqwred apphca 
tlOn fee The purpose of the apphcatlon 18 to demonstrate 
compbance WIth all apphcable laws and regulations .. lD 

eludmg the comprehensive plan, and to proVIde a baslS for 
declSlon makmg by the DRC and the board of county com 
m.lSSloners The apphcatlon shall contam a bnef summary 
of the changes bemg requested The form and content of 
the apphcabon and the amount of the fee shall be as set 
from time to time by resolutIon of the county COlDII11SS1on 

(3) The chrector of commuruty development shall reVlew the 
applIcation Wlthm two (2) worlung days of submIttal, to 
determme whether all necessary matenals have been sub­
mitted, and may refuse to accept any apphcatIon which IS 
not complete A determlDatlon of completeness IS for the 
purpose of allowmg a reVlew of the matenal only and 15 
not to be construed as approval of any of the matenals 
submltted.. 

(4) The DRC and the .apphcant shall meet Wltbm twenty (20) 
calendar days of the detenmnabon of completeness, (un­
less an extension of thiS tune penod IS agreed to In wnbng 
by the apphcant) to determIne whether the mochficatlon 18 
major or mmor If any member of the DRC IS of the opln1on 
that a change COnstitutes a major change Wlthtn Ius area 
of responsibility, then the re'V1Sed project must be submIt­
ted to the community development department to be re­
VIewed m accordance Wlth the master plan procedures All 
determmatlons of major or minor modrlicatlon shall be 
reported to the board of county commissioners at Its next 
regularly scheduled meetmg. whlch. board shall have power 
to reverse the determInatlon of the DRC 

(5) All apphcabons contam.Ing maJor modJiicabons must be 
submitted to the community development department for 
reVlsed master plan approval In accordance Wlth the pro­
cedures set forth In thlS article Minor moddicatlons may 
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proceed forward In the final approval process for approprl 
ate recommendations by the ORC 

(e) Ma;or or mmor change cruerw.. In deternumng whether a 
modrlicatlOn constItutes a major or mmor change, the followmg 
cntena shall be used 

(1) The extent to which the mochficatlOn would affect the height 
of any buIldmg, the number of structures the number of 
dwellmg umts, or square footage of any buddIng 

(2) The extent to which the proposed moc:hficatton would affect 
the location of any lot, block, bUIldmg, structure, setback 
or common open area 

(3) The extent to which the proposed mocitficatlOn would affect 
the locatIOn or amounts of land devoted to specUied land 
uses 

(4) The extent to which the proposed. modlficatlon would affect 
the mtent of the master development plan or final devel 
opment plan and the extent to which It Impacts the sur 
roundmg land uses and communIty fSClhbes 

(5) The extent to which the proposed modIficatIOn affects the 
total land area, the penmeter boundanes or the covenant 
of umfied control In the case of PUD s only, any change 
affectmg the penmeter boundary of the PUD zonmg dis 
tnct or the covenant of umfied control must be considered 
a major change (Ord No 297, Part lillD), 6 24-86) 
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1024 RESOLUTION NUMBER 86-834 OF THE BOARD OF COUNTY 

COMMISSIONERS, MARTIN COUNTY, FLORIDA, REGARDING THE 

ESTABLISHMENT OF THE FORM AND CONTENT OF SUBMITTAL 

MATERIALS FOR REQUESTS FOR MASTER PLAN APPROVAL AND 

FINAL PLAN APPROVAL 
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B£FORE THE BOAR!) !IF COUIfT'I' CCIIOIlSSllIIIERS 

MARTIN COUNTY, F1.0RIOA 

RESOLUTION NlJIoIItR 86-8.30 

(REGAROING TliE ESTABLISHMENT OF TliE FORM ANa CONTENT 
OF SUBMITTAl.. Io".ATERIALS FOR RfQUESTS FOR MASTER PLAN 

APPROVAL AHD FINAL PL.AM APPROVAL] 

WHEREAS. Chapter 23. Articl. VII. of tM Mlrtin County Code of Laws 

and OrdinanctS provides for .. dt.llopaent approval proctdure. 

WHEREAS. Slid Sect10n provideS tNt petitions for such approvals 

shall be .c:c~anfed by 1ft appHcation in .. for-. .nd content to be set frGII 

tilDl to t1 .. b, resolution at the Klrtin Count)' BoII"d of County Coaa1ssioners. 

WHEREAS. SIICI'I I consoHdatid Hst at sut.tttal .. tenah does not 

WHEREAS. the 80." of County Ca.1ssfoners his reYiewed the fa", ud 

content. of subllfttal MUrials for suc" plt1t1ons AS propoHCl by tts stlf' u 

sho"," 11'1 uhibits 'A- and -8- of tilts resolution. 1M 

WHEREAS. the BMrd of Coun~ ~ssfo"rs has d.U .... 1nect tNt tn • 

proposK fOnl and content of subIIIIftul _unaTs is "'own in E.xhfb{ts - .. - IIMS 

-8- is ,.aJQnabl. and is MCISUI'Y to doe ... "t the c..,lf&na: of such 

petitions cOIIplling: vitti requi,...nU of the Code of LIWS &nd Ordinanc:es 

NOlI, TlI£IlEFORE, BE IT RESOLYEl! BT TliE BOARD OF COUNTT CIMIISSIONERS 

OF MARTIN COUNTT, F1.01lIDA, THAT' 

A Exhibft -A- (Master Plan Sublli«.Al Miter-ills), IS nuehed to 

this resolution_ is hereby .pprove4 pursy,ant to 1M Martin Count)' Code of UIIIS 

.nd Ordtftlnc:es, .nd 

8 Exhibit -8- (FtNl Plan Approv.T s.tt.ittaT Materi.h'. IS 

UUehed to this resolution. is hereb, 'pproved pu"unt to the ""rtfn County 

Code of L"",s 1M Ordiftlnc:es 

ATTEST 

OULT PASSEl! All) ADOI'TEO THIS lZTli OAT !IF AUGUST, 1986 

BOARD !IF COUNTT COItllSSIONEPS 
MARTIN COUNTY, F1.0RlOA 



( 
EXHIBIT "A" 

MAST .. PLAN APPROVAl. SUBMITTAl. IIATtRIAl.S 

(For Developments of SO 01'" 110,.. Residential Units 
QI'" Mort Th,n 50,000 Squire Feet of Hon-Resfdential Use) 

t Development Site Information Shall Include 

A Tl"'lct/Oevelop.1'" InfOl"'lnu1on 

1. HilDe anel. locnion of proposed d.velopllltnL 

2 NUll, ad,ares! and telepnoM rtumbtr of developer InQ pr-;Ject 
representative Itl1son. 

3. JUme. address .nd telephOM n&IIIbtr Qf attorney, eng'neel"', 
11.1"'101"', .nd 'Ind planner. 

4. Pres.nt zoning &nd 'Ind USI designation of subject Plre.' Ind 
abunt"g propel"'tf.s. 

5 A full leg.' description of the property w1U AtUched copies 
of Iny instruments .... ,.rt"td to. such IS dnds, phU t covenAnts 
or restrictions, .tc. 

6. A vicinity III&p At I sc". of not ,.SS tnan one inch equ.1s two 
tbous.and (2.000) t .. t. 

7 Ttl, DOst recent Y.~c .. l I.Ma' photograph IVln1b1, t~ tile 
County Property AC!pra1u,. or, .'Urftlth.,y, • ,.SS tJ\I.n 12 
DOn", old v.rtiCI' Mri" pnotogl"'lptt It a seale of not less 
th.n one fnett equals bfO ta.&ndred fnt (ZOO') .nd p1"O¥id1ng 
coYef'.gt at least ZOO' outside the PMlject bound.nes of the 
pruject sita with tht project bound.arilS cle-ar1), m&ri.ed. 

a Sfte Info~tiOft 

1 A boundary sun", rtlated to true .. ,,1d1&n Of' U.S. Cout and 
Geoc1etic Sune), sUta gnd nol"'tft. 

Z "topographic ap with contou.r fnu,...a1s of one-foot (minflDUlll) 
to bIG feet (lIUi_l at a .1n1_ scate of not less th&n one 
inctt equals 0.0 hundncl (ZOO} 'nt.. Spot elenttons shall be 
ustd 1n flat a"lS. 

3. -A graphic or aerial t11ustrat10n of tnt location of ttIt 
fonowing 1tat existing on and wtUltn ZOO Int adjacent to tIM 
propert)' • 

• bu11d1ngs, structurel or other fmpMlvcment •• 
- ut11ft1es drltnageways, ditches, s-alls, a~ applicable 

coastal construc'tfon control 11MI 0" lasements of an)' kind. 
• abutting Itreets and ruds fncluding wid"". route nualbers and 

rlf14,.s. 
- fill disposal grounds, docks. jetties. boat ramps. bulkhelds 

01'" other w&tlr-,..t.ted structurts, 
- property liMS and recorded plau. 
• Wetled Irea. It)' type. soils anll),sis. "ntClue vegetatfon 

cOlllLlnftflS. and tile ntlonal high -ate" tID"S .. IM1Yled 
b,. the Ha.rt.in son and WaUr Conservltion Chtriet on the 
basis of tht llast ac,,,rIU envfroN:ltntil dOCwoenUtfon 
lvanlble. 

• 

• 

• 



• II 

• 

• 

App l1r:nf on ~te1·'h.1s 

A Eyidence of Unifie4 Control 

The A~pliclnt shall provide evidence of unified Control of the 
en~,re .~a sUbJect to the application This evidence snall 1Relude 
a title insurance policy or ntorney's certificate of title or otner 
ev,denee .. cceptable to the Count)' At~rney for the SUbJect pnlperty 

S ::eveloprnent Information, Muter Plan Site DIU 

, A statetJent indiclting probable residenthl unit types or 
non·~s1oent1~1 uses as appliclbl. 

Z I..lnd use plan or plans .... fen ~UClents compliance with 
Comprehensive Plan Periol"Nncl SUn4&l"'ds 1ctlnt1f1td in Section 
II.C below and whiCh ShoW the locatton, arrangment and 
clt_nstons of all proposed. land uses. 1nclYdfng tM nu=ber of 
noon Ind hetght of III bul1dings ICOve ffnished grlde or 
.Dove the first "oor lhing .levation. building setbacks from 
the de'l"opaeft't boundaries .. nd f~ adJacent st .... ts. ro.4S, 
,"eys ... n4 w .. ys. the proposed tr.fftc cfrcul .. t1on p .. tttrn 
including tne location flId width of .11 streets. 4Mvew.yS. 
~.'kw .. ys. bikewlYS •• nd entrances to plrking sp.ces. all 
proposed off-street p&rir.1ng &net. lGl.41ng &relS. 111 proPOse4 
cOtlDOn elecents including cOClDGn open Sp..clS. 111 wetlAnd .nd 
other ""turill .reas prlse,..,ed tft cQMPlhnce with esUbl1shed 
or<1in.nc:es. and dedic.ted open space .nd developed recreat10n 
.re.s • 

3 A plan shOV1ng the loc:l.t1on .. nd c~l1.nce with tnt: esuDltshed 
Llndsc&pe Code and providing landscaped buffers Ind indtclt1ng 
the ty;Ie of uterhls proposed Ind he1;ht of such sc,""n1ng 

, A IUtsent 1n UDular fOrlll of the Intfcfp.ted r-esfdenthl 
dens tty (" f any 1. the total number of 4we 111 ng un1 ts by t)1Ie. 
size ... lid site 101:at1on •• nd 9J"OSS leas&ble 1100r uta fo .. 
cClllOlllrc:1&t or oUier nonresiUnt1&1 useS. IS .approprl.att 

5 Percentage of the site ~o be covered with bu11d1ngs. sidewalks. 
park1ng .re"" roofed structures, and other fllJM,..,10us 
suriaces. percenuge of the sitt to be covered with .... ter 
bodies, percentage of the s1te to be 1n golf course use Iff 
any). percenuge of the s1ta to:,e hndSCI.PH. and percentage 
of the siU to be left in. na.tur.' undisturted condit10n 

6 An eng1neer's SUtemnt recognizing the Saattl norfdl :.rlter 

7 

e 

r .. na.glQlnt Dfstrict permitting requ1ttMnts. and deUn1ng 
pre1fIliMr')' propouh for prov1d1ng drainage outfI.n .nd~ 
on-site retention confor.rtng with such coun~ "9ul .. t1ons .ad 
ordfn .. nces IS .rt in force .nd effect, including prtl1ttfnl.ry 
c.'cullt10ns. s1z1 of sto,.. watt .. retention I.r.I.s. methods for 
pol'utant recGvll. loc.t10n of be~s, s~ales. culverts. sto~ 
w .. ter HW4r1. finished gr .. des, Iftd proposed slopes ""d grades 
adj.cent to boaies of "iter 

A pl.n or stit~nt deti111ng pre11m1nary propoSlls for 
connection with eX15t1ng '-Iter sliPply .and Hnit.ry sewer 
systems or an altern.tive atans of supplying Wl.ter for drinking 
and i~igat1ng .nd of supplying s.nltary Wiste trea~nt anQ 
disposal 

Location of typical proposed structures including nUnor 
lignt1n; systems. si;ns and '.ndscIP1nt. not to be construeQ to 
require actu.l footprint. 



9 .'hen I d"elopcltnt is to be constn.=:tK 11'1 Phills or units. I 
sequence of de"elopnent scMdule showing the constnlCt1on of 
each principal functional eleaent of such phaSIS or units. the 
approximate completion date for each phase or unit .nd th' 
extent. tiQing •• nd estimated costs of III improvements or 
items to be dediClted. such IS roads. sewerage, dr.inlge. and 
other pUblic or prnlte faci11ties. "QUi re(l to construc't 'tIll 
proposed development 

10 LOCation of tectporary per1Nter stakes Ind I teclporary S1gn 
three (3) by five (5) feet in s1%e located It the front of the 
property iC1entifying the project by lNIIber ilnd name in order 
for the PUblic. county personnel. Itotmbers of ,..view Igenc1ls. 
pllnning ilnd zontng com=1ssioners and county commissioners to 
tacite the project Ind to uke siu inspections. such sign to 
be erected ~th1n ten (lO) dlys of Ippl1clt1on submisston 

11 If the development contains S~dfvfs10n lots. I preliminary 
plat of such lots or plre,'s. 

lZ Identify existing lind as unplltted Or plltted. ff platted, 
statt subdivision n-=-. pllt book and pig. number 

13 Any other reasonable fnformation whiCh Illy ~ reQuired fr"OCl 
tilDe to tillle by the COCII!IUnity Oev.lopment, Publfc Worts or 
Legal Deplrtments ",hfch is CQC:llllnsurlte ",ftll the intlnt Ind 
purpose of tilts Exhibit -",-

C COGIprenenSiYe Phn p,rformanc. Stancilrc1s - Documentation of 
Compliance 

1 Section 4-3(A} _ Tabull" statement and graphic representation 
of tnt density/intensity transition lrell 1M buffer zones 

Z. Section 4-3(B} - Description and representation of wetland 
vegetative CO"e,. identified on the =aStir plan. 

J. Section 4-3(C) - Tltlular ascriPtion anca area C&lcullt1ons 
doc~nti", open SPice by PbaSl. 

, Stc:tion 4.3(0) - Relate the p"lillnnary d.rafna~e plan wttrl trI. 
MSUr plan. 

S Section 4.3(E) .. CoaIpletion of tilt approved Plrt .nd Recrutton 
Lind Dedication WortshHt. -

6. Section 4-3(F') _ I professionally prep.red traffic il1P«t 
analysiS, meeting the specificltions of Section S .. Z. 

7 Stc:t1on 4-3(G} anca (H) .. Basic solution to the WlUr SUpply InQ 
S .... 19. disposal syS't1!lllS prepared by I registlred engineer. 
letter of se,..,i" cap4bfHty f1"Cllll tile IPp11cI&l1, pro"idtr 

8. Section 4-3U} - A Soft Erasion Ind Stdi .. nUtton Contra1 Plan 
wb1Cb pratects de.,eloped and nltural preSt,.." nelS during the 
construction and c~leted development ph.HS of the project. 

9. Section '-3(Jl .. Layout of the roldW'IY sections to i11ustrne 
the internal circulltion and plrking systea coordinated ""t."1 
pedestr1ln lind bicycle systems. 

10. Section '-3(K) .. ", ftre 1M ... rgency ",..,ices proposal to ;JIet 
the stancllrds of the Director of the OeplrtDlnt of Public 
Safety 

11 Other sundarc1s 

- StateMent IS to tI'Ie !:Ifx of housing types. 
Lettlr of servic, CAPlbtl ity troll the Shertff InC £lDergency 
r~d1cal Services. 
Letter of service clplbi1ity frCIQ tI'Ie ::ar"tfn County Senool 
BOi-nl. 

• 

• 

• 
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o A Praposed PU:J ~nt Including the eov.ftlnt of Unified Control 

I ..... Roqozl .... l 

III NUCIOer of Copies. In addttion UI fnformatton generilly required for lny 
required chinge of zoning petitions. the applicant Shill suogit that 
~terl.1 or information IS he~in described in sufficient copies for 
necesu,1")' rtfer .. als lnd recQrds 

A Upon submlssion of I master develo~ent pl.n application, ten (10) 
COpl.S of all pllns, repo~s. m.ps. documents, lnd other related 
info~t1Qn must be supplied to the Comcunlty Development Department. 

B Documents I"'eflecting eh,lngu or amendmenU to previously submitted 
plans Shill be furnfshl:c11n sufficient eopiu to "t15fy tne 
requf .... nts of subp,r"grlphs HAl lnd US} lDove. 

c. If tn. proposed PUC is. development of reg10n&1 flllp&ct (ORI) is 
defined in Section 380 06. Florldl Stltuus. s1:l; (6) copies of .11 
phns. repor"ts •• ps, doC:llllf:nU 1M other' l"'llited fnfof"lllltfon 
I"eqUH"ed by 'the regional re"iewing 1gency (in Iddit,1on to the normal 
I"equfreaenU of this Irt1c:le) shill be suba1tUd to the COIIIIILlnfty 
De"elopment Deplrtment • 

.t. 



\ 
EXHIIIT "I" 

FINAl. PI.NI APPROVAl. SUBMITTAl. IlATtRIAl.S 

(Unless Prevlousl1 Supplied fn i Request for' 1~l.Ster Pli" Approval. 
Application for Ftn&l Plan ApproYal Must Supply the Documentation 

in Exhfbft -A- Plus the Followfng) 

I Ffnal Deuf1ed Information for I Proposed Development 01" I Ph4se Thereof 
Shall Include 

A. Detailed pllnS showing tn. e~lct 14cltion. arrlngea.nt ind 
d1_nsfons of 111 propoSed lind uses, includ1ng tN nUlllOer of noors 
Ind hefght of all buildings &bove finfshed grade IIId the first f10cr 
living .'entian, b&111dfng MtDlcts 'rca the anto_nt boundi.n'$ 
Ind adjacent stretts, ro.ds •• ,1eys Ind "". locltion of the 
traffic c1~ulu1on p.turn including t.he wtdttl of all strHts. 
drivewlYs ..... ,leWI1S, bfklWlYs. find tfltrances to Plrk1ng spices, 
ffnal deSign of off·street p&r'kfng and 101d1ng I.,..IS 1n Keo,","nc. 
"fttl current Hartin County stanards. tfrlll destgn for all COIIDOn 
ar.ls includfng dldicated open Sp.CI Ind dlyeloped recreation lrels. 
,J:&C't location and notation of .11 p"SanH wtlMd Ind other 
natural preHne arus When praJec, is to be pnased. I complete 
pnasing phn trill be providK. 

B. A deta11ed plu Stlowing the location Inc!. desiil' of llndSCIPed 
buffers. It shill fncl1Clte the ateM"S propoSlUnd the hefght 
lnet proposed dlgrH of op.lQueness of such screening. 

C. A detailed plM indiclting the eJ:lct .. nner of fmprowing developed 
recr .. tion IreIS. It will tnclud1 covenanu tncluctng lelSe..tlold 
fnteresU, restrictions Ind conditions pertaining to the USI. 
Ninteftlnce, and Gper&tton of CcalQft IrllS 

D An eXlCt sUteMnt fn tabuhr fol"lll. ~rized l:Iy phlses, of ttle 
Ip"roved resfdent1., densit;y (1f Inyl, Ind tout nUlllber of ctwllfng 
units by ~pe. size .nd sfte location For 111 nonresiden,hl uses 
the toUl gross leAseabll floor lrel stlill be s ..... riZed 

E.. The Inc' perclnuges of the stte to be cowerec1 with =»ul1dfngs or 
structu!""" sfdewalks, PIYed IrelS, and other 1cpt""OUS surilces, 
lreas to be COWlred bJ "-Iter bodies, or b)' golf courus (if My), 
.1"'e&S to be landsCaped, Ind those to be 11ft tn n&Wnl uncUsturbed 
condi t1 Oft. 

F. A detafled engineer's plM &nel ...orting dl"'h1ngs for pl"OYiding 
dr.iMp outfall and on-site retention conforming 1IIIith SUCft county 
and sUte regulations Ind ordin&ftCes u ..... fn fore. and ettee,. 
It shIll include cllcul.tions of the size ot stor. 1III&tlr retan,fon 
lrell, f1nal 41&91"'_s of polluUnt reeoval structures and the 
configur.tions of outfll' control s~w"'s, pollution contral Ind 
f11trlt1on facftfties Ind on-s1t1 ,..tlntion systen suen IS bems. 
s""ales. cuherts, stonl sewers Ind 111 ffnished slopes and gndes 

G Final worktng drl1llltngs .nd det.fls for construct10n of gr.ding, 
plwing. dl"'lin'ge .nd .11 Ippurtlnc_s required to dewelop • c~lete 
ProJect. 

H. F1nll "-Ork1ng dravin9s lftCl,deUf1s for providing .... tar supplies for 
drinking Ind irrigating .nd for prowiding santtar"7 sewr s),stees, 
with .11 .ppl1cabll peraits and executed Slrwice .greeaents. 
including, IS .ppltclble, Igreement with ttle COun't;)' for tntaria 
'),Ites. 

• 

• 

• 
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t. Archttectural drPllings of the proposed. structures including frant. 
sid.t Ind ,....r .1Iv.t1ons. precat building llyout (exterNl ind 
1nt,eT'Tlll). exact stu deslgn, includ1ng exterior lighting systel'ls. 
Signs. Ind llndsclping 

J A f1nl.l phn or report indtClting exunt. timing Ind estiNted cost 
of .11 1~rov~n~ SUCh IS rolds, sewerage. drafnage, Ind other 
pUblic: IncS I)rivUe fac:ilities required to c:onstn.lc't the Development 
or IPplic:acl. phl$l 'thereof. including proposed Contracts for 
c:onstn,II:t1on of required improvement.s &"4/01" 1I.nc1sc:&p1"9, .10ng W1th 
appropriate security for same Ind other instnillenu u neede4, which 
pl." or report will rellte to the sequence of d.tv.'opment schedule 
if the Development is to be constructed in phlses or units 

~ A f1n.l plAn showing tenUthe streIt MRS Ind house nUllblr"$ Ina 
~s 1n the Development or phase thereof. 

1.. If the Dlvelopment or ph"se thereof c:an'tlins subdivision lou. I 
final plAt for rKorGing with the offtce of the c:oun~ cl,rt. whic:h 
;l1&t aNts ,,11 applicabl. provisions of the Flona Stlte Ch"pter 
177, p"rt I (see It~hed Pllt li. Checklist), along with a 
cogpl.ted Subdivision Pllt Ffling FarD. 

H.. All necesur')' region.l. sUta and federll perllits or appronls in 
writing pnor to final ICtion. 

N Any other r"e&Sonable fnfol"'llllt1an which .. y be required f". tflllt to 
tflllt by the ~nfty Develo"",nt, PIlb1fc 'liarts or Legll Dtplr~nts 
whicn is CCllll'llensurata Vltft the tnunt Ina PurpGH of thts btItbtt 
"I " 

P.lfere",u (J.,.,. be revised 'roa t1Q1 to t1Dt) 

1 Hartin County reviewr's Hst, (Plrt I not attached) 
: Guidelines to ftells ant1cipated on WOrk1ng ctrawtngs. 
l SUnCSl.rct ctetlil1 U .. y be tSSUK, 
4 Inspection requfr"lClnts to be attac:ntd to final won:tng plins. 

In. 
5. Pf"'Clject ctrtification requirements 

11 Other Gentra' Provf S1 ons 

A. Upon lUtIC1ssfan ot "n "ppHCAt10n tor f1nal plan r"evtew. ten (10) 
copfes at ,,11 final plans, reports, "ps, doc.-nts And other 
ntlated fntOl'll&t1on IllUst be submittld to the ~nity OtvelopcDltnt 
Oeplr"tlDlnt 

8. The sur.fssion at bufldfng construction pll11l M4 APplications tor 
bul1ct1ng perwits And certificates at OCcvpu1C7 .... otMr sueh 
icilfnistrlth, ,..quf,..nts sM.ll be Kca-pHsMcI tn ICconSInC:' with 
tlUblishK county regulations and poltCY •• xcept u heretn provided 

C. No bufldfng perwtt or certificlte ot OCCUPAncy Shill be issued tn or 
for deyelopment IXCtpt tn confonafty with ill pro.tstons of the 
o1pp1t~lble zoning 41stnct • 
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102 5 EXCERPTS FROM THE OKEECHOBEE COUNTY ZONING ORDINANCE 

PERTAINING TO 

• SECTION 7 9 - ESSENTIAL SERVICES 

20524016\lndl&r1tn SCA 
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COllntv Com 1'11,"10 Cl~ 

Mlh'- -,OOK 12 

fa .. ...lIk. 
1 de~"Tled to be met w1lere the owner of such land can demonstrate to th~ 

2 Adm.unstrat~ve offl.cl.al that he has legal access or establ ... shad 

3 access to such lands. 

4 No bUl.ldlng permll: sh~ll be l.ssued 1n vl.o!atl.on of these 

5 rcqulrcments 

6 7 Parklnq and Storage of Certal.n Vehlcles Automotl.ve 

7 vehlcles. moblle homes or trallers of any type wlthout current 

8 llcense plates shall not b~parked or stored on any resldentlally 

9 zoned property other than 1n completely enclosed bUlldlngs pro-

10 vlded, thlS regulatlon shall not prohlblt the par~l.ng of a moblle 

11 home 1n current use for dweillng purposes 1n an RMn dlstrlct 

12 8 Movlnq of BUlldlngs or Structures No bUlldlng or struc-

13 ture shall be moved fron one lot to another lot or n~ved to another 

14 1ocat~on on the same lot unless such bu_Id~ng or structure shall 

15 thercartcr confo~ to all of the appl~cable prov~s~ons of these 

16 70n~ng rC9ulat~ons anc all other appl~cable regulat~ons of the 

17 Count~ of O~eechobee 

18 Q Es~cnt~al Serv~ces EssQnt~al serv~ces shall be Der-

19 m1Ltc~ 10 any zon~ng d1str~ct Essent~al serv~ces are hereby 

20 def1nco to ~nclude and be l~rlted to water sewer gas teleDhone 

21 a,d clectr~cal systens ~ncl~o~ng sub-staLlons 11ft stat1o,s a,c 

/2 s~mllar ~nstallatlons necessary ~or the perform~rce of these ser-

lJ v~ces prov1ded however that th~s 5ubsectlon shall not be oee~~o 

" 

30 

Jl 

32 

33 

34 

35 

-18(a)-
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10 2 6 EXCERPTS FROM THE OKEECHOBEE COUNTY ZONING ORDINANCE 

PERTAINING TO 

• SCHEDULE OF DISTRICT REGULATIONS 

20524016\1"';,Mln SeA. 
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SCIIEDUJ.E OF DISTRICT aBQUIrA!'X~ONS 

OJ{EECIIOSl:& COUNTY. FLORIDA. 

s •• Also Suppl ... ntary District Rogulations, Section 7 

- - - - - - - - - - - - - - -
pIsraICT & IUTERT 
... e _ ACRICULTURE COIISERVATIOII -- The •• distriotlll are conpoa.d. DC 

lar&e I open land. 81::U8. It 1. intende4 by UIe uas or th ••• dis­

t.rlct.a to retain and preaerve, inso£a.r a. dae1rable and. practicable, 

tho open chanactar ot t.be lan4. To that. end. pena1ttac1 and. per­

Clls:dbla us .. are basiCAlly lim1ted. t.0 coMarwatlan. &&t'lcul.tura, 

reereatloD., and, nt.h certain lJJd.tatlaDS, other usee not. controar,. 

to the cN.ftoter 01' t.he •• 41atrlob. 'Xt Ie !nt.ended. that. thie 

clau11'1catlon badeall,. •• rn thre. purpoBU: (1) ToO pr •• uva £or 

agricultural WI •• tho ••• lttc4a with agricult.ural d ... l.opaaa.t. pot_n_ 

Ual, to the end. ta..t man'. 1'p.t'l" peada ror 1'004 aDd. .tiber v1.l.1 

be met, (2) to F ••• rn aDd. proteot _rab landa, .,.ter obeda and 

water reo_ra. areas, vildemess aroa8, open apac.B. Bcenie area., 

end p.rtc arua(where SlOt. oth.nti ••• omld aUh UJ t.a •• ,...._ •• a 

IIho141na ela •• U1caUon- £01' lands which INt.,. b .... ntllall,. b. re­

quired for .or. 1ntendv. una. Ib tbe ca •• of U) 1~ i8 the in­

tentlon ot thes. zonina re&ulatlona that such land. not be reaoned 

£01' lbOI'. lnt.neb. u.s without a claar ahotd.D& or tb. pubUc need, 

e Y&llAblU,.ty ot .~rvtC.1I conalat.nb tIlth the Ilore iDt.nalv. us.s 

proposed, .nd. insurance that, upon recontna, the developtl.b.t will 

not re."lt in undue added tinancial,burden to the residenta ot the 

COUllty_ 

The regulations £01' the AC district. diecoura •• or prohibit non­

agriculturally ~r1eDted residentlal development, prohibit .11 

eo_orclal or industrial de.elo,..nt e%Ceptl tor certain .srlcu-. . 
tW"illly related cOftlllltlrc1al. or ln4wstrial actlvlt,. pennlea1b1e by r 

special aXClapUon •• .\1 certain rur •• tlonal aotlv1t1e1l noa inappro­

priat.. tor the dlatrlou ...... 'I'Jl. ro~tJ.cnUl are lnt_cd.ed,.o protect. , 
ar •• nd propert.t~~ A"'.*04'8dbject to periodic t'looclinc aad. ,to .. . ~ .. 

--------

• 
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P£ru:UTTED rRIrlCIPAL usa aM STRUCl'UJ\ES. - AU 

1. A&ricultural uses, including accessorr etructure:J and baas 

indd.at to agrIcultural activUy. 

2 Roadside stands or a 'emporary n:t. ture 1'or eale oC .fruit, 

vegeublea. or othel' aSr1cu.ltunl pz-oducu. 

). Railroad right oE way. electric power or natural pe line 

richt of way. 

4 PubUc1y owned and operated pll"iur, QUDperouncts, recreation 

areas, and bae. and .trueturea appropria" to auch aot1.1t1oe. 

S. r.naaqent houa1na: EoI' Dcrlcultun1 labor _plo~d on the pre­

mises located not clo •• r than ~DO Et. to eny other property 

under ..... rate own.ruM9 and. with. ratio not aruter ..,I.h 

one dwelling unit EoI' each 20.cl'ea of land contalned 1n the 

prelll1aee on which tll., labor :la .ployed. I_bU. "'0111811 -V 

be USed lor t.hia purpose Dubject to :Section S.1S(b). 

6. Cemate,.,.. col.mdbariUll!l, 01' aausol.cwm, provided no «raTe, 

aopumeDt. or bu.1ldl"" ehall be oloaer than 25 Et. to eny 

boundar, l1a. or the property. 

7 Public and pdvau .... pre .. n •• eail v.l.ldllt •• u .... nt 

.nes: flab hatcherlea and. refugoD, prhat.e huntbc aDd. 

Elshlng ClUDpe. 

e. Water conaorvatlon .reaa, \o.ter reso"oira end control 

.tl"Ucturea. water ancl .dn.1nase wella. 

9. Board.ina stable, proVided no .tructur. for the houa1fti: of 
• 

• nwls shall bo lOCAted within 200 Et. or an,. propert,. 

11ne ill .e,.rat. ownerahip. 

10. HOuse of tfOrahip Unelud1nc temporary r..v1 .. l and. so.pel 

• eatabUat.enta), provided IIl1nitnuaa parce1 ela •• haU not bo 

1.aa than S acre •• 

11 •• PriYat. cam,. eponsol'O' by r.l.1s10ua or ftOft-opl"Ofit. orpnlU-
• t\nna (1nclud1n& day oamrp' EoI' 70UftK people, .uch a. boy or 

,ir1 .c~ut ca.p or church croup. 

12 Colt cour •• aM countl'}" olub .e.tine require_nts a. for JlSF. 

Spee1al Eaeeptlo~. • 

13. Radio or tel.vialo,. trnasm1ttlns or ne.inns UUt10R. Uqe'''o?f' 
o1,ht r.la, towera or d.~ic ••• 

'" -

• 

• 

• 



It.. Public or printe e1ementnry and high schools w1th conven-

• tlontJ,l academic currIculums. 

• 

• 

15. Honaater1ek, convents, .nd tba 11ke. 

16. Ott-alte alens (Sa. alao this Schedule, \im\iAti&n, po SIUD') 

• 
PEn:gn£p ACCESSORY usa Allp STRUCTURES -- ac 

• 
Uses aNI atructurea Hblab are cuatomar11,. acceasoZOJ' and clearly 

incidental and aubordlnat. to permltkd. or penalaelblo prlnc1,.l 

ueea and atructlar'o.. Roaldont1al atructures ahall be pera1.ttocl 

8S accessory uaea only "ben auch bu1ld.1qa are tor 10'" raaidenco 
• 

ot tbe owner, operator, or elDplo~a. or agrlcultW"al. conaarration. 

or otl~r permitted or permle.lble activitie.. Such dwel11Q&s where 

located 1n llood pI"'OA6 areaa. ahal1 bay. a £loor e1ew.t1on or not 

10.31 than 2 £t. abov. £looct heisht baaed on 8 2S year J'requency 

etom. 

PR9HIBIT!:I) USES 'AltO STBtlCTURP - 6C 
Any use or atructure not apeaifLoall,. or pronaiollally pend.tlOed 

herein Liated penDlttod or pel'llli.aiblo u.e. do noe iftc!uda 83 

• principal or an acc.e.ory use any at the l'ollow1.ng "'hlch aro 

lia~.d only tor purpo.e. ot emphaa1a. 

1 ~~nulacturJn&. or industrial eatabl1ahmenta, c~rcSal e5-

tablUhmenta or activities. except ae apecifically provided. 

2. t/holeeal_ lIarehouae or atoraSe "estab11shmen~.,. 

) a JunkJard or autolilobU. tlrecklnc )'ar4. 

4. Contractor. conatruction, or equipment ,.rd. 
5. R.sUentul and institutional usea. except aa apec1tlcally 

provided. 

6. 411 unll not spac1ricaUy 11ated. aa pandtt4ld till' perm1ae1ble 

• 
SPECIAL EXC!PTIOPS _~ 'e~i.sible by Board or Adjustment Atter 

Public "otic. and Ile.rinc and Subject to Appropriate Condl1.tons 

and Sateguards ISe. D~ction 1).)) 

1. Conn~rc1al C8llP1round.raee Seatlon 11.12) 01' here. Cion .. rea.) 
~ 

cOL'Vlllerc1al hunt1na 01- rllh1ng camps. cCIlIIII\erc1al £1eheryz 

411 buildtngs or' parkins rQr lIuch 1'a cll1 tin lIN_t b'- • t\ 

least SO tta 1'1'0lIl. any property 11he 1n aeparate fN"\ftnrhip pr lIilWllinl •• 

'age ) 



2a Airporta and landing .tioldsa 

3. Jlowrlna: lor agrlcu1tural lAbOl" whon INch labor 1a no~ em­

pl070d on the sa. prudlle. upon "bleb tohe boua1ns J.a lo­

cated, .. hen houa1na .... 81 0. arnter ca ... clty Utan one dtteU1ne 

un1~ lor each 20 acrell or land contained. in the preal •• a, or 

when proposed etnactv.rea aMI too be loCllte4 o1Oller t .. n 200 ft • 
• 

to an, ot.her property in .epa.rate ownership_ Ibblle homea 

_, ite usee! tor tbb purpose ttubject to Bctottan .. aDd part1eu.-

18r1y S.ctlon '.15(b). 
4. Oarlra&. dcp w eauta!',. land.tlll. 

S. Race traeR 01" tl'aJ.n1i\c cOunle hI" am.t..\ol' .. ebletee. 

6. An1m&l hOIlp1t&l,{Vatar1nal"J' cUnic, an1lllalltaardlns plac.,) 
or l'ur-Ana FOvlcled no bulldins lor t.he houa~ or an1raa1e 

shall b. loCated within 75 It. DI: any propert.,. llDe in 
• • 

a.pante ownership. • 

7. OutaoOI' or lnd.o .. or rUle. ehotgan. or platal ran!Se. ne1d. 

archery nnso, loll drlrinc hnce, "I" t.hroe coU courae. 

a. CoaDerdal pac1d.na boWie ~ 1'ru1te or vesetable., bu.t not 

cit.rue conc.ntrate plant. 

9. ,Ulk proceaains plant or a11k "cobi.ng etation, pou.ltZ"J" 

alaushter1nc all4 Ilreealag, but not Uvenock .lauaht.r1ns; 

aaMd.l1.e. No e(netwoe to be locat.d v1th1a. 200 1'10. of any 

restdo't1ally _oned prope~,.. 

10. Liveatock .uctl0D. 

11. PrUona or prison ranu. 

U. QuarrieB, III1.MB, and borrow plta, aubj.c~ to ... t1as .ll. other 

.ppllce.bl. 10'1'0.,..:.1:&1 "sulatton •• 

13. Drin-1n 'hu.ten. 

• • 

14. Electrical s.neratlns ra!llltlo., weU r1elde. _tor or 

..... ns. trea tIlen' plant. 

IS. C1d1'ft& aoad.,.,., dud. nne". 

16. Rodeo .... na. 
l? nca ...,..te' 
'8. Resllientl.1 Child Care Facility A resident,.l cln1d care facility,s. cln1d care progran 

licensed by the ~ar1lIEnt of 1ea1th & Rehabilitative Services to prWilie 24-hour care and 

5eI'V1ces to minors In either a group hale or outdoor 11Vlng progrN 

'a,o 4 

• 

• 

• 
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r41IUnUN LOT R!XIUrRDwrtS _ AC Ung &. !tldt.b! 

Residential l?uildlru::s 18 accessory to prlnctwl Icrleulturp\ uses 

20 acrea; provUed. a ainch residential structure mar be 

.rec~ ae an acceoeol"J" ... on a ,.reel ot 1 •••• 1" al •• 

where ouch parcel Ie claeaUl,d under Ch. 193.461, Fla. 

Stata., a. in acr1cultural uee. 

For 1\11 other Hau, eXeept fl!! otb.Mla sptdel,' ar as nece:ssuy 

to peet all Rthor requirements berein "t out: ...... 
flAXDIYM LOt COVERAGE 8X ALL BUILDIHQ9 -- AQ 

UDI'ostrict.d 
• 

HINUCur .. TARO nEQIlIRDtEtm! _ ae (Depth or 1'roat It rear yards. 

111dth, Dr dd, JaNo) 

Ail bylletins,. except ~r. a sroe&ar dSeteftcq tOE YArd or p,t­

back h re9uired for tNt part~sulp.!i' MI' t.nruyed. 

Front; JO 1't. ... ,. 
r'AXPfUN tlEIOUT; OF STRUCDmq NO PORtION SHALL IXCEED aC 

U .. -reatr1cttld. 

LnIIIAtIDIIS ON SIC"S -. AC (s •• Also S,ctlon 10) No Signs Intended 

to b, n'ad Fro~ orE the Pre.ta.. £XC,pt 

Ag for "SF tor uae, permitted or permi •• 1b1. io 89F. and to ,ddltlan 

1. Id.nt1ticat1on allna Ear dair1.a. £.rma. &r0YeS. r.aocb •• ~ 

nuraeri •• , or ather pel'lllltt.d 01" ,pemlaalbl. 'Vlcultural 
• to 

ua •• , ."ob ata;aa not/exc.ed 25 rt. 10 heisht abo ... &rOuK 

or, road p-ad. lev,l, which'"1" b hi.beat. 

2.. For pena1tted principal us.a IIOt otberw1a. beretn apec1£1.d, 

on-alt. id.ntification and dir.ctional alIna, providad DO 

.incl. 811n ,hall .xc.ed 16 sq. h. 1n.rea .nd that no 

.cUYlty tor pro£lt shall d1eplaJ' aoro t.han 2 ncb lII1&ns at 

eacb entranc" .nd Z .ddlt10 .. 1 allCh l11&n •• la.wher. em the 

prea1.e, • 

'a,. 5 
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). For us .. penda:rlble by 8pec14l. exception and nD~ o~hentlae 

ap8cified t.o be detendnecl a~ ~i .. ol" grant. ot' lI,.c141 ex .. 

caption, provided that where ....... perllllaalble aa apectal ex" 

ceptiona 1n AC diatrlcta are .. ~tt.cl or per.taalbl. UIIea In 

ot.her districta, tho lJ..ad.talone: on alana £or ouch us.s 1n 

other dbuicta .hall not be exceeded 1n the srant or Ilpecla1 

exception in the AO dla~ct. 

4. R1d1n& acad .... y, dude ranch, or boardlas atable 2 cround 

alsne each not ~ exo .. d '2 aq. h. 1a area. 

S T •• poralT roadald.e standa 2 temporary pooua4 -:tens nch not 

to exceed 10 aq. 1't.. in area. 

6.. Ott-alta tinct10nal ei&na to act1Y1t1ea penaltted or pua.!oal­

bl. 1a tbe diatrict and located in the dbenet, provided no 

auch aip (1) shan altOaed 16 IIq. J't. 1.A area, (2) llhan con.­

tain any _tHI' Wyond the ,.1IJ8 ot' t.he ".cutty and. the cl1rec­

tions to lt, ancl t" PO lIuch aiga. shan be closer than 2000 1't. 

to any other auch alsn, or oloaer thaa one .u.. to an,. other 

alsa .d. .... rtbiq the .... r.c1Utyand. location .. 

7. OU.aiu adnrtblng II1SM, prov1d1nc no .uch 811n aha11 be 

&reater than 500 IIq. rt. 1ft area, or be cloaer t.han 2,500 .et. 
to .ny other ott-alte advertielas .ica. 

MIUUM" OFfSTR!ET 'ARKItfO REQUIR!J'!NtS -- AC (See alao Sectton 1.1) 

For Ot1'-street load.inc requirements ••• Sectton 1.13. ~p) 

OAreatricted, prodd.d (1) no otEstr •• t pLrk1nc or 1oad.ina Ilha11 

at all,. tos.. be on publ1e rtlhu ot va,. and (2) ~or WI •• p6n1!.cud 

or penal.sible in.B!L ottatre.t p:u:k1n& require .. nts .ha11. b. alS 

tor U[,. 
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Technlcal Standards 

1 Screenlng and Mechanlcal Equlpment Mechanlcal equlpment or other ut,l,ty 
hardware other than antennas and stacks on roofs shall be harmonl0Us wlth 
the bUl1dlng or they shall be located and/or screened so as not to be 
vls1ble from any pub',c way wlthln the lmpacted area, except wlth,n 
lndustrlal dlstrlcts Ut,l,tles 1" or adJacent to resldentlal areas shall 
be deslgned 1n a manner WhlCh rnlnlmlzes nUlsance lmpacts, such as nOlse 
and odor, and shall be landscaped and screened 1" order to mlnlmlze 
adverse visual impacts and enhance thelr general appearance and to 
preserve the stabl11ty and lntegrlty of adJacent resldent,al areas 

2 Malntenance of Actlvltles wlthln Enclosed Bu,ldlng All buslnesses, 
serVlces or manufacturlng or processlng shal I be conducted wlth,n 
completely enclosed bUlld,ngs 1n all 20n1ng dlstrlcts except1ng lndustrlal 
d1strlcts If the Plannlng and Zonlng CommlsSlon determlnes that a 
demonstrated necesslty eXlsts for outs1de storage or dlsplay due to the 
lmpractlcal1ty and unreasonableness of enclosure requlrements. 1n WhlCh 
case servlce. storage. dlsplay areas or yard shall be screened to the 
greatest reasonable and practlcal exte~t 

3 Exterl0r Llghtlng Exterlor 11ghtlng shall be so arranged as to shleld or 
deflect the 11ght from adJolnlng propertles and publlC streets 

L F,re Servlce and Helght of Structures 

The helght of structures 1S regulated pursuant to the Martln County Zonlng 
Code In addltlon to the 20n1ng polley. and conSlstent wlth the obJectlves 
and pollcles for flre serVlce contalned In thlS Plan, no appllcatlon for a 
structure wlth habltable floor space over two stor1es or twenty-f1ve feet 
(whlchever 1S lesser) shall be permltted unless the Board of County 
CommlsSloners and the appllcant has provlded assurance of the avallab",ty of 
a flre company equlpped to serV1ce the structure together wlth an ava,lable 
water supply whlCh satlsfles flre flow requirements of the National F,re 
Preventlon Assoclatl0n Code adopted Or as may herelnafter be amended 

SECTION 4-6 I~PLEMENTATION STRATEGIES 

The lmplementatlon of the Hartln County Comprehenslve Growth Management Plan 
(GMP) must be an lntegrated, coordlnated and dynamlc program The need to 
amend such development regulatlons as the Land Development Code (20n1ng 
regulatlons), subdlvlS10n and plattlng regulatl0ns. landscape code and 
envlronmental regulatlons, wh,le provldlng for the creatlon of the concurrency 
management system shall establlsh the prlorlty work program of the Board of 
County Commlssloners, Local Plannlng Agency, County Admlnlstrator and the 
Growth Management Department 

Subsequent to the adopt10n of lmplementlng regulatlons the County shall 
establlsh a formal EValuat10n and Appra1sal Report (EAR) beglnnlng wlth the 
flfth (5) year after adoptlon of the Plan. Less formal but no less systemat1c 
wrltten crlt1ques of the Plan lmplementatlon shall be reported by the Growtn 
Management Department to the Local Plannlng Agency at least every two and one 
half (2 5) year after the 
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Plan Adoptlon In both lnstances, lmplementatl0n of the Comprehenslve Growth 
Management Plan goals shall be evaluated agalnst the establlshed, obJectlves, 
pol1cles, measures and thresholds establ1shed 1n each of the Plan Elements • 
Each operatlng Department responslble for the partlcular Element shall fl1e a 
wrltten report 1" a form establlshed by the Growth Management Department to 
detall the efforts underway to lmplement the Comprehens1Ve Growth Management 
Pl an 

The cont1nu1n9 Evaluatlon, process establlshed 1n Sectlon 1-8 shall be used to 
establlsh the success of the County 10 provldlng for the development standards 
establ1shed for publ,c and prlvate land use actlvltles establ1shed 1n thlS 
sectl0n At a IDlnlmum evaluatlon of the Comprehenslve Growth Management Plan 
shall be based on the fo11owlng lmplementatlon strategles for each land use 
actlvlty 

A Strategles for Resldentlal Development 

1 Plan and Deslgn for Resldentlal Qua11ty Sufflclent space provlded for 
residential development and requlred commun1ty facll1tles to adequately 
meet the houslng needs of the present and expected future populatl0n of 
the County shall be measured '" accordance wlth Sectlon 4-4, I 

(Resldentlal Land Use) and Sectlon 4-4, D (E11mlnate Inconslstent Uses) 
Resldentlal development shall be planned and deslgned to create and 
perpetuate stable l,vlng areas and protect ,"vestments 1n land and land 
1mprovements Part II, Data. Inventory and Analysls, Comprehenslve Growth 
Management Plan presents support1ve statlstlcal analys1s of populatlon. 
land use and houslng Wh1Ch shall be updated annually as part of the • 
Concurrency Management and Capltal Improvement System of CIE Plan Element, 
Chapter 14 

2 Protect Resldentlal Areas from Encroachment by Incompatlble Development 
EXlst1ng and future resldent,al areas shall be protected from encroachment 
by commerClal or lndustrlal development or other non-res1dent1al uses 
WhlCh exh,b,t characterlstlCS WhlCh would be lncompatlble wlth res1dentlal 
development ThlS obJectlve does not preclude necessary communlty 
facl11tles and compatlble uses establlshed 1n planned commun,t,es from 
locatlng wlthln resldentlal areas when such actlvlties satisfy establlshed 
zonlng crlterla Non-resldent1al land uses other than communlty 
facll1tles, houses of worshlp, and certa,n not-for-proflt publlC or quasl 
publ,C 1nstltut10ns or clubs shall be expressly excluded from excluslvely 
res1dent1al areas, except as prov1ded for In the Land Development Code 
No commerclal land uses shall be pennltted 1n resldentlal areas dehneated 
on the Land Use Map unless such uses are approved by the County as a home 
occupat1on or approved as an lnc1dental commerC1al use WhlCh 1S supportlve 
to res1dentlal unlts located wlthln a Resldentlal Planned Unlt Development 
pursuant to the Mart,n County Code of laws and Ordlnances No lndustrlal 
use may be permltted wlthln any excluslvely resldent1al areas as denoted 
on the land Use ~1ap The el1m1natlon of lnconslstent uses shall follow 
the provls10ns establlshed 1n Sectl0n 4-4, D 
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Any non-resldentlal use proposed as part of a ReSldentlal Planned Unlt 
Development 15 to be deslgned prlnclpal1y to support and shall be 
lnCldental to the resldentlal umts contalned wlth,n the subJect 
ReSldentlal Pl anned Um t Development No land area used for commerclal. 
lndustrlal. other non-resldentlal purposes lncludlng parklng. access ways, 
open space, or utl11tles prlnclpal1y supportlng the non-resldentlal 
development shall be used '" calculatlng resldent,al denslty The maXlmUrn 
$lZe of the non-resldent,al use shall be determlned by a formula as 
provlded In the Land Development Code 

Thl s formula may be adJusted by the Board of County Comnn SSloners upon an 
acceptable demonstratlon by the appllcant that a larger non-resldentlal 
allocatlon 15 a necessary convenlence for a larger market area Such 
demonstratlon by the appllcant shall lnclude a market feaslblllty report 
WhlCh shall analyze 1) all eXlstlng competlng commerclal facihtles 
wlthln a SlX (6) ml1e radlUS of the slte, lncludlng del,neatlon of 
estlmated market areas and proJected number of users asslgned to each 
respectlVe prlmary and secondary market area, 2) lmpacts of the proposed 
commerclal facll1ty on land resources deslgnated on the Future Land Use 
map for future non-resldentlal development and 3) 1mpact of the proposed 
non-resldentlal development on the quallty and character of existlng and 
antlclpated future resldentlal development w1thln the nelghborhood, 
lncludlng trafflc lmpacts The Planmng and ZOnlng C0lTlll11SS10n shall 
recommend to the Board of County Commlssloners whether the demonstrated 
need eXlsts for addltl0nal non-resldentlal area beyond the maXlmum 
allowable gross leasable floor area (as determlned In the Land Development 
Code) after reVleWl"g the appllcant's plan and supportlve market 
feaslblllty report The Board of County CommlsS1oners shall make the 
flnal determ1natlon as to whether a net beneflclal publlC use lS served by 
the proposal 

Promote The Board of County C0lTlll1lSS10ners shall 
ona1 Nelghborhood Dlstrlct (TIm) Goal 

mechanlsms for mlxed use development to encourage 
dlverslflcatlon for nelghborhood development~ provlde for natural and 
hlstorlc resource protectlon (Sectlon 4-4, E and Fl, encourage urban mlxed 
use development 1n urban areas (Sectl0n 4-4, G) and energy efflc1ency 
(Sectl0n 4-4, H) The measure of success of the Tradltlonal Nelghborhood 
Dlstrlct wl1l revolve around the lntegratlon of nelghborhood plan to the 
development of the whole communlty The County shall endeavor to asslst 
1" the plannlng for such nelghborhoods wlth both capltal facll1tles and 
physlcal plannlng to support nelghborhood developMent as provided by 
Sectlon 4-4(C) 

4 Promote Orderly Land Use TranSltlons Where lt 1S physlcally not feaslble 
to separate resldentlal from non-res1dentlal land uses. bufferlng shall be 
requlred to promote a smooth land use transltlon Bufferlng may take the 
form of 1) physlcal barrlers, such as berms. hedges or other landscape 
cover. walls or fences aesthetlcally deslgned for screenlng purposes. or, 
lndlgenous densely vegetated open space. or 2) the development of a 
transltl0nal use between the lncompatlble uses (such as low lntenslty 
offlce development between general retall commerclal centers and 
residentlal areas) Development regulatlons are to be establlShed to 
prov1de for transltl0n perfonmance standards as provlded 1n Sectlon 4-5(A) 
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5 Promote Orderly Transltlon 10 ReSldentlal Densltles Hlghest resldentlal 
densities generally continue to be allocated to s1tes hlghly accesslble to 
maJor urban thoroughfares or urban collector streets and adJacent to 
eXlstlng development wlth the same or hlgher denslty Or less restrlctlve • 
zonlng dlstrlcts ReSldentlal densltles are to be allocated 1n manner 
compatlble wlth ava,lable publ1C servlces. natural features of land and 
eXlst,ng and antlclpated future development EXlstlng resldentlal 
development. partlcularly slngle-faml1y resldentlal subdlvlslons shall be 
protected from negatlve lmpacts of new development proposals as speclfled 
In Sectlons 4-3, D (Pol1cles for Al10catlng ReSldentlal Development) and 
Sectlon 4-4, I, 4, POllCY for orderly tranSltlon of land use 1ntenslty In 
the Resldent1al Land Use Goal 

6 Relnforce and Enhance Ap earance of Resldentlal Areas and Prov1de 
mem 1es cemc V1S as, especla ya ong e ocean, e ln racoastal 

waterway, St LUCle R1ver, Loxahatchee R1ver, Ind1an R,ver, Savannas, and 
along maJor transportatlon corndors sha11 be enhanced by preservatlOn of 
open space, by lnstal1atlon and malntenance of landscape and by 
appllcat10n of connumty appearance cnterla Wh1Ch relnforces good 
prlnclples of deslgn as noted 1n Sectlon 4-4(E) 

B Strateg1es for Commerclal Development 

1 General Conslderatlons 1n Locatlng Commerclal Development Commerclal 
development, comprised Of a wlde range of buslness act,vlt1es 1n Sectlon 
4-3(E), 1S to be allocated land resources conslderlng the locatl0nal and 
space requlrements of commerclal actlvlt1es and potentlal flscal and 
envlronmental 1mpacts to Martln County The 10cat10n and d1strlbutlon of 
speclflc types af commerclal actlvltles shall be determlned based on the 
followlng conslderatlans 

a Tnp generat10n characterlstlcs, lmpact on eXlstlng and planned 
transportatl0n facll1t,es and ab,llty to achleve a functlonal 
lnternal clrculatlon and landscaped off-street parklng system, 

b Locatlon and slte requlrements based on spec1flc needs of respect1ve 
commerclal actlvlt1es, thelr market area, antlc1pated employment 
generatlon and floor area requlrements, 

c Compat1bll1ty wlth and lmpact on other surround,ng commerclal 
act1v1tles, 

d Relat10nshlp to surround1ng land uses and natural systems, 

e Impact on eXlstlng and planned communlty serV1ces and ut1l,t1es 

2 General Pattern of Commerc1al Land Use In order to promote efflClent 
flow of traff,c along thoroughfares, achleve orderly development and 
mlnlmlze adverse lmpact on res1dentlal quallty, commerClal development lS 
concentrated ln strategically located areas hav1ng locatl0n 
characterlstlcs Wh'Ch best accommodate spec1flc land area. slte, publ1C 
fac111tles and market locatl0n requlrements of respect1ve commerclal 
uses Sltes that comply wlth these locatlonal crlter1a and strategles may 
be Consldered for commerC1al deslgnatlon 1n addltlon to the eX1stlng s1tes 
lllustrated 1n Sectlon 4-3, E. Future Land Use Map 
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However, prollferatlon of strlp commercla1 development shall not be 
extended The eXlstence of commercla1 areas on one corner of an 
lntersectlon shall not dlctate the development of all corners wlth the 
same or slmllar use, nor does the eXlstence of commerclal development on a 
maJor thoroughfare dlctate that all frontage must be slmllarly used 

Encourage Improved Oes12n of the Commerclal Core Areas whlCh Serve as the 
Focal pOlnt of t1aJor Omncorporated COll1llumties 1n the County COl'llTlercial 
development is to be used as a focal point to promote the improved deslgn 
of the central commerclal core areas wlthln the communltles of Jensen 
Beach, Palm Clty, Port Salerno, Hobe Sound and Indlantown Improvements 
ln the physlcal deslgn of these centers shall relnforce and lmprove thelr 
role as communlty centers of offlce and lnstltutlonal actlvlty, retall 
trade, and ClVle and cultural enrlchment Deslgn strategles shall provlde 
for lnnovatlve themes and approaches to deslgns that are conslstent wlth 
the purpose and unlque character of these areas Development shall 
accommodate and encourage pedestrlan clreulatlon whlle vehlcular trafflC 
flow and parklng shall be deslgned to relnforce and lmprove pedestrlan 
moblll ty 

Provlde for the Varlous Commerclal Uses The lmplementatlon of pollcles 
for the var1ety of commerclai uses speclfled '" SectlOn 4-3(E), shall be 
assured through the development regulatlons that provlde for the unlque 
needs supportlng each of the zon1n9 dlstrlcts, of the Land Development 
Code Mart1n County shall evaluate the success of these pollcles and the 
Goal 1n Sect10n 4-4(J) regularly 

~ C Strategles for Industrlal Development 

~ 

1 General Conslderatl0ns In Locatlng Industrlal Development Sufflclent 
land shall be allocated to accommodate industrial development The 
al'ocatl0n of land resources for lndustrlal development shall reflect the 
locatlon and space requlrements of lndustrlal actlvltles and potentlal 
fl scal and enV1 ronment lmpacts on Hartln County The locatlon and 
d1strlbutlon of speclflc types of lndustrlal actlvltles shall be 
determlned based on the followlng conslderatlon 

a Trlp generatlon charactenstlcs and lmpact on eXlstlng and planned 
transportatl0n systems, lncludlng dependency on rall, alr, or 
trucklng for dlstrlbutlon of materlals and goods, 

b Antlclpated employment generatlon, floor area requlrements, and 
market area, 

c Abl11ty to meet establlshed performance standards for preventlng or 
mlnlmlz1ng nUlsance lmpacts, such as emlSS10n of alr pollutants, 
glare, nOlse or odor, 

d Impact on establlshed or planned development and natural systems, and 

e Impact on eXlstlng and planned publlC servlces, ut111t1es, water 
resources, and energy resources 

f Abll1ty to connect to a reg10nal water and wastewater treatment 
system 
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2 Pollcles for Allocatlng Ind~strlal Development The Land Use map pollcles 
In Section 4-3{F} allocates land resources for eXlstlng and antlclpated 
future lndustrlal development needs The allocatl0n process provldes a 
hlgh prlOrlty to lndustnes frequent need for strateglcal1y located lands • 
accesslble to rall faCl1,tles, maJor arterlals or lnterchanges, labor 
markets, and the requlslte urban serVlces planned for Urban Development 
Areas (F,gure 4-7) 

3 Pursue Selectlve Industrlal Expanslon Pol,ey Martl" County shall pursue 
a strategy of selectlve expanSlon of ltS lndustrlal base and 
d,verSlflcat,on of the employment opportunltles as establ1shed In Chapter 
15, the [canomlC Element Examples of such economlC opportunlt1es lnclude 
but are not llmlted to 

a Generatlng hlgh levels of employment wlth hlgher than average wage 
and salarles, and relatlve lndependence from cycl1ca1 changes ln 
economy. 

b Produclng serV1ces and/or products WhlCh complement the needs and 
resources of eXl St1 n9 1 ndustry Wl th1 n Hartl n County, 

C Provld1ng bas1C lndustry wh1Ch 1S hkely to serve as a deslrable 
pr1mlng actlon for attractlng add1tlonal lndustry compatlble wlth the 
County's economlC goals and obJectlves as well as the County's growth 
management and resource conservatl0n pol1cles, 

d Contrlbutlng a net revenue to the Martln County government and thus 
enhanclng the flscal capaclty of the County, and 

e Conservlng the County's natural resource and publ1C fac,l,t,es by 
generatlng mlnlmal adverse 1mpacts on elther groundwater or potable 
water resources, the transportat10n system. solld waste system or 
other costly lmpacts to elther natural resources or comrnunlty 
facll1tles 

4 Prevent NUlsance Impacts of Industry The County shall prevent nUlsance 
1mpacts frequently assoclated wlth lndustr1al actlvltles by lncorporat1ng 
perfonmance standards for managlng e~lSS1on of nOlse, alr pollutants, 
odor, vlbratl0n. flre or exploslVe hazard, and glare lnto the Land 
Development Code Slmllarly, land shall be allocated to lndustna1 uses 
In a manner WhlCh allows for separatl0n and co-locat10n of lndustrlal 
actlvltles capable of complYlng wlth the most restr1ctlve performance 
standards and exhlbltlng mlnlmal adverse 1mpacts on surroundlng 
development 

5 Eva1uatlon of Industrlal Lands Lands allocated for Industrlal Use by the 
Future Land Use Maps (Sectlon 4-3) shall be evaluated per10dlcally to 
assure thelr utll1ty for sald use and the potentlal for expanSl0n to meet 
the future demands 

D Strategles for Urban and Rural Supportlve Faci1,ties and Servlces and 
F 1 sca I Capacl ty 
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Achleve and Malntaln and EfflClent System of Urban and Rural FaCl11tles 
and Services f1artln county shall assure the equitable provision of 
facilities and serVlces requlred to support urban and rural development 
Deflclencles 1n necessary supportlve faCl1,tles and serVlce for urban and 
rural development shall be satlsfled through equltable flscal 
contrlbutlons prl0r to lssu1ng permlts for such development Support 
faCl11tles for urban serVlces shall be assured by the lmplementatlon of 
Sectlon 4-4(Gl, Encourage Urban Development 1n Urban Servlce Areas 
Slml1arly. areas of rural development as deflned by the Urban Servlces 
Olstrlct Boundary Map. Flgure 4-7, shall be encouraged for rural serV1ces 
prov1ded Allowances for Houslng Serv1ce Zones 1n the Hous1ng Element, 
Sectlon 6-4, A, 4, c, shall assure that the full complement of urban 
facllltles and serVlces 1S assured prlor to any change to the Urban 
Servlce Dlstr1ct Map 

Mana¥e the Locatlon, Tlmlng, Intenslty and Deslgn of Future Urban and 
RUra Oevelopment Mart1n County snail closely coordlnate tne locatl0n, 
timing, intensity and deslgn of future development Development permlts 
shall be only after the owner/appllcant has provlded plans and requ1slte 
assurances that all requ1rements for road lmprovements, potable water 
servlce, wastewater dlsposal, dra1nage, recreatlon areas, schools and 
protectlve serVlces shall be sat1sf1ed pr,or to the 1ssuance of a 
development order as provlded 1n the Cap'tal Improvement Element, Chapter 
14 

The Mart,n County Board of County Commlssloners shall, ln accordance wlth 
Sectlon 1-9 of the ComprehenSlve Growth r~anagement Plan, reVlew each 
element every f,ve (5) years The eValuatlon shall ,nclude analysls of 
evolvlng trends 1n land developrne,t on the outer frlnge of urban areas, 
deplcted on the Urban Serv1ces Boundary Map, Figure 4-7 

3 Concentrate Urban Development w1thln Strateglcally Located Urban Centers 
Urban development shall be restricted to the primary and secondary urban 
serVlce d1str1cts del1neated 1n F,gUre 4-7 The Prlmary Urban Servlce 
D1str1ct lncludes areas located w1th,n the planned expanSlon area of 
PUb',C and prlvate utl1ltles certlfled and regulated by the Publ,c Servlce 
Commlss1on or by Martln County Urban Development shall be deflned as 
commerClal, off,ce or 1ndustrlal as well as resldentlal development 
exceed,ng a denslty of one-half unlt per gross acre The Local Plannlng 
Agency and the Board of County CommlsSloners may conslder a walver of th,S 
requ1rement If the locatl0n and use proposed lS demonstrated by the 
appllcant to 1) generate a net beneflclal publlC purpose, 2} be 
necessary due to the unlque locatlon and supportlve serVlce requlrements 
of the use, 3} meet all Plan pollcles wlth regard to cost-efflclent 
provlslon of necessary urban servlces, LOS standards, and fundlng of 
needed capltal lmprovements, 4) provlde a net benef1C1al f1scal 
contrlbutlon to the short and long term flscal capaclty of the County, and 
5) generate no slgnlf1cant negatlve lmpacts to the growth management and 
resource conservatlon pollcles of Martl" County Housing Servlce Zones 
per Sectlon 6-4, A, 4, c, of the Houslng Element could be an lmportant 
component of crlterla number 1 and would have to meet criterla number 4 
above only to the maXlmum extent feaslble large lndustrlal areas removed 
from central urban serVlce dlstrlcts shall be contalned wlth,n lndlvldual 
urban serVlce d,strlcts WhlCh supply all appllcable urban serVlces such as 
flre, water, sewer, and emergency serVlceS 
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4 Development Outslde the Urban Servlces Dlstnct Shall be Restncted to La .... 1 

Intensive Development in order to Promote Cost-Effective Practices in the 
Delivery of Publ1c Services Outside Urban Service Districts development • 
options shall be restricted to low lntenslty uses lncludlng agnculture 
and agrlcultural ranchettes, not exceedlng one unlt per flve (5) gross 
acres, and small scale serVlce establlshments necessary to support rural 
and agrlcultural uses as provlded by Sectlon 6-4, A. 5. c, Houslng Servlce 
Zones 1n the Houslng Element 

5 Congregate Houslng for Agrlcultural Farm Workers as a Cond,t,onal Use 
Outslde the Urban 5ervlces D,strlct Speclai condltlonal use perm,ts 
granted for development of congregate hous1ng for fam1l1es employed on 
productlve farms, havlng a mlnlmum of Slxty (60) aCres shall be deemed 
cons1stent wlth the above stated paragraph However, the grant1ng of such 
permlt must be approved by the Board of County Commlssloners after reVlew 
by the Plannlng and Zon1ng Comm1SS10n Prlor to the grantlng of such 
permlt the Board of County Commlssloners shall f1nd that appllcant 
provldes legal assurances that 

a The congregate houslng and the land on WhlCh the houslng 1S located 
shall be under common owners hlP wlth a contlguous produclng farm, 

b The houslng shall be lnhablted solely by famllles who work on the 
farm, and the facll1tles shall satlsfy the Southern BUlldlng Code and 
the County's Houslng Code 

c The County COlTlJllSS10n may requlre removal of such facll1tles lf after 
due process such facll1tles are found to be unsafe, unsanltary, or 
lnconSlstent wlth the adopted code, standards and/or regulatlons of 
14artl n County 

d The development plan shall satlsfy all requlrements of the Martln 
County Code of Laws and Ordlnances 

6 PrOV1Slons of Adequate Capltal Facllltles Land development shall not be 
perm1tted unless adequate capltal facil,tles eXlst or are ensured at the 
Level of Servlce adopted by the Board of County Commlssloners Prl0r to 
grantlng a development approval, 11artln County shall assure that adequate 
caplta1 facllltles and pub11c serV1ces are avallable to support the new 
development as speclfled 1n the Concurrency Management System provlded 1n 
Chapter 14, the Caplta1 Improvement Element Land development shall bear 
a full share of the cost of the provlslon of the new or expanded capltal 
facll1tles requlred by such development The lmposltl0n of lmpact fees 
and dedlcatlon requlrements 1S a preferred method of regulatlng land 
development 1n order to ensure that lt bears a proportlonate share of the 
cost of capltal facll1tles necessary to accommodate that development and 
to promote and protect the publ1C health, safety, and general welfare 
Development approvals requlrlng ded1catlons of land, capltal lmprovements 
or equltable contrlbutlons of fees, or any comb1natlon of the forego1ng, 
shall be granted approprlate cred1t for sald dedlcatlons, capltal 
lmprovements or equltable contrlbut10ns at the tlme of the collectlon of 
an lmpact fee 
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E Strategles for Agrlcultural Land Resources Preservatlon 

1 Provlde Land and Water Management Pollcles that Encourage Agrlcultural 
Productivlty on the County's Most Productive Farmlands Martin County 
strongly urges the preservation Of agricultural lands wlthln the County. 
reallz1ng that these resources are valuable due to 5011 attrlbutes and 
local cl1matlc condltlons WhlCh render the land especlally productlve for 
agrlculture and sllvlculture The Future Land Use Map denotes 
agrlcultural farmlands wlthln Mart,n County The agrlcultural lands shall 
be encouraged to remaln In productlve use through lmplementatlon of 
lncentlves addressed In Sectlon 4-4, C In addltlon, land and water 
management pollcles, lncludlng the Land Use Map, strateg1es for locat1ng 
and tlmlng publlC and prlvate lmprovements, subdlvlsl0n controls and other 
relevant land use controls shall be dlrected to preservlng the agrarlan 
character of the agrlcultural lands, especlal1y those outslde the Urban 
Servlce nlstrlct Boundar1es, Flgure 4-5 

2 MOnltor and Evaluate Best Hanagement Practlces and New Innovatl0ns 
~reserving Agrlculturai Farm!ands whlle Protectlng Prlvate Property Rlghts 
of the Farmer ~'artln county shall continue to preserve agricultural 
lands by restrlctlng urban serVlce expansl0n to areas centrally located to 
urban cores Whlle attalmng economy and flscal conservancy 1n the 
dellVery of publlC servlces , thlS POllCY wlll prov1de maXlffium protect1on 
to the fanner from encroachment by urban uses In add,tion, the spec1al 
hous1ng POllCY stated 1n Sectlon 4-6 (0)(5) shall permlt necessary 
flexlbl11ty 1n land management pollcles to assure adequate on-s1te houslng 
for large farm owners requlrlng such facl11t1es As addlt10nal lssues 
unfold. the County shall contlnue to apply lnnovatlve concepts to 
reconClle the need for agrlcultural land preservatlon and the need to 
protect and preserve the farmers' property rlghts 
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Woodlands and Vacant Land 

Th1S category accounts for 8 03% of the land area of the county Nearly 1,000 

acres of the vacant land 1S cans1dered to be barren 1and That 1S land that 

1S unusable for any purpose ThlS land lS best left 1n lts present state 

There are no rare spec1es of woodland or much tlmber that lS marketable To 

the extent poss1ble the woodlands \-Ilth1n the county should be left untouched 

for aesthetlc reasons Tney plovlde hab1tat for wlldhfe as It/ell as dL.:ht: 

and passlve recreat10n areas 

LAND USE OBJECTIVES AND POLICIES 

The purpose of a Future Land Use Plan 1S to gu,de the county's future develop-

ment To gIve d1rectlon to th,s plan baSIc obJect1ves need be establ,shed 

PollCles glvlng dlrect,on to the atta,nment of the ODJ€ct,ves als(1 need to 

be establ1shed The 1974 plan contaIns such obJectlVc~ anu ,.10 lC'eS 

most part these are st,ll val,d Those WhlCh are st,ll Vel ,d crt.: hs:ec belCn' 

and objectIves and Dol,c,es necessary to alter undeSIrable :J10\l:tl;)' ·0 

encourage desIrable developlLlent have been added 

OBJECT! VE 1 

Increase emoloyment opportunItIes wlth,O the Count} bJ (JlLOl..t,jg 110 nUl II.U,,~­
tnal ard comlolerclal development 

POll CY 

lrcuu1age cOm'nerclal, resldentlGl, lndustnal and rE'cr~a~ I { -2r" ,,,, 
develcpment wlthln Okeechobee County 

EFFECT 

Industrlal and commerclal locat,on wlthln the County can ~Io\'de Jobs for Co~nty 
reSIdents. add to the tax oa::.e. encourage tlOuslng renabl1,tatlo' anu constrUCtlO'l 
and add to general eCOnOJIllC well belllg Industry cc. n elise pollute the el1\lronmC, , 
Ollel tax eXlstlng clrculatlGr and refl.s(? dlsposal systems Clod deplete natural re<:ources 



OBJECTIVE 2 

Restrlct development to those areas that are ecologlcally. physlcally, and 
economlcally best sltuated to provlde for a vlsual1y pleaslng as well as a 
safe and healthy envlronment 

POLlCY 

Update subdlvlslon, looln9 and bUlldlng codes and ordlnances as Vlell as other 
legls1atlon to properly gUlde the type and placement of development 

EFFECT 

Damage to the enYlronment Cdn be avolded, opt,mum use of clrculatlon faCl11tles, 
natLlral resources and sUltable land can be achleved Developments Must be re-
qUlred to be made safe and hazard-free as wel1 as attractlve and substantlal 

OBJECTIVE 3 

Increase the amount of commerclal serVlces and faCll,tl€S w,th,n the Cou~ty 

POLlCY 

Encourage local reta,1ers and b.Jslnesses to remaln wlthln the County Jf'd to ex-,3nd 
thelr faClhtles Encourage new comrnerela1 entcrpnse to estab'lsh ther;selves 
wlthln the County ln general 

EFFECT 

Expandlng eXlstlng co~erclal facllltles and estab11shl~g new OUSlness 1n toe 
eOfTUllunlty wlll provlde addltlonal Jobs thus addnl0nal 1nrome for the County arid 
H:, resldents ThlS obJeetlVe Will also pern;,t a greatEr per':c ... tage of the Count;' 
resldents' lncome to be spent and kept ln the County ae- \'e11 JS pl~OVld nq the 
opportuOlty for tounsts. travelers and non-resldents to ada to th2 CO..,'lty':; 
economy through thel r expend, tures Wl thl n the County Increased conmer Cld 1 
facllltles and serVlces should also help attract addltlonal res,denual, reCH~a­
tlona1 and 1ndustrlal development whlle provldlng more convenlent and eytenS1Vt 
serVlces for eXlstlng resldents 

OBJECTIVE 4 

Encourage lntenslve developMent n areas ~lhlCn 3re PIO!OS(j for sarltar. S(II,:o, 

and ... atel serVl ces 

POLlCY 

Fcccpt the recentl) adoptect 20 ' f3Cll,tles Plan cs a 9 ... ,8:: 1 - f"::;r I d.:.' C:': 
denslty resldentlal and lntenslve (onvnerclal and lndusLrlal de\elop,dcnL 

EFFECT 

By concentratlng development 1n areas where vltal utlllty se"'Vlces are proposeo, 

• 

• 

the cost of these serVlces W111 be consld£.!raLly lO~';:1 than ,. scattered develor- • 
ment eontlnues as (t has 1n the past 



• 

• 

• 

- -~ -------
---------------------------OBJECTIVE 5 

DIscourage development In floodplalns and other envlronmentally sensItIve 
areas 

POLICY 

Any new deve 1 oprlent , n f1 oodp 1 a 1 ns and sens 1 tl ve areas mus t adhere to all 
Federal and State regulatlons 

EFFECT 

Flood damage wIll be mlnImIzed and pollutlng effects on both ground anG surface 
water wIll be ellmlnated or greatly reduced 

The aoove general obJectIves and pollcles wIll be glven greater detaIl 1n the 

followIng Future Land Use Plan As development occurs 111 the County, the obJec-

twes and polICIes must he constantly reevaluated to deterrlllne If they are 

glvlng County grm'lth and development proper d,rertlon They sho~ld be reconsIdered 

1n lIght of development patterns takIng place, effects on natural and human resources, 

ecolog1cal factors and the physlcal. soc1a1 and economlC envlronment belng producea 

It lS ~andated by Florlda Statutes that thlS reconslderatlon snould take place at 

t~p end of flve year perlod~ ~~odlflcat10rs 2nd adJustments should be Plcde to 

tne OOJ€ct1ves and pol'cles as needed 

FuTUqE LAiW USE PlA1~ 

Tn.s cl:ment presents Count J lana use POllCl€S 1'1 V1SU,,' 2S well as velb<:l _prTrs 

111 orGer 'W plov1de dlrectlon to future publlC and pnvate land development 

u::.e I,cr!. and_bj_sPCClflC tJ011Cle::. Uldt expand upon the general O!:...JLct,Vt::S d"'C 

p:::ollCl:''S prtvlously Qu'::llned--
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Most of the tracts of land 1n the County are undeveloped These tracts should 

be developed 1n a progresslve manner or left 1n a natural state as 1ndlcated 

on Exhlblt 1 Based upon the populatlon forecasts for 2,000 WhlC~ predlct a 

contlnulng 1ncrease 1n populatlon, the emphasls on changes 1n land use must 

be placed on provld1ng land for poss1ble resldentlal. lndustrlal and commerclal 

development and at the same t1ffie preserve agrlculture Land must also be made 

ava1lable for upgradlng communlty faCllltles and serVlces for the present and 

future resldents of the County To lmplement the Future Land Use Plan, the 

fo110\'I1ng speclflc pollc1es are recolTl1lended 

THE DEVELOPMENT OF RESIDENTIAL LAND USE SHOULD BE ENCOURAGED II, C[RTF ,,, 
AREAS OF THE COUNTY 

The use of land for agr1cultural-rural resldentlal purposes constltutes 
the largest area of the County The present trends forecast that ~here 
wlll be a further lncrease 1n the agrlcultural use of land accompanled 
by an lncrease 1n homes located 1n the agrlcultural areas ThlS trend 
needs to be modlfled to concentrate resldentlal development 1n the areas 
lnd1cated on the Future Land Use Plan ""ap "",any ot the needed serVlces 
such as tlle, pollce, samtary sewer, schools and recreatlon can then 
be offered to the resldents at an ecor:omlcally feaslble level Also, the 
best ag""',cultural lands 14,11 be ava1lable fOl contlnued agn::u'tural uses 
On the Land Use Plan rtap, low denslty resldentlal land use (no 'iore thnn 
(4) dwe111ng Unlts per gross acre) lS des1gnated for large areas Imece the 
topography, ecology and eXlstlng and potent1al serVlces may ea':;l'. Jna 
econom1cally be Drovlded for the reS1dents ~"',tfl1n these areas, futurL 
reSldentlal uses s~ould be harmonlously arranged wlthln ne1ghborhvod u .~~, 
and 11,gh standdrds of development should be strongl.! encoJraqed TOI tn~se 
future rC51de~tlal neighborhoods Further develop~ent of tnese atEaS, 
grouped around the County'S presently developed areas would strengther, 
eXl5tlng com'Ttcrclal and other speclal1zed actll.1t1es found HI these calc 
areas and pr0vlde lncentlvE for addltlonal development 

The clusterlng of res1dentlal uses makes the provls1on of commun1ty utllltles 
more economlcal ThlS wlll also allow for better utll1zatlon of ~xlst1ng 
or proposed cOfill'lunlty facllltles, such as schools and pLlj::;IOUI,d~ - 1-, 
proposed future ~ .... ttEtn cf g"'o\\ith 1S a logical contlnuatDI1 ..)f " ores- ,t , 

deslrable development trend 

The Future Land Use Plan r~ap also ShOllS arEas for medIUm dens t) ... ~< dc"­
tlal (no more than e1ght (8) dwe1l1ng urnts per gross acre) it 15 ~IC!J0 P, 

• 

• 

• 
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that these areas shown as medlUffi denslty be developed for resldentlal 
and supportlng serVlce commerclal development Posslble development 
mlght lnclude condomlnlum houses and recreatlonal serVlce development 
Because of the nature of the 5011s and topography, It wll1 be extremely 
lmportant that proper development controls be enforced 

DEVELOPIt,ENT WHICH CAN OCCUR ON THE FLOOD PRONE AREAS IN THE COUNTY flYERE 
UNSUITABLE SOILS EXIST SHOULD BE LIMITED 

The clasSlflcatlon of land as flood prone 15 deslgnated as such because 
of the susceptlbl1,ty to and the danger of floodlng The erect, on of 
permanent dwell1ngs should be prohlblted but temporary recreatlonal 
resldences mlght be perm,tted These restrlctlons are lntended to prevent 
da~age to permanent structures as well as to create open-space co~pat1ble 
w1th natural features A bas1c purpose of the Future Land Use Plan lS 

to use foreslght In the arrangement of land uses The creat10n cf flax: 
pla1ns prov1des the lndlvldual property owners 1n the County protectlon 
agalnst natural phenomenon WhlCh are lncompatlble wlth thelr property 
The Future Land Use Map shows the areas of the County that have SOlIS 

Wlth very severe development constrawts and that are subJect to floodlng 
These areas are proposed on the Exhlblt 8 as "conservatlOn and re,Teat,ona~" 
lands Some areas lndlcated for thlS category are presently developed 

FURTHER DEVELOPMENT OF COMMERCIAL AREAS SHOULD BE ENCOURAGED l,lTYHI Th: 
COUNTY 

The locat1on of eXlstlng commerclal land uses 1n OYeecllObee County 
should remaln essentlally the same as today It 1S proposed that they 
be lntenslfled and regulated to relnforc€ a nore harmoillous dcvelopf1e n : 

pattern The future land use plan 1ndlcates an lncrease 1n thp acreaop 
devoted to commerclal land use ThlS 1S necessary to more adeGuat~l) 
~erV1CE the needs and deslres of the 1nhab,tants of the eXlst "9 a r : 

future res1dent1al areas As these conmerc1al areas dC\tlop t k rC.­
dents can be expected to spend more of thelr dlsposable lncome dt CGI J -

merClal enterpnses wlth1n the County rather than travellng to c~her 
areas 

Corrrnerclal de,l€lOpment should be controlled and gUlded to 1"111 Pl,7_ ?(­

verse lnfluences on adjacent roads or land values hCtlVlt1C_ SJCll as 
gas statlOos, restaurants, motel<>, and other h1ghway and touns~-onentpd 
comrnerclal enterpnses, usually develop along major hlgnway rOlote~ I' _S( 
actlvlt1es should be encouraged to locate 1n appropr1ate areas sucn 2_ 
adjacent to SMail conmunlt1(~S and to recreatlon areas Sloch COn",::,' _ L 1 
development should be concentrated 1n clusters Th1S 110uld avold llaflj 
lngress and egress pOlnts as well as preserve the lntegnty of tne 
County's nlghv'ays 

Expanded commerclal usage 15 essent1al to the County's overc~ll eC(JI UII\, 21 L 
would help strengthen the County's tax base 



ENCOURAGE THE DEVELOPMENT OF INDUSTRY AT SPECIFIC LOCATIONS III THE 
COUNTY 

Industrlal development should be encouraged 10 areas where adequate 
transportatlon 15 aval1able Such development should be dlrected to 
areas already zoned for lndustry 

The development of lndustry '" the County wlll help strengthen the tax 
base as well as lmprove the overall economy 

THE COUNTY SHOULD DESIGNATE THE LOCATION OF FUTURE COMMUNITY FACILITIES 
AND SERVICES SO THE liECESSARY LAND CAN BE OBTAINED 

The land used for communlty fac,l,tles and serVlces wlll necessarllv 
lncrease w,th the populatlon f~uch of th,S land 1S non-revenue produc-
lng, but It 15 needed to ,ncrease serVlces to the resldents of tne Cot.. ,ty 

THE COUNTY SHOULD OFFER SUPPORT FOR THE DEVELOPMENT OF MAJOR RECREATION 
FACILITIES IN THE COUNTY 

Slnce Okeechobee County has very llttle land 1n recreatlOnal usc other 
than that surroundlng as schools, 1t 1S recommended that the COlInt}' 
establ1sh or support the State 1n establ1sh1ng Slzeable areas for reglonal 
recreat10n act1vlt1es It,s suggested that such acreage could be created 
ln a manner as to help control or m1nlm1ze damage from f100Qlng along Lak~ 
Okeechobee 

• 

The prlvate sector of the County's economy should be encouraged to partlcl- • 
pate 1n the development of varlOUS ferms of reCI~eatlOn and open-space 
conSlst1ng of the flood pla1ns wh,ch can be developed for recre~tlon pur-
poses As urban growth contlnues~ there wlll be an 1ncrec.s'nS demdod Tor 
recreatlonal 3rt:as In less developed sect,ons Okeechobee COLllt IS ,r 
a favorable posltlon be,ng located 1n a rapldly growIng reglOlt \,lth toe 
oppartun 1 ty to creatp an expanded recreatlonal lndustry servlPg the neecs 
of the urban populat,on outslde the County The County m..Jst p1 afl f('r such 
eXpans'on and rese)~ve the land which 1S necessary .f"cr new "'"acll, tIes 

[yhlblt 1, FutUre Land Use Plan portr~)s the land use obJectlves and pol Cles 

'1 graphIc ter"ls Thls nlan 15 schematlc In tllat It glVes only geOf't311zec 

locatIons It should be utIlIzed to prOVIde a baSIS for an updated Z00119 map 

I':> nE.eds and rOtll,nun1ty oec,l"'"€$ chang:>, the Future Land Use Plar c;h)u c ,,'0;: eJlt\ 

and If need be revlsed 

In keeplng WIth the 201 FaCllltles Plan, the Future Land U<;~ Plat ,rdlCJ:CS c'e -

for med,um denslty resldentlal, commerclal, and lndustnal uses \'O'1th,n those areas • 
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proposed to be sewered by the year 2000 The one exceptlon to th15 1S the 10cat10n 

of low denslty resldentlal reas north and east of the alrport These areas are to 

be sewered However, because of the close prOXlmlty to the alrport and conSlder­

wg the fllght patterns, these areas should be dev~loped at a lowe'" denslty 'CO 

reduce hazards and nOlse problems 

Low denslty resldentlal development, 1n addltlon to the areas mentloned above, 

are shown adJacent to and near areas WhlCh are scheduled for samtary seWE:rs 

These 10cat10n5 are on lands WhlCh should be capable of accommodatl~g on-lot 

systems Low denslt) development lS also shown 1n outlYlng rUrd! 31€aS These 

are extenslons of eXlstlng developlng patterns 

Wlthln the area lntended for 1ntense development are areas ShO'll' for .:onse'~vG.t on/ 

recreatlon These are areas \lhlCh should be held for development aftel tbe .:ro-

posed sewered areas are fully developed I·llth,n tllese a ..... eas, tile s011s an '1" ... 

capable of accommodatlng on-lot sewerage sjste~s 

aeveloped unt,l publlC sewer can be provlded 

Therefore, they shot..lc 110:' I)f' 

Conservatlon areas are also shown for the most crltlcal floodplalns a'1C sensltlvc 

head Haters areas These are further dlscussed 1 n the COl1sel va t 1 on e 1 em~ H 
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UTIL ITY ELE~E'n 

The followlng 15 suhmltted as the Ut,l,ty Element 

In conformance wlth the reqUlrements of sectlon 163 3177, F 5 , thlS 
ut111ty element shall at all tlmes be canslstent wlth the current lO-year 
s,te plan suhmltted by Florlda Power and llght Company to the Department 
of Communlty Affalrs 

Conslstent wlth the requlrement that the ut,l,ty element conform to 
Florlda POHer & l1gnt Company's lO~year s,te plan, the proJect1ons and 
proposals of that plan as It 15 amended from tlme to t,me by the utl11ty 
and found to be sUltable by the D,vlslon of State PlanOlng are hereby 
adopted by reference and made a part of th,S comprehenslVe plan 

Whatever support faCll,tles are needed to provlde electrlc ut,l,ty 
SerYlce to eXlst1ng land uses, to such future land uses as are authorlzed 
by other elements of th,S plan and to such future land uses as may be 
lawfully authorlzed by the commlSS10n, shall be permltted 1n any use 
category and shall be deemed to be conS1stent wlth th,s comprehenSlye plan 

To assure that Flor,da Power & llght Company 1S able to contlnue to 
meet the requlrements lmposed upon 1t by law, to proYlde a rel1able and 
economlcal supply of electrlcal power to ,ts customers, the maxlmum 
amount of flexlbl1,ty posslble conSlstent wlth sound plannlng shall be 
~clntalned ,n 10cat1ng future generatlng and substatlon sltes and trans­
mlSS10n l1ne corrldors 

DeC1Sl0ns regardlng the need for and proposed 10cat10n of futre electrlcal 
power faCll,tles shall recogn12e Florlda Power & Llght Company's legal 
requlrement to provlde electrlcal power to customers 1n lts serVlce area 
1rrespectlve of geographlcal 10cat10n 

Sectl0n 163 3177 (2), F S , requlres that all elements of the local 
Government Comprehenslve Plan be economlcally feaslble land use and 
other regulat10ns adopted pursuant to the comprehens1ve plan shall welght 
the ecanamlC costs ,nvalved for customers of Florlda Power & Llght Company 
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In order for Florlda Power & Llght to provlde rellable and economlC • 
electrlcal power to lts customers 1n the face of fluctuatlng growth 
trends and patterns of energy use, It 15 necessary to malntaln fleXlb,l,ty 
for as long as posslble It 15 recognlzed that the abl11ty to provlde 
rellable electrlc serVlce to eXlstlng and future customers and develop­
ments at the lowest practleal cost necessltates fleXlbll,ty 1" locatlon. 
conflguratlon and operatlon of all faCl11tles requlred to provlde such 
serVlce as mandated by law Every effort shall be made by the commlSSlon 
and Florlda power & llght Company to work together to lnsure that the 
future energy needs of the county wl11 be met as they arlse 

Nothlng 1n the Comprehenslve Plan 1S ln confllct wlth or wlll lnterfere wlth 

any of the ltems In the foregolng element or the Power Company's ten year plan 

lt lS the County's polley that all utll,tles should ut,llze eXlstlng road 

rlghts of way and eXlstlng dra1nage and utlllty rlghts of way whenever practl-

cal Also, utllltles should follow sectlOn l1nes when placlng power llnes, 

poles, etc, whenever practlcal The Utl11ty Element and the pollcles 

provlded hereln do not exclude Glades Electrlc Coop or other appllcable 

utl1ltl€S • 

• 
.... ~"'-
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Technlcal Standards 

1 Screenlng and Mechanlcal Equlpment Mechanlcal equlpment or other ut111ty 
hardware other than antennas and stacks on roofs shall be harmon,Dus wlth 
the bUlldlng or they shall be located and/or screened so as not to be 
vlslble from any publ1C way wlthln the lmpacted area, except wlth,n 
lndustrlal dlstrlcts Utllltles 10 or adjacent to resldentlal areas shall 
be deslgned '" a manner WhlCh m,",mlZeS nUlsance lmpacts, such as nOlse 
and odor, and shall be landscaped and screened 1n order to mlnlmlze 
adverse vlsual lmpacts and enhance then general appearance and to 
preserve the stabll1ty and lntegnty of adJacent resldentlal areas 

2 Malntenance of Actlvltles wlthl" Enclosed BU11dlng All buslnesses. 
serVlces or manufacturlng or process1ng sfial I be conducted wlth1n 
completely enclosed bUl1d1ngs 1n all zon1ng dlstrlcts exceptlng lndustrlal 
dlstrlcts If the Plannlng and Zonlng Commlsslon determlnes that a 
demonstrated necesslty eXlsts for Qutslde storage or dlsplay due to the 
lmpractlcal,ty and unreasonableness of enclosure requlrements. 10 Whlch 
case serVlce, storage, dlsplay areas or yard shall be screened to the 
greatest reasonable and pract,cal exte~t 

3 Exterlor Llghtlng Exterlor 11ghtlng shall be so arranged as to shleld or 
deflect the ilght from adJoln1ng propertles and pub11c streets 

l Flre Servlce and Helght of Structures 

The helght of structures 1S regulated pursuant to the Martln County Zonlng 
Code In addltl0n to the zon1ng POllCY. and conSlstent w1th the obJectlVes 
and pollcles for flre serVlce contalned In thlS Plan, no appllcatlon for a 
structure wlth hab,table floor space over two storles or twenty-flve feet 
(wh1chever lS lesser) shall be permltted unless the Board of County 
Commlss1oners and the appllcant has provlded assurance of the avallablllty of 
a flre company equlpped to serVlce the structure together wlth an avallable 
water supply WhlCh satlsf1es f1re flow requlrements of the Natlonal Flre 
Preventlon Assoclatlon Code adopted or as may herelnafter be amended 

SECTION 4-6 I~PLEMENTATION STRATEGIES 

The lmplementat10n of the I~artln County Comprehenslve Growth Management Plan 
(GMP) must be an 1ntegrated, coordlnated and dynamlc program The need to 
amend such development regulatlons as the Land Development Code (zon1ng 
regulatlons), subdlvls10n and plattlng regulatlons. landscape code and 
envlronmental regulatlons. whlle provld1ng for the creatlon of the concurrency 
management system shall establlsh the prl0rlty work program of the Board of 
County Commlssloners. local Plannlng Agency, County Admlnlstrator and the 
Growth Management Department 

Subsequent to the adoptlon of lmplementlng regulatlons the County shall 
establ1sh a formal Evaluatlon and Appralsal Report (EAR) beglnnlng wlth the 
flfth (5) year after adoptl0n of the Plan less formal but no less systematlc 
wrltten crltlques of the Plan lmplementatlon shall be reported by the Growt~ 
Management Department to the local Plannlng Agency at least every two and one 
half (2 5) year after the 
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a Constructlon of a s1ngle faml1y dwell1ng In accordance wlth the other 
appllcable provlslons of thlS Plan and the Code of Laws and 
Orctlnances 

b Constructlon of a duplex when the lot of record lncludes at least 
one-half acre and wl11 be servlced by a maJor or lnterlm water supply 
system and 1n accordance wlth the other appl1cable provlsl0ns of th15 
Plan and the Code of Laws and Orctlnances 

c Constructlon of a duplex when the fol1owlng cr,ter,a are met 

(l) The duplex w,11 be servlced by pub',c water 

(2) The duplex 1S located 1n a subdlvlsl0n, or all that portlon of a 
subdlvlsl0n , WhlCh 1S zoned for duplex use and 1S deslgnated for 
medlum density or hlgh denslty use on the future land use map of 
the Comprehenslve Plan, and WhlCh was three-fourth (3/4) 
developed 1n duplex use on the effectlve date of the 
Comprehenslve Growth Management Plan 

(3) PubllC sewage treatment serVlce 1S not avallable wlth1n 1000 
feet of the subject duplex lot 

(4) An agreement 1S executed wlth the County to connect to a publlC 
sewage treatment serVlce wlth,n one year from the date the 
serVlce 1S avallable to the duplex 

(5) The Health Department reV1ews the request and flnds that all 
requ1rements for septlc systems are met wlthout any need for 
State of Florlda varlance 

(6) The duplex 1S located ln an area where the Health Department has 
determlned that groundwater or surface water contamlnatlon or a 
hlgh fallure rate for septlc systems does not eX1st 

The ,ntent of thlS subsectlon 1S to permlt ,nf1l1,n9 of duplex unlts 1n 
eXlstlng duplex subdlvlslons where most of the lots are occup1ed by duplex 
unlts 

3 The above subsectl0n 1 shall not apply to remodellng~ rebu1ldlng or 
reconstructl0n 

4 The above subsectlon 1 shall not apply to replacement or repa1r of septlc 
tanks 

5 ThlS sectlon shall not be lnterpreted to deny the use of lnd,vldual sewage 
dlsposal systems other than septlc tanks when provlded for 1n the Code of 
Laws and Ordlnances 

6 Development shall not be approved pursuant to thlS Sectlon unless the 
Martl" County Health Department has approved the septlc tank or other 
lndlvldual wastewater treatment system based on so11 condltlons and all 
rules of the Florlda Department of Health and Rehabll1tatlve Services 
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7 For purposes of thlS sectlon, the term IIUnlt" shall mean one slngle famlly 
dwelllng. one-half of a duplex, one-thlrd of a trlplex and one-fourth of a 
quadraplex 

8 When a reglonal wastewater system lS not ava,lable, non-resldentlal uses 
generatlng less than 2,000 gpd per establlshment shall be allowed to use 
septlc tanks except when uses are Judged by the Health Department to 
constltute a hlgh expected fallure level 

I 5011 Erosion and Sedlmentatlon Control 

The Land Development Code shall address methods of contr0111ng 5011 erOSlon 
and sedlmentatlOn 

Technlcal Standards In order to prevent both 5011 erOSlon and sedlmentatlon, 
a sOlI erOSlon and sedlmentatlon control plan shall be requlred as a part of 
an appllcatlon for s1te plan reVlew whenever a development shall '"volve any 
clearlng, gradlng. transportlng, or other form of dlsturblng land by the 
movement of earth. lncludlng the ~1nlng of mlnerals, sand and gravel 

All measures necessary to mlnlmlze 5011 erOSlon and to control sedlmentatlon 
In the dlsturbed land area shall be lmplemented The fol10wlng protectlon 
shall be provlded for all dlsturbed areas mlnlmlze velocltles of water 
runoff, and retaln sedlmentatlon wlth,n the development slte as early as 
posslble fo11owlng dlsturbances 

J Parklng. Internal C,rculatlon. and Access to Publ,c or Prlvate Streets 

• 

Dnveways and areas for the parklng and lnternal clrCUlatlon of vehlcles shall • 
be located, deslgned and controlled so as to provlde for safe and convenlent 
clrculatl0n wlth,n the slte and safe and convenlent acceSS from adJolnlng 
streets 

Technlcal Standards Parklng requlrements of the Zonlng Ordlnance shall be 
applled for calculatlng requlred off-street parklng Among factors to be 
consldered sna11 be the number and 1ocatlon of access dr1ves from adJacent 
streets. the 10catl0n and wldth of drlveways and access alsles to parklng 
spaces, the arrangement of parklng areas and means of access to bUl1dlng for 
flre-flghtlng apparatus and other emergency venlcles All non-resldentlal 
development and all resldentlal development, except for s1ngle-famlly homes, 
shall be requ1red to provlde adequate off-slte parklng and faC1l,t,es for 
on-slte back-Up and turn-around movements 

Parklng areas and drlveways shall be clearly ldent1fled and separated fro~ 
prlnclpal pedestrlan routes and recreatlon areas by curbs, pavement marklngs, 
plantlng areas, fences or s1IDllar features deslgned to promote pedestrlan 
safety 

K Appearance and NUlsances 

Subdlvlslon and slte plan reVlews shall assure that nUlsance lmpacts of slght, 
sound. and smell shall be rnlnlmlzed No standards on appearance shall be 
enforced unless adopted as part of the land Development Code 

4-76 

, 

• 



• 

• 

• 

-----'=--=-- - ------- -----

G Aval1able Potable Water 

All future appl1catlons for new development shall be requlred to connect to a 
reg10nal water system as deflned 1n Chapter 11, Potable Water Servlce 
Element The system shall have sufflClent allocatl0n of water supply from the 
South Flor,da Water Management Dlstrlct 

In rural developments outslde the urban serVlce dlstrlct and 1n resldentlal 
subdlvls10ns wlth mlnlmum lot Slzes of 1/2 acre or more, the County Publ1C 
Health Olrector and Dlrector of Pub'lc Works may approve the use of private 
wells In low denslty resldent,al development, when connectl0n to a reglonal 
publ,c utl11ty 1S not presently feaslble, the appllcant shall provlde an 
lntenm water system, approved by the Dlrector of Publ1C Works subJect to the 
fol1owlng condltl0ns 

1 Assurance ln wr1tlng from the utll1ty that extenslon of llnes to the 
development 1S part of the1r lO-year expanSlon plans, and 

2 Agreement by the developer that the system wlll be connected to the 
reg10nal utll1ty at no cost when serVlce becomes ava11able 

Where a regional system for water serV1ce 1S unavallable, the appllcant shall 
provlde an lntenm water system approved by the Dlrector of Englneenng and 
shall agree that the system wlll be connected to a reglonal utlllty at no cost 
to the County when serVlCe becomes ava11able The water source, supply and 
system deslgn shall satlsfy perfonnance standards of the South Flonda Water 
Management D1strlct, the OER, other appl1cable reglonal, state or federal 
standards, or standards Wh1Ch may hereafter be adopted by the Board of County 
Commlssloners However, where a well lS requlred to be pennltted by the South 
Flor,da Water Management D,str,ct. (SFWMD) the perm,t granted by the SFWMD 
shall be f11ed by the appl1cant wlth the County WhlCh may exerClse lts power 
to monltor w1thdrawal rates to assure appl1cants adhere to establ1shed 
regulatlons protectlng surroundlng wellflelds Furthermore, '" order to 
prevent abuse of County water resources, the ,nstallatlon and operatl0n of 
wells not covered by the South Flor1da Water Management Dlstrlct regulatl0ns 
shall be subJect to County pennlttlng and momtonng regulatlons US1ng 
standards WhlCh may hereafter be adopted by the Board of County Commlssloners 

The lntent of th,S pennltt1ng procedure 1S 

1 To malntaln a comprehenslve data base concernlng water supply and qua1lty, 

2 To dlscourage unregulated prollferatlon of private water systems, and 

3 To achleve a subsystem deslgn WhlCh can be effectlvely and economlca'ly 
lntegrated lnto a regl0nal publlC utll,ty system certlf,ed and regulated 
by the Publ1C Servlce Corrmlss10n or by Martl" County at a later pOlnt 1n 
tlme and to encourage a compact urban development pattern by managlng the 
locatlon, tlmlng and scale of land development to assure that new 
development can be efflc1ently served by publlC facllltles Wlthout 
adversely lmpact1ng the County's f1scal capaclty 

In addlt1on, the County shall undertak.e any necessary actlon to prevent or 
remedy water supply and water quallty problems 
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The County may requlre analysls of water qual,ty and supply of all permltted 
prlvate wells based on evolvlng problems and lssues assoclated wlth water 
resources The prlvate well owner may be assessed by the County after due • 
pub',c hearlngs for needed water qual,ty. supply problems, requlslte testlng, 
laboratory analysls, and lmprovements deemed necessary and f,scal'y equltable 

H Wastewater Servlce 

All appl1cants for development wlth," the urban serVlce dlstrlct shall be 
reqUlred to connect to a reglonal ut,l,ty as deflned '" the Sanltary Sewer 
Servlce Element, Chapter 10 Where a regl0nal system for wastewater serVlce 
1S unava,1able, the appl1cant shall provlde an lnterlm wastewater system 
approved by the Dlrector of PubllC Works and shall agree that the system wlll 
be connected to a maJor reglonal at no cost when serVlce becomes avallable 

The lntent of th,S provls10n 1S 

To dlscourage unregulated prollferatlon of prlvate package treatment 
plants, 

2 To achleve a subsystem deslgn WhlCh can be effectlvely and economlcally 
lntegrated lnto a reglonal wastewater system at a future pOlnt 1n tlme 
Whlch would be certlf1ed and regulated by the Publ,c Servlce Commlss10n or 
by Martln County. and 

3 To encourage a compact urban development pattern by managlng the locatlon. 
tlmlng, and scale of land development to assure that new development can 
be efflclently served by publlC facllltles wlthout adversely lmpactlng the 
County's flscal capaclty • 

The system shall be deslgned to satlsfy performance standards of the 
Department of Envlronmental Regulatlon (DER). other appllcable reg1onal, 
state, or federal standards. or standards WhlCh shall be hereafter adopted as 
part of the Land Development Code The standards 1n the Land Development Code 
shall address such lssues as demonstratlon of need, serVlce area, system 
deslgn and speclflcatlon. requlred easements, malntenance and operatl0n 
conslderatlons. screen,ng, secur1ty, rlght of entry provls1on. future 
dedlcatlon to a regl0nal publlC utlllty when deemed approprlate, and notlce 
and procedure 

1 Notw,thstandlng any other provls,ons of thlS Plan, when a sept,c tank 1S 
the only means of ,ndlvldual sewage dlsposal. the followlng standards 
shall apply to resldentlal development 

a Each septlc tank shall be located on a lot 

b Each lot shall have a usable mlnlmum area of one-half acre per un,t 
when the development 1S servlced by a prlvate well 

c Each lot shall have a usable mln1mun area of one-thlrd acre per Unlt 
when the development 1S serv1ced by a pUbllC water system 

2 The above subsect10n 1 shall not apply to a lot of record (as descrlbed '" 
Sect10n 4-5 (A)) ln the follow1ng lnstanceS 
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2 Land Development shall bear a proportlonate share of the cost of the 
provlS1on of the new or expanded park and recreatl0n capltal faCl1,tles 
requl red by such development 

3 The lmposltlon of lmpact fees and dedlcatlon requlrements 15 a preferred 
method of regulatlng land development 1n order to ensure that It bears a 
proportlonate share of the cost of park and recreatlon capltal faCl11tles 
necessary to accommodate that development and to promote and protect the 
publ,c health, safety, and general welfare 

4 Dedlcatl0n of Lands for Parks and Recreatlon All resldentlal development 
shall provlde an equltab\e ded,catlon of land for pub11C park purposes 
and/or fees In l1eu thereof pursuant to the standards below stated The 
standards provlded hereln are stlpulated to lmplement pol1cles wlthln the 
parks and reCreatlon element The standards shall apply to all 
resldentlal appllcatlons for subd,vls1on approval or slte plan reVlew No 
property shall be assessed tW1ce for respectlve subdlvls10n plat 
app11catl0ns and subsequent slte plan appl1catlons 

a Requlrements As a cond1t1on of development. the developer shall 
ded1cate land to Martln County~ pay a fee 1n 1,eu thereof~ or a 
comblnat10n thereof, at the dptlon of the County. for park and 
recreatlonal purposes at the tlme and accordlng to the standards and 
formula to follow ln thlS sectlon 

b General Standard The publ,c lnterest, convenlence, health, welfare 
and safety require that two (2) acres of publlC developed commumty 
park for each one thousand (1,000) persons resldlng 1n the County be 
devoted for park. and recreatlonal purposes To deterrrn ne park and 
recreatl0nal land ded1catlon requlrement and the mandatory level of 
servlce, see Sectlon 7-7, l,a, Recreatlon Goal. 

c Fees,n L,eu of Land Oedlcat1on If lt lS demonstrated by the 
applicant to the satisfaction of the Board of County Comm1ss1oners 
that no park or recreatlon facl11ty can be located ln whole or part 
wlthln the proposed development to serve the lmmedlate and future 
needs of the resldents of the development, or lf the proposed 
development 1S estlmated to have an ultlmate populatlon resultlng ln 
a publ,c recreatlon demand of less than 5 acres, the developer may, 
ln l1eu of dedlcatlng land, pay a fee equal to the falr market value 
of the land WhlCh would have been requlred to be dedlcated as def1ned 
1n Sect10n 4-S(E)(4) 

d Use of Fees. The money collected be pald to Martln County and pl aced 
in a reserve account wlthln the speclal taxlng dl stnct fund Momes 
w1thln the reserve account shall be used and expended solely for the 
acquls1tlon. lmprovement. e~panslon or lmplementat10n of parks and 
recreat 1 ona 1 fac 11 i tl es of the County The mom es and accrued 
,nterest from fees pald for any glven development shall be used 
solely for acqulsltlon of parkland or faCll,tles reasonably related 
to serv1ng sald development The serVlce area shall generally 
correspond to Plannlng Areas as illustrated 1n Flgure 4-8 
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e Requlrement of Both Land Dedlcatlon and Fee A developer shall both 
dedlcate to Martin County land and pay a fee whenever only a portlon 
of the land calculated by the formula for park and recreat10nal use 
1S to be ded1cated, 1n WhlCh case that port10n shall be ded1cated for 
park and recreatlonal purposes and a fee shall be pald 1n 1,eu of 
dedlcatlng the remalnder of the land that would otherw1se have been 
requlred to be dedlcated Development approvals requlr1ng 
dedlcat10ns of land, capltal 1mprovements or equltable contrlbutlons 
of fees, or any comblnat10n of the forego1ng. shall be granted 
appropr1ate cred1t for sald ded1catl0ns, capltal lmprovements or 
equltable contrlbutl0ns at the t1me of the collectl0n of an lmpact 
fee The development regulatl0ns shall stlpulate the mechanlsm by 
WhlCh lmpact fee credlts may be granted 

f Determ1natlon of Falr Market Value Where a fee 1S requlred to be 
pald 1n Ileu of land dedlcatlon, the recreat10n 1mpact fee ordlnance 
shall spec1fy the method for detenmln1ng the appropr1ate fee to 
assure that new development wlll pay for necessary pUD11C park lands 

g Beach Impact Fee 1n Connectlon Wlth Recreat10nal Impact Assess~ents 
The County shal I 1nelude 1n the Land Development Code beaCh lmpact 
fees 1n conJunctlon wlth recreat10n lmpact fees for all 
developments Development approvals requ1rlng dedlcatlons of land, 
capltal lmprovements or equltable contrlbutl0ns of fees, or any 
eomblnatlon of the foregolng. shall be granted appropr1ate credlt for 
sald dedlcatl0ns, capltal lmprovements or equltable contrlbutlons at 
the tlme of the collectlon of an lmpact fee The development 
regulatlons shall stlpulate the mechan1sm by WhlCh lmpact fee ered1ts 
may be granted 

S Technlcal Standards for Subdlvlslon and Slte Plan Approvals 

a Technlcal standards for subd,vls1on and s1te plan approval shall be 
cons1stent wlth those establlshed for the reereat10n level of serVlce 
(LOS) standard ,n Sect, on 7-7, A,l,a, ObJect,ves for Mandatory Level 
of Servlce 

b By 1990, the County shall establlsh recreatl0nal lmpact fees for land 
and facl11tles All such fees and credlts shall be deslgned to 
assure that new growth pays for ltself but lS not requlred to pay for 
eXlstlng deflclencles. 

F Transportatlon Impact Analys1s 

A transportatlon 1mpact report shall be requ1red for subdlvlslon and slte plan 
reV1ews that meet the crlter1a establ,shed '" the Traff,c Clrculatlon 
Sub-element, Chapter SA 

The transportatl0n lmpact analysls 15 des1gned to ach1eve objectlves 
st1pulated 1n the Transportatlon Element and 15 dlscussed 1n Append1X 5a-3 
The nature and standards of the transportatl0n 1mpact analysls 1S set forth '" 
the Transportatlon Element 
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d The lncrease '" net resldentlal denslty created by denslty transfer 
may not create unreasonable lmpacts or lncompat,b, llty wlth adJacent 
propertles unless such lmpacts are mltlgated to the satlsfactlon of 
the Board of County Commlss1oners 

e Whenever denslty transfers are proposed, the provlsl0ns In Sectlon 
9-4~ A 7 b notwlthstandlng, the net bUl1dable resldentlal area of 
all plans shall ,"elude a mlnlmum of 50 percent penmeable open 
space A golf course may account for no more than 60 percent of the 
requlred open space 

(Net bUl1dable denslty is deflned as the allowable number of 
resldent1al umts dlvlded by the net bUlldable upland area, net 
bUlldable upland area 15 deflned as the gross land area less all 
wetlands) 

C Open Space Requlrements 

Open space shall be compnsed of permeable open surfaces~ excludlng pnnclple 
structures and lmpermeable surfaces No parklng areas shall be lneluded as 
open area All resldentlal development shall preserve a mlnlmum of 50% of the 
gross land area as open space Wetlands and landlocked water bodles may be 
used In calculatlng open space as long as a mlnlmum of 40% of the upland 
property 1S comprlsed of open space 

Golf courses should be encouraged to retal" and preserve natHe vegetatlon 
over thlrty (30) percent of the total upland area of the course due to thelr 
charactenstlcally hlgh water and heavy nutnent loads, and may be used 111 
calculatlng open space as long as 30% of the resldentlal area 1S comprlsed of 
open space ThlS sectlon shall not apply to constructlon of a slngle-famlly 
home on a lot of record 

f~on-resldentlal development shall provlde a mln1mum of the followlng~ or as 
adopted In the Land Development Code, wh1chever lS greater 

1 F1fty (50) percent open space ln any areas deslgnated on the land Use Map 
for agrlcultural uses, 

2 Forty (40) percent open space ln any areas deslgnated on the land Use r"ap 
for commerclal off1ce/resldentlal (COR), or 1nstltut10nal use~ 

3 Th1 rty (3D) percent open space 1n any areas deslgnated on the land Use ~1ap 
for llmlted commerc1al and marlne waterfront commerclal uses, and 

4 Twenty (20) percent open space 1n any areas deslgnated on the Land Use Map 
for general commerclal and 1ndustrlal 

D. Surface Water Management 

All development permlts shall be rev1ewed to aSSure adequate dralnage and 
flood protect10n conslstent wlth the Dralnage and Storm Water Management 
Elements of thlS Plan 
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Storm Water Management Crlterla The surface water management crlterla of the 
South Florida Water Management Dlstrlct (5 F W MD. August, 1980, or as may 
be herelnafter amended) shall be used as a basls for revlew1ng development of • 
surface water management plans Surface water management plans shall be 
submltted by the appl1cant as part of the s1te plan reVlew procedure and shall 
be approved by Mart," County Dlrector of Englneerlng prl0r to the release of a 
bUl1dlng permlt for any constructlon lncludlng constructlon lnCldental to a 
new or changed use or maJor expansl0n The Dlrector of Englneerlng may walve 
the requlrement for mlnor constructlon lncludlng constructl0n lnCldental to a 
new or changed use or maJor expanslon The Dlrector of Englneerlng may walve 
the requlrement for mlnor constructlon proJects as shall be deflned 1n 
departmental operat1ons pOllCY wlthln S1X (6) months after adoptlon of thlS 
Comprehenslve Growth Management Plan All publ1catlons lncorporated In the 
S F W M D crlterla by reference and hereln clted below are to be used ln 
plannlng and revlewlng surface water management plans 

1 Florlda State Road Department, Dralnage r~anual 2nd Ed , rev,sed 1978 

2 U 5 Department of Agrlculture, 5011 Conservatlon Servlce, Technlcal Paper 
No 149, A method of Estlmatlng Volume and Rate of Runoff ln Small 
Watersheds, 1973 

3 U 5 Department of Agrlculture, 5011 Conservatlon SerVlce, Technlcal 
Release No 55, Urban Hydrology for Small Watersheds, 1975 

4 U 5 Department of Agrlcu1ture. 5011 Conservatlon 5ervlce, NEH-4, Natlona1 
Englneerlng Handbook, Sectlon 4 Hydrology. 1972 

5 U S Department of Agriculture, 5011 Conservatlon Servlce, Ralnfall 
Frequency Atlas of Alabama, F10rlda, Georgla and South Carol1na for 
Duratlons from 30 Mlnutes to 24 Hours and Return Perl ods from 1 to 100 
Years, 1973 

6 U 5 Weather Bureau, Technlcal Paper No 40. Ralnfal1 Frequency Atlas of 
the Umted 5tates for DUratlon of 3D r~lnutes to 24 Hours and Return 
Perl ods from 1 to 100 Years, 1961 

7 U S Weather Bureau, Technlcal Paper No 49, Two-to-Ten Day Preclpltatlon 
for Return Perl ods of 2 to 100 Years ln the Contlguous Unlted States, 1964 

The Martln County Dlrector of Englneerlng coordlnate the reVlew process wlth 
the S F W M 0 to prevent unnecessary dupllcatlon of effort The County 
shall, notwlthstandlng S.F W.M 0 polley, exerClse County reVlew functlons on 
all proJects wlth less than two (2) acres of lmpervlous surface (S F W M 0 
exempts such development from Olstrlct revlew) 

E Provislon of Adequate Park and Recreatlon Capital Facllities 

1 Land development shall not be permltted unless adequate park and 
recreatlon capltal faCl1,t,es eXlst or are ensured at the Level of Servlce 
adopted by the Board of County Commlssloners 
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All wetland areas def,ned here and '" Sectlon 9-4 A.7, Natural 
Systems, of the Conservatl0n and Open Space Element shall be managed 
as requlred ln Sectlon 9-4, A,7,b(4) and (5) 

4 V,olatlons Where eVldence lndlcates that dralnage. clearlng, or other 
development has taken place subsequent to the adoptlon of the 
Comprehenslve Growth Management Plan, and 10 vl01atlon of standards 
establlshed In SectlOn 9-4, A,7(b),{6), restoratlOn shall be requlred 
before any devel apment perm, ts are 1 ssued 

5 Walvers No exceptlons or walvers shall be granted to these standards 
except pursuant to procedures establlshed below 

a As outllned 1n Sectlon 9-4, A,8,a,(4).(c) to provlde rlparlan access, 

b Where appllcant demonstrates that encroachment of the wetlands or 
wetl and buffers 1 s necessary for access and no reasonable upl and 
alternatlve eXlsts In such cases an exemptlon shall be granted only 
when appropnate envlronmental agenCles, lncludlng the I~artln County 
$011 and Water Conservatlon Dlstrlct, certlfy In wrltlng that 1t 1S 

the least damaglng alternatlve and that the appl1cant has submltted a 
proposal for mltlgatlon wnlch wlll m,nlmlze damage to the extent 
technlcally feaslble 

c 

d 

When a plan has been approved by the Growth Management Department for 
the removal and contlnued management of undeslrable exotlc vegetatlon 
(,ncludlng revegetatlon wlth approprlate natlve plant materlal) 

On eXl stlng parcels of record where there 1S 1nsufflclent adJacent 
upland property to make any reasonable use of the land, one s1ngle 
famlly home shall be allowed subJect to the requlrements of procedure 
b above 

e Where the appl1cant demonstrates that encroachment of the wetlands or 
wetland buffers, as deflned above, 1S necessary for the construct10n 
and/or malntenance of a pub11C utlllty, as def1ned 1n Sectlon 366 02 
F S (1983), an exeniltlon may be granted subJect to the fo11owlng 
condlt10ns 

(l) The ut,llty has demonstrated that the encroachment 1S necessary 
and that no reasonable upland alternatlve eXlsts 

(2) The act1vlty 1S deslgned and located 1n such a manner that the 
least amount of damage to the wetland 1S assured 

(3) The appllcant has submitted a proposal for reforestat10n and/or 
mlt1gatlon, to offset the lmpaet 

(4) Peron ts have been reeel ved from the approprl ate State and 
Federal Envlronmental Agencles and coples of those permlts have 
been supplled to Martln County, prlor to lssuance of the County 
perm, t 
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(5) The Martl" County 5011 and Water Conservatlon Dlstrlct has 
revlewed the appllcat10n and has determlned 1n wrltlng that the 
proposed encroachment 1S the least damaglng alternatlve 

(6) The appllcant has provlded proof of ownersh1p or easement over 
the property to be encroached 

(7) A plan has been approved by the Growth Management Department for 
the removal of undeslrable exot1c vegetatlon as part of the 
reforestat1on and/or m1tlgat10n proposed 1n Item C 

(8) The appllcant has demonstrated that the constructlon and/or 
ma1ntenance actlvlty wll1 maXlmlze the preservat10n of natlve 
lndlgenous vegetat10n 

(9) The utll1ty wl1l demonstrate that, should f111 be requlred, the 
mlnlmum necessary 1S used, to assure reasonable access to the 
property or constructlon actlvlty 

f When a plan has been approved by the Growth Management Department and 
appllcable state and federal agencles for shore11ne boardwalks. docks 
and marlna facllltles, provlded they are conSlstent wlth the pollcles 
and cr1terla of the Coastal Management and Conservatlon Elements 

6 Dens1ty Transfer All property owners shall have the rlght to transfer 
denslty to the upland area on any slte wh,ch contalns functlonal wetland 
propertles pursuant to the followlng stlpulatl0~s 

a ThlS development must be submltted for reVleW as elther a planned 
unlt development or a clustered multl-famlly proJect 1n one of the 
multlple fam11y reSldent,al zon1ng dlstrlcts 

b In addltlon, the follow1ng equatlons shall apply 

(1) The resultlng resldentlal denslty of the upland property shall 
be no greater than 10 unlts per acre 

(2) The total number of unlts allowed In any development uSlng thlS 
denslty transfer formula shall be equal to or less than the 
allowed maX1mum denslty for the entlre parcel as shown on the 
Future Land Use Map, 

(3) Denslty transferred must be equal to or less than the wetland 
acreage multlpl1ed by gross dens1ty. and 

(4) For parcels Wlth wetlands that occupy 50 percent or more of the 
total slte, the gross resldentlal denslty of the upland 
property. must be equal to or less than two tlmes the gross 
res1dentlal dens1ty of the entlre parcel 

c All performance standards lnclud1ng upland preservatl0n requlrements 
shall apply to all upland development 
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c No land areas proposed to be allocated to non-resldentlal uses shall 
be 1"cluded under thlS deflnltlon except for contlguous land areas 
for 

(1) Ut,l,tles under common ownershlp and pnnclpally support,ng the 
resldentlal use, 

(2) Recreatlonal faCl1,tles for the prlmary use of on-slte resldents. 

(3) Oedlcatlon to the County or other County approved agencles ar 
not-for-prof,t corporatl0ns 

d Maxlmum gross denslty 15 deflned as maXlmum allowable unlts dlvlded 
by gross land areas as hereln deflned 

2 Denslty Al1ocatlons and Intensity 

In conslderlng denslty al'ocatlon '" 51te plan approvals. the County shall 
conslder the followlng 

a ProJects dlrectly adJacent to lands used or deslgnated for hlgher 
lntenslty use may be 91ven maXlmum denslty 

(1) Such proJects must comply wlth the prov' Slons of the concurrency 
management system (Sectlon 4-3) to assure all requlred serVlces 
are avallable 

(2) Deslgn of the new proJect shall assure that comparable denslty 
and dwell1ng umt types are planned for the area of the proJect 
abuttlng the eXlstlng development 

b PrOJects lTnmedlately adJacent to lands used or deslgnated for 
lower lntenslty use should be g1ven lesser denslty 

(1) For that portlon of sald proJect abuttlng the eXlstlng 
development or area of lesser denslty, a denslty tranSltlon 
zone of comparable denslty and compatlble dwell1ng un1t 
types shall be establlshed 1n the new proJect for a depth 
from the shared property 11ne that lS equlvalent to the 
depth of the first t1er of the adJolnlng development's 
lower dens1ty (1 e • the depth of the f1rst block of 
Sl n91 e-fam11y lots 

(2) The new development proJect shall comply w1th all current 
regulatlons for concurrency management to assure the 
adequate provlsl0n of publlC serVlces 

c Helght 11rn1ts for all structures shall be spec1fled 1n the Land 
Development Code In all 1nstances the maXlmum helght l1mlt of 
4-stor1es shall be followed 

B Wetland Areas Wetland Protectlon Requlrements are deta11ed 1n the 
Conservatlon and Open Space Element 
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1 Wetland Areas Wetland areas are deflned as land that 15 lnundated or 
saturated by surface or ground water at a frequency and duratlon 
sufflClent to support, and that under natural Clfcumstances does support a 
prevalence of natlve vegetatlon typlcal'y adapted for l1fe In saturated 
5011 condltlons Wetland areas are genera11y tYPlfled ,n Martln County as 
forested saltwater areas, forested and mlxed forested freshwater areas and 
non-forested freshwater areas The 5011s 11sted below shall be used as 
gUldes In determlnlng wetland areas 

Type of Wetland Area 

a Forested Saltwater 

b Non-Forested Freshwater 

ASSOclated 5011 Ty~e5 

30, 40, 50, 67, 79 

3, 5, 10, 12, 19, 49, 54, 56, 
57,70,74 

c Forested and Mlxed Forested Freshwater 13, 22, 38, 40, 51, 58, 60, 
62, 69, 73 

Source - 5011 Survey of 11artln County Area (Florlda, r"art,n County S011 
and Water Conservatlon Dlstrlct, U SO A S011 Conservatlon 
Servlce, 1981, Florlda Dlvlsl0n of Forestry, 1981) 

ThlS data shall be malntalned In the Growth Management Department 

2 Wetland Development Restnctl0ns I~o negatlve lmpacts shall be allowed In 
a wetland area unless 

3 

a The data from the S011s Potentlal Study from the Martln 5011 and 
Water Conservatlon Dlstrlct lndlcates that the speclflc sOll has 
characterl StlCS supportl ve to the proposed development, and 

b The area no longer functlons as a wetland and fallure to functl0n was 
not caused by clearly eVldent 111egal actlvltles In vlolat10n of the 
Comprehens1ve Plan as adopted on Apr1l 1, 1982 

Vegetatlon and Drainage Cons1deratlons ThlS subsectlon 
lntended to prohlDlt evelopment 1n areas that no longer 
wetlands, when Ucompetent eVldence" lndlcates that 

4-5(8) 15 not 
functlon as 

a Domlnant vegetatlon 1S no longer comprlsed of wetland types normally 
found In the spec1fled 5011, and 

b The water reg1me has been permanently altered artlflclally or 
naturally 1n a manner to preclude ltS assoclated watershed areas from 
functlonlng as wetlands 

c Appllcants for site plan reVlew shall have an opportunlty to so 
demonstrate that any wetland deslgnatlons wlthln the conflnes of 
thelr property no longer functl0n as wetlands as explalned above 
The Martln County 5011 and Water Conservatl0n Dlstrlct or the Growth 
rotanagement Department shall be made a part of the slte plan reVlew 
process to asslst In ldentlfYlng and dellneatlng wetlands 
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Pol1Cles (Instltutlonal Development) 

The Land Use Map provldes for Instltutlonal Development on publlCly owned 
actlve recreatlon and passlve open space sltes ThlS deslgnatlon also 
accommodates publ,c and seml-pub',c not-for-proflt faCl1,tles such as the 
larger schools, government bUl1dlngs, elVle centers, pub',c cemeterles, 
flre and emergency operatlon center faCl11tles, actlve parks and 
recreatlon areas, and extenslve open space!passlve recreatl0n areas 
comprlslng maJor commltted publ,c and seml-publ,c open spaces The future 
land use maps shall ldentlfy the faCl1,tles as to type wlthout 11mltlng 
the Instltutlonal use Actlve County operated recreatl0n 51tes/parks are 
,dent, fled by elther a P1CnlC table or star symbol In addltlOn to the 
Instltutlona1 land use des1gnatlon Other recreat1on/passlve open space 
areas are ,dentlfled by name (1 e , Jonathan Dlcklnson State Park) 
Publ,c conservat10n areas such as the Whlte Belt Ranch and the Savannas 
State Preserve are deslgnated by a double star symbology over the 
Inst,tutlonal land use pattern The land Development Code wl11 provlde 
for two or more zonlng d1strlcts to allow for the d1fferentlatlon of 
recreatlon sltes from the more lntense Instltutlonal uses WhlCh may be 
lnapproprlate adJacent to resldentlal areas 

Pollcles (Public Utll1tles - MaJor Power Generatl0n Facl11tles) 

land uses ln thlS category are conflned to maJor power generatlon s1tes 
and related facl11tles Currently. the only such deslgnated area 1S the 
Flonda Power and Llght Hartln Plant slte and coo11ng reserV01r west of 
I ndl anto\'m Thl s des 1 gnat' on 1 s requHed for all power generat10n Sl tes 
of ten acres or more 1" slze ~/hlch contnbute electnclty to the power 
gnd ln ~1artln County Such land uses are subJect to the same 10catlona1 
and compatlbll1ty conslderatlons as requlred of lndustrla1 development 

Pol1c,es (Potentlal Prlvate Conservatlon) 

By 1991, Hart,n County wl11 evaluate envlronmental'y sensltlve lands 1n 
the County and conSlder the deslgnatlon of a Prlvate Conservatlon land use 
category WhlCh would be approprlate for very low denslty resldentlal uses 
such as one un,t per 20 acres to one unlt per 40 acres and/or varl0US 
types of low lntenslty agrlcultural uses. such as ranch land 

SECTION 4-5 PERFORMANCE STANDARDS 

ThlS sectlon conta1ns baslc standards appllcable to future land use 
development approvals and conservatlon proposals wlthln Martln County 
Performance standards are coordlnated wlth the VarlQUS other Elements and 
spec,fled as requlrements for development approvals In accordance wlth Mart1n 
County Land Development Code requlrements 
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The Code of Laws and Ordlnances of r""artl" County. as 1t eXlsts or may 
hereafter be amended, speclfles the procedure for re'new and approval of all 
development proposals For purposes of thlS Comprehenslve Growth Management • 
Plan, the term "developmentU shall mean the carrYlng out of any bUlldlng 
actlvlty, mlnlng operatlOn, the maklng of any matenal change 1n the 
redevelopment or modlflcatlon of an eXlstlng use or appearance of any 
structure or land, WhlCh creates addltlonal lmpacts or the dlvldlng of land 
1nto three (3) or more lots, tracts or parcels, lncludlng PUD's and 
acknowledglng all exceptlons to subdlvls10ns 

Remodel1ng, renovatlon, restoratl0n to lmproved real estate to a former, 
better condltlon (as by cleamng, repa1rlng or rebul1dlng). shall be exempt 
from the performance standards of thlS plan Any proposed man-made change to 
lmproved real estate shall meet the requlrements of th,S plan but only to the 
extent of such man-made change 

Mlnor accessory uses (such as a sWlmmlng pool, fences, screened enclosures, 
etc) and as further deflned by the Land Development Code shall be exempt fro~ 
provlslons of Sectlon 4-5 (E, F, G, H, I, J, and L) and Sectlon 4-4 (A, 3, a), 
Concurrency r-.1anagement System 

The Code of Laws and Drdlnances of Mart'n County, as lt eXlsts or may 
hereafter be amended, establlshes a legal requlrement of obtalmng development 
permlts and orders for varlOUS development actlvlty and speclfles the 
procedure for reVlew and approval of all development perm1ts and orders 

A Densl ty 

The fall OWl ng dens, ty provl S1 ons are herel n lncorporated as performance • 
standards Notwlthstandlng, the denslty prov1s10ns hereln shall not prevent 
the owner of a lot of record created pr10r to the adoptl0n of subdlvlsl0n 
regulatlons of 14art1n County on November 7, 1972, 1n accordance w1th the codes 
and ord1nances of Martln County, or the owner of a lot of record created 
pursuant to the subdlvlsl0n regulatlons subsequent to November 7, 1972, and 1n 
conformance wlth the Zonlng Code, from constructlng one slngle-famlly un1t 1n 
accordance wlth the other provls10ns of th,S plan and the Code of Laws and 
Ordlnances of Martln County 

1 Gross DenSlty The permltted denSlt1es stlpulated 1n Sectlon 4-4 or the 
land Use Map deslgnatlons shall be gross resldentlal densltles and the 
gross land area of Wh1Ch thlS dens1ty 1S appl1ed 1S descrlbed as follows 

Those contlgUOUS land areas under common ownershlp wlth the followlng 
provls1ons and exceptlons 

a In cases where land abuts the waters of the Atlantlc Ocean, St LUCle 
R1ver, Indlan Rlver, loxahatchee Rlver, Intracoastal Waterway, lake 
Okeechobee, and all trlbutarles and man-made canals thereof, the 
boundary of the land shall be del1neated as establ1shed by State 
Statutes (Chapter 177, Part II, Coastal MapP1ng or as may be amended) 

b I~o submerged land areas waterward of the boundary above descrlbed 
shall be lncluded under thlS deflmtlon 
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PollCles (Instltutlonal Development) 

The Land Use Map provldes for Instltutlonal Development on publ1Cly owned 
actlve recreatlon and passlve open space sltes ThlS deslgnatlon also 
accommodates publ,c and seml-publlC not-for-proflt faCll,tles such as the 
larger schools, government bUlldlngs. elVle centers. publlc cemeterles. 
f1re and emergency operatlon center faCl1,tles, actlve parks and 
recreatlon areas, and extenslve open space/passlve recreatlon areas 
comprlSlng maJor commltted publ,c and seml-publ,c open spaces The future 
land use maps shall ldent,fy the faCll,tl€S as to type wlthout 11mltlng 
the Instltutlonal use Actlve County operated recreatlon sltes/parks are 
,dent,fled by e1ther a P1CnlC table or star symbol 1n addltlon to the 
Instltutlonal land use deslgnat10n Other recreatlon/passlve open space 
areas are 1dentlfled by name (, e • Jonathan Dlcklnson State Park) 
Publ1C conservatlon areas such as the Wh1te Belt Ranch and the Savannas 
State Preserve are deslgnated by a double star symbology over the 
Instltutlonal land use pattern The Land Development Code wll' provlde 
for two or more zonlng dlstrlcts to allow for the dlfferentlatlon of 
recreatlon s1tes from the more lntense Instltutlonal uses WhlCh may be 
lnappropnate adjacent to resldentlal areas 

Pollcles (PUb'lC Utll1tles - Major Power Generatlon Facllltles) 

Land uses 1n thlS category are conflned to major power generatlon sltes 
and related facll1tles Currently. the only such deslgnated area 1S the 
Flonda Power and Llght !1artln Plant slte and co011ng reserVOlr west of 
Indlanto'rin ThlS deslgnatlon lS requ1rea for all power generatl0n sltes 
of ten acres or more 1n SlZe \tIhlCh contnbute electnclty to the power 
gnd ,n t.1artln County Such land uses are subject to the same locatlonal 
and compatlbl11ty conslderatlons as requlred of lndustnal development 

Pol1cles (Potentlal Prlvate Conservatlon) 

By 1991, l1artln County wlll evaluate envlronmentally senSltlve lanos 1n 
the County and conslder the deslgnatlon of a Prlvate Conservatlon land use 
category WhlCh would be approprlate for very low denslty resldentlal uses 
such as one unlt per 20 acres to one unlt per 40 acres and/or varl0US 
types of low lntenslty agncultural uses, such as ranch land 

SECTION 4-5 PERFORM~UCE ST~NDARDS 

ThlS sectlon contalns baS1C standards appllcable to future land use 
development approvals and conservatlon proposals wlthln Martln County 
Performance standards are coordlnated wlth the varlOUS other Elements and 
speclfled as requlrements for development approvals 1n accordance wlth Martln 
County Land Development Code requlrements 
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a "black dlamond" symbology on the Year 2005 Future Land Use Maps 
The area around the subJect lnterchange WhlCh 15 el191ble for thlS 
land use category 15 speclfled '" subsectlons (f) and (9) below 
Parcels at the 1-95/Palm Clty Interchange may be e1191ble for formal 
amendment to the Comprehenslve Growth Management Plan '" accordance 
wlth Sectlon I-12(A) of the Comprehenslve Growth Management Plan 
TranSlent Lodglng and Servlce Commerclal Centers are subJect to 
compllance wlth the followlng performance standards 

(a) Any appllcatlon must be submltted and processed as a Commerclal 
Planned Unlt Development, PUD(c) 

(b) Any appl1catl0n must be compat,ble wlth the surroundlng land use 
deslgnatlon to comply wlth the performance standards 1n Sect10n 
4-5 of the Comprehenslve Growth Management Plan 

(c) A market feaslbll1ty analysls, acceptable to Martln County, that 
demonstrates a need must be subm1tted to document that the uses 
proposed are wa rra nted by the tra ve 11 ng pub 11 c they are 1 ntended 
to serve 

(d) Uses permltted w,th,n the PUD(c) allowed by thlS POllCY are 
l,mlted to the followlng 

1 ) 
2) 
3) 
4) 
5) 

Convenlence Stores 
Glft Shops 
Hotels and Motels, excludlng permanent resldentlal unlts 
Restaurants, 1ncludlng dr1ve-lns and fast food serVlce 
Vehlcular serVlce and malntenance (gas statlons) 

(e) O,rect access to the property upon WhlCh the PUO(c) lS proposed 
must be from a maJor arterlal The requlrements of thlS 
paragraph shall be deemed to have been met for parcel s 
lInned1ately adJacent to the 11mlted access facll1ty WhlCh have 
had the1r dlrect legal access to a maJor arterlal replaced by 
the F.O 0 T 1n the fom of a newly created access road Such 
parcels are typlcally located between the llmlted access 
facll1ty and the newly created access road Should the PUD(c) 
requlre lmprovements to the newly created access road, those 
lmprovements shall be completed at the developer1s expense 

(f) All the property upon which the PUD(c) lS proposed must be 
wlth,n 1320 feet of any access ramp to the llmlted access 
facll1ty and wlthln 1320 feet of the lntersectlng arterlal 

(g) The aCCess pOlnt to any property upon whlCh the PUD(c) 1S 
proposed shall not be located closer than 660 feet to any access 
ramp to the llmited access facl11ty unless lt can be 
spec1flCally proven by a traff,c study performed by a reglStered 
Florlda englneer that a shorter dlstance would allow for a 
cont1nulng functlon of the road system and not be detnmental to 
the health, safety and welfare of the publlC 
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(h) Appllcant must successfully demonstrate how the full range of 
urban serVlces needed by the PUD{e) wll1 be funded and provlded 
1" a cost-efflClent manner canslstent wlth the adopted faCll,ty • 
level-of-servlce standards 1" thlS Plan and the Capltal 
Improvements Element 

f Pol,Cles (Industrlal Development) 

The Land Use Map allocates land resources for eXlstlng and antlclpated 
future lndustrlal development needs The allocatlon process provldes a 
hlgh prlorlty to lndustry's frequent need for strateglcally located lands 
accesslble to ral1 faCl11tles. maJor arterlals or lnterchanges, labor 
markets, and requls1te urban serVlces located wlthln planned Urban Servlce 
Dlstrlcts (Flgure 4-5) 

The 1ocatlonal crlterla for Industrlal Development reqUlre that all 
development wlth1n Industrlal deslgnated areas shall provlde aSSuranCes 
that central water dlstrlbut10n and wastewater col1ectl0n utll1tles shall 
be provlded by a reglonal publ1C utlllty system, as descrlbed 1n the 
Comprehenslve Growth Management Plan. Data. Inventory and Analys1s (Part 
II, Chapter 10, Sanltary Sewer and Chapter 11, Potable Water Elements) 
Those areas of the County. where free standlng urban serV1ces (le • 
central publlC utl11ty system) can be provlded by a group of 1ndustrlal 
land uses. may be consldered as 1ndependent or free-standlng Urban SerVlce 
Dlstrlcts and may be lllustrated as such on Flgure 4-7 '" conJunct10n wlth 
formal amendments to the Future Land Use Map as provlded 1n Sectlon 1-11. 
Amendment Procedures All lndependent or freestandlng USD's must comply 
wlth the adopted level-of-servlce standards 1n thlS Plan and the Cap1tal 
Improvements Element 

Industr1ally deslgnated areas are not generally adapt1ve to res1dentlal 
use and such uses shall not be located 1n areas deslgnated for resldent1al 
development unless planned for w1th,n mlxed use developments allowed under 
the Trad1t10nal Nelghborhood Goal (Sectlon 4-4. C) or 1n large scale 
PUD's Th,S provlslon Shall not proh,b1t resldences for n1ght watchmen or 
custodlans whose presence on lndustrlal s,tes 1S necessary for securlty 
purposes Such a use may be permltted as a cond,tlonal use through 
approprlate zon1ng procedures 

Based on the extenslve lmpacts WhlCh lndustrlal development frequently 
generates. lndustrlal development requlrlng future plan amendment or 
rezonlng shall be encouraged to develop under provlslons of a planned unlt 
development petltlon '" order to allow maXlmum flexlb,llty 1n deslgn to 
the appllcant and to avold any maJor adverse lmpacts whlCh may not be 
antlclpated durlng a less In-depth plan reVlew 

The Zonlng Ordlnance shall be amended to ,nelude performance standards for 
regulatlng the nU1sanee 1mpacts sometlmes assOClated wlth lntense 
commerclal and lndustrlal development Salvage yards shall be consldered 
as an lndustrlal use due to the potentlal lntenslty and nature of the use. 
acreage requlrements. aesthet,c lmpact. and the heavy truck trafflc 
assoc1ated wlth the use 
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Commerclal development Wlthln the l1mlted commerclal dlstrlct shall 
be restrlcted pursuant to the provlslons of the Code of Laws and 
Orctlnances 

Areas deslgnated for 1,mlted commerclal development are not ,ntended 
to accommodate large scale reta,l sales, serVlce, and trade 
actlvltles, generally servlng a larger market area Such stores 
would usually reqUlre a larger floor area, carry a relatlvely larger 
lnventory. and requlre a substantlally greater parklng area 

(3) General Commerclal Development The general commerClal areas are 
designated on the Land Use Map for purposes for accommodatlng general 
reta,l sales and serVlces. hlghway orlented sales and servlces. 
commerclal amusement, and trade and warehouslng facllltles These 
areas are prlnclpally located In hlghly accesslble areas of the urban 
serVlce dlstrlct wlthln areas compatlble wlth the unlque locatlon and 
market requlreMents of the respectlve USes The sltes are located on 
maJor or mlnor arterlals The zonlng POllCY allocated to areas 
wlthln the general commerclal serVlce dlstrlct stlpulates the land 
al10catlon for the speclflc uses deflned above ThlS area 1S not 
lntended to accommodate buslnesses, trades, or serVlces WhlCh 
generate any s1gnlflcant amounts of nUlsance lmpacts, lncludlng 
glare, smoke or other alr pollutants, nOlse vlbratl0n, maJor flre 
hazards, need for extens1ve outs1de storage and dlsplay, or other 
lmpacts assoclated wlth more lntenSlve lndustrlal uses Automotlve 
sales and serVlces shall be located wlth,n the general commerclal 
land use classlflcatlon on sltes approprlately deslgnated for hlghway 
orlented commerclal uses wlthln the Land Development Code 

The areas deslgnated for general commercial development are 
speclflcally not adaptlve to permanent reSldentlal houslng and such 
uses shall be located In other areas deslgnated for resldent,al 
development On the other hand, tranSlent resldentlal facll1tles 
1nclud1ng hotels and motels, tlmeshar1ng or fract10nal fee 
resldentlal complexes. or other translent quarters should be located 
In areas deslgnated for commerclal use Areas planned for mlxed use 
developments as allowed by the Tradltlonal Nelghborhood Goal, Sectlon 
4-4. C. are consldered compatlble for mlxed use 

Amendments to the Land Use Map for added general commerclal 
deslgnatlons shall be favorably consldered by the Board of County 
COmmlssl0ners only after a flndlng that the proposed amendment 

(a) Satlsfles at least an addltlonal need for general commerclal 
land use Wlthln the area to be served, and 

(b) The slte should generally be removed from slngle faml1y 
resldential development and able to be buffered and screened 
pursuant to performance standards requlrlng approprlate 
landscaplng and screenlng lncludlng vegetatlve berm systems 
where feaslble, plant materlal and/or aesthetlc decoratlve fence 
or walls to aSSure compatlbil1ty wlth less lntenslve uses 
eXlst1ng or antlc'pated on adJacent s,tes 
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Prlor to approval of a development plan, all appllcants for 
development wlth,n the general commerclal deslgnated area shall 
provlde assurances that central water dlstrlbutlon and wastewater • 
collectl0n ut,l,tles shall be provlded by a reglonal publ,c utl11ty 
system, as descrlbed '" the Comprehenslve Growth Management Plan Data 
Inventory and Analysls, Part II (Chapter 10, Sanltary Sewer and 
Chapter 11, Potable Water Elements) 

If In the future a general commerclal serVlce 15 proposed 1n a 
dlspersed rural area located outslde of the Prlmary Urban Servlce 
Dlstrlct and the appllcant adequately demonstrates to the 
satlsfactlon of the Board of County Commlssloners that a need for 
such a serVlce eXlsts for the populatlon wlth,n the area and that the 
requlred water and wastewater serVlces are unavallable, the Board of 
County CommIssIoners may permIt the use and waIve the requIred urban 
serVlce based on unIque and compellIng factors. lncludlng 
cost-efflcient provIsion of all reqUIred urban servIces consIstent 
wlth adopted LOS standards and the Capltal Improvements Element, 
successfully demonstrated by the applIcant to the Board of County 
Commlssloners 

(4) MarIne Waterfront CommercIal The Land Use Map desIgnates marIne 
waterfront commercIal areas whIch shall accommodate marlne resort. 
marIna and water related servIces along the more hIghly accesslble 
waterfront sltes w1th the potentla1 to sat1sfy the unIque locatIon. 
market. and resource needs of the water dependent more ,ntense marIne 
servlce/lndustrlal uses Generally. waterfront commercIal uses are 
eIther water dependent or water related SpecIfIc zon1ng d,strlct 
regulatl0ns shall be drafted and adopted to regulate the nature of 
marIne waterfront commercIal operatIons, and to assIst 1n malnta1nlng 
the stabIlIty of adJacent and nearby res1dentla1 areas through use 
restrlct10ns, landscapIng and screen1ng, and nUIsance abatement 
standards The regulatIons shall also guard agaInst envIronmentally 
adverse Impacts to blolog1cally actIve and envIronmentally sensltlve 
habItats In a manner consIstent WIth the coastal and natural resource 
protectIon performance standards of thIS Plan. The Land Development 
Code shall prov1de for several marIne waterfront commerCIal dIstrIcts 
whIch accommodate the var1ety of waterfront commercIal actlvltles. 
IncludIng transIent reSIdentIal facllltles, other marIne resort 
orIented faCIlItIes such as restaurants and shops. as approved as a 
condItIonal use by the PlannIng and ZonIng Board, and the more 
,ntense marIne serVlce uses whIch have theIr own unIque locatl0nal 
crIterIa to assure compatlblllty WIth human and natural resources 
1dentlfled 1n Sectl0n 8-4. A.S, of the Coastal Management Element 

(5) Expressway OrIented TranSIent Commercial ServIce Centers. ThIS 
special land use designation is established to recognize the 
ImmedIate and un1que needs of the through traffIC travelIng publ,c 
The areas ImmedIately adJacent to the interchanges of the l,mlted 
access facllltles. as defIned In Chapter 334 03. FlorIda Statutes, 
WIth maJor arterIals IdentIfIed In the TraffIC Clrculatlon Element, 
WIth the exclusl0n of the I-95/Palm Clty Interchange, are the subJect 
of thlS polley The subJect lnterchange locatlons are deSIgnated by 
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Due to the unlque hazards assoclated wlth mob,le home resldences 1n 
hurncane stonn events, and not wlthstandlng the denslty al1ocatlons 
pravlded for on the Land Use Map for Hutchlnson Island, any property 
deslgnated for resldentlal use on Hutchlnson Island must be not be 
developed for any moblle home use 

Po11cles (CommerClal Development) 

The Land Use Map ,dent,f,es the al1ocatl0n of commerclal land for off1ce 
use, 1,mlted commerclal, general commerclal and marlne waterfront 
commerclal actlvltles The al1ocatlon 1S compatlble wlth goals and 
obJectlves ,dentlfled '" the Comprehenslve Growth Management Plan and 
conslstent wlth supportlVe research and analysls 

(1) Commerclal Offlce/Resldent1al Development (COR) Commerclal 
office/residential development is allocated to accesslble sltes 
adJacent to maJor thoroughfares and also can serve as a translt10nal 
use separatlng more lntenslve general commerclal uses from 
resldentlal development assumlng all performance standards and zonlng 
cr1ter1a are met Off1ce and resldentlal development lS also 
allocated along the outer frlnge of core commerclal areas where such 
development opportunltles may encourage relnvestment 1n decllnlng 
resldentlal areas adJacent to commerclal core areas 

Development wlthln the commerclal offlce/reSldentlal area shall be 
restrlcted to professlonal and buslness off,ces and flnanclal 
lnstltutlons and multlple-famlly resldentlal development ThlS land 
use classlflcatlon expressly excludes freestandlng retal1 sales and 
serVlce establlshments However s restaurants s certaln serVlce 
commerclal uses, and llmlted conmerclal uses, as ldentlfled In the 
Land Development Code, may locate 1n th,S dlstrlct as advertlsed 
condltlonal uses These advertlsed condltlonal uses must be 
lmt1311y approved by the Planmng and Zomng Commlss10n The 
Plannlng and Zon1ng Commlsslon's determlnatlon shall be based on a 
flndlng that lnltlal resldentlal or offlce development has provlded 
an on-slte buffer pursuant to zonlng regulatlons restrlctlng the 
nature and scale of the retal1 uses The Board of County 
Commlss10ners may approve the advertlsed conctltlonal use followlng 
actlon by the Plannlng and Zon1ng Commlssl0n Duly approved offlces 
and shops located wlthln COR deslgnated areas as of the effectlve 
date of th,s ordlnance shall be deemed permltted uses wlth,n the COR 
area 

Resldentlal storage facl11tles may be approved as a condltl0nal use 
by the Planmng and Zomng Commlsslon 1n areas deslgnated "COR" or 
"L 1m' ted Comnerc1al" The ZOOl ng Ordl nance shall establ1Sh cn ten a 
for reVlew of such use WhlCh may. notwlthstandlng the above 
paragraph, be located '" a freestandlng bUl1dlng However, the 
bu,1dlng shall be restrlcted to structures wlth small modules 
adaptlve excluslvely to storage of personal household accessory ,terns 
of resldentlal cl1ents Commerclal tenants shall be expressly 
prohlblted The facll,ty shall be deslgnated In appearance to blend 
harmon1ously wlth resldentlal structures The cumulative lmpacts of 
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any non-resldentlal condltlonal uses must be evaluated and cr,terla 
al10wlng for these uses must be expressed 1n the Land Development 
Code Multlple-famlly resldentlal uses are encouraged to develop • 
wlth,n areas deslgnated for offlce development at densltles 
compatlble wlth crlterla clted In Sectlon 4-4M 1 (5) for hlgh denslty 
resldentlal development wlth a deslgnated maXlffium denslty of 10 unlts 
per gross acre Performance standards shall requl re approprl ate 
landscape and screenlng lncludlng vegetatlve berm system where 
feaslble~ plant materlal and/or aesthetlc decoratlve fence or walls 
to assure compatlb,l,ty among establ1shed resldentlal uses and offlce 
developments Fac,l,tles for tranSlent lodglng caterlng to the 
seasonal resldent and generally hav1ng kltchen facllales to 
accommodate occupants for Vl Sl tl ng pen ods exceedl n9 the general 
motel trlp duratlon of one to four nlghts are permltted as a 
condltional use In th,S land use classlflcatlon when approved by the 
Planmng and Zomng Comrnlsslon pursuant to cntena to be establlshed 
In the Zonlng Ordlnance Duly approved translent lodglng facllltles 
eXlstlng as of the effectlve date of the Comprehens1ve Growth 
Hanagement Plan shall be deemed to be penmtted ln such area 

Revlew of spec1fic resldentlal densltles shall be dlrected toward 
preserv1 ng the stabl 1 1 ty and 1 ntegn ty of. and mal ntal m ng 
compatlblllty Wlth. establlshed resldentlal development and toward 
provldlng equltable treatment of lands wlth Slmllar characterlstlcs 

Deslgn technlques of landscaplng, screenlng and bufferlng shall be 
employed to assure smooth transltlon 1n resldentlal structure types 
and denSltles Generally, where slngle famlly structures comprlse 
the domlnant structure type wlth,n these areas. new development on • 
undeveloped abuttlng lands shall be requlred to lnclude compatlble 
structure types on the lands lmmedlately adjacent to eXlstlng slngle 
famlly development 

(2) Llm1ted Commerclal Development Llmlted commerC1al development lS 
allocated to commerclal sltes accesslble to major thoroughfares near 
resldentlal ne1ghborhoods. Commerc1al uses accommodated Wlthln 
l,mlted commerc1al areas shall have a scale and lntenslty compatlble 
wlth adjacent resldentlal nelghborhoods S1tes wlthln thlS 
deslgnatlon are 1ntended to accommodate shops wlth llmlted lnventory 
or goods as well as translent lodglng facllltles meetlng performance 
standards of the Comprehenslve Growth Management Plan and the zonlng 
code. ThlS deslgnat10n 15 not lntended to accommodate resldentlal 
development Duly approved reSldent,al uses eXlstlng at the 
effectlVe date of the Comprehensl ve Growth ~tanagement Pl an shall be 
deemed permltted uses In addltlon, such shops cater to the 
followlng markets 

(a) Nelghborhood resldentlal markets wlthln the lmmedlate vlclnlty 
as opposed to county-wlde or reglonal markets. 

(b) A speclallzed market wlth customlzed market demands, or 

(c) A tourlst orlented market In the lmmedlate vlclnlty 
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(3) 

types on lands immediately adjacent to existing single-family 
development. Existing agricultural uses within this land use 
designation shall be allowed to continue in a non-conforming status. 

Low Density Residential Development. The low density residential 
designation is reserved for land accessible to existing urban service 
centers or located in the immediate expansion area. Densities 
permitted in this area shall not exceed five (5) units per gross 
acre. Review of specific densities shall be directed toward 
preserving the stability and integrity of established residential 
development and toward providing equitable treatment to lands sharing 
similar characteristics. DeSign techniques such as landscaping, 
screening and buffering shall be employed to assure smooth transition 
in residential structure types and densities. Generally, where 
single family structures comprise the dominant structure type within 
these areas, new development on undeveloped abutting lands shall be 
required to include compatible structure types on the lands 
immediately adjacent to existing single family development. 

(4) Medium Density Residential Development. The medium density 
residential designation ;s reserved for land within the core of urban 
service districts and accessible to employment centers. Medium 
density ranges upward to a maximum of eight (8) units per gross 
acre. Review of specific densities shall be directed toward 
preserving the stability of established residential areas. Design 
techniques of landscaping, screening and buffering shall be employed 
to assure smooth transition in residential structure types and 
densities. Generally, where single family structures comprise the 
dominant structure type within these areas, new development on 
undeveloped abutting lands shall be required to include compatible 
structure types on the lands immediately adjacent to existing single 
family development. 

(5) High Density Residential Development. The high density residential 
development des1gnat10n 1S reserved for land within the core of an 
urban service district adjacent to a less restrictive land use and on 
a site serviced by a full complement of urban facilities. High 
density ranges upward to a maximum of ten (10) units per gross acre. 
However, sites shall be approved for a maximum of fifteen (15) units 
per gross acre, assuming compliance with all of the following 
criteria: 

(a) Density bonus will be granted to development sites committing to 
rental to households meeting the definition of very low, and low 
income and complying with the criteria being studied and 
accepted by the Affordable Housing Task Force called for in 
Section 6-4, A,10,k, of the Housing Element. 

(b) Site location on a major or minor arterial or major collector 
street as defined in the Traffic Circulation Element, Chapter 5 
of the Comprehensive Growth Management Plan. 

(c) Site location shares a common zoning district boundary with 
commercial or industrial district or a high density residential 
area as reflected on the Land Use Plan. 
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(d) Slte locatlon does not share a common zomng dlstnct boundary 
wlth a slngle famlly zomng dlstnct 

(e) $lte lS servlced by a full complement of urban serV1Ces 
1ncludlng water and wastewater serVlce from a reglonal publlC 
utll1ty as deflned 1n the Comprehenslve Growth Management Plan 
Data Inventory and Analys1s (Part II of the Potable Water 
Element and Wastewater Element) 

(f) Appllcant prov1des slgnlf1cant open space buffer, natural 
landscape lncludlng a landscaped berm where appropr1ate, plant 
matenal and/or an aesthetlC wall or fence to effect1vely sh1eld 
the reslctent1al use from any eXlstlng or potentlal adJacent 
non-resldent1al use or from any slngle famlly use 

(g) Appl1cant provldes assurances that all performance standards 
shall be met 

ReVlew of speclflc denSltles shall be dlrected toward preservlng the 
stabll1ty and 1ntegnty of) and malntalmng compatlblllty wlth) 
estab11shed resldentlal development and toward provldlng equltable 
treatment of lands wlth slIDllar characterlstlcs Deslgn technlques 
of landscaplng. screemng and buffenng shall be employed to assure 
smooth transltlon 1n resldent1al structure types and densltles 
Genera 11y. where S1 ng1 e fam,ly structures compn se the doml nant 
structure type wlthln these areas, new development on undeveloped 
abutt,ng lands shall be requ1red to lnclude compatlble structure 

• 

types on the lands lInmed13tely adJacent to eXlstlng slngle famlly • 
development 

Moblle Home Develo~ment Moblle home res1dentlal development shall 
5e permltted on S1 es approprlately zoned for moblle home 
development However, all development appl1cat1ons for mob11e home 
parks and SUOdlvlslons for WhlCh slte plan approval has not been 
gra nted) sha 11 be encouraged to deve 1 op under provl s 1 ons of the 
moblle home planned unlt development dlstrlct The denslty of the 
moblle home parks or subdlvls10ns shall be perm1tted up to a maXlmum 
of elght (8) unlts per gross acre, however, speclflc slte denslt1es 
must be conslstent wlth the POllCY, map and standards of the 
Comprehenslve Growth Management Plan and Zonlng Code The more 
restrlctlve denslty provls10n shall rule where any lnconslstency may 
eXlst Revlew of spec1flc densltles shall be dlrected toward 
preserv1ng the establlshed resldentlal development Replacement of 
eXlstlng moblle homes 1n eXlst1ng mob11e home plats and sltes of 
record, as of the effect1ve date of this ordlnance, shall be 
permltted and shall not be deemed lnconslstent wlth the Comprehenslve 
Growth Management Plan Mob1le homes shall be revlewed as reasonable 
development optlons but the appllcant shall provlde plans for mob1le 
home development WhlCh assure the development contalns a slgnlflcant 
open space buffer Natural landscaplng. lncludlng a landscaped berm 
where approprlate, plant mater1al, and/or an aesthetlc wall or fence 
to effectlvely screen the mob1le home development from adJacent 
reS1dentlal development Wh1Ch eXlsts or may potent1ally eXlst In the 
future 
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agrlcultural operatlons and open space~ and, therefore, asslgns reasonable 
development optlons conslstent wlth the eXlstlng and antlclpated 
agrlcultural character 1" the area A denslty of one (l) unlt per flve 
(5) gross acres shall be permltted Wlth,n the areas deslgnated for 
agrlcultural ranchettes However, resldentlal development on these lands 
should be related to agrlcultural uses Flve (5) acre lots wlth thlS land 
use deslgnatl0n shall meet th,s requlrement ThlS plan recognlzes the 
need to concentrate urban development on lands closer to the urban core 
communltles where urban faCl1,tles ~ay be more economlcal1y provlded. 
malntalned and operated These areas stl11 reqUlre mlnlmal levels of 
urban servlces, such as flre and emergency medlcal, thus ranchette areas 
should be located adJacent to the Secondary Urban Servlce Dlstrlct 

The zonlng regulatlons whlCh shall govern the future development optlons 
wlth,n the areas deslgnated for agrlcultural ranchette development shall 
be conslstent wlth the Comprehenslve Growth Management Plan Development 
standards of the Land Development Code shall assure that future 
development wlthln the area 1S compatlble Wlth establlshed uses sharlng 
comMon lot 1,nes ln order to provlde for smooth transltlon 1n use and 
densltles 

Standards governlng agrlcultural land converSl0n In P01,CY M 1 a (2) shall 
also be used as crlterla In evaluatlng future plan amendment requests 
wlth,n areas deslgnated for agrlcultural rural ranchettes 

Pollcles (Rural Development) 

The Land Use Map ldentlf,es those lands wlth,n Martln County Wh1Ch are 
allocated for rural development ThlS deslgnat,on 1S ,ntended to protect 
and preserve the value of rural suburban lands WhlCh are located outslde 
the normal economlcal serVlce radlus of lntenslve (prlmary) urban serVlce 
systems lncludlng regl0nal potable water dlstrlbutlon and wastewater 
collectlon systems In general, the County cannot economlcally provlde, 
malntaln and operate the full complement of lntenslve serVlces 1n these 
areas 

The rural lands shall develop at a denslty not exceedlng one (1) dwell1ng 
unlt per two (2) gross acres ThlS dens1ty allocatlon recognlzes the need 
to concentrate urban development on lands closer to the urban core 
communltles where lntenslve urban facllltles and serVlces can be provlded 
In a manner compatlble wlth the ObJectlves of flscal conservancy ThlS 
POllCY also provldes reasonable development optlons to landowners whose 
property 1S located wlth,n the frlnge of secondary urban development In 
sparsely developed rural or rural suburban areas Zonlng regulatlons 
shall provlde standards for these areas WhlCh are deslgned to permlt 
development compat1ble wlth the need for preserv1ng the rural character 
These standards shall reflect the hlgh value placed on open space, the 
need to preserve wetland areas, the funct10n and value of recharge areas, 
and the need to mlnlmlze changes In the natural hydrology of the area 
Standards governlng agrlcultural land converS1on of 1n POllCY M 1 a (2) 
shall also be used as crlterla 1n evaluatlng future plan amendment 
requests wlthln areas deslgnated for rural development 
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d Pollcles (Resldentlal Development) 

The Land Use ~1ap allocates resldentlal denslty based on populatlon trends, • 
houslng needs, past trends 1n the character, magnltude, and dlstrlbutlon 
of resldentlal land consumptl0n patterns. and, pursuant to goals. 
obJectlves. and po11cles of the Comprehenslve Growth Management Plan, 
lnc1udlng the need to provlde and malntaln quallty resldentlal 
envlronments, preserve unlque land and water resource and plan for flsea1 
conservancy 

(1) Resldentlal Estate OenSltles (RE-1A) Resldentlal estate densltles 
are prlmarlly asslgned to establlshed stable resldentlal areas and 
those transltl0nal areas havlng a denslty up to one (1) unlt per 
gross acre These areas are generally on the frlnge of the urban 
serVlce dlstncts and generally are not access1ble to a full 
complement of urban serVlces The Plan also asslgns estate denSltles 
to selected areas near eXlstlng estate development where the lands so 
deslgnated, share slmllar characterlstlcs to eXlst,ng resldentlal 
estates and to areas wlthln the urban serVlce dlstrlct WhlCh requlre 
denslty llmltatlons because of unlque problems of urban serVlces 
Revlew of speclflc densltles shall be dlrected toward preservlng the 
stabl11ty and lntegrlty of establlshed resldentlal development and 
toward provldlng equltab1e treatment to lands sharlng slml1ar 
characterlst1cs Oeslgn technlques of landscaplng, screenlng and 
bufferlng shall be employed to assure smooth tranSltlon 1n 
resldentlal structure types and densltles Where slngle faml1y 
structures comprlse the domlnant structure type wlth,n these areas, 
new development on undeveloped abuttlng lands shall be requlred to 
1nelude compatlb1e structure types on lands ilTllledlately adJacent to 
eXlstlng slngle-fam1ly development EXlstlng agrlcultural uses 
wlthl" th,S land use deslgnatlon shall be allowed to contlnue in a 
non-conformlng status ThlS land use deslgnatlon dlffers from the 
RE-O SA category ln that lot SHes are generally larger and the areas 
are more compatlble to rural settlngs 

(2) Resldentlal Estate DenSltles (RE-O SA) Resldent1al estate densltles 
are prlmarlly asslgned to estabhshed stable resldentlal areas, 
havlng a dens1ty up to two (2) umts per gross acre These areas are 
generally on the fnnge of the urban serVlce dlstrlcts and generally 
are not accesslble to a full complement of urban serVlces The Plan 
also asslgns estate densltles to selected areas near eXlstlng estate 
development where the lands so deslgnated, share 51mllar 
characterlstlcs to eXlstlng resldentlal estates and to areas wlthln 
the urban serVlce dlstrlct WhlCh requlre denslty 1,mltatl0ns because 
of unlque problems of urban serVlces Revlew of speclflc densitles 
shall be dlrected toward preservlng the stabll1ty and lntegrlty of 
establlshed resldentlal development and toward provldlng equltable 
treatment to lands sharlng slml1ar characterlstlcs Deslgn 
technlques of landscaplng, screenlng and bufferlng shall be employed 
to assure smooth transltlon In res1dentlal structure types and 
denSltles Where slngle faml1y structures comprlse the domlnant 
structure type wlth,n these areas, new development on undeveloped 
abuttlng lands shall be requlred to lnelude compatlble structure 
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a Polley At a mlmmum. the followlng lnnovatlons shall be lnvestlgated 

(1) F,scal lncentlves such as d,fferentlal assessments for reduclng 
burdensome property taxes 

(2) Tra ns f erab 1 e deve 1 opment r1 9 hts (TOR I 5) wh, c h compensate the owners 
of preserved land for the loss of thelr rlghts to develop 

(3) Voluntary agrlcultural dlstrlcts coupled wlth benef,ts and assurances 
to 1mprave the condltlons of farmlng 

II GOAL (ALLOCATION OF LAND USE) 

Mart," County shall allocate land use lndlcated on the Year 2005 Land Use Map 
In order to provlde for compatlbll1ty wlth eXlstlng development, conslstency 
wlth the Cap' tal Improvements Element, protectlon of natural resources, and 
lmplementatlon of the adopted level-of-servlce standards 

1 OBJECTIVE 

By July, 1990, Martln County wl11 reVlse the Land Development Regulations as 
necessary to lmplement the pollcles for land use allocatlon 

a Pollcles (Agrlcultural Development) 

The Land Use Map ldentlf1es those lands wlthln r~artln County Wh1Ch are 
allocated for agrlcultural development Th1S deslgnatlon 1S '"tended to 
protect and preserve areas of agr1cultural S011S for agrlculturally 
related USes real1zing that food and commod1ty productlon 1S an essentlal 
lndustry and bas,c to the econom1C dlverslty of the County In add1tl0n, 
the maJor portl0n of agr1cultural lands are far removed from urban serV1ce 
dlstrlcts and cannot be converted to urban use wlthout substantlal 
l~creases 1n cost of provldlng, malntalnlng. and operatlng dlspersed 
supportlve serVlces The allocatlon of agrlcultural land 1S furthered by 
Goal L ln th,S Sectlon 

The fUrther ,ntent of the agrlcultural deslgnat10n 1S to protect 
agr1cultural land from encroachment by urban or even low denslty 
res,dentlal development Such development lmpacts the natural envlronment 
and may cause such potentlal adverse lmpacts as erosl0n, run-off. 
sedlmentatlon and flood damage, all of WhlCh render the lmpacted land less 
adaptlve to agrlcultural productlv1ty In order to avold act1vltles that 
adversely lmpact agncultural productlvlty on agrlcultural lands as 
deslgnated on the Land Use Map, no development shall be penmltted WhlCh 
dlv1des landholdlngs into lots, parcels or other units of less than twenty 
(20) gross acres Whl1e acreage may be Spllt for bona flde agrlcultural 
uses, thlS 1S not lntended to allow 20 acre res1dentlal subdlvls10ns 
wlthout plattlng and provlslon of necessary services 
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Wlth,n agrlculturally deslgnated lands, the agrlculture zonlng d,strlcts 
shall provlde deflnltlve polley regardlng development optlons All such 
provlsl0ns of agrlcultural zonlng dlstrlcts shall be conslstent wlth the • 
Comprehenslve Growth Management Plan Llmlted resldentlal and other uses 
dlrectly related and supportlve to agrlculture or WhlCh would not 
Jeopardlze the lntegrlty of the agrlcultural purpose of the dlstrlct are 
permltted 

(1) Congregate Houslng for Farmworkers ReSldentlal development for 
houslng tarmworkers 15 provlded tor as a condltlonal use pursuant to 
Sectlon 4-4, L,'.(c) of th,s Element Agrlcultural zonlng shall 
provlde a polley for lmplementlng thlS provls10n 

(2) ConverSlon of Land Des1gnated Agr1cultural on the Land Use Map 
Agrlculturally deslgnated land may be redeslgnated only by an 
amendment to the Comprehenslve Growth Management Plan The lntent of 
thlS sectlon 1S to permlt such amendment upon a flndlng by the Board 
of County Commlss10ners that the appllcant has demonstrated that 

(a) The proposed development shall not adversely 1mpact hydrology of 
the area or 1n any other manner adversely lmpact the prOduct1ve 
capaclty of adJacent farmlands not lncluded 1n the amendment 
appllcat1on. 

(b) The proposed land converSlon 1S a 10g1cal and tlmely extenS10n 
of a more ,ntense land use deslgnatlon ln a nearby area. 
conslderlng eXlstlng and antlclpated land use development 
patterns s conslstency wlth goals and obJectlves of the • 
Comprehens1ve Growth Management Plan, avallab1l1ty of supportlve 
serVlces. lncludlng lmproved roads, recreatlon amenltles, 
adequate school capaclty, satlsfactory allocations of water and 
wastewater faCllltles and other needed supportlve facl11tles 
Such flndlngs shall be based on so11 potentlal analys1s as well 
as on agrlcultural slte assessment for the proposed land use 
converSlon 

b Pollcles (Agrlcultural Ranchette Development) 

The Land Use Map ldentlf,es those lands wlth,n Martln County WhlCh are 
allocated for agrlcultural ranchette development These lands are 
prlmarlly located West of the Sunshlne State Parkway, WhlCh serves as a 
major barrler to transportatl0n and the provls10ns of flscally sound 
systems for the dellvery of many urban serVlces ThlS condltlon 1S a 
maJor rationale supportlve to the growth POllCY and development pattern 
establlshed ln the Comprehenslve Growth Management Plan The above 
mentl0ned deslgnatl0n is lntended to protect and preserve areas of Martln 
County WhlCh are generally located between the frlnge of the agrlcultural 
heartland and outer frlnge of urban development These areas are s1tuated 
ln locatlons removed from urban servlces, have developed at very sparse 
densltles. and malntaln thelr orlglnal agrlcultural and rural character 
The Plan recognlzes the prlmary value of these lands for small 
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(2) Sltes for lndustrlal development are acces51ble to the essentlal 
publ1C and prlvate faCllltles and serVlces at the levels of serVlce 
adopted 1n thlS Growth Management Plan for transportatlon, potable 
water. S011d waste, dralnage. and sanltary sewer 

(3) S,tes for lndustrlal development are located wlth convenlent access 
to the major roadway transportatlon corndors and are encouraged to 
locate wlth convenlent access to alr, water~ and ra,l transportatlon 
fac,l,t,es 

(4) Sltes for lndustrlal land uses are encouraged to locate wlth 
convenlent access to the labor supply. raw materlal sources, energy 
resources, and Market areas 

(5) A need for lndustrlal land use 15 demonstrated elther on a project 
baSls or ln a county wlde assessment, when lndustrlal proposals are 
consldered by the Board of County Commlssloners 

3 OBJECTIVE 

By July 1990, f1artln County's Land Development RegulatlOns shall mlmm1Ze the 
"nulsance" effects or other negatlve lrilpacts of lndustnal land uses 

a 

b 

POllCY Performance standards shall be establ1shed for managlng, at a 
mlnlmum nOlse, a1r pollutants, odor, vlbratlon, flre or exploslve hazard, 
and glare Locatlon and deslgn of lndustrlal actlvltles shall be based on 
the actlvlty's ab,11ty to conply wlth these standards 

POllCY Natural vegetatlon and other approprlate buffers shall be 
requl red where approprl ate to ml mm, ze adverse , mpacts of the act1 Vl ty on 
nearby land uses 

4 OBJECTIVE 

a 

Beg1nnlng 1n January 1991, Martln County shall develop a program and 
prepare an annual report to selectlvely expand ltS lndustrlal base 
conSlstent wlth the economlC assumptlons and l1mltatlons presented In the 
[conomlc £1 ement of tne GrO"Jth Management Plan 

Poll cy 
to the 

The County shall encourage lndustrles 
County's economy and Wh1Ch 

that contrlbute optlmally 

(l) Generate hlgh levels of employment w1th hlgher than average wage and 
salarles, and relatlve lndependence from cycllcal changes ln economy 

(2) Produce serVlces and/or products WhlCh complement the needs and 
resources of eXlst1ng lndustry wlthln Mart1n County 

(3) Provlde bas,c lndustry WhlCh 1S l1kely to serve as a des1rable 
prlnlng act10n for attractlng addltlonal lndustry compatlble wlth the 
County's econonlC goals and obJectlves as ln the [conomlc Element of 
th,S Growth 11anagement Plan 
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(4) Contr1bute a net revenue to the Martln County government and thus 
enhanclng the f,scal capablllty of the County 

(5) Conserve the County's natural resources and pub11c facl11tles by 
generatlng mlnlmal adverse lmpacts on groundwater and potable water 
resources, the transportatlon system, the SOlld waste system, or 
other natural resources or communlty facllltles 

L GOAL (AGRICULTURAL LANDS) 

Martln County shall falrly and equltably preserve agrlcultural lands by 
enhanclng and protectlng approprlate and productlve lands for agrlcultural 
uses 

1 OBJECTIVE 

By July 1990, Martln County's Land Development Regulatlons shall set forth 
procedures to ensure that the agrarlan character of agrlcultural lands lS 
preserved and that other methods are provlded to malntaln the economlC 
vlablllty of agrlculture 

a P01,CY The County shall restrlct expanslon of urban publlC facll,tles 
and serVlces to the urban serVlce dlstrlcts deslgnated wlthln th,S Growth 
Management Plan ln order to preserve agrlcultural lands and provlde 
maXlmum protectlon to the farmer from encroachment by urban uses 

Th,s POllCY w", be accompllshed by the lmplementatlon of Prlmary and 

• 

Secondary Urban Servlce Dlstrlcts and the careful evaluatlon of • 
resldentlal and non-resldentlal land use appllcatlons durlng the plannlng 
perl ad ln order to prevent an unreasonable surplus of such uses and to 
protect agrlcultural lands 

b POllCY The County shall encourage the use of management practlces for 
sOll conservatl0n Wh'Ch best mlnlmlze erOSlon and protect those attrlbutes 
WhlCh make the s011 productlve 

c POllCY The County shall permlt congregate houslng for agrlcultural farm 
workers, as conSlstent wlth the Houslng Element of thlS Growth Management 
Plan ThlS congregate houslng for agrlcultural farm workers would be 
consldered 10 conJunctlon wlth Housing Servlce Zones, Sectlon 6-4, A, 4, 
c of the Houslng Element Development regulatlons shall be establ,shed 
to accommodate th,S use ln areas establlshed as HOUSlng Servlce Zones 

2 OBJECTIVE 

Martln County shall monitor and evaluate new lnnovatlons and management 
pract1ces for preservlng agrlcultural farmlands whl1e protectlng the 
property rlghts of farmers. and prepare an annual report, beglnnlng 1n 
January 1991, for the purpose of determlnlng the appllcabll,ty of these 
concepts to Mart,n County 
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a Polley The County's deslg" gUldel1nes shall, at a mlnlmum 

(1) Explal" means by Wh'Ch phYSlcal deslgn lmprovements can relnforce and 
lmprove the role of these areas as a focal pOlnt for offlce and 
lnst,tutlonal actlvlty. retal1 trade, and elVle and cultural 
enrlchment 

(2) Illustrate means by WhlCh development can encourage pedestrlan 
Clrculatlons wh,le accommodatlng vehlcular trafflc flow and parklng 
'" a manner to relnforce and lmprove pedestrlan mob,11ty 

(3) Promote lnnovatlve themes and approaches to deslgns that are 
conslstent wlth the purpose and unlque character of these areas 

5 OBJECTIVE 

By July 1990. Martl" County shall establ,sh. wlthl" the Land Development 
Regulat1ons, performance standards requlrlng approprlate landscaplng and 
screenlng to assure compatlblllty and smooth transltlons between commerclal 
and non-commerclal land uses 

a Polley Offlee development may serve as translt10nal uses separatlng more 
lntens1ve commerC1al uses from resldentlal development 

b Polley Off1ee use lS encouraged along the outer fr1nge of core 
cammercla1 areas In order to encourage relnvestment 1n decl1nlng 
resldentlal areas adJacent to commerclal core areas 

K GOAL (INOUSTRIAL LANO USE) 

Martln County shall provlde for adequate and approprlate lands for the 
10cat10n of lndustrla1 land uses to support the role of lndustry 1n the 
County's economy 

1 OBJECTIVE 

By July 1990, Martln County's Land Development Regulatlons shall provlde 
adequate zon1n9 classlflcatlons for lndustrlal land uses to aeconmodate a 
dlverslty of lndustrlal development as deslred by the communlty 

2 OBJECTIVE 

By July 1990, the County's Land Development Regulatlons shall recognlze the 
10cat10na1 crlterla for lndustr1al land 1n the Land Use Element and ensure 
that space requlrement factors are satlsfled when determlnlng the d1strlbutlon 
of speclflc types of lndustrla1 actlvltles 

a Polley The development reVlew process shall ensure that, at a mlnlmum 

(1) Industrlal actlvlt1es are compatlble wlth surroundlng land uses, 
establlshed or planned development, and natural systems and resources 
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a POllCY At a mlnlmum, the development reVlew process shall evaluate 
potentlal commerclal development for 

(l) Trlp generatlon charaeterlstlcs, lmpact on eXlstlng and planned 
transportatl0n facllitles. and abl11ty to achleve a functl0nal 
lnterna1 clrculatl0n and landscaped parklng system 

(2) Speclflc needs of respectlve eommerClal actlvltles, such as market 
area, antlclpated employment generatlon, and floor area requlrements 

(3) Compatlbll1ty wlth and lmpact on other surroundlng commercla1 
actlvltles 

(4) Relatlonshlp to surround1ng land uses and natural systems 

(5) Impact on eXlstlng and planned COmMUnlty serVlces and ut,l,tles 

b Polley Corrmerc1al development shall be strateg1cally dlrected lnto areas 
havlng locatl0n charaeterlstlcs WhlCh best accommodate speclflc land area, 
slte, publ1C facllltles, and market locatlon requlrements 1n order to 
promote efflclent trafflC flow along thoroughfares, achleve orderly 
development, and mlnlMlze adverse lmpacts on resldentlal quality 

• 

c POllCY Zon1ng and land use deslgnatlon changes shall not be granted 1f a 
flndlng by the Board of County Commlssl0ners upon reV1ew by the Plannlng 
and Zon1ng Board lS made that the change wlll lead or contrlbute to a 
prol1ferat,on of strlp commerclal development The eXlstenee of commerCla1 
areas on one corner shall not dlctate the development of all corners wlth • 
the same or s1mllar use nor shall the eXlstence of commerclal development 
on a maJor thoroughfare dlctate that all frontage must be s1ml1arly used 

3 OBJECTIVE 

In an effort to 11mlt unnecessary commerc1al shoPPlng center development, 
Hartln County shall conduct a study, by January 1993, of lnnovatlVe, flscally 
sound technlques WhlCh may be utl11zed to encourage redevelopment or adaptlve 
reuse of eXlstlng shopplng centers or other eXlstlng commerclal core areas 

a Pollcy The County shall ldentlfy those cOfJlTlercla1 propertles winch are 
currently vacant or under utl11zed , especla11y wlthln commerclal core 
areas and along U S Hlghway 1 

b Pollcy Posslble techn1ques to be lnvestlgated shall lne1ude 1) tax 
lncentlVes to encourage reuse of eXlstlng centers, and 2) ln areas where 
hlgh commercla1 vacancy rates currently eXlst, creatl0n of lncent1ves for 
the reuse and redevelopment of eXlstlng centers rather than the creatlon 
of new developments 

4 OBJECTlVE 

By January 1993, the County shall encourage lmproved deslgn of commerc1al core 
areas WhlCh serve as the focal pOlnt of maJor unlncorporated communltles 10 
the county by produclng deslgn gUldellnes to asslst development or • 
redevelopment declslons 
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a Polley The lnvestlgatlon of the long term future of the undeveloped 
areas 1" southern and western r~art'n County would establlsh that a 
Coordlnatl0n Study wlth the Treasure Coast Reglonal Plannlng Counc11 by 
July. 1990, would evaluate the potentlal of an area-wlde Development of 
Regl0nal Impact under provlslons of Chapter 380 06 (25), Florlda Statutes, 
to study these hlnterland areas outslde the urbanlzed areas of Martln and 
Palm Beach County 

b Polley In 1992 the County shall have completed an eva1uatlon of the 
potentlal urban uses 1" the V1Cln1ty of 1-95 lnterchanges Wlth CR 708 and 
CR 714 

c Polley In 1991, Martl" wl11 update current plans 1" the Indlantown area 
by developlng an Indlantown Future Communlty Development Plan The Board 
of County Commlssloners shall apPolnt an Indlantown Plann1ng Task Force 1n 
order to asslst County staff and the Local Plannlng Agency 1n plan 
development and lmplementatlon ThlS Communlty Plan wlll address land use 
capaclty concerns as well as other communlty lssues. such as houslng, 
roads~ urban deslgn. water, sewer, and recreatlon, conslstent wlth 
prevalllng State gUldellnes and future communlty goals 

H GOAL (ENERGY EFFICIENCY) 

Martln County shall encourage energy conservatlon and promote energy efflclent 
land use and development 

1 OBJECTIVE 

By July 1990, Martln County's Land Development Regulatlons shall establlsh 
standards to ensure that development and redevelopment actlvltles maXlmlze 
conservatlon of energy through effectlve and cost efflclent land use and 
deslgn 

a Polley Land Development Regulat10ns shall be establlshed to, at a 
ml mmum 

the 

(1) Encourage the loeatlon and scale of land use actlvltles to mlnlmlze 
long-term energy eomm1tments for eonstructlon, operatlon, 
malntenance, and replacement 

(2) Encourage the deslgn, slt1ng. and orlentatlon of bUlld1ngs to utl11ze 
natural solar resources, wlnd condltl0ns, tree canopy, and plant 
materlals for the purpose of reduc1ng the demand for art1f1clal 
heatlng, coolln9, ventllatlon, and "ghtlng 

(3) Ensure efflelent energy conservatlon 1n bU1ldlng, heatlng. and 
COOll ng systems 

2 OBJECTIVE 

By January 1992, Mart1n County shall develop ln cooperatlon wlth the Treasure 
Coast Reglonal Plannlng Councl' an energy lnformatl0n program to ensure that 
tne latest lnformatlon concernlng energy efflclency 1S readl1y aval1able 
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(3) Boundary extenSl0ns or the creatlon of a new Prlmary Urban Servlce 
Olstnct may be consldered by the Board of County Commlssloners 1n 
conJunctlon ~l1th land use map changes WhlCh requlre concurrent 
amendment to the Prlmary Urban Servlces boundary. 

Polley r~artln County shall maXlmlZe the use of eXlstlng publ,c 
faCl1,tles by encouraglng the rehab,lltatlon and adaptlve reuse of 
eXlstlng structures as an 'n-flll strategy 

h The County shall ,nvest,gate, through the Affordable Hous,ng Task Force 
establlshed under gUldel1nes 10 the Houslng Element (Sectlon 6-4A, 10, k) 
flscally sound means to encourage ,nf,11 development on vacant lands 
wlth,n Prlmary Urban Servlce Dlstrlcts where prlvate relnvestment and 
development may not be appeal1ng wlthout publlC encouragement. 

1 POllCY Freestandlng Expressway Onented Translent ComnerClal Servlee 
Centers and ,ndustnal parcels must be conta1ned w1thln a Pnmary Urban 
Servlce Olstrlct unless a walver 1S obtalned pursuant to lmplementatlon 
Strategy D 3 (p 4-80) Such freestand,ng d,stncts must also meet the 
crltena for that land use type contalned w,th,n thlS Element and be 
conslstent wlth the Capltal Improvements Element 

J Polley f~artln County recogmzes the followlng detached, outlY1ng areas 
WhlCh meet the use and/or denslty erltena of the Pnmary Urban Servlce 
Dlstrlct but are elther subJect to the walver provlsl0ns contalned ln the 
Future Land Use Element or were 1n eXlstence pr10r to the adoptlon of the 
1982 Comprehenslve Plan These area wlll not rece,ve the same level of 
urban serVlces as provlded for the (COntlgUOUS) areas 1n the rnaln Prlrnary 
Urban Servlce Olstrlct of the County 

(1) County Landf,l1 area north of C R 714 and east of 1-95, 
(2) Mob,le Home Park area south of C R 714 between 1-95 and S R 76A, 
(3) Mob,le Home Park area east of S R 76A lInmed,ately north of the 

, ntersect, on of S R 76A and Cltrus Bl vd (S R 726), 
(4) Tnangular lndustnal slte northeast of the Clrcle T Ranch 

(Indlantown) Alrport 

2 OBJECTIVE 

Martl" County shall concentrate rural and estate densitles not exceedlng one 
umt per gross acre wlthln the Secondary Urban Servlce Dlstncts where a 
reduced level of publle fac111ty needs are programned to be ava,lable at the 
base level of serVlce adopted ln the Capltal Improvements Element 

a Polley Martln County shall deSignate land uses wlthln the Secondary 
Urban Serv1ces Dlstrlct 1n order to provlde for the use and extensl0n of 
urban serVlces ln an eff,clent and economlcal manner, and conslstent wlth 
the reduced lntenslty of urban servlces, partlcularly the need to not 
provlde central water and sewer facl11tles normally assoelated wlth rural 
and estate densltles equal to or less than one unlt per gross acre 
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b Polley f-1artln County shall requlre that resldent,al development shall be 
located wlth1" Secondary Urban Servlce Olstrlcts at densltles no h'gher • 
than that speclfled 1" Polley 2 a above unless a walver 1S obtalned 
pursuant to Implementatlon Strategy 0 3 (p 4-80) The lneluslon of 
lands wlthln the Secondary Urban Servlce 01strlct shall be based upon 
conSl stency Wl th the County I s growth management pol1cles and Cap1 tal 
Improvements Element, as well as malntenance of all appllcable 
level-of-servlce standards '" a cost efflClent manner 

c Polley The Secondary Urban Servlce Olstrlcts shall be del1neated on the 
Urban Servlces Boundary Map for areas that meet the denslty crlterla and 
are contlguous to the Pnmary Urban Servlce Dlstnct In areas where a 
tract that would normally quallfy for Secondary Urban Servlce Olstrlct 
deslgnatlon lS surrounded, on at least three (3) s1des, by Pr1mary Urban 
Servlce 01strlct areas, then the subJect area wlll be lncluded ln the 
Prlmary Urban Servlce 01strlct. 

d POllCY In areas deslgnated as Secondary Urban Servlce Olstrlcts, where 
development 1S proposed that would contaln one-half acre Or smaller lots, 
or commerc1al and lndustrlal uses, a change to a Pnmary Urban Servlce 
Olstrlct deslgnat10n must be approved by the Board of County COmmlssloners 
as part of a land use amendment and must meet all of the pollcles llsted 
under ObJectlve G 1 relatlng to Prlmary Urban Servlce 01strlcts unless a 
Walver lS obtalned pursuant to Implementatlon Strategy 0 3 (4-80) 

e P01,CY I~artln County recogmzes the followlng detached, outlYlng areas 
WhlCh meet the use and/or denslty crlterla of the Secondary Urban Servlce • 
Olstrlct but are e,ther subJect to the walver provlslons contalned 1n the 
Future Land Use Element or were ln eXlstence prlor to the adoptlon of the 
1982 Conprehenslve Plan These areas w,ll not recelve the same level of 
urban serVlces as provlded for the rnaln Secondary Urban Servlce Dlstrlcts 
located eontlguous to the Prlmary usn of the County 

(1) Country Place SubdlvlSlon located on the east slde of S R 76A Just 
south of 1-95, 

(2) Llnear area located between Cltrus Blvd (5 R 726) and the 
Okeechobee ~aterway. from Ind1antown to S R 76A 

3 OBJECTIVE 

Martln County shall 1nltlate an lnvest1gat10n, 1n conJunct10n Wlth the 
Treasure Coast Regl0nal Plannlng CounCll and other lnterested organlzatlons, 
the posslb,11ty of and potentlal for new land use map plans and programs for 
the long term future of the undeveloped areas In southern and western Martln 
county, to ,nelude large land holdlngs and the areas around 1-95 lnterchanges 
at CR 708 and CR 714 ThlS obJeetlve wl1l also ,nclude the study and analysls 
of lndustrlal and resldentlal land use and other communlty lssues 1n the 
Indlantown area 
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a Polley At a mlmmum, the H1StOrlC Preservatlon Qrd,nance shall 

(1) Provlde protectl0n for the resources locally deflned to have hlstonc 
slgnlf1cance as well as those llsted on the natlonal Register of 
Hlstorlc Places, the Florlda Master Slte F,le, the Local Reglster of 
HlstorlC Places, and those to be dlscovered In the future 

(2) Outl1ne standards for the ,dent,flcatl0n and evaluatlon of hlstorlC 
resources 

(3) Ut,lize the Standards for Rehab,l,tat,on establ,shed by the Un' ted 
States Department of the Interl0r shall be used '" the reVlew of 
alteratlons to hlstarlC bUlldlngs 

(4) Encourage rehab,11tatl0n and adaptlve reuse of h,storlC propertles 
through lncentlVes, and regulate actlvltles that would harm or 
destroy the hlstOrlC value of such resources 

4 OBJECTIVE 

By December, 1991. Martln County shall ald and cooperate w,th the Treasure 
Coast Regl0nal Plannlng Councl1 1n ldentlfYlng and and mapp'ng s1gnlflcant 
h1storlcal. archaeologlcal, and paleontolog1cal resources wlth,n the County 

a POllCY Access to these resources shall be evaluated and lncreased when 
approprlate. for sClent1flc, educat10nal, and recreatlonal purposes 

b POllCY H, stOrlC resources and thel r enV1 ronments shall be 1 ncl uded , n 
publ,c acqu1s1tlon programs for recreatl0n, open space, and conservatlon 
areas WhlCh, at a mlnlmum 

(1) Ensure that development or actlvlt,es planned for such sltes are 
passlve ln nature and do not endanger the 1ntegrlty and character of 
the resource 

(2) Encourage the 1ncorporatl0n of these s1tes lnto educat10nal programs 

C POllCY Development proposals on or near such s1tes wll1 be requlred to 
preserve these areas or necessary buffer zones adJacent to them 

G GOAL (ENCOURAGE URBAN DEVELOPMENT IN URBAN SERVICE AREAS) 

Martln County shall regulate urban sprawl tendencles by dlrectlng growth ln a 
tlmely and efflclent manner to those areas where urban publlC facl1,tles and 
serVlces are aval1able, or are programmed to be aval1able, at the levels of 
serVlce adopted 1n th,S Growth Management Plan 
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1 OBJECTIVE 

11artl" County shall concentrate hlgher densltles and lntensltles of 
development wlthl" strateglcally located Prlmary Urban Servlce Dlstrlcts. as 
dellneated lncludlng cOlIll1erclal or lndustrlal uses as well as resldentlal 
development exceedlng a denslty of two (2) umts per acre, by th,S Growth 
Management Plan, where all forms of pub',c faCl11tles are ava,lable or are 
programmed to be aval1able, at the base levels of serVlce adopted ," the 
Capltal Improvement Element 

a Polley r~art'n County shall deslgnate land uses wlthl" the Pnmary Urban 
Servlce Dlstrlct so as to provlde for the use and extenslon of all 
necessary urban serVlces and needs In an efflClent and economlcal manner 

b Polley r-1artln County shall requlre that new resldentlal development, 
contalnlng one-half acre or smaller lots, commerclal uses and lndustrlal 
uses shall be located w1thln the Prlmary Urban Servlce 01strlct unless a 
wa1ver 1S obtalned pursuant to Implementatlon Strategy 0 3 (p 4-80) 

e 

The lncluSl0n of lands wlthln the Pr1mary Urban Servlce Dlstrlct shall be 
based upon Conslstency wlth the County's growth management pol1cles and 
Capltal Improvements Element, as well as documentatl0n that the Plan 
level-of-servlce standards wll1 be provlded and malntalned 1n a 
cost-efflclent manner 

Polley 
access 
sewer t 

Martln County shall requlre future development necessitatlng 
or connectlon to all publlc urban faCllltles, ,"eludlng water and 
to be located wlth,n Prlmary Urban Servlce Dlstrlcts 

d Pol,ey f~drtln County shall dlseourage the prollferatlOn of small. 
,nd,vldual water treatment, waste water dlsposal, and SOlld waste dlsposal 
facll,tles 

e Po 1, cy Ha rt, n County sha 11 provl de reasonable and equ 1 table optl0ns for 
development outslde of Pr1mdry Urban Servlce Olstrlcts, lncludlng 
agneulture and small scale serVlce establ1shments necessary to support 
rural and agr1cultural uses 

f Pol,ey The Pnmary Urban Servlee boundanes dellneated on the Urban 
SerVlces Boundary Map are not 'ntended to be ngld dellneatlons of land 
areas and the appl1eatlon of the urban serVlees boundanes should be based 
upon the fol1owlng 

(1) Boundarles may extend beyond the establ1shed del1neatlon to a 
dlstance of 660 feet, provldlng such extenslons are conslstent wlth 
the pol1cles of thlS Growth Management Plan 

(2) Boundarles may extend to maJor physlcal boundarles, such as 
ra11roads. water bod1es, or transportatl0n corrldors, provldlng such 
extenslons do not exceed 1,320 feet and are conslstent w1th the 
pollcles of thlS Growth Management Plan 
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1031 EXCERPTS FROM THE MARTIN COUNTY COMPREHENSIVE 

• GROWTH MANAGEMENT PLAN RELATED TO 

• 

• 

• GOAL G (ENCOURAGE URBAN DEVELOPMENT IN URBAN 

SERVICE AREAS) 
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Transect: 1 Date: 03-0ct-89 Time: 10:30 

============================================================ 
De~th- NGVD** Final 

Dist Depth* Staff S aff Correction Elevation 
(ft) (ft) (ft) (ft) (ft) (ft-NGVD) 

============================================================ 

0 26.2 
4 26.4 

20 20.3 
23 18.7 
24 2.1 1.52 0.58 17.78 17.2 
31 15.7 
40 8.4 1.52 6.88 17.78 10.9 
60 11.6 1.52 10.08 17.78 7.7 
80 13.7 1.52 12.18 17.78 5.6 

100 15.0 1.52 13.48 17.78 4.3 
120 16.0 1.52 14.48 17.78 3.3 
140 16.7 1. 52 15.18 17.78 2.6 
160 16.0 1.52 14.48 17.78 3.3 
180 16.1 1.52 14.58 17.78 3.2 
200 14.7 1.52 13.18 17.78 4.6 
220 9.3 1.52 7.78 17.78 10.0 
235 15.7 
240 3.0 1.52 1.48 17.78 16.3 
247 18.7 
254 0.0 1.52 -1.52 17.78 19.3 
256 23.0 
267 26.3 

Transect: 2 Date: 03-0ct-89 Time: 11:30 

0 25.7 
4 26.4 

18 20.8 
20 0.0 1.58 -1.58 17.78 . 19.4 
22 18.7 
30 15.7 
40 8.4 1.58 6.82 17.78 11.0 
60 12.8 1.58 11.22 17.78 6.6 
80 15.1 1.58 13.52 17.78 4.3 

100 16.7 1.58 15.12 17.78 2.7 
120 17.1 1.58 15.52 17.78 2.3 
140 17.1 1.58 15.52 17.78 2.3 
150 17.7 1.58 16.12 17.78 1.7 
160 17.2 1.58 15.62 17.78 2.2 
180 16.4 1.58 14.82 17.78 3.0 
200 15.9 1.58 14.32 17.78 3.5 
220 11.1 1.58 9.52 17.78 8.3 
240 2.5 1.58 0.92 17.78 16.9 
248 0.0 1.58 -1.58 17.78 19.4 

* Rows without a depth value are provided from the land surveying. 
**Bottom of water level staff was at elevation 17.78 ft NGVD. 



Transect: 3 Date: 03-0ct-89 Time: 12:18 

0 25.7 • 2 26.1 
21 19.6 
24 18.6 
32 15.6 
40 5.4 1.61 3.79 17.78 14.0 
60 11.2 1.61 9.59 17.78 8.2 
80 16.7 1.61 15.09 17.78 2.7 

100 17.8 1. 61 16.19 17.78 1.6 
120 17.4 1. 61 15.79 17.78 2.0 
140 17.3 1.61 15.69 17.78 2.1 
160 17.7 1. 61 16.09 17.78 1.7 
180 17.1 1.61 15.49 17.78 2.3 
200 14.9 1. 61 13.29 17.78 4.5 
220 11.4 1. 61 9.79 17.78 8.0 
240 3.3 1. 61 1.69 17.78 16.1 
246 0.0 1.61 -1.61 17.78 19.4 

Transect: 4 Date: 03-0ct-89 Time: 12:35 

0 25.3 
2 25.9 

19 20.4 
20 0.0 1.65 -1.65 17.78 19.4 
23 18.7 
34 15.7 
40 7.2 1.65 5.55 17.78 12.2 • 60 12.5 1.65 10.85 17.78 6.9 
80 17.1 1.65 15.45 17.78 2.3 

100 18.2 1. 65 16.55 17.78 . 1.2 
120 17.3 1.65 15.65 17.78 2.1 
130 16.8 1.65 15.15 17.78 2.6 
140 17.6 1.65 15.95 17.78 1.8 
160 18.6 1.65 16.95 17.78 0.8 
180 16.5 1.65 14.85 17.78 2.9 
200 14.6 1.65 12.95 17.78 4.8 
220 10.4 1.65 8.75 17.78 9.0 
240 1.9 1.65 0.25 17.78 17.5 
241 0.0 1.65 -1. 65 17.78 19.4 

• 



Transect: 5 Date: 03-0ct-89 Time: 12:42 

• 0 25.2 
4 25.8 

19 20.3 
23 18.7 
35 15.7 
40 6.2 1.65 4.55 17.78 13.2 
60 10.7 1.65 9.05 17.78 8.7 
80 16.2 1.65 14.55 17.78 3.2 

100 18.5 1. 65 16.85 17.78 0.9 
120 18.2 1.65 16.55 17.78 1.2 
140 17.2 1. 65 15.55 17.78 2.2 
160 18.9 1. 65 17.25 17.78 0.5 
180 16.9 1.65 15.25 17.78 2.5 
200 13.7 1.65 12.05 17.78 5.7 
220 7.9 1.65 6.25 17.78 11.5 
240 1.8 1.65 0.15 17.78 17.6 
242 0.0 1.65 -1.65 17.78 19.4 

Transect: 6 Date: 03-0ct-89 Time: 12:50 

0 25.1 
2 25.6 

18 20.4 
20 0.0 1.66 -1.66 17.78 19.4 
22 18.7 

• 33 15.7 
40 6.3 1.66 4.64 17.78 13.1 
60 14.3 1.66 12.64 17.78 5.1 
80 18.0 1.66 16.34 17.78 1.4 

100 18.7 1.66 17.04 17.78 ' 0.7 
120 17.7 1.66 16.04 17.78 1.7 
140 17.7 1.66 16.04 17.78 1.7 
150 18.3 1.66 16.64 17.78 1.1 
160 17.7 1.66 16.04 17.78 1.7 
180 14.7 1.66 13.04 17.78 4.7 
200 11.5 1.66 9.84 17.78 7.9 
220 8.1 1.66 6.44 17.78 11.3 
237 15.7 
240 2.6 1.66 0.94 17.78 16.8 
250 18.7 
258 22.9 
270 26.5 

• 



Transect: 7 Date: 03-0ct-89 Time: 14:10 

0 24.8 • 3 25.4 
16 21.5 
20 0.0 1.29 -1.29 17.78 19.1 
22 18.7 
32 15.7 
40 8.5 1.29 7.21 17.78 10.6 
60 14.5 1.29 13.21 17.78 4.6 
80 17.9 1.29 16.61 17.78 1.2 

100 18.2 1.29 16.91 17.78 0.9 
120 17.8 1.29 16.51 17.78 1.3 
140 17.9 1.29 16.61 17.78 1.2 
160 17.9 1.29 16.61 17.78 1.2 
180 15.2 1.29 13.91 17.78 3.9 
200 12.4 1.29 11.11 17.78 6.7 
220 8.7 1.29 7.41 17.78 10.4 
240 2.8 1.29 1.51 17.78 16.3 
245 0.0 1. 29 -1.29 17.78 19.1 

Transect: 8 Date: 03-0ct-89 Time: 14:45 

0 26.1 
7 24.7 

22 20.1 
26 18.7 
34 15.7 
40 9.5 1.08 8.42 17.78 9.4 • 60 13.6 1.08 12.52 17.78 5.3 
80 18.0 1.08 16.92 17.78 0.9 

100 18.0 1.08 16.92 17.78 0.9 
120 17.6 1. 08 16.52 17.78 1.3 
140 17.2 1.08 16.12 17.78 1.7 
160 16.0 1.08 14.92 17.78 2.9 
180 14.1 1. 08 13.02 17.78 4.8 
200 11.6 1.08 10.52 17.78 7.3 
220 7.8 1.08 6.72 17.78 11.1 
235 15.7 
244 18.7 
246 20.6 
268 26.2 

• 



Transect: 9 Date: 03-0ct-89 Time: 14:57 

• 18 0.0 0.88 -0.88 17.78 18.7 
20 1.0 0.88 0.12 17.78 17.7 
40 8.7 0.88 7.82 17.78 10.0 
60 11.8 0.88 10.92 17.78 6.9 
80 16.5 0.88 15.62 17.78 2.2 

100 18.2 0.88 17.32 17.78 0.5 
120 18.2 0.88 17.32 17.78 0.5 
140 18.5 0.88 17.62 17.78 0.2 
160 18.5 0.88 17.62 17.78 0.2 
180 18.3 0.88 17.42 17.78 0.4 
200 17.0 0.88 16.12 17.78 1.7 
220 14.5 0.88 13.62 17.78 4.2 
240 11.0 0.88 10.12 17.78 7.7 
260 5.2 0.88 4.32 17.78 13.5 
280 0.0 0.88 -0.88 17.78 18.7 

Transect: 10 Date: 03-0ct-89 Time: 15:17 

56 0.0 0.71 -0.71 17.78 18.5 
60 4.4 0.71 3.69 17.78 14.1 
80 12.2 0.71 11.49 17.78 6.3 

100 14.9 0.71 14.19 17.78 3.6 
120 18.0 0.71 17.29 17.78 0.5 
140 18.7 0.71 17.99 17.78 -0.2 
160 17.3 0.71 16.59 17.78 1.2 
180 18.0 0.71 17.29 17.78 0.5 

• 200 19.2 0.71 18.49 17.78 -0.7 
220 17.6 0.71 16.89 17.78 0.9 
240 13.7 0.71 12.99 17.78 4.8 
260 7.9 0.71 7.19 17.78 - 10.6 
270 3.7 0.71 2.99 17.78 14.8 
275 0.0 0.71 -0.71 17.78 18.5 

• 



Transect: 11 Date: 03-0ct-89 Time: 15:32 

0 27.1 • 13 23.3 
24 18.7 
32 15.7 
40 5.9 0.56 5.34 17.78 12.4 
60 11.7 0.56 11.14 17.78 6.6 
80 15.9 0.56 15.34 17.78 2.4 

100 17.5 0.56 16.94 17.78 0.8 
120 17.8 0.56 17.24 17.78 0.5 
140 17.4 0.56 16.84 17.78 0.9 
160 18.1 0.56 17.54 17.78 0.2 
180 18.2 0.56 17.64 17.78 0.1 
200 16.6 0.56 16.04 17.78 1.7 
220 12.2 0.56 11. 64 17.78 6.1 
240 4.7 0.56 4.14 17.78 13.6 
249 15.6 
260 1.2 0.56 0.64 17.78 17.1 
266 0.0 0.56 -0.56 17.78 18.3 
274 26.9 
280 26.7 

Transect: 12 Date: 03-0ct-89 Time: 17:20 

0 26.1 
16 20.7 
20 18.7 
28 15.7 • 40 5.8 0.46 5.34 17.78 12.4 
60 9.2 0.46 8.74 17.78 9.0 
80 14.1 0.46 13.64 17.78 ' 4.1 
90 15.3 0.46 14.84 17.78 2.9 

100 13.3 0.46 12.84 17.78 4.9 
120 7.5 0.46 7.04 17.78 10.7 
137 15.6 
146 18.6 
161 24.7 

• 



Transect: 13 Date: 03-0ct-89 Time: 17:33 

• 0 25.0 
2 25.2 

23 18.6 
30 15.6 
40 7.1 0.55 6.55 17.78 11.2 
60 12.0 0.55 11.45 17.78 6.3 
80 14.0 0.55 13.45 17.78 4.3 

100 11.2 0.55 10.65 17.78 7.1 
120 3.8 0.55 3.25 17.78 14.5 
127 0.0 0.55 -0.55 17.78 18.3 

Transect: 14 Date: 03-0ct-89 Time: 17:50 

0 24.9 
3 25.7 

17 21.7 
25 18.6 
34 15.6 
40 5.9 0.45 5.45 17.78 12.3 
60 11.2 0.45 10.75 17.78 7.0 
80 14.2 0.45 13.75 17.78 4.0 

100 10.0 0.45 9.55 17.78 8.2 
120 4.7 0.45 4.25 17.78 13.5 
125 15.6 

• 134 18.6 
137 21.1 
149 24.9 

• 



• 

APPENDIX B--CHANNEl PROFILES 

• 

• 



• • 
TRANSECT NO. 1 

L63-N 

• 

30~------------------------------------------~ 

28 ................... , ... . 

26 
___ 24-

~ 22 
{j 20 
Z 18 
~ 16 ......... . 
~ 
'-' 14 ...... ...... ...... ... . ................ . 

3 12 ............................ . '" ...... . 
~ 10 ................................... . 
~ 8 .................... ............. . .... . 

~ 6 ...................... . 
~ 4- .................. . 

2 ............. . 

o ... . 
-2+-~--~~--~~--~~--~~--~~--~~--~~ 

o 40 80 120 160 200 240 280 
DISTANCE (ft) 



• 

TRANSECT NO.2 
L63-N 

30~------------------------------------------~ 

28 .......................... . 
26 .... ........... . .. . .. 

..-.24 

s: 22 
l'J 20 
Z 18 

i 16 
'-' 14 
~ 12 ........................ . 
~ 10 ....................... ... .......... .. 
~ 8 ................... . ........ . 

~ 6 ................................. . 

~ 4 .......... . 
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-
... -... ... . 
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DISTANCE (ft) 

• • 



• • 
TRANSECT NO. 3 

L63-N 

• 

30~------------------------------------------~ 

28 ........................... . 

26 
___ 24 
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Cj 20 
Z 18 

ri 16 
'-' 14 
~ 12 ....................... . 
E= 10 ............................... . 

~ 8 .................................. . 
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TRANSECT NO.4 
L63-N 

30~------------------------------------------~ 

2B ................ . 
26 ...... . 

__ 24 
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o 20 ................. . 

Z 1B 

~ 16 
'-" 14 ................ .. . ... . ...... . 
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• • 
TRANSECT NO.5 

L63-N 

• 

30~------------------------------------------~ 
2B .... ..... ...... .. ...... ... . ...... . . 
26 ............... ..... ... ... . 

___ 24 
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TRANSECT NO. 6 
L63-N 

30~------------------------------------------~ 

28 
26 

.-.. 
24 ... . . .... . .. 

§: 22 
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cd 16 
'-'14 ..... 
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• • 
TRANSECT NO.7 

L63-N 

• 

30~------------------------------------------~ 

2B .......... . 
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TRANSECT NO.8 
L63-N 

30~------------------------------------------~ 

2B ................... . 
26 .................. . 

..-- 24 .. ... ... ... ........ ... . ... . 

~ 22 ........................................... . 

~ 20 
Z 1B 

i 16 
'-' 14 
~ 12 ................................ . 
~ 10 ....................................... . 
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~ 6 .................................... . 
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• • 
TRANSECT NO. 9 

C59 

• 

30~------------------------------------------~ 
2B . .... ... .... ... . 
26 ......... ..... . . 

.-.. 24 
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TRANSECT NO. 1 0 
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30~------------------------------------------~ 

28 ..... . 

26 ...... . 
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• • 
TRANSECT NO. 11 
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• 

30~------------------------------------------~ 
28 . ... .... ... .... .. . .. 

26 
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(j 20 
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~ 16 
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TRANSECT NO. 12 
1.63-S 

30~------------------------------------------~ 

28 ........ . 

26 ..... . 
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• • 
TRANSECT NO. 13 
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• 

30~------------------------------------------~ 
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TRANSECT NO. 14 
L63-S 

30~------------------------------------------~ 

2B ......... . .. 
26 ...... ... .... .. 
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Z 1B 

i 16 
'-' 14 . . .... . 

~ 12 ..................... . 
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~ 6 ........................... . 
~ 4 ............... '" 

2 ....... . 

o ................ . 
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o 40 BO 120 160 200 240 2BO 
DISTANCE (ft) 

• • 
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IMAGE QUALITY 
PWSE NOTE THE ORI61NW DOtlJMENTS 

StANNED FOR THIS REtOn WERE OF POOR 
QUAlITY. 
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• 10.5.1.6 Aquatic Biology Studies 
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• 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 1, MAY/JUNE, 1990 
(PAGE 1 OF 2) 

ReQhcates 
Taxa A C D 

CordyloQhora lacustns 461 915 
Hydra sp. 15 23 
Dugesia sp. 8 46 
Hyalinella Qunctata 8 8 
Ostracoda 77 185 115 
Prostoma rubrum 8 15 
Allonals paraguayensis 15 
Chaetogaster dlaQhanus 85 
Dero~ 77 
D. Qectlnata 138 
Nais variabihs 23 
Pnstina aeqUiseta 15 31 85 
E. leldYI 577 1,138 477 
Placobdella transucens 8 
Hyalella azteca 469 684 1,453 
Collembola 8 8 
Caems dlmlnuta 308 500 569 
Enallagma sp. 23 54 
HomoQtera 8 
Hydroptila sp. 54 15 38 
Orthotnchla sp. 8 115 138 
Oecetls sp. 8 8 
Ablabesmyia rhamphe 8 38 23 
Labrundlma neopllosella 8 31 
Cncotopus blclnctus group 92 69 77 
C. sylvestns 131 
Nanocladlus dlstlnctus 8 15 
Orthocladius sp. 354 331 215 
Asheum beckae 8 31 8 
Dlcrotendlpes modestus 223 8 62 
D. nervosus 31 185 31 
D. neomodestus 8 23 
D. simpsoni 315 408 492 
Endochironomus nigncans 23 62 38 
GIYQtotendiQes sp. 231 331 400 
Goeldichlrionomus sp. 215 254 185 

20524 016\lnd'&nln SCA 

Mean 

459 
13 
18 
5 

126 
8 
5 

28 
26 
46 
8 

44 
731 

3 
869 

5 
459 
26 
3 

36 
87 

5 
23 
13 
79 
44 
8 

300 
15 
97 
82 
10 

405 
41 

320 
218 

10.5.1.6 



MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 1, MAY/JUNE, 1990 
(PAGE 2 OF 2) 

Taxa 

G. carus 
Parachironomus sp. 
Phaenogsectra 
PseudoQhlronomus nr. 

gseudovlridls 
Tanytarsus glabrescens 
1. sp. X 
1. sp. XII 
Chlronomlni sp. A Beck 
Ceratogogonldae 
Hebetancylus excentricus 
Laevagex fuscus 
Pyrogoghorus glatyrachis 
Physella hendersoni 
Planorbella scalarrs 
Gyraulus garvus 
Vivigarus georgianus 

Number of Species 
Number of Macrolnvertebrates 
Diversity (d) 

Source: 

20524 016\lnd,anln SCA 

A 

92 

38 

8 
8 
8 

554 
269 
146 
138 

8 
38 
54 

38 
4,583 
4.20 

Reglicates 
C 

85 
115 

8 

23 

8 

23 

8 
8 

108 

37 
5,106 
3.92 

D 

131 
54 
8 

15 
8 

15 

33 
4,899 
3.63 

Mean 

72 
87 
3 
3 

13 
8 
3 
5 
8 

195 
90 
51 
49 
3 

54 
18 

51 
4,863 

4.21 

10.5.1.6 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION M, MAY/JUNE, 1990 
(PAGE 1 OF 2) 

Reglicates 
Taxa A C D 

Dugesla sp. 8 
Hyalinella gunctata 8 8 8 
Bratlslavia bllongata 31 185 
Dero gectlnata 892 1,169 
Nals variabllis 31 
Pnstina aequiseta 62 
E. leldYI 523 123 1,476 
Helobdella stagnalis 8 
Hyalella azteca 308 2,438 492 
Caems dlmlnuta 154 2,061 308 
Enallagma sp. 15 
Orthotnchla sp. 200 185 
Cyrnellus 92 
Polycentrogus 31 
Legldogtera 31 
Dytiscldae 62 
Labrundinia neogilosella 62 
Cncotogus blclnctus group 185 
Orthocladlus sp. 92 185 
Asheum beckae 338 677 554 
Dlcrotendlges modestus 62 
D. nervosus 92 185 431 
D. simgsoni 1,415 1,353 1,661 
Endochironomus mgncans 31 123 123 
Glygtotendlges sp. 3,691 5,783 2,645 
Goeldlchlnonomus sp. 338 492 185 
G. carus 123 
Parachironomus sp. 154 308 308 
Pseudochlronomus nr. 62 

gseudovlndls 
Tanytarsus glabrescens 31 
1. sp. X 31 
1. sp. XIII 62 
Chironomlnl sp. A Beck 62 
Ceratogogomdae 62 185 
Hebetancylus excentncus 62 
Physella hendersoni 31 

20524 016\lndlantn SCA 

Mean 

3 
8 

72 
687 

10 
21 

707 
3 

1,079 
841 

5 
128 
31 
10 
10 
21 
21 
62 
92 

523 
21 

236 
1,476 

92 
4,040 

338 
41 

256 
21 

10 
10 
21 
21 
82 
21 
10 

10.5.1.6 



MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION M, MAY/JUNE, 1990 
(PAGE 2 OF 2) 

Taxa 

Planorbella scalans 
Gyraulus parvus 

Number of Species 
Number of Macroinvertebrates 
Diversity (d) 

Source: 

20524 016\lnd,antn SCA 

A 

24 
8,590 

2.93 

Replicates 
C D 

8 

19 
14,219 

2.70 

369 

22 
10,651 

3.48 

Mean 

3 
123 

38 
11,153 

3.29 

10.5.1.6 
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MACRO INVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 2, MAY/JUNE, 1990 
(PAGE 1 OF 2) 

Replicates 
Taxa A C D 

Dugesla sp. 62 
Hyahnella punctata 8 8 
Ostracoda 31 
Dero mvea 46 369 
D pectlnata 1,123 431 1,107 
Pnstlna leldYI 338 431 800 
Batracobdella phalera 8 
Hyalella azteca 800 492 923 
Caems dlminuta 1,092 677 308 
Enallagma sp. 15 62 
Cyrnellus sp. 15 
Polycentropus sp. 15 62 
Orthotnchia sp. 138 308 185 
Ablabesmyia rhamphe 185 185 246 
Labrund,nla neopilosella 46 185 62 
Orthocladlus sp. 62 
Asheum beckae 892 1723 677 
Dicrotendlpes modestus 123 62 431 
D. nervosus 800 369 138 
D. simpsoni 954 861 923 
Endochlronomus mgricans 185 62 246 
Glyptotendfpes sp. 2,245 2830 3,199 
Goeld,chinonomus sp. 846 1600 923 
G. carus 584 738 185 
Parachlronomus dlrectus 431 
E. pectinatellae 769 185 123 
Phaenopsectra sp. 31 
Pseudochlronomus nr. 185 

pseudoviridls 
Tanytarsus sp. X 15 185 
1. sp. XII 15 
Chlronomini sp. A Beck 15 246 185 

20524 016\lndlan1n SCA 

Mean 

21 
5 

10 
138 
887 
523 

3 
738 
692 
26 
5 

26 
210 
205 
97 
21 

1,097 
205 
436 
913 
164 

2,758 
1,123 

502 
144 
359 

10 
62 

67 
5 

149 

10.5.1.6 



MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED ON ARTIFICIAL SUBSTRATES FROM 

TAYLOR CREEK STATION 2, MAY/JUNE, 1990 
(PAGE 2 OF 2) 

Taxa 

Ceratopogonldae 
Physella hendersonl 

Number of Species 
Number of Macrolnvertebrates 
Diversity (d) 

Source: 

20524 016\lndlBntn SCA 

A 

77 

27 
11,405 

3.73 

Replicates 
C 0 

62 185 
62 

22 
11,635 

3.56 

25 
12,143 

3.83 

Mean 

108 
21 

33 
11,727 

3.87 

10.5.1.6 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION 1, MAY 1990 
(PAGE 1 OF 2) 

Reghcates 
Taxa A B C D 

Dero nivea 215 86 
Pnstlna leldyi 43 
E. synchtes 86 43 
Aulodrilus glgueti 86 43 86 43 
Branchuria sowerbyi 86 129 86 258 
Immature Tublflcld with 86 990 86 43 

capilhform 
Immature Tubiflcid without 43 43 43 

capllhforms 
Helobdella elongata 43 
H. stagnalis 43 
Placobdella gedlculata 43 
Taghromysis bowmani 43 
Hyalella azteca 86 344 43 
Baetls sp. 43 43 
Caents dlmlnuta 129 
Decetls sp. 129 
Drthotnchla sp. 43 43 43 
Ceratogogonidae 43 43 43 43 
Chaoborus gunctlgennls 474 215 
Coelotanygus concinnus 258 86 
Procladlus sp. 129 
Cncotogus blcinctus 86 
Chlronomus sp. 43 
Cladotanytarsus sp. 43 
Cryptochlronomus fulvus group 43 43 86 
Dicrotendlges modestus 43 43 
Glygtotendiges sp. 215 43 
Goeldlchlronomus sp. 86 
Polygedilum scalaenum 86 
E. slmulans 86 
Tanytarsus sp. X Rutter 86 86 
Corbicula flumlnea 301 
Elhgtlo buckleyi 43 

20524 016\Jnd.antn seA 

Mean 

75 
11 
32 
65 

140 
301 

32 

11 
11 
11 
11 

118 
22 
32 
32 
32 
43 

172 
86 
32 
22 
11 
11 
43 
22 
65 
22 
22 
22 
43 
75 
11 

10.5.1.6 



MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION 1, MAY 1990 

Taxa 

Gyraulus parvus 
Vlviparus georgianus 

Number of Species 
Number of Macrolnvertebrates 
Diversity (d) 

Source: 

20524 016\lndlantn SCA 

(PAGE 2 OF 2) 

A 

43 

11 
1,120 
2.85 

Replicates 
8 C 

431 

29 
4,177 
4.09 

12 
818 

3.51 

D Mean 

11 
108 

10 34 
904 1,755 
2.87 4.42 

10.5.1.6 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION M, MAY 1990 

Reglicates 
Taxa A B C D 

Pnstlna leidyi 43 
Aulodnlus giguetl 129 43 
Branchuna sowerbYI 43 
Limnodnlus hoffmelsteri 43 
Immature tubiflcid w / 0 560 215 

capilliforms 
Orthotrichla sp. 43 
Nanocladlus nr. dlstlnctus 43 
Polygedilum ilhnoense 43 43 
Corbicula flumlnea 86 86 43 
Elhgtlo buckleYI 86 43 
Vivigarus georgianus 129 

Number of Species 4 2 3 8 
Number of Macroinvertebrates 775 129 215 603 
Diversity (d) 1.23 1.58 1.52 2.64 

Source: 

20524 016\lndlsnln SCA 

Mean 

11 
43 
11 
11 

194 

11 
11 
22 
54 
32 
32 

11 
431 
2.67 

10.5.1.6 



MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION M, MAY 1990 
(PAGE 1 OF 2) 

ReRlicates 
Taxa A B C D 

Nematoda 86 
Dugesla sp. 86 
Dero nlvea 560 947 86 86 
D. Rectlnata 86 
Pnstlna synclltes 388 301 
Pnstlnella jenkinae 43 172 
Siavena aRRendlculata 43 
Aulodnlus Rlgueti 517 388 431 
Llmnodnlus hoffmeisten 646 86 301 
Immature Tublflcld wIthout 2,971 2,239 344 1,249 

caplillforms 
Immature Tublficld wIth 86 

capilliforms 
Helobdella stagnalis 43 
Hyalella azteca 258 775 258 
Caenls dlmlnuta 43 
Oecetls sp. 86 
CeratoRogonldae 86 
Chaoborus RunctiRennis 775 603 
AblabesmYla rhamRhe 43 
CoelotanYRus concinnus 43 86 

_ Procladlus sp. 86 43 
TanYRus sp. 43 
Chironomini sp A. Beck 43 
Cladotanytarsus sp. 43 43 
C[YRtochironomus fulvus group 258 86 
DlcrotendlRes sp. 86 301 43 388 
D modestus 43 388 86 
Endochlronomus nigricans 86 
PolYRedrlum simulans 43 
Tanytarsus sp. X Rutter 86 
Corbicula flumlnea 172 646 474 560 

20524 016\ IndoRntn SCA 

• 
Mean 

22 
22 

420 
22 

172 
54 
11 

334 
258 

1,701 

22 

• 11 
323 

11 
22 
22 

344 
11 
32 
32 
11 
11 
22 
86 

205 
129 
22 
11 
22 

463 

• 10.5.1.6 
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MACROINVERTEBRATES (NUMBER PER SQUARE METER) 
COLLECTED IN PONAR GRAB SAMPLES FROM 

TAYLOR CREEK STATION M, MAY 1990 

Taxa 

Anodonta coupenana 
Elhptlo buckleYI 
Vlviparus georgianus 

Number of Species 
Number of Macrolnvertebrates 
Diversity (d) 

Source: 

20524 016\lndlantn SCA 

(PAGE 2 OF 2) 

A 

86 

172 

15 
6,115 

2.66 

Replicates 
B 

43 
258 
129 

18 
7,234 
3.65 

C 

43 

13 
2,765 
3.00 

D 

43 

18 
3,962 

3.35 

Mean 

32 
65 
97 

33 
5,016 
3.69 
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10.6 PROGRAMMED TRANSPORTATION IMPROVEMENTS 

10.6.1 MARTIN COUNTY 
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10.6.1.1 Martin County County Road Elements of the Capital Improvements 

Element of the Comprehensive Growth Management Plan 
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COUNTY ROADS 
* - - - - - - - Costs ($000) -

NAME OF Added 1989- 1990- 1991- 1992- 1993- 1994-
PROJECT Capacity D-G-C-R 1990 1991 1992 1993 1994 1995 

Projects for Level of Service 

CR AlA 3.63 C 1,590 
Indian to 
Jefferson 
5-Lane 
Existing 
2-Lane 

Green River Parkway 
County Line to 

C 2,500 

SR 707 

Monterey Rd. C 2,210 
SR 76 to 
US 1 

Indi an St. C 50 50 50 50 50 50 
SR 76 to 
US 1 

Indi an St. C 2,050 
U.S. 1 to Al A 

AlA - So. C 150 970 
of Monterey** 

AlA - Jefferson C 350 1,785 1,125 2,020 
to Cove Rd. 

CO\'llTlerce Ave. C 475 
Extend to Salerno 

Subtotal: ------ ------- ------ ------ ------ ------ ------ -----
LOS Projects 3.63 6,725 1,985 1,020 1,175 4,570 50 

*D-G-C-R: D = project needed for Deficiency for present population 
G = project needed for Growth for future population 
C = project needed for Combination of deficiency and growth 

- - - -
TOTAL 

$ 1,590 

2,500 

2,210 

300 

2,050 

1,120 

5,280 

475 

---------
15,525 

R = project is for repair, remodeling, renovation or replacement 
of existing public facility 

** Includes improvement to ~10ntery Road-Palm Beach Road to C.R. AlA-segment. 
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COUNTY ROADS (continued) 
* - - - - - - - - - Costs ($OOO) - - - - -

NA~tE OF Added 1989- 1990- 1991- 1992- 1993-
PROJECT Capacity D-G-C-R 1990 1991 1992 1993 1994 

Projects Not Related to Level of Service 

Baker Rd. 1.09 C 710 
Present end 
to Savanna 
Extend Existing Rd. 

Indian Street Extension G 100 100 100 100 100 
(Bridge, 
r-o-w and design) 

Cove Road R & C 400 170 1,050 895 
S.R. 76 to U.S. 1 

Gaines Ave. Bridge R 125 

Willoughby Corridor C 135 150 150 150 150 

Jensen Beach Corridor C 50 75 75 75 75 

Hi gh Meadm.,.s 6.12 2,000 
Extension 

CR 714 to 
1-95 
Interchange 
Build New Road 

Evans Crary Bridge C 100 300 300 300 300 

South Co. Connector D 200 

*D-G-C-R: D = project needed for Deficiency for present population 
G = project needed for Growth for future population 

1994-
1995 

$ 

100 

150 

75 

300 

C = project needed for Combination of deficiency and growth 
R = project is for repair, remodeling, renovation or replacement 

of existing public facility 

14-24 

TOTAL • 
710 

600 

2,515 

125 

885 

425 • 
2,000 

1,600 

200 
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COUNTY ROADS (continued) 
* - - - - Costs ($OOO) - - - - -

NAME OF Added 1989- 1990- 1991- 1992- 1993- 1994- TOTAL 
PROJECT Capacity D-G-C-R 1990 1991 1992 1993 1994 1995 -------
Projects Not Related to Level of Service 

Martin Grade R 165 315 400 400 400 400 $ 2,080 

Project Related to Level of Service 

Mass Transi t 
(Paratransit Support 
of COA Program) 

C 131 138 145 153 161 

*D-G-C-R: D = project needed for Deficiency for present population 
G = project needed for Growth for future population 

169 $ 

C = project needed for Combination of deficiency and growth 
R = project is for repair, remodeling, renovation or replacement 

of existing public facility 

14-25 
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COUNTY ROADS (continued) 
* - - - - - - - Costs ($000) - - - - -

NAME OF Added 1989- 1990- 1991- 1992- 1993- 1994- TOTAL 
PROJECT Capacity D-G-C-R 1990 1991 1992 1993 1994 1995 

Projects Not Related to Level of Service 

Fixed Costs R** 625 500 500 500 500 500 $ 3,125 

Signalizations C 85 85 85 85 85 85 510 

Resurfacing R 850 750 750 750 750 750 4,600 

I nte rsect ion C 375 375 175 375 375 375 2,050 
Improvements 

Subtotal: 
Non-LOS 
Projects 8.91 5,720 2,820 3,785 3,630 2,735 2,735 21,425 

======= -------------- ====== ====== ====== ====== ====== ====== ========= 
TOTAL 12.54 12,445 4,805 4,805 4,805 7,305 2,785 36,950 

**Annual Fixed Costs of $500,000 Include the Following: 

FEC LEASE/MAINTENANCE 
RIGHT-OF-WAY MAPPING DIGITIZED 
STRIPING/PAVEMENT MARKINGS 
SALARIES/INTERNAL BILL 
COUTINGENCIES 
RIGHT-OF-WAY ACQUISITION 

$ 25,000 YEARLY 
$ 25,000 YEARLY 
$ 75,000 YEARLY 
$100,000 YEARLY 
$125,000 YEARLY 
$150,000 YEARLY 

*D-G-C-R: D = project needed for Deficiency for present population 
G = project needed for Growth for future population 
C = project needed for Combination of deficiency and growth 
R = project is for repair, remodeling, renovation or replacement 

of existing public facility 
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STATE' ROADS 
* - - - - - - - Costs ($000) -

NAME OF Added 1989- 1990- 1991- 1992- 1993- 1994-
PROJ ECT Capac i ty D-G-C-R 1990 1991 1992 1993 1994 1995 -----
SR AlA - Railroad 

to Palm Beach Rd. 

SR 76 - Cove 
to M.C. High 
School 

SR 714 
Palm City 
Bridge 

C 2,300 

** 1,200 

C 8,600 

TOTAL 

2,300 

1,200 

8,600 

Roosevelt 
Bridge (US 1) 

C 40,900 40,900 

-------------- -------------- ------------ ====== ====== ====== ====== ====== ========== 

TOTAL 9,800 40,900 2,300 ' o 53,000 

**Total Only Reflects Right-of-Way Acquisition and FOOT Administrative Costs 
in Current TIP. 

*D-G-C-R: 0 = project needed for Deficiency for present population 
G = project needed for Growth for future population 
C = project needed for Combination of deficiency and growth 
R = project is for repair, remodeling, renovation or replacement 

of existing public facility 
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10.6.1.2 FOOT Martin County Five-Year Work Program. 1990-1991 (FY 91) 

Through 1994-1995 (FY 95) 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(U) Urban and built-up 
land 

Urban or Built-up land consists of areas of intensive use, with much of the land 
covered by structures. Included in this category are cities, towns, villages, strip 
developments along highways, and such areas as those occupied by mills, shopping 
centers, industrial and commercial complexes, and institutions that may, in some 
instances, be isolated from urban areas. 

As development progresses, small blocks of land of less intensive or nonconforming 
use may be isolated in the midst of built-up areas and will generally be included in this 
category. Agricultural, forest, or water areas on the fringe of urban and built-up areas 
will not be included except where they are part of low-density urban development. 

The Urban or Built-up category takes precedence over others when the criteria for 
more than one category are met. For example, residential areas that have sufficient tree 
cover to meet Forested Upland criteria will still be classified as Residential in the Urban 
or Built-Up category. 

(UR) Residential 

(URSL) 

(URSM) 

(URSH) 

(URMF) 
(URMH) 

Single-family, Low Density 
(under 2 D.U./gross acre) 

Single-family, Medium Density 
(2 to 5 D.U./gross acre) 

Single-family, High Density 
(over 5 D.U./gross acre) 

Multi-family building 
Mobile homes 

(UC) Commercial and Services 

(UCPL) 
(UCSC) 
(UCSS) 
(UCCE) 
(UCMC) 
(UCHM) 

Parking lot 
Shopping center 
Sales and services 
Cultural and Entertainment 
Marine commercial (Marinas) 
Hotel-Motel 

1 



S.F.W.M.D. lAND USE AND LAND COVER CLASSIFICATION CODE 

(UI) Industrial • 
(UUK) Junkyard 
(UILT) Other light industrial 
(UIHV) Other heavy industrial 

(US) Institutional 

(USED) Educational 
(USMD) Medical 
(USRL) Religious 
(USMF) Military 
(USCF) Correctional 
(USGF) Governmental (other than 

military or correctional) 
(USSS) Social services 

(Elks, Moose, Eagles) 

(UT) Transportation 

(UTAP) Airports 
(UTAG) Small grass airports • (UTRR) Railroad yards and terminals 
(UTPF) Port facilities 
(UTEP) Electrical power facilities 
(UTTL) Major transmission lines 
(UTHW) Major highway and rights-of-way 
(U'IWS) Water supply plants 
(UTSP) Sewerage treatment plants 
(UTSW) Solid waste disposal 
(UTRS) Antenna arrays 
(UTOG) Oil and gas storage 

(UO) Open and others 

(UORC) Recreational facilities 
(UOGC) Golf courses 
(UOPK) Parks 
(UOCM) Cemeteries 
(UORV) Recreational vehicle parks 
(UOUD) Open under development 
(UOUN) Open and undeveloped within 

urban area 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(A) Agriculture 

Agricultural land may be defined as those lands which are cultivated to produce 
crops apd livestock. The sub-categories of Agriculture are: Cropland, Pastureland, 
Orchards, Groves (except citrus), Vineyards, Nurseries, Ornamental Horticulture Areas, 
Citrus Groves, Confined Feeding Operations, Specialty Farms and Other Agriculture. 

(AC) Cropland 

(ACSC) Sugar cane 
(ACTC) Truck crops 
(ACRF) Rice fields 

(AP) Pasture 

(APIM) Improved pasture 
(APUN) Unimproved pasture 

(AM) Groves, Ornamentals, Nurseries, Tropical fruits 

(AMCT) Citrus 
(AMTF) Tropical fruits 
(AMSF) Sod farms 
(AMOR) Ornamentals 

(AF) Confined feeding operations 

(AFFL) Cattle feed lots 
(AFDF) Dairy farms 
(AFFF) Fish farms 
(AFHT) Horse training and stables 
(AFPY) Poultry 

3 



S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(R) Rangeland 

Historically, Rangeland has been defined as land where the potential natural 
vegetation is predominantly grasses, grasslike plants, forbs, or shrubs, and is capable of 
being gt:azed. Management practices may include brush control, regulation of grazing 
intensitY, and season of use. If revegetated to improve the forage cover, it is managed 
like native vegetation. Generally this land is not fertilized, cultivated, or irrigated. 

The definition of Rangeland used in the CONSERVATION NEEDS INVENTORY 
by the U.S. Departments of Agriculture and Interior is used in this classification scheme 
and describes the natural potential (climax) plant cover as being composed of principally 
native grasses, forbs and shrubs valuable for forage. This category includes Grassland, 
Shrub and Brushland, and Mixed Rangeland. 

(RG) Grassland 

(RS) Scrub and brushland 

(RSPP) 
(RSSB) 

(F) Forested uplands 

Palmetto prairies 
Brushland 

Forestland includes uplands, basically the drier areas, which have a tree crown 
density (crown closure of 10 percent or more), and are dominated by trees and other 
woody vegetation. 

Lands from which trees have been removed to less than 10 percent crown closure, 
but which have not been developed for other use, are also included in this category. For 
example, lands on which there are rotation cycles, involving clear-cutting and block 
planting, are part of the forested uplands category. 

Since most naturally seeded forestlands are composed of a mixture of species, for 
purposes of classification a minimum of 66 2/3 percent stand dominance (by crown area 
measurement) of one species or species groups is necessary for inclusion into separate 
categories. Less than 66 2/3 percent stand dominance of one species or species groups 
is considered to be a mixed category. It should be noted that classification is based on 
overstory species composition, as interpreted from aerial photography. Forested uplands 
are classified as follows: 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(FE) Coniferous 

(FEPF) 
(FESP) 
(FECF) 

(FO) Non-coniferous 

(FOAP) 
(FOBP) 
(FOPA) 
(FOSO) 
(FOOK) 
(FOCF) 

(FM) Mixed forested 

(W) Wetlands 

(FM1W) 
(FMCM) 
(FMCO) 
(FMPM) 
(FMPO) 
(FMTH) 
(FMOF) 
(FMCD) 
(FMPC) 

Pine flatwoods 
Sand pine scrub 
Commercial forest (pine) 

Australian pine 
Brazilian pepper 
Palms 
Scrub oak 
Oak 
Commercial forest 

Temperate hardwoods 
Cabbage palms/Melaleuca 
Cabbage palms/Oaks 
Pine/Melaleuca 
Pine/Oak 
Tropical hammocks 
Old fields forested 
Coastal dunes 
Pine/Cabbage palms 

Wetlands are those areas where the water table is at, near, or above the land 
surface for a significant part of most years. The hydrologic regime is such that aquatic 
or hydrophytic vegetation usually is established, although alluvial and tidal flats may be 
nonvegetated. Wetlands are frequently associated with topographic lows. Examples of 
wetlands include marshes, mudflats, emergent vegetation areas, and swamps. Shallow 
water areas with submerged aquatic vegetation are classed as Water and are not included 
in the Wetlands category. 

Extensive parts of some river floodplains qualify as Wetlands. These do not include 
agricultural land where seasonal wetness or short-term flooding may provide an important 
component of the total annual soil moisture necessary for crop production. But, 
uncultivated wetlands yielding products such as wood, or grazed by livestock, are retained 
in the Wetlands category . 

5 



S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

Wetlands areas drained for any purpose belong to other land use categories, whether 
they be Agriculture, Rangeland, or Forested. When the drainage is discontinued and such 
use ceases, classification reverts to Wetlands after characteristic vegetation is 
reestablished. Wetlands managed for wildlife purposes may show short-term changes in 
vegetation type and wetness condition as different management practices are used, but 
are properly classified Wetlands. 

(WF) Forested fresh 

(WFCM) 
(WFCY) 
(WmL) 
(WFME) 
(WFSB) 
(WFMX) 

(WN) Non-forested fresh 

(WNSG) 
(WNCT) 
(WNBR) 
(WNWC) 
(WNAG) 
(WNWL) 

(WS) Forested salt 

(WSRM) 
(WSBW) 

(WM) Non-forested salt 

CypressjMelaleuca 
Cypress 
Willow 
Melaleuca 
Scrub and brushland 
Mixed forested 

Sawgrass 
Cattail 
Bullrush 
Wire cordgrass 
Mixed aquatic grass 
Sloughs 

Red mangrove 
Black and White mangrove 

(WX) Mixed forested and non-forested fresh 

(WXPP) 
(WXCP) 
(WXHM) 

Pine and wet prairies 
Cypress domes and wet prairies 
Hardwood marsh 
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S.F.W.M.D. LAND USE AND LAND COVER CLASSIFICATION CODE 

(H) Water 

The delineation of water areas depends on the scale and resolution characteristics 
of the remote-sensor photography used for interpretation. One definition of water bodies, 
provided by the Bureau of Census, includes all areas within the land mass of the United 
States that are predominantly or persistently water covered, provided that, if linear, they 
are at least 1/8 mile (660 feet or 200 meters) wide, and if extended, cover at least 40 
acres (16 hectares). 

Defining water boundaries at Level m, minimum size has been established to less 
than 10 acres. In some instances, water bodies of one acre will be plotted and identified. 
Water bodies or those portions of the water body have emergent vegetation are placed 
in the Wetland category. 

(B) Barren land 

Barren land has very little or no vegetation and limited ability to support life. In 
general, it is an area with only soil, sand or rocks. Vegetation, if present is very widely 
spaced and scrubby. However, land also may be temporarily barren due to man's 
activities. Generally, this land is included in other land use categories. Vast areas of 
agricultural land are temporarily without vegetative cover due to tillage practices, and 
areas of extractive and industrial land use have dumps for wastes and tailings. Barren 
Land categories are beaches (areas exhibiting little or no evidence of human 
encroachment), Extractive operations, Spoil ares, and Levees. 

(BB) Beaches 
(BP) Extractive 

(strip mines, quarries, and 
gravel pits) 

(8S) Spoil areas 
(BL) Levees 

* Documentation of major codes from "lAND USE, COVER AND FORMS 
CIASSIFICATION SYSTEM, A TECHNICAL MANUAL", Department of 
Transportation, State Topographic Office Remote Sensing Center, Kuyper, Becker and 
Shopmyer, February 1981 
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INTRODUCTION 

This archaeological and historical survey of the proposed 

Indiantown cogeneration Limited (ICL) plant site and pipeline 

corridor was conducted in order to satisfy state and federal 

cultural resource requirements. The purpose of the survey was to 

locate any archaeological and/or historic sites within the project 

area and to collect information necessary to assess their potential 

eligibility for the National Register of Historic Places. 

For the purposes of this cultural resource assessment, the 

survey area consists of one parcel totaling approximately 232 acres 

in Martin County, Florida (Figures 1 and 2). The project area is 

located in portions of sections 34 and 35, Township 39 South, 

Range 38 East. The proposed pipeline route begins in Section 35 of 

Township 39 South, Range 38 East and runs west-northwest, parallel 

to the CSX railroad, to section 32 of Township 38 South, Range 36 

East, in Okeechobee County. Agricultural lands are located to the 

north and south of the survey parcel. The nearest town is 

Indiantown located approximately three miles to the southeast of 

the project site. 

The documentary search consisted of a review of the State of 

Florida Master site File (FMSF), an examination of the historical 

and archaeological literature, and historic records. The FMSF 

search revealed no previously recorded archaeological sites on or 

in the vicinity of the project area. Four other prehistoric 

archaeological sites are located on FP&L property within five miles 

of the project area. These sites consist of two small sand mounds 
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(8Mt28 and 29), a large mound with linear earthworks (8Mt19), and 

a small artifact scatter (8Mt31). All of the mounds are located 

along the Barley Barber Swamp approximately five miles northwest of 

the project site. 

Prior to entering the field, areas of high archaeological site 

potential were identified using U.S.G.S. 7.5' quadrangle maps and 

1"=400' aerial photographs flown in August 1988. The archaeologi­

cal field survey included all of these areas plus areas identified 

in the field as having a potential to contain archaeological sites. 

The survey strategy called for an intensive, systematic cultural 

resource survey of these areas, and limited systematic and 

judgmental survey of the remaining areas. 

• 

• 

• 
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BACKGROUND RESEARCH 

The following section provides a brief overview of the area's 

physical environment, as well as a discussion of the region's 

prehistoric and historic development, to provide a context for the 

evaluation of sites located during the survey. 

Environmental setting 

Regional Environment 

It has been assumed that environmental and ecological factors 

through time had a direct influence on the choice of sites for 

occupation by prehistoric populations and early historic settlers. 

Thus, geologic, hydrologic, and soil formation processes that may 

have affected the survey area and its biotic resources are 

important elements in the formulation of a settlement/subsistence 

model for prehistoric and early historic peoples. Present day 

environmental variables can be used to reconstruct past conditions 

that may have influenced early human occupation of the ICL project 

area, and so are included in this study. 

The ICL project area is located within the Atlantic Coastal 

Lowlands physiographic province characterized by low, poorly 

drained flatland which represent the shallow, flat bottoms of 

ancient se~s. The proj ect area is located within the Eastern 

Valley, a physiographic feature within this province. Associated 

features include the Everglades to the south, the Atlantic Ocean to 
i 

• 

• 

the ~a~~t, I Lake Okeechobee to the west, and the Okeechobee and • 

~l." , L "''-7"'';' , 
~... -~ ~ ¥ 
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Osceola Plains to the northwest and north. The latter extends a 

toe southeastward into the Eastern Valley terminating at Indian­

town. White (1970:139) feels that this narrow terrace represents 

a long spit or off-cape shoal formed during the Pleistocene when 

sea levels were much higher. The project area lies just to the 

southwest of this ridge. 

The surface lithology of Martin County is composed of undif­

ferentiated deposits of sand and clay of Pleistocene and Recent 

age, which are underlain by thick deposits of limestone and 

dolomite. outcrops of silicified limestone, or chert, which were 

often exploited by prehistoric peoples as raw material sources for 

the manufacture of stone tools, do not occur near the project area 

(cf. Lane et ale 1980). The closest known outcrops lie to the west 

along the Peace River in the central part of the state (Scott 1978; 

Upchurch et al. 1982). 

Water resources consist of both ground and surface water. The 

principal ground water aquifer is the Floridan which occurs under 

artesian conditions with slowly permeable clays and sands forming 

a confining layer that effectively prevents the vertical movement 

of water from the surficial aquifer to the Floridan aquifer (Lane 

1980). Surface sand deposits contain the surficial aquifer, which 

is recharged through local rainfall. Because of low hydraulic 

gradients, movement of water within this zone is very slow. Water 

is discharged from the aquifer through lateral seepage to stream or 

lake, evapotranspiration, or movement downward to the Floridan 

aquifer where sinkhole development has breached the underlying 



6 

confining layer of clay (Lane 1980; Lane et al. 1980). 

Most of the county is drained by intermittent streams, 

sloughs, and creeks. The major water control system is an 

extensive network of canals that is used for both drainage and 

irrigation purposes. The dominant surface water feature is Lake 

Okeechobee in the western part of the county. Lake Okeechobee 

measures over 700 square miles in areal extent, but is very shallow 

with a maximum depth of about 10 feet. 

Physical Environment of the Project area 

The ICL site and pipeline corridor are located on low, poorly 

drained flatland characterized by some seasonal ponds, sloughs and 

intermi ttent creeks. The present natural land topography is fairly 

level and slopes toward the southwest. 

The principal soil association for the project area is the 

Waveland-Lawnwood-Basinger series which is characterized as nearly 

level, poorly drained soils located in broad flatwoods with 

depressions. A second soil association is also found in the 

project area. It is the Floridana-Jupiter-Hilolo series and is 

characterized as nearly level, poorly drained soils located in 

broad sloughs interspersed with flatwoods and depressions (McCollum 

and Cruz 1981). 

The drainage characteristics of soils have been used success­

fully by archaeologists throughout Florida in the formulation of 

predictive models for prehistoric site location (e.g. Almy 1978; 

Grange 1978; Deming 1980; Austin and Piper 1986; Estabrook 1989a, 

• 

• 

1989b) . Most of the soils within the survey area are poorly • 
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drained on nearly level slopes. Major soil types include the 

following: 

Lawnwood fine sand, 0 - 2% slopes, poorly drained 
Waveland sand, 0 - 2% slopes, poorly drained 
Basinger fine sand, depressional, poorly drained 
Basinger fine sand, < 2% slopes, poorly drained 
Sanibel muck, very poorly drained 

vegetation consists primarily of pine and saw palmetto which 

occur in large sections of the project area on slightly better 

drained soils, as well as over much of the seasonally wet areas. 

Herbaceous, shallow washes occupy the remaining area. 

The vegetation of the ICL project area was probably stable 

during prehistoric times after the last major environmental change 

about 3000 to 5000 years ago (Watts 1971:687; Long 1974:30). Many 

of these plants could have been utilized as a food or shelter 

resource by prehistoric inhabi tants. The freshwater fish and 

she'llfish populations in nearby waters would also have provided an 

abundant source of food as well as the many large and small mammals 

which inhabited this area. Prior to 3000 B.C., however, surficial 

water would have been all but non-existent (cf. Clausen et 

al. 1979) and sea level would have been much lower thereby limiting 

the area's attractiveness to both animal and human populations. 

cultural prehistory 

Aboriginal peoples have inhabited Florida for at least 14,000 

years. The earliest cultural stages are pan-Florida in extent 

while later cultures exhibited differing cultural traits in the 

various archaeological areas of the state. The project area is 
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located in the Okeechobee Basin culture area (Figure 2) as defined 

by Milanich and Fairbanks (1980:22). This area is bounded by the 

western Flatland (Davis 1943:43-48), the Allapattah Flats and the 

Big Cypress Swamp (DeLorme 1987). There is some evidence to 

suggest that the Lake Kissimmee and the Kissimmee River drainage 

should be included in this area. Cultural affinities represented 

in burial mounds, earthworks, and ceramics are found as far north 

as Lake Tohopekaliga (Milanich and Fairbanks 1980:26). Similarly, 

both areas are characterized by relatively poor, sandy soils 

(composed of quartzitic sands developed over calcareous marine 

deposits), relatively low elevations with little relief, and 

numerous ponds and sloughs which support a vegetation cover 

consisting primarily of pine and palmetto flatland, wet prairies 

and occasional hammocks of live oak usually mixed with cabbage 

palm. 

Paleo-Indian Stage 

The earliest stage of prehistoric cultural development, the 

Paleo-Indian, has not as yet been identified in the Okeechobee 

Basin. Evidence for Paleo Indian occupation along the Kissimmee 

River is also scant, consisting of rare surface finds of lanceo­

late-shaped projectile points (e.g. Austin 1987). The greatest 

density of known Paleo-Indian sites in Florida is associated with 

the rivers in the north central part of the state, although rising 

sea levels have probably inundated early coastal sites making their 

discovery difficult (Rouse 1951:21-30; Scholl et al. 1969; Ruppe 

• 

• 

1980). • 



• 

• 

9 
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Figure 2: 
Nap of the Okeechobee Basin, Caloosahatchee, 
and Circum-Glades archaeological regions 
(after Milanich and Fairbanks 1980:22) 
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The prevailing view of Paleo-Indian existence, based on the 

uniformity of the known tool kit and the small size of most sites, 

is that of a nomadic lifestyle with sUbsistence activities based on 

hunting and gathering of the now extinct Pleistocene megafauna 

(Milanich and Fairbanks 1980:35-42). Recent excavations in 

Hillsborough County, however, have contributed to the development 

of increasingly sophisticated models of early hunter-gatherer 

settlement (e.g. Daniel 1985; Chance 1983) which take into account 

the adaptive responses of human populations to both short and long 

term environmental change. These models suggest that some 

Paleo-Indian groups may have practiced a more sedentary lifestyle 

than had previously been believed (Daniel and Wisenbaker 1987). 

Two controversial early man sites are located on the coastal 

strand outside of the project area, 8-Ir-9 in Vero Beach and 

8-Br-44 in Melbourne. At both sites human remains were reported in 

association with the bones of extinct Pleistocene animals (Gidley 

and Loomis 1926; Sellards 1940), but the association was disputed 

by Hrdlicka (1907, 1918) and later by Rouse (1950, 1951:223) who 

felt the human remains were intrusive into the Pleistocene 

stratum. More recent examination of the human crania (Stewart in 
.. , 

Milanich and Fairbanks 1980:5) and comparisons with those from the 
.; ~ ~ I 

; II 1 ~ 

Warm Mineral Springs site in Sarasota County seem to support a 

Paleo-Indian period date for the Vero and Melbourne finds (Cockrell 

and Murphy 1978:7-8), although a final determination cannot as yet 

be made. 

Clausen et al. (1978:10-11) have suggested the possibility of 

• 

• 
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inundated "early man" sites near st. Lucie Inlet based on the 

presence of mineralized skeletal remains, including Pleistocene 

fauna and a human crania, recovered from dredged material during 

the salvage of several spanish shipwrecks. Their interpretations 

remain speculative, albeit thought-provoking, due to a lack of 

contextual association of the fauna and crania. 

Archaic Stage 

The Archaic stage of cultural development was characterized by 

a shift in adaptive strategies stimulated by the onset of the 

Holocene and the establishment of increasingly modern climate and 

biota. It is generally believed to have begun in Florida around 

6500 B.C. (Milanich and Fairbanks 1980:48). This stage is further 

characterized by an efficient, seasonal exploitation of a wider 

range of food resources including deer and other small game, 

hardwood nuts, and mollusks, and a larger but less carefully worked 

tool kit. Archaic Indian groups are thought to have utilized a 

more restricted territory than their Paleo-Indian predecessors, 

with some groups leading at least a semi-sedentary existence. 

Archaic site types include base camps, hunting camps, butchering 

sites, quarries, and cemeteries. 

One of the more well known Archaic period sites on the East 

Coast of Florida is Windover Farms near Melbourne. This site, 

which has been radio-carbon dated to about 5000-6000 B.C., consists 

of a wetland cemetery where Archaic peoples interred their dead in 

a shallow pond. In addition to human skeletal remains, a wide 

variety of normally perishable items including wood and bone 
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artifacts, cordage, basketry and woven fiber cloth were found 

preserved under anaerobic conditions (Doran and Dickel 1988). 

Another important early Archaic site is the Cutler site in 

Dade County (Carr 1986). This site contains human remains, early 

side-notched projectile points, and faunal remains including some 

extinct Pleistocene species. A radio-carbon dated of ca. 7800 B.C. 

was obtained from a hearth feature there making this one of the 

earliest sites found thus far in south Florida. 

Mount Taylor Phase: By 4000 B.C. Archaic hunter/gatherers 

were spending much of the year in villages along the st. Johns 

River and its tributaries. This phase of Archaic development, 

known as the Mount Taylor phase after the type site in Volusia 

County (Goggin 1952a), is characterized by the dietary importance 

of freshwater snails (Cumbaa 1976), and the use of stemmed 

projectile points with triangular blades, as well as bone points 

and tools. Excavations at the Tick Island site, also in Volusia 

County, revealed a mass burial in a midden perhaps associated with 

a charnel house, an early instance of such a burial pattern (Jahn 

and Bullen 1978). 

No Archaic period sites have been recorded in the Okeechobee 

Basin area, however, Archaic sites are known for the Kissimmee 

River valley (Austin 1987) and it is possible that Archaic groups 

may have made brief, intermittent forays into the area during 

periods of greater rainfall and available surface water. For the 

most part, however, it is assumed that the Okeechobee Basin was 

only rarely visited by Archaic groups. 

• 

• 

• 
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Orange Phase: The introduction of a crude fiber-tempered 

pottery into the artifact assemblage of the Archaic aboriginal 

marks the beginning of the Orange phase around 2000 B.C. The basic 

hunting-foraging sUbsistence pattern of the Archaic stage contin­

ued, with a shift to marine shellfish occurring as the snail beds 

were gradually depleted. By Orange III times, ca. 1450-1250 

B. C., occupation of the Atlantic Coastal strand had increased 

significantly and this shift in prehistoric settlement and subsis­

tence strategies is documented at sites such as 8-Ir-41, the Summer 

Haven site and the Cotten site (Rouse 1951; Bullen 1972; smith 

1973:27) • 

The tool assemblage of the Orange phase resembles that of the 

Mount Taylor phase with the addition of pottery and evidence of 

basketry and matting as seen in the impressions on clay pot bottoms 

(Milanich and Fairbanks 1980:155). The earliest occupations come 

from sites exhibiting semi-fiber-tempered (i.e. sand and fiber) 

ceramics. The Fisheating Creek site (Goggin 1952b: 58) and the Fort 

Center site (Griffin 1952; Sears and Sears 1976; Sears 1982) have 

yielded these artifacts in limited numbers. According to Sears 

(1977:7; 1982:192-193) this initial occupation is coeval with the 

construction of the earliest of the Okeechobee Basin's spectacular 

earthworks - i.e. the circular ditches. 

Formative Stage 

During the late Orange phase, also known as 

Transitional Period (1200-500 B.C.), changes in 

the Florida 

pottery and 
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technology occurred in Florida which mark the beginning of the 

Formati ve Stage. Fiber-tempered wares were replaced by sand-

tempered, limestone-tempered, and chalky temperless ceramics and 

three different projectile point styles, basally-notched, corner­

notched, and stemmed, also occur in relatively contemporaneous 

contexts. This profusion of ceramic and tool traditions is 

suggestive of population movement and social interaction between 

culture areas. The earliest major occupations of South Florida 

known at the present time date to this period (Sears 1982; Bullen 

et ale 1968). 

Belle Glade Phase: Following the Transitional Period is the 

Belle Glade Period, ca. 500 B.C. - A.D. 1700 (Milanich and 

Fairbanks 1980:23). During this period, activities in the 

Okeechobee Basin increase dramatically suggesting the greatest 

complexity in South Florida centered around this inland territory 

(Milanich and Fairbanks 1980:181). Several researchers have 

attempted to build a chronology for this area but the lack of 

comprehensive surveys coupled with very limited excavations leaves 

this area of Florida one of the most poorly known regions of the 

state. 

To date, the most comprehensive chronology for the Belle Glade 

culture area has been developed by Sears (1971, 1974, 1977, 1982). 

His is a four period chronology beginning with his Period I and 

ending with his Period IV. These periods are roughly coeval with 

the Transitional Period as defined by Bullen (1959, 1970), and the 

• 
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Belle Glade I and II Periods as defined by Willey (1949). 

Sears' (1982:26,185) Period I from ca. 800 - 1000 B.C. to A.D. 

200 most closely fits the Transitional Period definition. At the 

early end of Period I, Sears (1982:192-193) notes small populations 

of perhaps one or two families living along the riverbank on small 

house mounds with fish and turtle being particularly important to 

the diet. Only semi-fiber tempered pottery was in use during this 

time but by the end of this period most of the pottery was the 

sand-tempered plain ware. Distinguishing this period from the 

Transi tional Period is the presence of the circular ditches. Sears 

(1982:193-194) believes they functioned as drained fields for maize 

cUltivation. 

Sears' (1982:26-31,186-189) Period II from A.D. 200 to about 

A.D. 600-800 most closely resembles the definition of the Belle 

Glade I Period except that there are no Glades decorated wares at 

Fort Center. According to willey (1949:125), evidence for the 

Belle Glade I Period consists of Belle Glade Plain and Glades Plain 

ceramics with small percentages of Glades decorated wares (see also 

Widmer 1988:87-88). There are no defining dates associated with 

the Belle Glade I Period but, by inference, Widmer (1988:87) 

provides a terminal date at A.D. 900 - 1000. 

The Belle Glade II Period is defined by the presence of Belle 

Glade Plain and Glades Plain ceramics coupled with a lack of Glades 

decorated wares and the appearance of Biscayne (st. Johns) Check 

Stamped (Willey 1949:125). Sears' (1982:27,31, 189-190) Periods 

III and IV most closely resemble this period. Period III lasts 
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from A. D. 600/800 to A. D. 1200/1400 and is characterized as a 

period of time which experienced minimal cultural change (Sears 

1982:199). Period IV, on the other hand, is described as a time of 

excelled craftsmanship, revived focus for authority, and participa-

tion in a larger social system than the one existing on the site. 

The introduction of linear embankments accompanies this period as 

well as the first appearance of European objects. Sears (1982: 200) 

believes that during this period Fort Center was operating as a 

part of the sixteenth and seventeenth-century Calusa empire. 

Acculturative Stage 

Little is known about the terminus of Belle Glade culture. 

Few ethnohistoric accounts exist and only one is widely publicized. 

• 

Fontaneda's (1945) account of the seventeenth century South Florida • 

native groups refers to a people who lived around a large lake 

known as the Mayaimi. His narrative provides scanty information on 

population density, subsistence, environment, and political 

affiliations with the coastal Calusa. Archaeologically, many Belle 

Glade sites contain European artifacts and European-derived raw 

materials such as silver, iron, and gold 0 Thus, there exists ample 

evidence to indicate Belle Glade participation in a larger economy 

than existed solely in the Okeechobee Basin. 

The demise of the Belle Glade peoples was surely linked to 

their participation in this larger economy. The introduction of 

European diseases is well documented throughout the Southeastern 

u.S. and is considered a major cause in the death of the South 

Florida native groups. It is thought by many researchers that by • 
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the time the Seminoles arrived into this part of Florida, all of 

the South Florida aboriginal were extinct. 

By the early 18th century, groups of Creek Indians who came to 

be known as Seminoles moved into Florida to escape the political 

and population pressures of the expanding American frontier. It is 

suspected that the village site occupied by the Seminole chief, 

Osceola, and his followers in 1836 was recently located in citrus 

County near the east side of Tsala Apopka Lake. Seminole artifacts 

were recovered from South Indian Fields (8-Br-23) in Brevard County 

(Rouse 1951:94) and two villages are reported to have been in the 

general vicinity of west Palm Beach, but their exact locations are 

not known (Fairbanks 1978: 185) • The remains of Seminole men, 

women, and children were excavated from part of the original 

cemetery (ca. 1824-1846) of Fort Brooke, a Second Seminole War fort 

underlying present-day downtown Tampa (Piper and Piper 1982) • 
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Historical Review 

The intent of this historical documentary review was to 

identify the possible locations of any historic sites within the 

project area and to determine the potential historical significance 

of any such sites. To that end, books, maps, and manuscripts 

located at the University of South Florida Special Collections 

Department; Florida Department of Natural Resources, Division of 

state Lands; Martin County Historical Society, the Elliott Museum; 

the Martin County Public Library; and Piper Archaeological 

Research, Inc. were examined and interviews with local informants 

were conducted. 

In terms of permanent homesteads, Martin County was not 

• 

settled until relatively late in the 19th century. In the course of • 

early expeditions to Florida, some Spanish explorers came to the 

area in the 16th century but they did not establish permanent 

settlements. Ponce de Leon visited an area called Rio de 1a Cruz, 

now thought to be Jupiter Inlet, during his first voyage in 

1513. Over the next several decades Spain sought to establish a 

foothold in Florida, but failed attempt followed failed attempt and 

in 1561, after expeditions produced neither a permanent settlement 

nor material gain, spain closed the area to further exploration 

(Smith and Gott1ob 1978:7). 

Spanish policy promptly reversed when news reached Spain in 

1562 of French attempts at colonization in Florida. Pedro Menendez 

de Aviles was dispatched to challenge French encroachment and build 

a permanent settlement. Menendez met with more success than his • 



• 

• 

• 

19 

compatriots and by 1565 st. Augustine was founded. A settlement at 

st. Augustine provided Spain the opportunity it needed to extend 

its sphere of influence to other parts of Florida and a policy of 

christianizing the Indians and building missions amongst the 

various tribes was instituted. 

Menendez petitioned the Jesuits for more missionaries and put 

into action his "religious plan for Florida" (Lewis 1978:25). In 

1565-1566, prior to the arrival of more friars, Menendez sailed 

along the Florida peninsula and up the Atlantic Coast placing 

crosses at various locations and leaving Spaniards "of marked 

religious zeal" to introduce Christianity to the native population 

(Gannon 1965:29). Three permanent settlements were established at 

st. Augustine, San Mateo (Ft. Caroline) and Santa Elena, and were 

served by priests. outposts/forts were located in Ais, Tequesta, 

Calusa and Tocobaga territory (Gannon 1965:29). 

The Jesuit missions in Florida met with failure and in 1572 

the order's religious authorities recalled their priests (Gannon 

1965: 34) • Undaunted, Menendez turned his attention to another 

order, the Franciscans, and entreated them to accomplish the 

religious conversion of the Indians of Florida. The Franciscans' 

first twenty years in Florida were not altogether successful as 

they encountered much the same problems as the Jesuits. But by the 

turn of the century significant gains were made and the period from 

1606 to 1675 reflected "the Golden Age of the Florida Missions" 

(Gannon 1965). 

The mission effort was more successful in the northern areas 
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of Florida than in the south. One researcher (Milanich 1978:68) 

has suggested that the failure of the Spanish missions among south 

Florida Indians was due partially to tribal sUbsistence patterns 

which required seasonal movement for maximum resource exploita­

tion. In north-central Florida a long tradition of horticulture 

existed at least one thousand years before the historic period and 

with the introduction of better techniques and tools by the 

priests, mission villages in those areas were occupied year round 

(Milanich 1978:68). Consequently, south Florida was virtually 

ignored as the Spanish concentrated their efforts on the northern 

chain of missions. 

Two settlements along the southeastern coast, at Ays and Santa 

Lucia, were established by Menendez during the first wave of 

missions/outposts. Ays is thought to have been located in the 

Ft. Pierce-Vero Beach area and Santa Lucia at Jupiter Inlet 

(Hutchinson 1987:14-15). Local lore originally placed Santa Lucia 

at a spot on the st. Lucie River, possibly because of the similari­

ty in names, but Hutchinson (1987: 15) asserts after reviewing 

historic documents that the more southern location is correct given 

the stability and good harbor associated with Jupiter Inlet. Like 

others in 

short-lived. 

south Florida these two mission settlements were 

Accounts from Spaniards at the Santa Lucia post 

attest to the difficult conditions in the winter of 1566 when "the 

garrison was reduced to chewing shoes, leather belts, snakes, rats 

and dwarf palmetto to stay alive" (Gannon 1965:44). 

In 1696 Jonathan Dickinson, his family, and several others 

• 
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were shipwrecked and came ashore in the vicinity of Jupiter Inlet 

where they encountered the Jeaga and Ais Indians. From Dickinson's 

account, the Indians appeared to be functioning without traces of 

colonization or Christianity and were not fluent in Spanish. The 

Jeaga and Ais seemed to be independent yet "allies of the Spanish," 

and Dickinson's group pretended to be Spanish in order to receive 

better treatment (Andrews and Andrews 1975: Rouse 1951:56-57). 

with the subsequent heavy utilization of the Bahama Channel as 

a homeward route for Spanish treasure obtained in the Americas, 

shipwrecks along the Ais controlled coast were common. It is 

reported that the Indians not only actively salvaged these wrecks, 

but killed the survivors as well (Higgs 1942: 29) . The Spanish 

Plate Fleet of 1715 was destroyed in a hurricane near present-day 

Sebastian Inlet, however, the survivors of these wrecks apparently 

fared better at the hands of the Indians than did most of the 

others. Archaeological evidence from the Higgs Site (Smith 1949) 

and the McLarty site (Burgess and Clausen 1976) suggests coopera­

tion between the Indians and the survivors. 

By the middle of the 18th century the indigenous population in 

the Indian River area had declined considerably as continued 

contact with the Spanish made the Jeaga and Ais prone to drinking 

and riddled with disease (Rouse 1951:59). Attacks by the English 

and their northern Indian allies further reduced their numbers. 

During the Second Spanish Period in Florida (1783-1821) large 

land grants were awarded to Spanish loyalists. James Hutchinson 

became the first landowner in the st. Lucie-Martin County area 
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when, in 1803, he petitioned for and received a grant of 2000 acres 

on the mainland west of the Indian River. Two Spanish land grants 

are located to the east of the project area. In 1813 John Hanson, 

Samuel Miles, John Hedrick and Bernardo Sequi were awarded 

approximately 18,000 acres in Township 38 South, Ranges 41 and 42 

East (Florida Department of Natural Resources l8Slai Hutchinson 

1987: 2S) . To the south in Township 38 South, Range 42 East 

Euschius Gomez received a grant of ca. 12,000 acres in l8lS 

(Florida Department of Natural Resources l8Slbi Hutchinson 

1987:2S). 

Hutchinson (1987:2S) states that Hanson and Gomez established 

plantations and raised crops which included sugarcane, coconuts and 

some citrus on their land grants, but there does not appear to be 

conclusive evidence as to whether or not the men themselves lived 

on their properties. By and large, the grants in the southern 

portion of Florida were unoccupied by their owners (e. g. the 

Fleming Grant, Sebastian, Florida [Hardin et ale 1983]) as the 

majority of Florida's nonaboriginal population was centered in the 

northern portion of the peninsula. If, however, farming or cattle 

ranching was conducted it was probably managed by overseers with an 

occasional visit from the owner. Even after the united states 

acquired Florida from Spain in 1821 the pattern of settlement 

remained much the same for a number of years and it was not until 

the Second Seminole War (183S-l842) that any appreciable number of 

white men began to travel to southern Florida. 

The Seminole Indians, originally part of the Creek nation, 

• 

• 
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moved into Florida during the early 18th century but, once Florida 

became a U.S. Territory in 1821, pressure was brought to bear upon 

the government to remove them from the choice agricultural lands of 

north Florida. The Treaty of Moultrie Creek (1824) restricted the 

Seminoles to approximately 4 million acres of land in the middle of 

the state, running south from Micanopy to just north of the Peace 

River (Mahon 1967:Rear fold-out map). This treaty was unpopular 

with the Seminoles and they were reluctant to move from their 

established homes to an area which they felt could not be cUltivat­

ed. Equally unpopular were the later treaties of Paynes Landing 

(1832) and Fort Gibson (1833) which called for Seminole emigration 

to the western territories (Mahon 1967:75-76, 82-83). The above 

treaties all served to foster Seminole resentment and outbreaks of 

hostility which finally culminated in the Second Seminole War in 

1835. 

The Lake Okeechobee area was not well explored until this 

time. Hutchinson (1987: 19-20) indicates that as late as 1837, when 

John Lee Williams authored Territory of Florida, no mention of the 

lake is made nor does his map show any indication of its existence. 

Indeed, it was not until the united states Army moved into the 

interior in pursuit of the Seminoles that accurate maps and 

descriptions of the area became available. 

At that time, the Lake Okeechobee Basin became the scene of 

Second Seminole War battles, but none occurred in the immediate 

vicinity of the survey area. The Battle of Okeechobee took place 

in December 1837 north of the lake and the Battle of Lockahatchee, 
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which occurred in January 1838, was fought near present day Jupiter 

Inlet (Mahon 1967:227-231,234). A Military Map of Lake Okeechobee 

dating to 1838 (shown in Carr 1975:12) shows one military fort, Ft. 

McRae, in the vicinity of the proj ect area. Early survey plat maps 

of the vicinity indicate that this camp was probably located in 

sections 20 and 29 of Township 38 South, Range 38 East (Florida DNR 

1853a). Indeed, the entire military trail connecting Camps Sebring 

and Andrew, called "Back Road" on the 1838 map, is shown east of 

the project area on these maps. 

By the end of the Second Seminole War, the maj ori ty of 

Florida's Seminole Indians were relocated in the western ter­

ritories. A few recalcitrants, under the leadership of Billy 

Bowlegs, sought refuge in the recesses of the Everglades and the 

U.S. Government, after considering the efficacy of prolonging the 

war to effect their removal, allowed them to stay. The peace was 

temporary, however, for in 1850 the U.S. Congress began to debate 

turning over to Florida the federally owned Everglades swamp 

(Tebeau 1957:43). Once again the Seminoles found themselves in 

competition with whites over land and in 1855 the Third Seminole 

War (often referred to as Billy Bowlegs War) broke out. 

Ft. Capron was established 1850 during the Third Seminole War 

at the present location of the town of st. Lucie, directly across 

from Indian River Inlet. The fort was named after Captain Erastus 

Capron of the 1st Artillery and was in operation until 1859. A 

military trail known as the Capron Trail extended from Ft. Capron 

to Ft. Brooke (Tampa, Florida) and was for many years the only 

• 

• 

• 
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connecting road between the east and west coasts of Florida (Van 

Landingham n.d.:9). 

Following the Seminole Wars, the southern portion of Florida 

remained relatively unsettled with only a few Seminole Indians, 

homesteaders and fishermen as residents. The Armed Occupation Act 

was passed in 1842 as a means of encouraging homesteading in the 

uninhabited regions of Florida. Three hundred and seventy permits 

were issued for homesteaders to settle in the st. Johns Valley from 

Palatka to Sanford and along the east coast from New Smyrna to 

Biscayne Bay. 

During the Civil War there was little military activity South 

Florida other than blockade runners using the Indian River as a 

haven from Federal ships. The war, however, hindered development 

and interrupted new agricultural endeavors creating an economic 

malaise that would exist for a number of years. 

In the 1880's interest in the resources of southern Florida 

intensified, due in large part to men like Hamilton Disston and 

Henry Flagler. Disston contracted with the State of Florida in 

1881 to drain swamp land in return for one-half of the acreage he 

could reclaim. When it appeared that this contract would be 

opposed by the court, Governor Bloxham persuaded Disston to 

purchase the land. Although it met with controversy, Disston's 

purchase of 4 million acres at 25 cents an acre did provide the 

funds necessary to clear the titles to state lands and managed to 

pave the way for the large drainage operation that changed both the 

topography and economy of the central and southern portions of 
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Florida (Tebeau 1971:278). 

The most influential developer in south Florida, especially on 

the east coast, was Henry Morrison Flagler. Flagler, a partner of 

John D. Rockefeller in the Standard oil Company, was already a 

wealthy man when he first visited Florida in 1878. After his first 

wife died in 1881 he remarried and returned to the Jacksonville­

st. Augustine area in 1883. During this visit, Flagler apparently 

began to set in motion plans for his new Florida railroad and hotel 

enterprises (Tebeau 1971:284). His interest first centered in the 

st. Augustine area and later spread to more southerly portions of 

Florida. In 1894 Flagler's Florida East Coast Railroad arrived at 

Ft. Pierce and with the advent of rail transportation, the area 

began to grow rapidly. Flagler wisely saw the need for a good 

transportation system along Florida's east coast if his planned 

hotels were to survive. He provided modern, public transportation 

to the coastal towns and a spur to the Lake Okeechobee area which 

helped the east coast area to prosper (McIver 1976:21). He was 

able to acquire vast land holdings from the state through the 

Internal Improvement Fund grants which were created to encourage 

railroad construction. 

Prior to railroad construction, early settlers in the Martin 

County area depended on trade boats which ran along the Indian 

River to provide them with supplies. By the 1880's a prosperous 

trade network was underway and more families moved to the area 

every year. Pineapple and citrus cultivation became leading 

industries. The advent of the railroad was just the impetus the 

• 

• 

• 



• 

• 

• 

27 

burgeoning economy needed to thrive. 

It was during the period of 1878-1882 that the first settlers 

began to arrive in what is today the eastern part of Martin 

County. However, it was not until the turn of the century that 

settlers began inhabiting the western part of the county. The 

first road was laid out between Indiantown and stuart in 1902-1903 

by Francis Marion Platt. He married Annie Mizell on October 22, 

1868 at Pine Level in present day Manatee County. The couple 

joined the Seminole Indians living in the vicinity of present day 

Indiantown and named their own private town - Annie. The road, 

originally called the Stuart-to-Annie Road, is now state Road 76 

(Hudson 1973). 

About the same time, Joe Bowers gave up his store in Jupiter 

to establish a trading post with the Seminoles and, with his 

brother, he planted the now famous "Bowers Groves" in Annie. Rumor 

·has it that some trees are still bearing fruit from the original 

planting. 

In the early 1920s, shortly after the arrival of the Bowers 

brothers, a railroad line was established connecting the area with 

Coleman (in Central Florida) and west Palm Beach. It was known as 

the Seaboard Air Line Railway and was built as Martin County was 

being formed. The Baltimore banker who was the president of the 

Railway, S. Davies Warfield, had bought more than half of the land 

that was to be included in the new county. Noting the high 

elevation, and the temperature difference between the coast and the 

interior (the interior is 10 degrees cooler in the summer and 10 
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degree warmer in the winter than the coast), he planned to build a 

model city at Indiantown. The idea was to make Indiantown the 

southern headquarters for his railroad (Hudson 1973). 

Warfield had a depot, railroad yards, the Seminole Country 

Inn, and apartment houses built and the western part of the new 

county soon became the heart of the winter vegetable raising 

interests. However, this expansion did not last for long. The 

collapse of the Florida land boom and the near simultaneous death 

of Warfield left a sharp retrenchment in the prosperity of 

Indiantown (Hudson 1973). 

Throughout the 20th century, the ICL plant site has remained 

relatively undeveloped. Based on the above historical documentary 

review, the survey area for the ICL plant site was considered to 

have a low probability for containing significant historical 

resources. 

• 

• 

• 
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METHODS 

The background and literature review, in conjunction with 

pertinent environmental variables, contributed to the formulation 

of project-specific field methods designed to locate and evaluate 

previously unrecorded archaeological sites within the survey area 

for the ICL plant site and pipeline corridor. The designation of 

probability zones and decisions regarding site significance were 

based on previous research conducted within the Okeechobee Basin 

area. 

Archaeological sites in the Vicinity of the Project 

Evaluations of archaeological or historical site significance 

are ultimately based on the potential of a site to contribute to 

the understanding of the social processes at work in a region's 

prehistory or history: therefore, a consideration of these sites 

within the context of the larger, regional settlement system is 

essential. A first approximation of settlement variability through 

time can be obtained by reviewing information regarding the known 

sites in the area. A search of the pertinent literature and 

records of the surrounding region was conducted, including 

archaeological and historical assessments of other tracts of land 

in close proximity to the project area. 

Other sites in the general vicinity of the ICL project area 

include the Barley Barber I, II, and III sites (8Mt19, 28, & 29) 

and a small unnamed site 

mounds, one of which is 

(8Mt31) • The Barley Barber sites are 

associated with prehistoric earthen 
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embankments. The latter is now protected within the Barley Barber 

Swamp Preserve while the former have been excavated (Williams 

1975). These sites are located along Barley Barber Swamp about 

five miles west of the ICL project site. site 8Mt31 consists of a 

few ceramic artifacts located along an unnamed slough about six 

miles southwest of the project area. 

Other sites in the Okeechobee Basin include earthworks (Carr 

1975, Sears 1982, Willey 1949, Allen 1948, McGoun 1987, 1988), 

burial mounds (Carr 1973, Sears 1982, Willey 1949, Williams 1975), 

and habitation mounds or middens (Sears 1982, Willey 1949, Goggin 

1952). Among the more spectacular sites are the large earthworks 

found in the open savannah, often bordering creeks or major 

environmental zones (cf. Hale 1984:181). These include circular 

ditches, linear embankments, and combined mound and embankment 

complexes. 

Sears (1982:185) provides evidence indicating that the 

circular ditches are the earliest earthworks at Fort Center site 

dating to at least 450 B.C. His research shows that some of the 

habitation middens are coeval with this structure. Habitation 

mounds are believed to have been built during his Periods I and II 

(1982:186,195-199) and again during his Period IV but the latter 

include linear embankments (1982:199-201). Burials in mounds date 

to his Period I, possibly II, and IV (1982:140-141,200-201). 

Willey (1949:125) is unable to ascertain the date of the burial 

mound at the Belle Glade site but believes it is coeval with a 

habitation mound. Williams (1975) obtained a radiocarbon date of 

• 

• 
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200 B.C. under one of the burials he excavated at Barley Barber 

Swamp but he believes the date is erroneous. 

The combined mound and embankment complex known as Big Mound 

City (Willey 1949:73-77), located about 10 miles south of Indian­

town, is thought to have been laid out according to a master plan, 

however no conclusions have been reached as to whether all of the 

features were constructed at the same time. An artifact collection 

from one of the mounds at the site indicates a coeval existence 

with a late period of occupation at the Belle Glade site located at 

the south end of Lake Okeechobee. Other mound and embankment 

complexes include the Big Circle Mounds, also known as Tony's 

Mound, (Allen 1948), the Boynton Mound Complex (McGoun 1987,1988), 

and others (cf. Hale 1984:181; Carr 1975, 1985). The presence of 

European artifacts at sites such as the Ortona Mound in Glades 

County (Milanich 1988, personal communication), indicate a late 

Belle Glade IV occupation, however most of these sites are not 

dated. 

site Location Model 

Cultural resource assessment surveys throughout Florida have 

demonstrated that certain environmental locales were preferred for 

prehistoric and early historic utilization. Predictive models 

enable the researcher to stratify the project area into probability 

zones based upon the co-occurrence of relevant environmental var­

iables. The relative importance of each of these variables depends 

upon the composite environmental setting. In a sand hills 
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environment, for example, a majority of the known sites are located 

near a water source on a ridge top or slope. If a water source is 

not located in the vicinity, the probability of site occurrence 

decreases dramatically. However, water will not be the determining 

factor if another resource with more limited distribution, such as 

lithic raw materials, is available for exploitation (Deming and 

Almy 1984: 17) • In environments of relatively low relief and 

abundant wetlands, areas of higher elevation relative to the 

surrounding terrain would be considered more likely to contain 

prehistoric sites (Wharton 1984; Piper and Piper 1980; Johnson 

1986). In coastal areas, the availability of littoral resources, 

particularly fish and shellfish, was a major factor in site 

location. 

The above site locational data suggests that the majority of 

sites in the area would be expected to be located adjacent to or 

near the freshwater sloughs which flow into Lake Okeechobee. 

Further, the present data available for the vicinity of the survey 

property suggests that the most likely type of prehistoric site to 

be discovered in these areas would be a late period midden or 

mound. Smaller, extractive type campsites, represented by small 

scatters of lithic, ceramic, or shell artifacts, would also be 

expected on elevated knolls or ridges in the flatwoods if a source 

of potable water is located nearby. 

The environmental factors pertinent to the project area may be 

summarized as follows: 

a) most of the soils in the project area are poorly drained; 

• 

• 
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b) surficial water sources are ubiquitous in the region; 

c) the topography of the proj ect area is level, wi th few 

features other than a slight slope to the southwest. Although 

potable water is available, there are no areas of slightly higher 

elevation that may have been more desirable to prehistoric people. 

Based on these environmental parameters, the project area was 

considered to have a low probability of producing evidence of 

activity sites associated with the prehistoric exploitation of 

locally available resources. Mounds and/or middens were a common 

adaptation to low, poorly drained land, but a labor intensive site 

such as a mound would usually be placed near additional resources 

such as stone quarries or riverine transportation. with no such 

resources on or near the proj ect property, it was considered 

unlikely that a mound similar to the Barley Barber mounds would 

exist in the project area. During the field survey, special 

attention was paid to areas of higher elevation and mesic or xeric 

flora close to drainages and the larger ponds. Areas of low 

elevation relative to the surrounding terrain were considered less 

likely to contain evidence of prehistoric occupation because they 

are often seasonally filled with water. 

Field Methods 

Shovel tests were placed in areas of high site potential as 

defined above. For the ICL power block area, shovel tests were 

placed at 50 meter intervals along transects spaced at distances 

appropriate to the specific locale. In no case did the transect 

spacing exceed 100 meters. In addition to the systematic tests, 
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judgementally placed shovel tests were also excavated when appro­

priate to adequately test an area. 

All shovel tests measured approximately 40-50 centimeters in 

diameter and were excavated to a depth of one meter unless preven­

ted by groundwater seepage, bedrock, or other soil conditions. All 

excavated soil was screened through 1/4" mesh hardware cloth. The 

location of each shovel test was plotted on a 1" = 400' aerial 

photograph and soil stratigraphy records were maintained for each 

test pit. Recordation of the soil profiles was carried out to the 

nearest half decimeter. 

Good surface exposure was provided by the many dirt roads, 

recently cleared areas and trails, and animal burrows which are 

present throughout the property. These exposures were visually 

inspected for cultural material whenever possible. It is estimated 

that hundreds of such exposures were examined during the course of 

the survey. 

The pipeline corridor is proposed to be within the existing 

CSX railroad right-of-way, immediately west of SR 710. During the 

construction of these two thoroughfares, the original ground 

surface has been subjected to SUbstantial disturbance such as the 

construction of drainage ditches, deposition of fill dirt as a 

foundation bed for the roadway, and the burying of subterranean 

utilities (electrical, gas, and telephone lines). This left little 

soil within the proposed pipeline corridor intact enough to merit 

subsurface testing; indeed, most of the area has undergone 

secondary or tertiary redeposition and had standing water at the 

• 

• 
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The whole pipeline tract was subjected to 

extensive visual inspection and, where appropriate, subsurface 

testing. 
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RESULTS AND RECOMMENDATIONS 

The ICL plant site and pipeline corridor were surveyed by 

means of intensive surface inspection and subsurface testing where 

applicable. Sixty-three shovel tests were excavated. No prehis-

toric cultural materials were uncovered, but two historic areas of 

interest and a few scattered Herty cup fragments were found during 

the cultural resource assessment survey. 

Neither the areas of historic interest, nor the Herty cup 

fragments are sufficiently noteworthy to merit the designation of 

an archaeological site. The Herty cup fragments, dating to the 

early 20th century, do indicate the existence of a turpentine or 

• 

navel stores industry in the area. A brief description and • 

evaluation of the other two areas of cultural interest are 

presented below. The locations of these two areas are shown in 

Figure 3. 

The Trash Dump is located in Township 39S, Range 38E, Section 

35, SW/SW/SE (USGS Okeechobee 4 SE, photorevised 1983). This 

historic feature is located outside of the ICL project boundary, 

1200 feet to the southeast. Artifacts recovered consist of post 

Depression-era glass bottles for whiskey and ink; whiteware, 

stoneware, and porcelain ceramics; and brick fragments in a small 

surface pile that appears to have been recently moved. 

There is no structure or other evidence of homesteading in the 

area. This site appears to be a 1940s or 1950s dump site, 

considering its seeming isolation and location near an improved • 
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secondary road. Due to the limited and unexceptional nature of 

this dump site, the potential for more information to be recovered 

from further investigation is low. This dump is not considered 

regionally or locally significant, and not eligible for listing on 

the National Register of Historic Places. No further work is 

recommended for this feature. 

The Zana Railroad Water Reservoir is located in Township 39S, 

Range 27E, section 2, SE/NW/SW (USGS Okeechobee 4 SW, photorevised 

1983.) This feature consists of a small camping shack and a large, 

angular concrete structure with a line of tall, burnt pine poles on 

the south, extending toward the southeast. Field observations lead 

the archaeologists to speculate that this feature may have been a 

water reservoir for a steam powered tram or locomotive. 

This feature lies immediately south of the pipeline corridor, 

outside the project area, and will not be adversely affected by the 

construction of the pipeline. 

, .' 

• 
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SUMMARY 

Two areas of historic period activity and no prehistoric sites 

were discovered during the cultural resource assessment survey of 

the ICL plant site and pipeline corridor. The trash dump, found 

immediately outside of the proposed ICL plant site is a surficial 

dumping area of little historic interest. The other area is an 

historic camp with a concrete water-retention structure and lies to 

the south of the railroad tracks, outside the pipeline corridor. 

Because this feature is located outside of the project area, its 

full evaluation is beyond the scope of this project. 

In conclusion, no archaeological or historical sites eligible 

for inclusion in the National Register of Historic Places were 

found within the proposed project site boundaries or within the 

associated pipeline corridor • 
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• 1. INTRODUCTION AND OBJECTIVES 

• 

• 

1.1 Objectives 

A water availability study is performed for the Indiantown Cogeneration Project in 

Martin County, Florida using Taylor CreekiNubbbin Slough (TC/NS) basin surface 

runoff flows and Canal C-59 storage. The main objectives of this study were: 

o Determine the availability of the plant water requirement (cooling tower makeup 

and process water) from TC/NS and Canal C-59 for canal water elevations above 

elevation 16 ft-msl. 

o Identify the duration of the time in which withdrawal of makeup water is 

assumed to be unavailable when the water level reaches elevation 16 ft-msl. 

The historic flow and water elevation data of TC/NS at control Structure S-19l are used 

in the study. The plant water requirements, are of those reported in Section 2, is 3374 

gpm (average 7.50 cfs). The following sections of this report provide a description of 

the project, plant water requirements, basic data, methodology, assumptions, results, 

conclusions, and the recommendations. 

1.2 Project Location and Description 

The proposed Indiantown Cogeneration Project is a 330 MW pulverized coal-fired power 

plant in southwestern Martin County, Florida. Figure 1 illustrates the genera1location 

of the project site. The site is located nine miles east of Lake Okeechobee and about 

three miles northwest of Indiantown. To the north of the site is the Caulkins Citrus 

Processing Facility and the Florida Steel Corporation. Both facilities border State Road 

710 and the CSX Railroad. The site is bounded on the west by Tampa Form Products 

and unimproved agricultural lands; on the south and on the east by unimproved 

industrially zoned land . 
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2. PLANT WATER REQUIREMENTS 

The monthly averaged, water requirements for 100% load factor are as follows: 

MONTH MAKEUP WATER (gnm) PROCESSING WATER (wm) 

January 2686 552 

February 2705 552 

March 2753 552 

April 2856 552 

May 2886 552 

June 2902 552 

July 2911 552 

August 2917 552 

September 2889 552 

October 2886 552 

November 2758 552 

December 2712 552 

The yearly average plant cooling tower makeup water requirements is 2822 gpm (6.3 

cfs). The plant mean annual process water is about 552 gpm (1.2 cfs). Hence, the total 

average plant water requirement is 3374 gpm (7.50 cfs). Plant makeup and process 

water is to be withdrawn from Taylor Creek/Nubbin Slough, upstream of control 

structure S-191 as shown on Figures 2 and 3, approximately 19 miles northwest of the 

project site. 

3. TAYLOR CREEK/NUBBIN SLOUGH 

Taylor Creek/Nubbin Slough discharges into Lake Okeechobee through S-191, a gated 

spillway control structure, on the northeast shore of Lake Okeechobee, Figure 2. 
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In 1973 the discharge from 104.5 square miles (upper Taylor Creek)was diverted into 

L-63N and L-63S, the new 10 mile long SFWMD canals that intercepts Nubbin Slough 

and other tributaries (Mosquito Creek, Lettuce Creek, and Henry Creek). The L-63N 

and L-63S canal flows are then discharged into the Lake Okeechobee through a 1.1 mile 

Canal (C-59) and the Structure S-191 (Reference 1). 

The basin formed by this diversion, the current Taylor Creek/Nubbin Slough basin, 

encompasses 188 square miles. The upper Taylor Creek portion of the basin is 

composed of four major tributaries as follows: Williamson Main, Northwest Taylor 

Creek, Little Bimini Creek, and Otter Creek. Land uses in the basin, based on 1980 

estimates, are primarily: improved pasture 68%, forest and range land 22.3%, urban 

3.2%, and citrus and miscellaneous 6.5%. 

This basin was singled out by the 1986 Lake Okeechobee Technical Advisory Committee 

as a priority basin in which to apply phosphorus controls. Approximately 143 tons of 

phosphorus are discharged from the basin to the Lake Okeechobee each year. This basin 

ranks as the number one phosphorus contributor to the lake with an annual flow­

weighted concentration of 0.947 gmP/l. Over the period of 1973 through 1987, the 

TC/NS watersheds annually contributed about 21.2 % of the phosphorus input into Lake 

Okeechobee yet contributed only 3.7% of the lakes inflow water (Reference 1). 

3.1 Historic Flow And Water Level Data 

The historic Spillway Structure S-191 flow and related Canal C-59 water level data 

immediately upstream of S-191 are available for the period of January 1973 through 

the December 1989. These data are obtained from the SFWMD and they are in daily 

averaged form (Reference 2). 

No data for the period of June 13-July 31 of 1973 was collected, therefore, the 1973 

data is not used. Consequently, the data record of January 1974-December 1989 only 
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are used for the analysis. Appendix A provides the recorded daily averaged water • 

levels and the associated daily averaged spillway flow data. 

3.2 Precipitation and Evaporation Data 

The annual precipitation and pan evaporation data for TC/NS watershed are obtained 

from SFWMD (Reference 5). These data are for the Raulerson-3 gauging station on 

Taylor Creek and they are presented in Tables 2b and 3. 

The mean annual precipitation of Raulerson-3 Station for the period of 1956-1984 is 48.8 

inches (Table 2b). The mean annual pan evaporation for the period of 1957-1976 is 

59.44 inches (Table 2b). 

For completion of annual precipitation data through the 1989 period, the precipitation 

data of a nearby gauging station, Port Mayaca Station, approximately 25 miles southeast 

of Raulerson - 3 Station are used as shown in Table 3 (Reference 6). The annual • 

precipitation of Port Mayaca Station has a similar trend as the Raulerson-3 Station. 

3.3 Canals C·S9, L-63N, and L-63S Geometry 

The confluence of Taylor Creek (Canal L-63N) and Nubbin Slough (Canal L-63S) 

streams forms Canal C-59 which extends about 1.1 miles before discharging into the 

Lake Okeechobee through the spillway Structure S-191, Figure 3. Canal L-63N extends 

northward in the Taylor Creek upstream direction about 5.0 miles, and L-63S extends 

southward in the Nubbin Slough upstream direction at a similar distance. These 

distances are less than the actual lengths of 6.4 miles and 5.5 miles of the water courses 

of Taylor Creek and Nubbin Slough respectively. They are conservatively assumed for 

the purpose of this study to be 5 miles long each. 
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The stage-storage capacity data of the C-59, L-63N, and L-63S canals (the Canals) are 

obtained from the US Corps of Engineers drawings, Reference 3. From these drawings, 

the stage-area relation for the combined canals is determined and it is shown in 

Figure 4. 

From stage-area data, the combined storage capacity of the Canals at some selected 

elevation intervals are as follows: 

Elevation Range (ft) 

16-17 

17-18 

18-19 

3.4 Spillway Structure S-191 

Storage Volume (acre-ft) 

178 

183 

190 

The spillway Structure S-191 is located on the Canal C-59 at its junction with levee D4 

on the north shore of Lake Okeechobee, Figure 4. 

This structure is a reinforced concrete, gated spillway, with discharge controlled by 

three cable operated vertical lift gates. Operation of the gates is automatically controlled 

so that the gate hydraulic operating system opens or closes the gates in accordance with 

the seasonal operational criteria (Reference 4). 

The purpose of the Structure S-191 is to maintain optimum water control stages in the 

upstream area, to pass the to-year frequency flood without exceeding the upstream 

design flood stage, and to restrict downstream flood stages and discharge velocities to 

non-damaging levels. It also prevents upstream flooding from Lake Okeechobee 

hurricane tides, and it permits back flows up to 330 cfs to the north to meet agricultural 

water requirements . 
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The Structure S-191 operation procedure (Reference 4), is to maintain, insofar as 

possible, headwater elevations within 0.2 feet above and 0.2 feet below the 19.0 ft­

msl optimum water level (Reference 4). Four manually operated gates on overflow slots 

in the main gate, control small discharges without raising the upstream stage. When the 

discharge exceeds the capacity of these gates, the automatic gate controls function as 

follows: When the headwater elevation rises to 19.7 feet, the gates will open at six 

inches per minute; but the gate opening will be governed by the Differential Head versus 

Gate Position curve, and it will not exceed the maximum allowable opening position. 

When the headwater elevation rises or falls to 19.5 feet, the gates will become 

stationary; when the headwater elevation falls to 19.3 feet, the gates will close at six 

inches per minute. 

In addition to maintaining optimum upstream control, as described above, the automatic 

controls on this structure have an over-riding control which closes the gates, regardless 

of the upstream water level in the rare event that the tailwater pool elevation reaches or 

exceeds the headwater elevation (Reference 4). 

Due to operation of spillway structure gates for maintaining an optimum water level, no 

conventional spillway rating curve is available for the Spillway Structure S-191. Such 

system of operation is clearly shown in Figure 5 where a wide range of spillway flows 

are reported for a very narrow range of water levels. From Figure 5 and inspection of 

recorded water level data, it was observed that while the operating optimum water level 

of approximately 19.0 ft-msl was used for the data period of 1974-1985, the optimum 

water level for the data period of 1986-1989 is about 19.4 ft-ms!. By rearranging the 

historic water level and flow data of the Figure 5 in Figures 6 and 7, this change in 

mode of operation is clearly demonstrated. In addition at some isolated events, the 

spillway structure gates have operated at water level elevations other than those described 

above. As examples, for the data period of October 22-24, 1978 (see Appendices A and 

C), the water level in the canal is dropped about 1 foot in two days below its normal 

operating water level of 19.0 ft-ms!. A different spillway gate operating procedure is 
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also recorded for July 23 where the water level is maintained at elevation 19.75 ft-msl 

without any spillway discharge. Such infrequent gate operations can also be seen during 

July 9-12, 1980, June 18-19, 1981, or some other data periods (see Appendices A and 

C). 

The spillway gates operation procedure will be discussed further in Section 4.1.2 during 

calibration of numerical model for plant water availability study. 

3.5 Flow Regime at S-191 Spillway 

The flow regime over spillway structure S-191 with about one month delay closely 

follows the seasonal precipitation pattern of the TC/NS watershed, Tables 1, 2, and 3 

(References 5 and 6). As is shown in Tables 1 and 2, the flow period over spillway S-

191 is from June through November while the rainfall is from May through October. 

The historic average flow over spillway S-19l is about 146.4 cfs which is about 20 

times the plant average plant water requirements of 7.5 cfs. However, as is shown in 

Tables 1 and 2, such flow is not continuously available year round. Considering this 

flow regime, a storage pond becomes necessary to store the flows at high flow periods 

for use in low flow periods. The main aim of this study is to assess the technical 

feasibility of using Canals C-59, L-63N, and L-63S as the storage reservoir without 

affecting the purposes for which these Canals and associated discharge structure were 

designed for. 

4. PLANT WATER A V AILABILITY STUDY 

A plant water availability study utilizing the storage capacity in the Canals is performed 

to identify the effect of the plant makeup and process water withdrawal on the Canals 

water levels and to determine the duration for which the water level will be at Elevation 
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16-ft-msl. The canal historic flow and water elevation data are used for this purpose. • 

A water balance computer program is developed and used in this study. 

4.1 Computer Model Development 

Based on the historic flow and water level data at the S-191 structure, the net inflows 

to the Canals are first determined. Then by applying the calculated net inflows and 

without plant water withdrawal, the computer model is calibrated and then the water 

withdrawal from the canal is simulated. The details of this process are as follows. 

4.1.1 Net Inflow Determination 

The net daily averaged inflows to the canal are determined applying the mass balance 

equation, the historic daily averaged flow, and the historic daily averaged water level 

data. The mass balance equation is (Reference 7): 

I = 0 + flSlflt (1) 

where I is the net inflow to the Canals, 0 the spillway outflow, and flSlflt is the daily 

change in the canal storage. 

The net inflow to the Canals is a combination of several parameters including: 

0 Taylor Creek watershed inflow to the canal 

0 Nubbin Slough watershed inflow to the canal 

0 Evaporation from the canal 

0 Rainfall on the canal 

0 Groundwater flow to or from the canal walls 

0 Spillway gates leakage to Lake Okeechobee 

0 Consumption of water by other users 

8 

• 

• 



• 

• 

• 

Although the mean annual evaporation from the Canals and consumptive use by others 

are known, no data is available to quantify the remainder of the above parameters, 

hence, a reverse routing technique is used to determine the net inflow. 

Applying the Equation (1), and using the daily canal water level and spillway flows at 

S-191, the daily averaged net inflows to the canal are determined. From the calculated 

net inflows, it was found that during the periods with flows over spillway, false negative 

inflows are encountered after the spillway releases, see Figure 8. This may be due to 

the time lag between the recorded spillway flow and its associated water level data 

(since the data are daily averages), resulting in false negative inflow calculations. 

Since such negative inflows were causing artificial drop in the water level predictions, 

an adjustment to the inflows has been made without violating the mass balance equation. 

This adjustment is simply made through the subtraction of the negative inflow from the 

previous day calculated positive inflow, thereby forcing the negative inflow to become 

zero, to indicate gate closure, see Figure 9. The calculated net inflows for the data 

record period of 1974 through 1989 are shown in Appendix B. 

4.1.2 Calibration and Verification 

Applying the calculated net inflows, the Canals geometry relation, the spillway operating 

procedure, and the application of Equation (1), one theoretically should be able to 

calculate identical water levels and spillway flows as those recorded. However, as is 

shown in the Figures 5, 6, and 7, a definite spillway rating curve does not exist and 

the triggering water level for the opening of the spillway gates has varied from time to 

time. 

Based on the spillway gates operation procedure given in Section 3.3, and observation 

of spillway flow and water level data in Figures 6 and 7, a unified triggering water level 

for opening, and a reference water level for closing the gates were sought for use in the 
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computer model simulation. By trial and error, the spillway gates operating procedure • 

selected for numerical simulation is as follows: 

Data Period 

1974-1985 

1986-1989 

Gate Opening El. 
(ft-msll 

19.25 

19.55 

Gate Closing El. 
(ft-msn 

19.05 

19.40 

By applying the above spillway operation procedure, the calculated net inflows, and the 

Canals stage-storage, the canal daily water levels and spillway flows are predicted using 

Equation (l). 

The predicted daily water levels are compared against the historic water levels and they 

are shown in Appendix C and Figure 10. The predicted total monthly spillway flows are 

also compared to the total monthly historic spillway flow data and they are shown in 

Figure 11. As is seen from the Figures 10, 11, and Appendix C, the numerical 

simulation fairly well predicts the canal water levels and the spillway flows. As a result, 

the procedure of reverse routing used to calculate net inflows is a valid approach and 

the good correlations substantiates the applicability of the computer model. 

The historic deviant S-191 spillway water levels (i.e., isolated historic water levels above 

and below normal operating water levels) described in Section 3.4 are not simulated in 

the computer model. However, as is shown through Appendix C, generally such 

abnormal operating procedures have little effect on the predicted water levels. 

4.1.2.1 Low Flow Correlations 

During low flow periods and for no rainfall over TC/NS watershed and for no spillway 

flows, the positive inflows to the Canals will consist of the base flows from TC/NS . 
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The negative inflows from the Canals for this period will be evaporation losses, leakage 

through the spillway gates, and consumption of the Canals water by other users. 

Attempts were made to quantify the seasonal net base inflows to the canal and to see if 

there is a seasonal behavior in the net inflows and the canal water levels. Some typical 

dry months were selected and their net inflows to the canal and their associated water 

levels were analyzed. From this analysis it was found that there is no seasonal trend in 

net inflows and there is no correlation between canal water levels and the calculated net 

inflows. 

From comparison of calculated net inflows with the evaporation data it was also found 

that, generally, the magnitude of the net inflows are higher than the net evaporation 

losses. This is mainly due to the leakage through the spillway gates and the consumption 

of the canal water by other users . 

Based on the above findings, no adjustments are made to the calculated net inflows as 

a result of lowering the water level. 

4.1.3 Cooling Tower Makeup and Process Water Withdrawal Simulation 

For numerical simulation of plant water requirements from the Canals storage, the mass 

balance equation (1) is rewritten in the following form: 

o + I1S/l1t = I - Q.. (2) 

where Qm represents the makeup water requirements, which is a known value . 
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4.3 Analysis 

With application of the Canals geometry, spillway operation procedure, the calculated 

net inflows, and the plant water requirements, the new canal water elevations and the 

spillway flows are determined by using Equation 2. 

The analysis is made using the calculated daily net inflows and the mean monthly 

makeup and mean annual process water requirements. The makeup water requirements 

are assumed to be constant during a specific month. 

The analysis is performed to determine the plant water availability from the canals when 

the water level is above elevation 16 ft-msl, and to estimate the number of days when 

the water level reaches 16 ft-msl. During that condition, no makeup and process water 

is assumed to be available. To assess the effect of changing the water level on plant 

water availability, the same analysis is performed for a minimum water level of 17 ft-

• 
j 

~. • 
In the numerical simulation, to prevent the canal water level from lowering below the 

water level criteria, the plant water withdrawal from the canal is stopped about 0.5 feet 

above the water level criteria (Le., 16.5 and 17.5 ft-msl). This approach is followed 

to account for lowering of the water level by evaporation and leakage through the gates 

during the long drought periods. 

From this analysis, the new daily canal water levels and daily spillway flows are 

determined and they are presented in Appendices D and E. From the analysis, the 

minimum water level calculated for every period is determined and they are presented 

in the following table: 
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MINIMUM WATER LEVEL (ft-msl) 

YEAR Criteria 16 ft-msl Criteria 17 ft-msl 

1974 17.75 17.75 

1975 15.91 16.96 

1976 18.14 17.91 

1977 16.45 17.08 

1978 18.39 18.33 

1979 18.05 18.05 

1980 18.09 18.09 

1981 16.10 17.09 

1982 17.88 18.38 

1983 17.97 17.98 

1984 18.16 18.18 

1985 15.89 17.08 

1986 16.01 17.01 

1987 16.90 17.10 

1988 18.45 18.57 

1989 15.93 16.94 

For most of the periods, the minimum water levels in the Canals stayed above the 

minimum water level criteria of 16 or 17 ft-ms!. However, for some dry years the 

criteria water levels are reached. The maximum drop in the canal water level with the 

16 ft-msl criteria is approximately 2.5 ft below the historic water levels which occurred 

in 1981 and 1989. 

From the analysis, for the period of 1974-1989, the maximum number of consecutive 

days and total number of days in which the water level may reach elevations 16 or 17 

ft-msl are as follows: 
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W.L. @ 17 ft-msl W.L. @ 16 ft-msl 

DATA No. of Total No. of Total 
PERIOD Consecutive No. of Consecutive No. of 

Days Days Days Days 

1974 0 0 0 0 
1975 25 42 16 22 
1976 0 0 0 0 
1977 5 11 4 4 
1978 0 0 0 0 
1979 0 0 0 0 
1980 0 0 0 0 
1981 75 75 68 68 
1982 0 0 0 0 
1983 0 0 0 0 
1984 0 0 0 0 
1985 27 27 14 14 
1986 45 45 32 32 
1987 3 3 0 0 
1988 0 0 0 0 
1989 50 72 36 45 

During these conditions it is assumed that withdrawal of makeup and process water 

from the Canals will not be made to minimize the impact on the groundwater level. 

The maximum number of days in which the water level may reach the criteria level of 

16 ft-msl are during 1981 and 1989. The annual precipitation of 1981 at Raulerson-3 

Station was 34.4 inches and for Port Mayaca was 26.03 inches which again is well 

below the average precipitation of these two stations. 

The effect of changing the criteria water level from elevation 16 to 17 ft-msl resulted 

in increasing the duration of the consecutive days of low water level by a maximum of 

14 days. However, the total number of days where plant water withdrawal from the 
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canal is not permitted is increased from 185 days for water level 16 ft-msl to 275 days 

for water level 17, ft-msl as obtained from Appendices D and E. 

s. CONCLUSIONS 

Based on the characteristics of the TC/NS watershed and the surface water availability 

analysis performed, the following conclusions have been made: 

1. 

2. 

3. 

Procedure of reverse routing used to calculate the net inflows provided a good 

correlation between historic and predicted water levels and spillway discharges. 

The average historic flow through the S-191 structure is about 146.4 cfs and 

average makeup and process requirements is 7.5 cfs. Therefore, on a mean 

annual basis, there is an adequate supply of water. However, due to the rainfall 

pattern, the supply of water is not distributed evenly, therefore, a storage 

reservoir is required. 

The mean annual makeup and process water requirements of 7.5 cfs can be made 

available from the storage of the Canals without lowering the lower level below 

elevation 16 ft-msl, except during the prolonged drought conditions, which may 

last a maximum of about 68 consecutive days. However, the total number of 

days during which the plant water requirements cannot be met in the numerical 

simulation period of 16 years is only 185 days. 

4. During extreme drought months such as May and June of 1981 and 1989, 

obtaining the plant water requirements from the canals could lower the water 

level below 16 ft-msl. 
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5. The maximum drop in the Canals water level from the historic water levels is 2.5 

ft. However, the drop in the groundwater level will be significantly less as 

discussed in SCA Section 5.3.1. 

6. The effect of changing the criteria of minimum water level from 16 to 17 ft­

msl could result in increasing the total number of consecutive days by a 

maximum of 14 days. 

6. RECO:MMENDATIONS 

Based on the analysis made and conclusions reached, it is recommended that: 

1. The pump intake be located on L-63N near the junction with Canal C-59 due to 

the large water depth and cross-sectional area. 

2. The pump intake should be designed to operate with a minimum water level of 

16 ft-msl. 

3. To prevent the canal water level from dropping below elevation 16 ft-msl, the 

pumptS,vcontrol system should be designed so that during prolonged drought 

conditions the pumps trip when the water level reaches approximately elevation 

16.5 ft-msl. 

4. Multi-pumps should be installed to facilitate withdrawal rates ranging from 

average annual flow 3374 gpm (4.86 mgd) to maximum daily flow of 3642 gpm 

(5.24 mgd). 

5. During prolonged drought in which the canal water level may reach elevation 16 

ft-msl, makeup water to the plant must be provided from the Floridan Aquifer. 

The estimated continuous duration of the supply is approximately 90 days. 
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Table 1. Monthly Average Spillway Flows in crs at S-191 Spillway Structure 

DATE January February March April May JlJ'le July August September October November Decentler 

1974 21.1 13.4 13.0 22.6 4.6 122.8 744.9 693.7 218.0 181.6 46.0 62.9 
1975 27.7 36.7 3.4 20.0 2.8 36.7 115.4 200.0 325.0 151.7 63.5 58.4 
1976 16.3 27.8 11.9 17.4 339.0 878.6 308.4 476.9 244.7 76.8 49.2 63.7 
1977 86.5 57.0 24.5 3.1 9.2 64.0 17.9 39.0 448.8 49.6 105.4 518.5 
1978 192.0 176.1 379.2 46.1 25.2 83.4 273.3 328.5 380.0 264.6 89.0 126.0 
1979 597.3 150.9 95.6 20.0 297.0 57.3 118.8 126.7 1849.5 202.9 45.7 63.7 
1980 71.7 157.5 130.4 127.5 55.9 10.6 92.1 34.8 246.0 53.7 75.6 96.9 
1981 24.6 42.1 11.9 0.0 2.2 1.8 4.7 571.1 734.3 36.5 16.4 12.4 
1982 13.8 28.2 137.2 226.1 106.8 656.3 385.2 438.9 327.6 338.1 160.9 82.1 
1983 139.1 583.9 192.7 45.6 7.6 48.1 28.1 110.1 102.5 275.3 69.0 95.8 
1984 96.1 229.9 175.2 51.6 99.8 60.5 166.7 87.4 141.5 61.6 63.4 45.4 
1985 59.9 19.8 20.3 23.4 0.3 30.6 97.9 231.8 616.6 158.7 44.2 48.6 
1986 26.4 20.0 29.9 0.0 0.0 325.6 390.0 449.9 366.4 77.7 152.4 65.0 
1987 226.4 45.0 135.3 72.3 29.4 32.0 52.8 7.2 6.6 94.7 512.3 52.6 
1988 49.1 88.5 91.0 14.3 23.2 10.6 84.2 474.5 80.7 15.7 22.8 8.0 
1989 8.2 3.1 19.4 18.7 0.0 0.0 23.4 133.7 262.6 516.9 8.1 27.3 

Mean 103.5 105.0 91.9 44.3 62.7 151.2 181.5 275.3 396.9 159.8 95.2 89.2 
Maxfnun 1843.0 1567.0 2780.0 768.0 1656.0 3236.0 1977.0 2131.0 5043.0 1706.0 1711.0 1429.0 
Mfnfnun 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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Table 2a. Monthly Average Number of Days with Flow and 
Monthly Average Spillway Flows at S-191 

Month Average No. of 

January 
February 

March 
April 

May 
June 
July 

August 
September 
October 

November 
December 

Days with Flow 
Over Spillway 

15.8 
16.2 
17.2 
12.5 
10.5 
16.5 
22.0 
28.4 
27.4 
23.6 
18.4 
18.4 

Average 
Spillway Flow 

(cfs) 

103.5 
105.0 

91.9 
44.3 
62.7 

151.2 
181.5 
275.3 
396.9 
159.8 
95.2 
89.2 



Table 2b. Monthly Average Precipitation and Pan Evaporation 
Data at Raulerson-3 Station on Taylor Creek 

Month Precipitation Pan 
Evaporation 

(inches) (inches) 
--------------- --------------- ---------------

January 1.84 3.01 
February 2.58 3.73 

March 3.30 5.43 
April 1.98 6.51 

May 4.41 7.03 
June 7.08 6.21 
July 6.78 6.25 

August 6.56 5.71 
September 6.60 4.94 
October 3.71 4.40 

November 1. 61 3.34 
December 1. 63 2.88 
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TABLE 3. Annual Precipitation Data at Raulerson-3 and 

Port Mayaca Gauging Stations 

YEAR PRECIPITATION (inches) 
Raulerson-3 Port Mayaca 

1956 48.45 31.13 
1957 60.73 44.66 
1958 51.40 45.98 
1959 60.28 52.74 
1960 65.38 40.88 
1961 31.63 28.38 
1962 54.75 38.14 
1963 34.95 41.08 
1964 44.52 51.25 
1965 45.86 50.26 
1966 56.82 53.84 
1967 51.01 50.93 
1968 60.55 52.42 
1969 66.63 60.65 
1970 52.07 59.52 
1971 59.84 47.00 
1972 28.49 49.76 
1973 34.65 42.75 
1974 53.67 42.19 
1975 30.56 41.88 
1976 42.55 42.54 
1977 36.90 52.05 
1978 51.50 57.12 
1979 60.40 48.10 
1980 38.80 
1981 34.40 26.03 
1982 61.90 51.38 
1983 61.00 
1984 35.40 
1985 41.87 .. 
1986 46.18 
1987 37.32"* 
1988 48.34 
1989 37.21 

Average 48.80 45.60 

- Month of June is estimated from Belle Glade Hurricane Station. 

-- Month of June is esumated from Belle Glade Hurricane Station an month of April is assumed zero. 



TABLE 4. Monthly Total Historic Spillway Flow Data at S-191 Structure 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1974 654. 375. 404. 679. 143. 3683. 23091. 21505. 6540. 5630. 1379. 1949. 
1975 858. 1028. 106. 600. 88. 1100. 3578. 6201. 9750. 4702. 1904. 1810. 
1976 506. 807. 368. 522. 10508. 26358. 9561. 14785. 7342. 2381. 14n. 1976. 
19n 2680. 1595. 758. 92. 284. 1919. 556. 1208. 13465. 1538. 3161. 16074. 
1978 5953. 4930. 11755. 1382. 781. 2501. 8472. 10182. 11401. 8202. 2669. 3905. 
1979 18515. 4224. 2963. 601. 9207. 1720. 3684. 3927. 55486. 6290. 1370. 1974. 
1980 2224. 4568. 4042. 3824. 1732. 317. 2854. 1080. 7380. 1664. 2269. 3004. 
1981 761. 1180. 368. O. 68. 53. 146. 1n03. 22028. 1132. 492. 383. 
1982 428. 789. 4254. 6784. 3310. 19688. 11942. 13606. 9827. 10481. 4826. 2544. 
1983 4311. 16348. 5972. 1367. 234. 1442. 870. 3414. 3076. 8534. 2071. 2969. 
1984 2978. 6666. 5430. 1549. 3094. 1814. 5166. 2708. 4245. 1909. 2051. 1406. 
1985 1856. 554. 629. 702. 8. 917. 3035. 7185. 18499. 4918. 1327. 1506. 
1986 818. 561. 928. O. O. 9768. 12089. 13948. 10993. 2410. 4572. 2016. 
1987 7019. 1259. 4193. 2168. 910. 960. 1637. 222. 198. 2937. 15368. 1629. 
1988 1522. 2565. 2822. 430. 719. 319. 2611. 14710. 2422. 485. 685. 248. 
1989 253. 87. 601. 561. O. O. 725. 4143. 7878. 16024. 244. 846 • 
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TABLE 5. Monthly Total Predicted Spillway Flow Data Without Plant Water Requirements 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1974 656. 377. 414. 668. 97. 3725. 23100. 21492. 6542. 5642. 1402. 1908. 
1975 868. m. 161. 593. 85. 1044. 3716. 6111. 9748. 4691. 1892. 1863. 
1976 475. m. 384. 510. 10494. 26364. 9593. 14751. 7342. 2409. 1475. 1955. 
1977 2635. 1629.' 746. 102. 303. 1928. 561. 1196. 13470. 1531. 3149. 16100. 
1978 5971. 4882. 11784. 1376. 796. 2455. 8475. 10237. 11397. 8170. 2663. 3889. 
1979 18555. 4193. 3019. 574. 9217. 1656. 3770. 3934. 55482. 6273. 1371. 1943. 
1980 2231. 4572. 4018. 3837. 1753. 285. 2929. 1029. 7397. 1621. 2303. 2998. 
1981 750. 1218. 322. 42. 65. O. 177. 17691. 22031. 1136. 506. 366. 
1982 434. 817. 4233. 6782. 3255. 19750. 11934. 13610. 9820. 10476. 4838. 2534. 
1983 4307. 16359. 5970. 1393. 214. 1446. 866. 3471. 3000. 8545. 2055. 2972. 
1984 3026. 6642. 5401. 1552. 3133. 1802. 5142. 2709. 4249. 1871. 2041. 1488. 
1985 1834. 549. 629. 685. O. 903. 3112. 7158. 18534. 4880. 1305. 1497. 
1986 778. 588. 947. O. O. 9838. 12089. 13911. 10947. 2506. 4539. 1989. 
1987 6970. 1316. 4143. 2218. 904. 962. 1645. 216. 204. 2976. 15350. 1603. 
1988 1519. 2528. 2890. 351. 789. 261. 2647. 14708. 2424. 504. 616. 317. 
1989 261. 74. 604. 555. O. O. 725. 4148. 7873. 16009. 253. 819. 
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Image Quality 

As you review the next group of images, 

Please note that the original documents 

were of poor quality. 



• • • 
NET INFLOW TO THE CANAL 
YEAR: 1974 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTCIIER NOVEMBER DEC. 

1 76.0 53.7 38.8 14.0 .0 .0 534.1 741.0 446.0 801.0 19.6 18.2 
2 12.7 .0 .0 3.9 3.9 9.7 1012.9 584.0 297.9 611.0 12.7 25.7 
3 15.7 12.7 6.8 65.5 .0 3.9 1032.1 456.1 232.0 328.9 10.8 81.5 
4 48.5 50.5 5.8 .0 .0 13.7 890.0 474.9 259.0 181.0 124.6 .0 
5 .0 .0 7.8 14.6 1.0 94.1 828.0 m.o 96.0 277.1 12.2 11.7 
6 15.6 8.8 6.9 63.1 .0 20.4 609.0 1232.9 131.9 288.8 26.7 9.8 
7 57.4 10.7 4.9 2.9 .0 51.6 908.0 1060.0 194.2 568.1 17.8 22.8 
8 .0 10.8 36.8 59.1 1.0 50.7 657.0 895.1 120.0 519.0 100.2 23.8 
9 13.7 11.8 .0 .0 6.8 113.2 306.0 884.0 173.9 311.0 3.6 217.5 

10 12.7 33.9 4.9 17.6 1.0 11.6 291.0 873.0 456.1 300.9 35.7 28.3 
11 52.7 .0 4.9 44.6 .0 45.8 255.0 861.0 528.0 103.0 36.1 49.8 
12 .0 6.8 6.8 .0 2.9 47.7 310.0 718.0 249.0 159.9 37.8 50.8 
13 11.7 7.8 4.9 13.7 1.0 44.8 838.1 634.1 222.9 129.1 95.7 39.8 
14 66.1 7.8 3.9 10.8 .0 33.8 392.0 504.0 233.0 124.1 .0 40.11 
15 .0 6.9 41.6 57.6 7.8 82.8 276.0 401.9 201.1 109.9 23.1 142.9 
16 59.1 8.8 .0 .0 41.4 .0 181.0 387.0 129.9 6.9 23.7 42.6 
17 .0 35.9 7.8 16.6 .0 28.7 197.4 363.0 114.0 117.3 31.8 204.0 
18 17.6 .0 3.9 72.3 5.8 22.9 2050.6 572.0 128.1 98.0 117.2 152.0 
19 50.7 7.8 3.9 .0 4.9 8.9 857.8 627.0 94.9 .0 4.3 24.1 
20 .0 16.6 5.9 13.7 2.9 2.9 719.1 918.0 92.1 145.3 25.7 145.9 
21 13.6 7.8 6.9 11.8 2.0 2.0 660.0 560.0 102.1 .0 79.6 11.2 
22 13.7 38.7 4.9 51.5 .0 47.0 783.0 543.1 .0 19.5 .0 37.5 
23 46.5 .0 .0 .0 1.0 5.3 1167.0 439.9 110.8 111.3 25.7 149.6 
24 .0 8.8 4.9 12.7 .0 73.6 1091.1 608.1 235.0 .0 35.8 23.8 
25 11.7 6.8 2.9 43.7 1.0 319.4 816.0 1031.0 242.0 16.6 44.8 34.6 
26 10.8 4.9 20.9 .0 .0 522.9 873.0 968.0 231.1 121.7 156.2 167.4 
27 8.1 2.9 ZO.9 10.7 2.0 391.0 649.0 640.9 233.0 .0 32.4 11.1 
28 46.6 4.9 34.0 8.1 .0 638.0 895.0 582.0 374.9 30.5 58.6 31.6 
29 .0 .0 34.9 9.8 2.9 563.0 872.9 532.0 242.0 27.7 45.8 134.7 
30 18.6 .0 34.0 40.7 4.9 450.0 1179.1 899.8 368.1 110.7 154.4 .0 
31 12.8 .0 31.0 .0 41.9 .0 967.0 729.6 .0 .0 .0 15.6 
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NET INFLOW TO THE CANAL 
YEAR: 1975 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER IIOYEMBER DEC. 

1 15.7 .0 .0 -1.0 -1.9 7.8 275.8 19.8 11.9 316.0 216.0 20.9 
2 114.6 8.8 16.6 -2.0 -1.9 8.8 121.1 1.9 136.0 318.0 233.0 91.7 
3 .0 8.8 18.1 .0 -3.9 4.9 210.3 1.0 206.9 283.0 133.9 .0 
4 13.7 5.9 .0 19.2 -3.9 -1.0 145.8 -2.0 241.1 259.0 116.9 8.8 
5 12.7 6.9 14.6 .0 -4.8 -4.9 119.0 -3.9 249.0 125.0 .0 8.8 
6 95.7 70.5 11.7 2.0 -1.9 -4.9 136.9 -2.0 241.1 240.0 127.2 1.11 
7 .0 .0 7.9 1.0 -1.0 -4.9 ZO.O 5.9 251.0 225.9 111.9 11.11 
II 10.7 10.7 7.9 2.9 1.0 -4.9 93.2 4.9 248.0 93.9 1.0 140.6 
9 13.7 7.11 3.9 2.0 -9.6 -4.9 75.1 350.1 196.0 194.2 1ZO.1 36.1 

10 70.5 108.3 2.0 1.0 2.9 -2.9 89.1 245.9 468.0 123.0 3.9 52.11 
11 .0 .0 -3.0 3.9 .0 -3.9 43.3 145.1 311.0 139.9 119.9 62.9 
12 10.7 110.1 -4.9 108.2 1.0 -3.9 156.11 166.0 434.0 92.1 .0 110.9 
13 12.7 .0 -4.9 .0 3.9 -5.11 220.0 343.0 221.0 .0 106.2 133.9 
14 93.7 12.1 -3.9 51.0 5.11 -4.11 329.1 418.0 261.0 122.9 5.9 l1li.9 
15 .0 10.11 1.0 .0 .0 -5.8 200.1 313.0 249.0 4.9 13.7 152.2 
16 9.7 11.9 .0 19.6 23.3 -1.0 104.0 184.0 400.2 150.2 131.5 36.5 
11 11.11 49.9 .0 103.3 15.7 6.1 3l1li.0 364.0 262.1 1.11 4.9 52.11 
111 8.11 .0 1.0 .0 12.11 10.6 279.0 151.0 361.1 110.1 14.7 53.11 
19 7.9 6.11 2.0 125.4 18.2 13.6 333.0 322.0 401.0 249.0 131.4 54.11 
20 76.9 1.11 1.0 .0 -25.4 21.5 225.0 351.0 313.0 132.1 .0 36.9 
21 .0 9.11 -1.0 111.6 -2.9 94.9 23.6 623.0 382.0 149.9 14.7 195.3 
22 11.7 122.1 1.0 72.3 -2.9 4.9 52.7 434.0 285.0 141.0 101.5 16.3 
23 15.6 7.11 1.0 .0 -1.0 92.2 3.0 450.0 440.0 123.0 .0 37.11 
24 13.7 106.1 1.0 15.7 -1.9 112.0 -35.11 257.0 294.0 138.0 10.7 37.11 
25 11.11 147.1 1.0 50.1 -1.9 226.9 -27.6 243.0 218.0 .0 9.11 36.9 
26 119.9 126.9 -1.0 -4.9 -2.9 213.0 6.9 235.1 5l1li.0 132.1 7.9 38.9 
21 3.9 .0 -3.9 -3.9 -5.11 66.2 5.9 89.9 586.0 10.11 136.6 118.2 
28 11.8 115.2 -2.9 -2.9 -2.9 107.9 -21.6 164.0 443.9 113.2 .0 6.6 
29 11.11 .0 -1.0 -3.9 3.9 1ZO.9 -28.2 41.0 438.0 125.9 9.11 35.11 
30 7.9 .0 .0 -1.9 7.7 55.3 11.7 199.0 399.0 367.0 24.11 34.8 
31 64.11 .0 -2.0 .0 9.7 .0 14.6 21.2 .0 151.0 .0 23.11 
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NET INFLOW TO THE CANAL 
YEAR: 1976 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.8 141.8 .0 2.9 76.0 2992.9 275.9 131.9 99.9 451.1 8.8 142.5 
2 91.7 .0 19.6 62.1 13.7 1098.1 425.1 112.2 127.0 281.8 106.2 2.9 
3 .0 10.7 125.5 .0 11.8 662.9 127.0 120.1 138.0 190.0 162.1 11.7 
4 8.8 9.8 .0 1.9 78.7 824.0 247.0 308.9 257.0 136.0 148.0 8.8 
5 6.8 10.8 10.7 1.0 .0 1255.0 105.0 446.0 514.0 151.0 123.0 164.5 
6 5.9 139.7 7.8 5.8 4.9 1623.0 121.0 285.0 386.0 125.0 .0 .0 
7 4.9 .0 9.8 7.8 4.9 1049.0 491.0 291.0 321.0 94.0 116.0 16.6 
8 75.9 1.9 74.8 85.9 3.9 625.0 440.0 116.0 219.9 5.9 .0 98.5 
9 .0 2.9 .0 46.6 89.1 615.0 601.1 2n.O 101.2 153.2 15.7 15.6 

10 7.8 2.9 6.8 83.5 .0 2815.0 585.0 376.1 98.9 9.8 140.4 119.4 
11 11.7 2.9 6.8 16.6 278.8 2500.9 364.0 289.9 112.9 100.3 .0 .0 
12 10.8 3.9 4.9 91.6 173.1 1329.1 378.0 103.2 110.0 7.8 16.6 123.8 
13 5.9 3.9 3.9 .0 5.9 791.0 389.0 284.9 199.0 81.3 185.5 .0 
14 101.7 6.9 4.9 10.7 131.2 501.0 252.9 1153.1 150.2 .0 12.7 134.9 
15 .0 116.7 2.9 8.8 257.7 400.0 106.1 1-.85.0 295.8 14.7 14.7 2.9 
16 7.8 .0 2.0 5.9 336.2 413.0 128.8 912.0 195.0 117.1 79.6 141.0 
17 7.8 4.9 79.7 2.9 605.0 407.0 389.1 1419.9 226.2 .0 3.9 7.8 
18 5.9 3.9 .0 2.0 270.1 274.0 526.0 915.1 306.8 114.1 13.7 148.2 
19 2.9 5.9 1.0 2.9 271.9 265.9 535.0 851.0 369.0 2.9 46.5 9.8 
20 4.9 5.9 2.9 53.9 116.0 420.1 254.0 678.0 74.2 97.2 .0 79.0 
21 95.0 2.9 2.9 .0 161.0 2n.O 279.0 488.0 328.8 .0 15.6 .0 
22 .0 3.9 2.9 2.9 14.9 307.6 275.0 385.0 659.2 12.7 13.7 13.7 
23 2.9 4.9 6.8 1.9 909.2 966.5 289.1 376.0 431.0 7.8 121.5 114.6 
24 2.9 .0 .0 1.0 1655.0 998.0 423.0 239.9 381.9 99.6 .0 14.6 
25 2.9 122.6 2.0 1.0 956.0 853.0 430.0 798.1 301.0 .0 9.8 86.7 
26 4.9 .0 1.0 1.0 917.0 559.0 303.9 627.0 159.0 12.7 9.8 63.4 
27 6.8 15.6 2.0 1.0 597.0 255.0 289.9 359.0 151.0 9.8 97.5 142.0 
28 9.8 9.8 1.0 .0 246.0 463.0 127.1 267.9 159.1 91.6 .0 5.9 
29 4.9 146.4 1.0 .0 402.9 439.0 158.0 265.0 137.9 .0 11.7 125.2 
30 3.9 .0 1.0 -1.0 647.1 389.0 114.1 325.9 271.1 7.8 14.7 8.8 
31 3.9 .0 .0 .0 1209.0 .0 131.9 99.1 .0 11.7 .0 153.2 
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NET INFLOW TO THE CANAL 
YEAR: 19n 

JAIlUARY FEBRUARY MARCH APRIL MAY JUlIE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 9.8 33.5 8.0 .0 1.0 .0 5.9 7.8 310.0 120.1 9.8 501.3 
2 241.0 167.3 130.3 2.9 .0 94.9 46.6 94.8 337.2 143.1 6.8 456.7 
3 3.2 20.8 .0 3.9 1.0 117.1 .0 .0 680.9 115.0 8.8 320.0 
4 149.0 180.0 411.0 3.9 1.0 119.9 6.8 4.9 1921.1 108.1 114.8 325.0 
5 6.8 .0 2.9 2.9 2.9 128.1 5.9 2.9 1571.0 85.0 18.5 1112.0 
6 163.2 163.4 13.7 2.9 8.7 142.1 6.8 1.9 1044.0 .0 150.2 884.0 
7 4.9 .0 118.5 2.0 4.9 112.0 4.9 3.9 738.2 106.0 7.8 1384.0 
8 123.3 17.5 .0 .0 1.9 105.0 5.9 2.9 511.9 .0 118.5 753.1 
9 .0 159.1 11.7 2.0 5.9 96.1 30.0 3.9 267.0 112.3 .0 4118.0 

10 19.5 5.3 9.8 1.0 6.8 118.9 .0 2.9 274.1 .0 30.6 580.0 
11 113.2 20.6 70.5 .0 5.9 98.1 2.9 48.5 281.9 18.5 41.7 650.0 
12 13.1 128.5 .0 .0 2.0 .0 2.9 .0 142.9 79.3 5.9 379.0 
11 25.7 .0 13.7 1.0 ~.9 19.6 1.9 152.8 252.0 .0 110.8 1112.0 
14 124.4 16.6 11.8 2.9 .0 711.4 5.8 .0 131.0 9.8 .0 326.1 
15 .0 14.7 102.6 3.9 1.9 .0 10.7 140.8 133.0 6.8 8.8 186.9 
16 175.& 11&.6 .0 1.0 1.0 10.7 12.7 2.0 214.9 9.8 7.8 502.1 
17 156.0 5.8 7.8 ·1.0 .0 &.8 &7.4 99.4. 140.1 141.5 8.8 1428.0 
18 225.0 10.7 9.& .0 -1.0 112.8 7.& .0 132.9 21.2 119.8 1214.0 
19 .0 12.7 7.ft .0 .0 .0 104.5 9.7 216.9 22.& .0 933.9 
20 165.8 152.6 6.9 1.0 -1.0 13.6 .0 5.9 692.1 23.& 9.7 786.0 
21 3.9 1.9 &1.9 .0 .0 108.8 13.6 4.9 462.0 18.9 9.7 456.9 
22 1n.5 &.& .0 1.0 .0 2411.0 14.7 -2.0 4118.0 7.& 8.8 968.4 
13 19.5 14.& 5.8 1.0 -1.9 3.9 70.6 -22.4 434.0 129.7 150.1 145.6 
24 1114.5 168.1 1.9 2.0 -1.0 95.3 5.8 -22.2 158.1 .0 316.1 366.1 
25 73.7 8.5 5.8 2.9 -1.0 &.& 10.7 -17.9 312.9 1&.5 127.1 176.& 
26 169.3 37.7 6.& .0 1.9 72.5 9.& -6.8 579.0 112.3 112.9 402.1 
27 .0 38.7 3.9 45.2 23.3 .0 54.& 27.4 358.0 .0 140.2 222.& 
28 118.6 103.0 3.9 .0 17.6 31.7 .0 42.9 330.1 13.7 .0 205.0 
29 7.3 .0 4.9 1.0 10.8 9.& 7.& 58.0 176.9 10.& 402.6 1118.0 
30 27.5 .0 3.9 1.0 12.9 4.9 &.& 327.2 1n.9 116.6 1179.3 233.1 
3f 167.7 .0 74.9 .0 137.& .0 7.& 230.9 .0 .0 .0 245.0 
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NET .NFlOW TO THE CANAL 
YEAR: 1978 

JAIlUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 218.9 39.8 29.9 92.6 4.9 3.9 125.9 920.1 382.0 6n.9 1.9 5.9 
2 254.9 257.4 164.2 92.7 17.8 3.9 1n.o 641.0 344.0 644.0 114.1 103.0 
3 17.1 55.6 117.1 183.5 79.4 2.0 108.0 653.0 231.0 1127.9 21.8 .0 
4 179.1 211.4 410.8 18.1 .0 4.9 240.0 740.0 406.0 873.8 116.2 34.7 
5 111.9 26.7 160.1 11.7 15.6 57.6 85.2 388.0 341.0 539.0 9.0 117.4 
6 6.8 201.1 176.9 10.8 109.0 138.5 119.8 282.0 346.0 709.0 97.6 1.0 
7 182.2 38.1 151.0 198.8 93.2 128.3 115.0 302.0 218.0 403.3 26.5 16.6 
8 189.8 156.6 157.1 .0 85.1 8.8 4.9 194.0 107.9 345.8 218.8 103.6 
9 1.0 116.4 1013.9 8.7 .0 145.4 109.3 371.1 192.0 263.0 120.1 15.8 

10 1711.3 214.9 2776.1 8.8 18.6 168.5 141.7 183.9 90.0 269.8 153.9 14.7 
11 189.8 207.1 1694.9 7.8 51.7 18.5 166.2 138.0 469.1 131.3 100.0 116.6 
12 5.9 29.9 949.0 4.9 .0 156.9 192.9 140.9 768.0 303.9 155.0 .0 
13 205.1 189.3 557.0 151.8 7.8 5.9 184.0 228.1 598.0 148.8 130.1 19.7 
14 366.0 28.7 419.0 .0 8.8 113.1 186.1 134.0 488.0 237.2 131.9 20.7 
15 191.1 208.3 332.1 6.8 3.9 13.1 211.9 294.9 400.0 151.9 35.8 83.7 
16 185.9 23.9 370.0 6.8 2.9 35.7 104.0 396.0 334.0 156.7 131.5 .0 
17 7.0 239.1 223.1 4.9 3.9 23.8 175.1 397.0 373.9 156.2 140.5 11.6 
18 183.9 211.8 235.9 63.0 58.5 n.8 148.9 228.0 238.0 121.2 9.6 8.8 
19 216.0 230.0 225.9 10.8 .0 .0 252.0 358.0 311.0 162.9 59.4 40.0 
20 479.2 457.2 236.9 132.5 25.8 6.8 m.8 393.0 95.9 133.1 139.4 89.2 
21 443.9 223.9 55.1 18.6 23.9 7.8 418.3 262.1 144.0 126.0 70.7 .0 
22 374.9 495.0 186.1 131.3 5.9 104.1 364.0 207.9 199.2 .0 147.2 12.4 
23 146.0 173.1 211.7 4.9 2.9 120.9 314.9 243.0 346.0 132.1 47.8 9.6 
24 292.1 227.9 29.5 123.2 2.9 215.0 153.0 475.0 403.0 91.9 122.2 9.6 
25 146.0 217.6 "'.4 .0 137.0 205.1 235.0 327.1 1219.0 116.1 35.1 17.4 
26 62.9 30.2 27.6 17.6 .0 96.0 243.0 224.9 963.0 .0 42.6 13.6 
27 281.1 260.0 74.4 69.7 5.8 101.9 310.9 116.9 5l6.0 29.0 117.6 99.3 
28 256.0 161.2 215.4 .0 4.9 157.0 551.3 179.l 3l7.0 23.7 20.8 690.0 
29 250.0 .0 83.8 6.8 6.8 219.1 1414.5 81.8 331.9 26.8 33.6 971.1 
30 74.0 .0 2Ol.1 6.8 5.9 165.0 446.4 In.1 l04.1 27.0 112.5 730.0 
31 260.1 .0 63.3 .0 2.9 .0 397.9 408.0 .0 71.7 .0 554.9 
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NET INFLOW TO THE CANAL 
YEAR: 1979 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 476.0 357.9 11.9 8.8 124.2 137.9 80.2 95.7 245.0 1525.8 16.6 146.2 
2 566.9 343.0 142.7 6.8 13.3 207.1 .0 3.9 155.1 859.8 59.5 5.9 
3 693.0 169.1 86.5 76.8 20.8 99.9 18.6 11.7 849.9 499.2 19.6 94.2 
4 651.9 198.9 .0 .0 18.8 276.0 76.4 131.0 2545.2 70.9 76.4 .0 
5 430.0 167.1 132.8 8.7 12.9 99.0 .0 82.0 3791.6 275.3 11.7 17.6 
6 3n.o 300.0 168.0 6.8 119.5 110.0 9.8 1.3 3167.3 399.9 69.2 93.4 
7 312.0 161.1 343.1 4.9 .0 83.0 10.8 82.7 3009.9 414.0 1.0 120.9 
8 327.0 168.9 411.0 4.9 190.6 53.2 98.3 74.2 1n6.0 259.0 78.0 275.0 
9 368.0 150.2 382.9 6.9 543.1 4.9 345.0 .0 1463.0 257.1 7.8 106.0 

10 410.0 202.7 122.2 53.8 6n.1 14.7 112.0 136.0 2473.0 75.3 67.4 96.0 
11 198.9 44.1 .0 .0 641.0 109.4 187.0 589.1 2503.8 186.6 75.9 104.0 
12 743.1 182.1 17'9.9 5.8 517.0 1.0 14.1 544.0 3056.0 171.9 .0 55.1 
13 1491.0 203.1 137.9 5.8 284.0 11.8 129.8 194.9 3684.1 69.1 90.9 92.1 
14 1845.9 30.2 2.2 4.9 927.0 59.3 335.2 240.1 4311.1 159.9 54.9 .0 
15 1335.9 63.3 127.0 5.9 1298.1 .0 376.1 132.9 5051.8 66.1 2.9 107.0 
16 709.1 202.5 8.1 15.9 644.0 13.7 389.0 106.0 3516.2 102.8 93.3 .0 
17 505.9 221.5 23.6 13.0 395.9 11.8 155.9 253.9 2060.0 142.2 7'9.9 114.9 
18 436.0 13.6 171.4 13.0 426.9 87.6 149.0 400.9 1237.0 70.0 6.9 .0 
19 345.9 65.3 .0 18.0 121.1 .0 91.0 317.0 1007.9 76.0 93.3 18.6 
20 263.1 183.4 13.6 27.0 120.9 6.8 104.2 96.2 536.0 71.0 96.2 109.3 
21 455.9 54.6 114.5 133.4 100.1 5.9 .0 23.8 623.1 58.0 .0 ].9 
22 358.0 165.1 .0 4.6 112.9 5.9 228.8 99.4 1239.9 74.0 23.4 15.7 
23 466.0 15.1 14.6 28.9 n.9 88.] 359.5 14.6 633.0 3.9 69.5 105.6 
24 674.0 118.9 137.1 ]1.8 293.2 .0 133.9 -16.6 868.2 53.2 10.7 11.7 
25 800.0 27.3 12.2 ]].6 394.8 10.8 135.4 -16.5 681.7 90.0 91.1 15.7 
26 537.4 194.0 31.7 66.6 273.9 7.9 13.3 -17.3 516.0 9.8 .0 115.5 
27 605.8 35.8 32.8 .0 203.0 76.3 45.6 -11.5 754.3 78.3 82.0 .0 
28 785.0 186.1 60.8 8.7 203.0 52.0 74.3 13.4 1130.9 17.6 2.9 11.7 
29 547.9 .0 77.0 4.9 136.0 2.0 .0 17.4 1016.0 66.4 85.2 10.8 
30 524.1 .0 8.7 9.8 93.0 86.0 12.7 175.4 157'9.0 18.6 13.7 114.5 
31 281.1 .0 9.7 .0 232.0 .0 9.8 130.9 .0 70.3 .0 .0 
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NET INFLOW TO THE CANAL 
YEAR: 1980 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 10.7 181.0 142.0 293.0 110.1 19.9 78.4 98.0 186.0 162.9 .0 25.6 
2 8.8 48.0 255.0 510.0 63.1 10.9 20.1 23.1 215.0 15.1 5.8 131.1 
3 115.5 180.1 377.0 346.1 82.7 1.0 68.8 34.1 616.0 109.9 5.9 23.1 
4 .0 161.8 324.1 271.0 141.2 .0 6.1 .0 842.0 122.0 14.9 40.7 
5 12.7 157.8 136.9 108.1 48.3 19.9 1.2 42.0 603.9 100.0 22.9 210.1 
6 7.1 12.5 141.0 146.9 66.7 .0 -3.8 .0 501.0 105.0 28.9 280.3 
7 81.7 132.1 130.1 245.1 51.9 1.9 TO.1 24.6 346.0 85.1 34.9 294.1 
I .0 16.0 119.0 176.9 53.9 .0 8.8 28.1 283.0 33.8 94.3 291.9 
9 9.7 58.6 110.1 136.1 125.2 1.9 174.3 6.1 300.0 96.0 21.2 293.9 

10 10.7 83.5 10.2 210.0 22.6 3.9 .0 30.7 194.9 30.9 34.1 286.9 
11 1.8 123.1 121.0 117.0 52.8 9.7 17.5 12.7 202.9 86.1 26.8 263.3 
12 62.2 10.9 21.9 22.0 52.8 2.0 9.6 34.6 96.1 27.0 20.9 2.3 
13 82.1 140.1 96.0 103.3 50.9 2.0 12.7 45.1 126.9 40.7 12.0 21.8 
14 18.0 18.8 7.0 123.7 51.9 .0 21.8 44.0 216.1 92.3 4.0 26.8 
15 106.3 137.2 35.7 113.2 57.11 .0 29.6 26.8 392.9 11.1 118.5 27.11 
16 104.1 124.9 111.8 .0 100.2 -1.0 106.3 34.0 314.0 18.11 281.11 151.9 
17 8.9 29.0 40.7 111.1 33.3 -1.0 63.0 14.9 171.0 14.8 234.0 .6 
18 36.5 160.0 400.1 .0 44.8 -2.0 28.0 -18.5 259.0 58.1 247.0 39.8 
19 101.6 679.0 431.0 134.7 41.9 2.0 28.0 6.1 112.0 11.4 151.0 36.8 
20 23.6 728.0 167.8 88.0 34.8 4.9 30.0 76.5 167.1 36.1 144.0 38.1 
21 75.3 255.0 136.9 113.0 TO.3 30.4 49.9 2.2 86.0 37.1 141.1 138.2 
22 .0 207.0 52.1 95.0 21.3 .0 52.2 27.9 72.0 80.2 30.0 21.2 
23 28.6 145.9 141.6 12.7 28.8 11.7 62.9 6.9 80.0 28.3 141.7 46.6 
24 97.4 124.0 40.7 90.4 14.8 51.1 61.0 19.1 80.0 4T.7 20.2 172.2 
25 2.9 112.0 42.7 13.7 7.11 .0 2111.1 41.1 27.1 34.9 127.0 13.1 
26 24.6 111.1 ".1 68.3 126.4 17.6 560.9 22.0 158.0 31.0 7.0 21.7 
27 220.3 162.9 29.2 .0 36.7 45.2 407.1 46.9 185.9 21.0 118.1 92.5 
28 279.9 165.0 44.7 116.1 72.2 18.2 268.9 50.9 196.0 16.0 .0 .0 
29 266.0 100.0 87.0 117.0 24.1 34.11 150.0 67.3 209.0 16.0 168.2 10.7 
30 163.9 .0 10.2 3.9 25.1 33.8 78.0 185.1 80.1 4.0 .0 9.11 
31 260.0 .0 1TO.9 .0 24.11 .0 103.0 44.0 .0 19.6 .0 1.8 
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NET INFLOW TO THE CANAL 
YEAR: 1981 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUOOST SEPTEMBER OCTOBER IIOVEMBER DEC. 

1 140.5 4.9 5.9 2.9 -2.0 -1.9 -1.0 2.0 1334.9 77.0 96.3 2.9 
2 .0 15.6 67.6 2.9 -1.0 .0 1.0 5.9 910.3 109.0 1.0 14.4 
3 6.1 127.2 .0 .0 -3.9 1.0 1.0 38.0 n7.7 77.0 1.1 .0 
4 6.9 1.1 6.1 2.0 -1.9 -1.0 .0 2.9 556.5 4.9 1.1 4.9 
5 7.9 99.2 1.1 .0 -1.9 1.0 -1.0 252.2 487.6 90.2 83.3 3.9 
6 4.9 .0 6.9 2.0 -2.9 -1.9 .0 86.0 538.9 16.7 2.9 2.9 
7 91.7 11.7 4.9 -2.0 6.1 7.8 -1.0 109.9 649.1 80.4 1.1 2.0 
I .0 11.1 3.0 -1.0 24.5 2.9 1.9 33.1 686.2 13.7 5.9 4.9 
9 7.1 76.0 63.4 .0 7.9 3.9 .0 93.1 429.0 76.0 73.5 71.7 

10 7.1 144.0 .0 1.0 1.0 2.9 -1.9 21.3 944.1 23.1 .0 .0 
11 4.9 .0 7.1 1.0 39.5 3.9 .0 221.1 2340.0 24.7 1.1 2.9 
12 4.9 125.1 3.9 .0 -8.1 1.0 .0 422.4 1414.1 79.5 5.9 2.9 
13 2.9 79.9 4.9 1.0 -1.0 1.0 6.7 186.7 1366.9 5.9 5.9 3.9 
14 66.6 .0 6.9 -1.0 -1.0 -1.0 7.7 281.1 937.9 10.1 3.0 4.9 
15 .0 95.1 3.0 -1.0 -1.9 -2.0 4.1 203.9 624.2 99.1 3.9 1.1 
16 9.7 .0 51.1 1.0 .0 -2.0 6.1 114.2 471.0 20.2 41.7 6.9 
17 1.1 69.7 .0 3.9 -1.9 .7 5.1 176.9 673.1 26.1 .0 88.7 
11 3.9 4.9 3.9 .0 .0 -35.3 12.7 664.0 1468.0 16.1 3.9 .0 
19 4.9 85.3 1.1 .0 -1.9 .9 7.1 1457.9 1349.2 105.4 4.9 6.1 
20 104.6 11.1 1.0 .0 1.9 3.1 7.9 1321.0 864.9 .0 3.9 2.9 
21 .0 17.3 1.0 -1.0 9.7 5.7 56.2 1434.9 602.0 7.1 5.9 1.0 
22 7.1 .0 2.9 -1.0 .0 6.7 -11.5 1408.1 579.0 1.1 3.9 4.9 
2J 7.1 11.7 9.1 -2.9 -1.9 5.7 -1.0 281.0 698.0 52.5 3.9 7.1 
24 9.1 48.4 2.9 -1.0 -1.0 4.1 9.7 441.3 465.1 .0 3.0 2.0 
25 121.6 .0 2.0 -2.0 -1.9 6.7 9.1 197.7 199.0 1.1 83.5 3.9 
26 .0 9.1 63.7 -2.9 .0 5.1 5.9 748.0 191.0 7.1 .0 3.0 
27 1.1 6.9 .0 -1.0 1.0 1.9 5.9 1157.0 239.9 7.9 5.9 3.0 
21 6.1 4.9 3.9 -1.0 1.0 1.9 52.5 1111.0 74.2 66.5 3.9 89.7 
29 5.9 .0 3.9 -2.0 -1.0 1.0 .0 1807.0 100.1 .0 4.9 .0 
30 74.6 .0 2.9 -2.0 -1.9 .0 5.9 1471.3 100.1 9.1 3.9 5.1 
31 .0 .0 4.9 .0 -1.9 .0 2.0 1248.1 .0 13.7 .0 3.9 
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NET INFLOW TO THE CANAL 
YEAR: 1982 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 6.1 106.3 4.9 291.9 2.0 412.0 254.2 121.1 105.2 1082.0 81.1 165.3 
2 4.9 17.5 2.9 337.0 -2_0 423.0 312.0 n.9 166.9 903.0 71.0 9.8 
3 2.9 35.8 68.5 423.0 -7.8 449.0 158.0 68.0 71.9 n5.9 95.0 158.1 
4 3.9 26.1 .0 120.0 1n.8 309.0 226.0 133.9 71.0 502.0 679.1 .0 
5 94.6 21.9 10.8 151.9 168.1 193.0 261.1 100.1 132.2 476.0 799.0 180.1 
6 .0 23.9 157.0 170.0 39.9 249.0 1137.0 424.1 165.8 1236.1 507.0 .0 
7 6.8 12.9 432.1 168.1 120.7 179.0 1135.0 579.0 145.0 1703.1 261.9 175.0 
I 4.9 3.9 315.0 118.0 50.5 73.1 1203.9 473.0 158.0 978.0 209.0 4.0 
9 4.9 1OS.2 91.1 136.8 31.7 93.8 869.1 529.1 290.8 528.0 2OS.0 176.0 

10 2.9 17.1 90.9 27.2 20.1 85.0 613.0 439.9 511.5 339.0 95.0 23.9 
11 2.0 21.7 73.2 164.0 52.4 94.0 629.0 648.1 153.7 274.0 123.1 123.2 
12 1.0 52.3 .0 189.9 .0 90.8 583.0 983.0 145.0 249.0 107.0 17.8 
13 3.9 .0 ZO.6 149.1 7.1 51.2 657.0 926.0 233.1 166.9 74.9 181.1 
14 154.4 4.9 42.5 249.9 5.9 75.0 649.0 767.0 161.0 143.0 2.9 170.7 
15 .0 3.9 12.7 161.4 5.9 n.o 445.0 951.0 160.9 135.0 96.2 16.4 
16 S.9 4.9 10.1 303.7 4.9 49.8 340.0 1082.0 70.2 82.0 110.8 239.7 
17 4.9 119.1 104.4 4n.0 76.2 191.2 268.0 820.2 85.9 90.0 168.1 28.2 
18 4.9 2.0 .0 255.0 26.2 496.0 194.0 693.8 98.0 88.0 82.0 185.0 
19 106.6 94.2 6.8 347.1 23.9 550.0 223.0 729.0 83.0 79.0 103.0 .0 
20 .0 .0 8.8 106.9 22.9 569.0 134.9 671.0 74.1 85.1 115.1 '".0 
21 S.I 1.1 6.9 108.9 19.9 1519.2 168.1 523.9 130.9 49.9 102.0 32.1 
22 4.9 8.1 71.7 95.1 6.9 1211.0 178.0 347.0 381.1 124.1 89.0 52.7 
23 2.9 64.6 .0 24.7 101.4 1586.0 128.0 354.0 456.0 90.9 108.8 168.3 
24 4.9 .0 16.6 102.3 19.8 1982.0 162.1 240.0 768.0 .0 5.2 .0 
25 3.9 5.8 16.2 16.7 73.1 3228.2 153.0 234.0 550.0 87.1 1n.9 14.7 
26 5.9 4.9 .0 228.1 136.0 3029.7 155.0 186.9 943.0 78.0 13.1 88.5 
27 .0 4.9 10.8 764.1 690.1 1560.0 145.9 164.0 1204.0 6.9 149.3 8.1 
21 1.0 6.9 112.0 462.0 468.0 4n.9 168.0 73.9 747.0 82.0 15.7 15.7 
29 1.0 .0 978.3 410.0 308.0 193.0 106.0 78.0 871.0 11.9 157.3 98.3 
30 1.0 .0 686.9 230.0 260.0 209.9 163.0 131.0 686.0 11.3 ZO.7 3.9 
31 1.0 .0 822.0 .0 395.0 .0 119.9 59.1 .0 16.8 .0 14.7 
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NET INFLOW TO THE CANAL 
YEAR: 1983 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCT08ER NOVEMBER DEC. 

1 103.5 108.9 258.0 58.0 9.8 47.7 35.0 143.8 43.0 .0 244.0 23.9 
2 6.8 753.1 565.0 112.0 21.2 5.9 45.9 93.1 56.0 4.2 165.0 61.3 
3 58.1 1446.0 235.0 102.0 .0 35.2 -6.9 215.9 42.0 1.2 144.0 5.0 
4 .0 1052.0 278.0 103.9 12.7 83.0 -2.9 93.1 13.7 52.5 120.9 66.1 
5 15.7 869.9 35.4 31.2 54.2 85.0 -14.6 151.0 .0 34.0 88.1 .0 
6 110.3 1282.9 .0 .0 .0 228.1 66.5 14.0 43.2 8.8 n.9 11.7 
7 25.8 1440.8 61.0 63.9 9.8 38.1 43.1 38.2 27.1 27.3 so.o 60.6 
8 73.9 634.0 204.8 46.0 6.9 119.8 22.3 36.7 54.0 44.8 1n.o .0 
9 4.2 755.3 187.9 41.2 23.2 108.1 .0 183.1 33.9 49.1 54.0 5.8 

10 85.0 569.2 59.0 55.8 .0 32.3 35.0 136.0 48.0 52.0 63.9 4.9 
11 7.0 271.9 302.0 115.0 5.9 .0 .0 34.2 .0 42.9 70.0 8.9 
12 137.0 208.9 394.0 39.2 4.9 2.9 30.0 22.2 27.2 30.0 75.2 86.9 
13 4.9 1000.2 297.0 64.8 17.4 62.7 .0 .0 59.8 48.0 100.0 105.1 
14 126.1 753.9 61.1 60.0 .0 29.9 24.4 108.6 95.1 96.1 n.1 SO.9 
15 .0 380.8 127.0 48.9 4.9 39.1 26.2 85.1 54.0 282.0 .0 6.9 
16 15.7 652.1 119.0 24.6 3.9 44.9 12.7 173.0 137.1 387.1 84.9 81.3 
17 43.4 1337.1 244.0 29.8 4.9 18.6 29.3 86.9 174.9 435.0 5.9 113.8 
18 9.8 725.0 54.9 123.1 2.9 .0 3.9 242.1 89.0 446.0 88.1 154.1 
19 75.0 189.8 .0 16.5 2.9 15.6 11.8 153.8 159.0 680.0 4.9 286.8 
20 198.1 46.1 -22.5 .0 2.9 12.7 22.3 41.4 191.0 368.0 60.9 1SO.2 
21 438.0 44.9 182.8 71.1 2.0 30.2 4.9 222.7 230.0 182.9 12.0 173.0 
2Z 307.0 3.0 70.1 5.9 11.1 48.9 13.1 144.0 346.1 71.0 73.4 1SO.1 
23 344.0 35.2 204.9 39.0 -17.6 59.1 .0 97.0 216.8 566.1 25.7 79.0 
24 444.0 129.1 378.0 .0 4.9 84.0 9.8 117.0 146.0 523.0 73.1 90.0 
25 435.0 183.1 592.1 43.0 3.9 n.1 13.3 141.0 45.8 1107.7 8.1 91.1 
Z6 321.0 SO.8 369.7 .0 2.0 .0 .0 152.0 101.3 1013.2 14.8 2.0 
27 1811.0 254.9 50.1 40.0 1.0 36.0 11.7 120.0 219.9 812.1 56.5 100.0 
28 247.0 1142.1 141.9 .0 2.0 22.3 26.2 63.0 167.0 479.9 .0 1.2 
29 194.0 .0 234.1 26.1 3.9 .0 75.3 125.1 161.0 214.9 16.7 117.6 
30 213.0 .0 52.1 .0 22.5 87.7 172.7 103.9 93.0 289.0 17.9 110.2 
31 65.1 .0 235.9 .0 .0 .0 149.2 82.1 .0 166.0 .0 668.0 
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NET INFLOW TO THE CANAL 
YEAR: 1984 

JAIlUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER IIOVEMBER DEC. 

1 735.0 .0 601.1 86.0 6.8 313.0 36.9 85.0 76.2 325.8 .0 84.9 
2 475.9 18.6 355.0 104.8 4.9 227.0 34.0 .0 74.8 231.2 15.7 148.9 
3 205.0 89.7 296.1 11.2 2.9 106.9 102.1 6.9 95.1 195.0 65.4 94.1 
4 136.1 17.5 167.9 124.0 3.9 47.1 187.8 34.4 48.2 143.0 5.9 71.9 
5 143.9 101.3 1n.1 74.0 17.8 8.8 82.1 117.8 63.8 61.0 74.0 so.o 
6 161.1 .0 160.0 81.0 2.9 49.4 101.8 259.0 87.2 63.9 .0 86.9 
7 1.0 11.7 73.9 71.9 3.9 49.8 55.1 104.2 89.9 82.0 13.7 711.1 
8 80.2 99.2 183.0 71.3 7.8 4.9 64.2 178.8 85.0 31.1 59.3 79.2 
9 69.9 .0 68.0 .0 12.7 45.2 n.8 100.0 8.9 60.0 .1 .0 

10 .0 13.7 3.1 711.8 51.5 5.9 2.9 58.0 63.0 71.0 16.7 76.7 
11 50.9 82.6 96.9 73.0 .0 51.0 19.3 78.0 76.1 50.0 69.4 2.0 
12 1.0 5.8 66.8 11.8 4.9 1.0 91.7 62.1 48.8 .0 .0 67.1 
13 74.2 14.6 420.1 53.2 4.9 50.0 53.1 63.0 23.4 49.1 9.8 61.0 
14 .0 68.6 251.1 144.1 2.9 .0 232.9 28.1 23.6 17.7 6.9 5.9 
15 15.6 18.5 197.0 60.9 2.9 50.9 737.9 37.9 60.4 44.3 6.9 68.3 
16 76.2 77.3 186.8 77.0 2.9 2.0 435.2 49.0 10.8 7.8 52.5 3.9 
17 4.9 .0 66.2 n.9 1.0 43.2 483.9 36.9 67.1 39.1 .0 73.0 
18 n.3 12.7 77.9 76.0 2.0 59.0 302.1 60.1 SO.9 .0 14.7 .0 
19 88.0 79.9 83.0 70.2 1.0 65.9 226.9 182.1 87.0 13.7 9.8 14.7 
20 .0 160.3 63.8 .0 .0 34.2 199.1 69.0 156.1 41.2 58.4 64.3 
21 101.9 177.0 41.2 76.1 1.0 48.9 248.0 93.0 170.9 49.0 .0 8.9 
zz 81.9 227.8 93.0 .0 35.4 100.9 171.9 181.0 3n.o 3.9 87.7 23.7 
23 n.2 9n.3 367.9 15.6 .0 99.9 191.1 181.0 287.0 44.2 14.1 43.5 
24 .0 512.9 600.1 59.3 53.9 83.0 196.0 164.0 251.9 46.1 214.9 12.7 
Z5 73.9 400.0 138.9 .0 .0 38.0 193.0 152.9 74.0 .0 404.0 66.8 
26 3.9 257.0 118.2 10.7 1n.o 86.1 158.9 82.0 154.1 67.0 2n.o 3.6 
27 65.2 248.0 68.2 7.8 354.1 39.9 99.0 75.1 239.9 .0 1711.0 16.7 
28 67.1 1568.0 152.7 28.5 133.0 35.1 1.0 93.9 468.1 48.8 161.0 13.7 
29 .0 1431.0 711.0 .0 932.1 42.0 .0 6.9 485.9 16.8 155.9 47.6 
]0 60.8 .0 102.9 7.8 m.o 36.1 51.4 56.3 406.0 49.4 87.2 13.7 
31 54.3 .0 SO.1 .0 502.0 .0 336.5 17.7 .0 51.0 .0 10.8 
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NET INFLOW TO THE CANAL 
YEAR: 1985 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 46.4 12.9 .0 11.0 8.0 -1.9 61.4 18.8 358.1 322.0 50.2 186.8 
2 7.9 17.8 4.9 14.0 -4.9 -2.9 57.2 134.2 373.9 348.2 10.7 215.9 
3 10.8 55.7 3.9 6.1 -2.9 -1.9 288.9 160.2 518.0 478.8 70.2 2.2 
4 48.3 18.8 2.0 3.1 -1.9 -4.8 224.2 204.0 345.9 546.0 70.0 17.6 
5 2.0 7.9 2.0 -5.7 -2.9 -5.7 63.1 202.1 435.0 526.1 70.0 75.2 
6 19.6 9.9 4.9 -5.8 -3.9 -2.9 193.1 180.0 973.0 377.1 .0 95.0 
7 51.7 13.8 58.1 .3 '3.9 .0 12.8 288.0 1066.0 337.8 83.0 101.1 
8 14.7 67.5 6.2 8.3 -3.9 1.0 81.7 152.0 n3.0 264.0 9.8 50.7 
9 12.8 .0 17.9 5.0 -3.9 .0 164.1 264.1 467.0 252.0 79.3 54.4 

10 96.1 10.9 12.9 '6.7 -3.9 1.0 76.0 491.9 380.8 202.0 10.7 18.8 
11 87.4 5.9 11.0 '7.7 -1.0 .0 84.0 298.0 190.3 123.3 80.0 60.3 
12 107.0 10.8 7.0 ·4.8 1.0 1.9 65.0 241.0 167.8 86.6 22.2 .0 
13 101.1 5.9 7.0 3.8 -2.9 18.5 95.1 134.0 63.0 n.o 25.6 35.5 
14 99.0 34.6 4.0 6.7 -3.8 26.0 6.9 476.0 73.0 146.1 46.7 55.3 
15 99.0 .0 53.2 17.4 -2.9 23.3 64.1 462.0 205.0 80.9 9.7 6.8 
16 98.0 4.9 .0 124.0 -3.8 14.7 81.0 385.2 173.0 77.0 13.7 57.3 
17 96.9 5.9 53.9 36.0 6.7 33.2 69.0 386.8 186.0 83.0 49.2 .0 
18 98.9 7.9 63.0 112.2 .0 1.0 158.0 141.8 555.9 82.0 16.2 16.6 
19 97.9 10.9 7.8 42.7 -3.8 8.8 62.0 400.2 1988.9 82.0 38.7 98.3 
20 94.9 65.2 9.8 41.8 -1.9 58.6 68.9 227.2 1896.9 11.0 53.4 18.1 
21 96.0 2.4 60.2 91.3 -1.0 .0 85.2 274.7 1853.0 69.2 7.8 11.7 
22 94.0 17.9 152.2 16.2 1.0 14.6 75.8 282.1 1436.2 86.7 51.3 9.8 
23 96.9 15.9 .0 24.9 .0 166.1 66.1 257.9 1032.7 28.8 .0 58.7 
24 98.9 14.9 85.1 22.0 .0 81.9 .0 130.0 740.2 3.9 11.7 .0 
25 88.2 17.9 .0 21.0 6.7 23.8 77.8 134.0 577.3 18.5 11.7 13.6 
26 1.0 19.9 13.7 19.0 3.8 66.3 173.1 106.0 421.8 67.1 64.3 9.8 
27 5.9 21.9 3.9 20.0 1.9 1.0 187.9 124.0 351.3 2.0 25.1 79.2 
28 51.4 n.5 .0 20.0 -1.9 150.9 90.1 150.0 309.7 60.1 40.7 2.4 
29 .0 .0 .0 19.1 '1.9 79.1 165.7 40.9 324.9 4.9 123.0 13.7 
30 9.9 .0 ".0 26.9 -2.9 197.3 47.5 222.1 316.1 61.3 165.6 12.7 
31 10.9 .0 -1.0 .0 -1.0 .0 111.7 207.9 .0 10.7 .0 n.6 
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• • • 
NET INFLOW TO THE CANAL 
YEAR: 1986 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER IIOVEMBER DEC. 

, .0 .0 63.2 6.8 .0 -2.0 442.0 255.0 236.0 108.0 313.0 lB.8 
2 10.7 9.7 .0 6.8 -1.0 2.0 506.0 369.0 305.0 82.0 355.0 78.2 
3 9.8 7.8 10.7 1.0 -1.0 1.0 4n.O 400.0 246.0 94.0 200.0 41.8 
4 48.5 7.8 11.7 .0 1.0 .0 717.0 279.0 298.0 110.9 181.0 99.1 
5 .0 54.9 55.7 .0 .0 -1.0 939.0 312.0 287.0 67.0 17'9.0 26.0 
6 10.7 .0 1.9 -2.0 .0 '2.0 850.0 223.0 612.0 121.0 187.0 100.9 
7 9.8 9.7 6.8 -1.0 .0 -2.0 722.0 210.0 510.0 13.0 337.0 26.0 
8 68.6 7.8 5.8 -2.0 -1.0 2.0 675.0 228.0 475.0 101.0 330.0 101.0 
9 8.8 7.8 4.9 '1.0 1.9 2.0 636.0 211.0 493.0 100.0 198.0 19.1 

10 84.9 7.8 n.2 '3.9 6.7 2.9 462.0 233.0 1216.0 10.1 114.0 38.8 
11 3.9 9.8 n.9 '14.6 .0 4.9 515.0 333.0 1195.0 91.9 157.1 71.3 
12 75.4 66.7 6.9 ·13.5 .0 221.7 421.0 243.0 911.0 20.0 101.9 33.8 
13 80.1 .0 72.4 -11.5 1.0 461.9 459.0 269.0 607.0 81.0 118.0 39.9 
14 .0 7.8 95.7 -11.5 1.0 447.0 405.0 321.0 450.0 20.0 287.0 81.2 
15 17.5 8.8 101.1 '11.4 .0 361.0 318.0 398.0 307.0 109.9 239.0 24.0 
16 65.4 6.9 .1 1.0 '1.0 308.0 1n.O 1184.0 296.0 87.1 160.0 39.9 
17 .0 95.1 92.0 3.8 .0 307.0 106.0 898.0 211.0 96.0 183.0 37.9 
18 14.6 36.4 .0 1.9 .0 287.0 96.0 837.0 168.0 95.0 109.0 91.1 
19 54.4 52.7 16.6 .0 .0 316.0 82.0 1082.0 87.0 30.0 97.0 11.2 
20 .0 12.5 61.4 1.0 .0 418.0 83.9 904.0 211.0 93.1 111.0 43.9 
21 12.7 .0 4.9 2.9 3.9 122.0 .0 858.0 231.0 lB.9 84.9 44.9 
22 23.7 8.7 11.7 4.8 26.2 873.0 213.1 7'94.0 17'9.0 85.2 40.2 42.0 
23 52.9 8.8 52.7 1.0 8.8 840.0 95.0 647.0 212.0 22.9 111.8 100.1 
24 10.7 11.7 .0 '1.0 4.9 796.0 1n.O 446.0 159.0 39.9 23.1 21.1 
25 9.7 58.8 6.8 3.8 2.9 762.0 155.0 373.0 233.0 74.3 101.9 119.8 
26 66.5 .0 6.8 3.8 1.0 613.0 226.0 278.0 208.0 33.9 22.0 3.3 
27 .0 5.8 7.8 1.0 .0 680.0 174.0 289.0 236.1 32.8 97.0 124.8 
28 7.8 10.7 6.8 1.0 '1.0 582.9 312.0 280.0 173.9 74.2 12.1 106.1 
29 8.8 .0 50.8 .0 .0 335.1 580.0 307.0 151.9 106.0 37.8 106.0 
30 11.7 .0 .0 .0 '2.9 464.0 512.0 255.0 81.0 182.0 78.2 106.0 
31 44.7 .0 7.8 .0 .0 .0 501.0 237.0 .0 187.0 .0 208.9 
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NET INFLOW TO THE CANAL 
YEAR: 1987 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVE .... ER DEC. 

1 1003.0 21.1 56.3 434.0 10.0 17.0 4.0 49.1 1.0 40.2 201.1 175.0 
2 780.0 111.1 13.8 298.0 9.0 12.0 64.1 .0 -1.0 .0 385.0 88.0 
3 444.0 .0 66.2 184.0 10.0 19.0 60.0 13.9 .0 6.9 390.9 102.0 
4 460.0 46.8 .0 167.0 9.0 13.0 .0 38.1 1.0 4.0 911.0 144.1 
5 713.0 89.1 12.8 133.1 16.0 6.0 11.9 .0 3.0 1.0 1120.0 83.0 
6 547.0 17.0 8.9 110.0 16.0 21.0 17.9 8.9 3.0 1.0 909.0 2.0 
7 371.0 96.0 322.1 102.0 25.0 28.0 58.1 7.9 2.0 .0 714.0 78.1 
8 276.0 10.0 449.0 87.0 82.4 32.0 84.0 4.0 3.0 .0 553.0 74.0 
9 263.0 88.0 2SO.0 15.0 14.1 29.0 .0 30.2 1.0 '1.0 332.0 84.0 

10 199.0 12.1 170.0 89.1 9.9 102.1 13.9 .0 1.0 3.0 310.0 81.0 
11 197.0 92.8 1SO.0 25.9 41.7 15.5 68.2 3.9 .0 9.9 286.0 .0 
12 98.1 7.3 70.0 79.1 36.9 33.0 .0 .0 .0 479.2 172.0 81.0 
13 109.0 31.8 87.0 85.1 104.2 39.9 17.8 4.9 2.0 514.9 161.0 35.9 
14 105.0 35.9 78.1 34.0 .0 41.0 71.2 4.0 4.0 392.0 173.0 33.2 
15 103.0 70.3 .0 36.8 117.9 45.9 31.8 3.0 .0 292.0 100.0 97.9 
16 96.0 23.9 91.9 78.1 12.0 51.9 SO.1 2.0 1.0 279.0 145.0 4.0 
17 102.0 97.0 .0 3.0 97.0 50.9 94.9 35.2 2.0 183.0 95.0 65.2 
18 113.0 9.0 91.1 14.9 3.1 39.0 79.0 .0 23.3 169.0 741.9 75.0 
19 18.1 87.1 .0 12.9 33.8 36.0 SO.O 5.9 .0 SO.O 1122.0 .0 
20 110.0 16.9 23.8 58.3 108.4 32.0 156.1 1.0 3.0 72.0 1712.0 78.0 
21 27.9 SO.1 59.2 .0 .0 38.0 139.0 2.0 4.9 82.1 1401.0 .0 
22 92.0 13.0 .0 11.9 21.9 42.0 191.0 2.0 84.9 SO.O 765.0 69.1 
23 105.0 79.0 14.8 5.9 21.9 18.0 163.0 .0 4.0 11.9 543.0 .0 
24 109.9 5.1 20.9 18.9 24.0 1.0 49.0 1.0 55.1 59.2 471.0 16.8 
25 107.0 27.8 60.3 24.0 19.0 6.0 32.2 -2.0 .0 14.8 431.0 63.2 
26 105.0 64.3 98.9 23.0 20.0 12.0 .0 .0 6.9 66.1 371.0 .0 
27 20.1 23.8 270.0 9.0 12.0 13.0 1.0 -2.0 4.0 .0 240.0 17.8 
28 114.0 19.9 311.0 21.0 7.0 7.0 13.8 -2.0 3.0 15.9 241.0 73.2 
29 107.9 .0 311.0 5.0 6.0 72.0 49.1 ·'.0 2.0 51.2 184.0 .0 
30 14.1 .0 476.0 9.0 9.0 84.0 .0 ·2.0 2.0 18.9 174.0 11.9 
31 101.9 .0 555.0 .0 14.0 .0 11.9 .0 .0 11.9 .0 9.9 
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NET INFLOW TO THE CANAL 
YEAR: 1988 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER IIOVEMBER DEC. 

1 51.2 .0 5.9 70.2 12.9 .0 41.1 241.0 190.0 .0 4.0 .0 
2 3.9 n.o 14.9 5.9 61.2 .0 41.0 656.0 268.0 9.9 2.0 8.9 
3 14.9 .0 51.2 12.9 10.9 -3.0 .0 616.0 116.0 70.8 1.0 6.9 
4 n.1 75.1 6.9 48.2 11.9 -4.9 1.9 451.0 113.0 12.2 88.0 6.0 
5 .0 .0 68.0 .0 38.3 .0 6.9 289.0 92.0 81.9 90.0 3.0 
6 10.9 15.8 22.0 10.9 .0 3.0 25.1 462.0 89.9 .0 81.0 5.0 
1 1.9 85.0 51.0 11.9 3.9 42.1 .0 409.0 16.0 11.8 5.9 411.3 
8 52.3 192.1 69.0 46.2 2.0 .0 11.9 211.0 168.1 60.2 78.1 .0 
9 8.9 190.0 81.0 .0 1.0 16.8 1.0 221.0 180.0 3.9 .0 6.9 

10 91.9 491.0 64.0 8.9 2.0 20.2 25.2 453.0 116.0 11.9 16.8 4.9 
11 70.1 152.0 88.0 12.9 1.0 .0 8.0 1008.0 114.1 8.9 60.2 4.9 
12 114.0 169.0 78.0 53.3 2.0 1.9 10.9 926.0 88.0 48.3 .0 14.9 
1] 75.1 13.1 3.0 .0 83.0 3.0 16.0 194.1 16.0 .0 12.8 53.4 
14 .0 89.9 65.1 5.9 .0 3.0 4.1 955.9 88.0 8.9 10.9 4.9 
15 91.0 16.0 11.8 4.9 86.0 4.0 69.0 563.9 2.0 4.9 51.3 8.9 
16 5.0 86.0 55.2 3.0 166.0 3.0 .0 499.1 13.1 1.9 .0 4.9 
11 n.o 89.0 14.8 3.0 60.9 3.0 14.9 402.0 80.0 1.0 6.9 5.9 
18 3.0 26.9 102.9 4.0 29.1 4.0 93.1 308.0 .0 41.3 6.9 3.0 
19 68.1 154.0 313.1 5.0 18.8 23.1 91.0 394.0 19.0 .0 5.9 2.0 
zo .0 34.1 454.0 4.0 62.2 .0 406.0 299.0 .0 1.9 5.9 2.0 
21 90.9 23.1 290.0 1.0 1.9 40.1 185.0 416.0 18.8 5.9 4.0 2.0 
22 .0 86.0 241.0 .0 5.9 28.2 181.0 554.0 61.2 6.9 51.3 49.3 
23 82.0 78.0 164.0 34.4 5.0 .0 118.0 460.0 .0 3.0 .0 .0 
24 114.0 61.0 85.0 .0 6.0 ZO.1 88.0 199.0 12.8 4.0 11.8 4.9 
Z5 75.0 14.0 114.0 3.0 35.2 11.9 94.0 522.0 11.9 2.0 3.0 5.9 
26 14.0 1.9 82.0 1.0 3.0 21.3 86.0 612.0 51.3 2.0 4.0 4.0 
21 81.1 75.1 16.0 2.0 5.9 .0 85.1 351.0 5.9 43.4 5.0 3.0 
28 82.9 10.9 85.0 3.9 1.0 5.9 81.0 262.0 11.9 .0 1.0 5.0 
29 3.0 69.1 12.9 2.0 .0 4.9 139.0 164.0 1.9 4.9 4.0 4.0 
30 62.1 .0 65.2 53.1 .0 61.9 261.0 165.0 53.3 5.9 48.3 2.0 
31 16.0 .0 19.8 .0 3.0 .0 258.0 168.0 .0 3.0 .0 1.0 
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NET INFLOW TO THE CANAL 
YEAR: 1989 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 2.0 3.0 1.0 1.0 1.0 -2.9 220.2 5.9 78.0 109.9 78.0 -3.9 
2 48.4 1.0 1.0 .0 1.0 -5.8 77.1 102.9 334.0 210.1 4.0 -3.9 
3 .0 1.0 17.8 .0 -2.0 -7.8 7.9 n.1 300.0 94.0 81.1 -3.9 
4 3.9 1.0 68.3 -1.0 -2.0 -6.8 -7.9 7.9 287.0 93.0 5.9 -5.9 
5 1.0 .0 14.8 4.0 -4.0 -6.8 -9.8 n.2 383.9 82.0 12.9 -4.9 
6 3.0 .0 9.9 77.0 -2.0 -4.8 120.7 .0 1094.6 96.9 56.2 -4.9 
7 3.0 .0 65.2 .0 -3.0 1.9 82.1 2.0 511.5 114.3 .0 -4.9 
8 3.9 .0 .0 12.9 -5.9 5.8 11.9 2.0 343.0 1995.8 8.9 -1.9 
9 2.0 48.5 48.8 4.0 -5.9 3.9 9.9 6.9 304.0 1902.0 7.9 5.9 

10 2.0 .0 35.3 2.0 -3.9 5.8 -7.0 87.0 188.0 1886.0 4.0 2.0 
11 1.0 3.9 10.9 35.5 -3.0 1.9 -16.8 1.0 178.1 1953.0 2.0 .0 
12 2.0 2.0 8.9 .0 -3.0 1.0 -19.7 78.9 164.9 1394.0 -1.0 -1.0 
13 2.0 1.0 6.9 2.0 -3.9 .0 -10.8 n.1 85.1 1061.0 -1.0 1.0 
14 3.0 2.0 45.4 2.9 -2.9 1.9 -10.7 185.0 108.9 673.0 -1.0 -2.9 
15 2.0 1.0 .0 13.8 2.9 .0 -15.5 83.1 83.1 666.0 -2.0 -4.9 
16 1.0 1.0 7.9 92.9 .0 .0 -20.2 99.0 92.0 631.0 1.0 -2.9 
17 1.0 1.0 68.9 .0 -3.9 '1.0 -21.0 87.0 153.0 338.0 -2.0 -1.9 
18 .0 1.0 31.0 71.1 -2.0 -4.8 -12.4 86.1 202.0 447.0 -2.0 -3.9 
19 1.0 .0 81.0 14.8 -2.9 -4.8 18.1 122.9 186.0 333.0 -4.0 -2.9 
20 -1.0 -1.0 .0 74.1 -3.9 -2.9 21.1 385.0 186.0 406.0 -4.0 2.9 
21 3.0 .0 9.9 82.0 -2.0 -3.9 19.3 325.0 93.1 308.0 -4.0 17.5 
22 64.2 3.9 8.9 10.9 -2.0 -3.9 31.2 317.0 90.9 190.0 -5.9 17.6 
23 7.9 2.0 50.4 56.2 7.8 2.9 25.6 306.0 90.0 277.0 -2.0 215.7 
24 11.9 -2.0 .0 5.9 7.8 2.9 31.9 227.0 94.1 95.0 -1.0 85.1 
25 55.3 -3.0 6.9 8.9 -2.0 .0 41.3 291.0 637.9 165.0 -3.0 118.0 
26 .0 -1.0 3.0 5.0 -2.9 1.0 16.8 185.0 575.0 86.9 -1.0 184.0 
27 1.9 .0 3.9 2.0 -2.0 1.9 11.9 306.0 318.0 168.0 3.9 87.0 
28 5.9 1.0 1.0 .0 -2.9 2.9 57.3 197.0 318.0 87.0 3.0 .0 
29 4.0 .0 -1.0 .0 -3.9 6.8 .0 185.0 204.0 16.9 3.0 85.1 
]0 3.0 .0 .0 2.0 -2.9 17.5 14.8 91.0 189.0 64.1 -1.0 5.9 
31 3.0 .0 1.0 .0 -3.9 .0 90.1 163.0 .0 82.0 .0 91.9 
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APPENDIX C 

Comparison of Historic and Predicted Canal Water Levels 

for the Period of 1974 - 1989 
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APPENDIX D 

Simulated Canal Water Elevations and Spillway Flows 

for Canal Water Levels Above 16 ft-msl 



• • • 
YEARS OF DATA = 16, (1974-1989) 

Qmakeup (gpm)= 3238. 3257. 3305. 3408. 3438. 3454. 3463. 3469. 3441. 3438. 3308. 3264. 

Sum of Qsp (cfs)= 855786. (historic data) 
Sum of Storage (cfs)- 52. 

Sum of Qtn (cfs): 855848. (htstoric data) 

Sum of New Qsp (cfs). 813278. (after makeup and process water withdrawal) 

Sum of Qmekeup and Process Water (cfs)= 42519. 
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CALCULATED 
CANAL YATER ELEVATIONS 
YEAR: 1974 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.87 19.06 18.88 19.08 19.05 18.06 19.05 19.05 19.05 19.05 18.87 19.05 
2 18.86 19.05 19.00 19.09 19.00 18.03 19.05 19.05 19.05 19.05 18.97 18.87 
3 18.93 18.83 18.96 19.05 18.94 18.02 19.05 19.05 19.05 19.05 19.01 19.05 
4 19.19 19.08 18.95 18.99 18.86 18.03 19.05 19.05 19.05 19.05 19.05 19.10 
5 19.05 19.05 18.94 18.99 18.78 18.52 19.05 19.05 19.05 19.05 19.10 19.08 
6 18.74 18.81 18.94 19.05 18.71 19.03 19.05 19.05 19.05 19.05 19.22 19.12 
7 19.05 18.83 18.93 19.05 18.63 19.05 19.05 19.05 19.05 19.05 19.05 19.21 
8 19.05 18.87 19.06 19.05 18.56 19.22 19.05 19.05 19.20 19.05 19.05 19.05 
9 18.83 18.91 19.18 19.03 18.52 19.05 19.05 19.05 19.05 19.05 19.05 19.05 

10 18.89 19.07 19.13 19.05 18.48 18.67 19.05 19.05 19.05 19.05 18.93 19.05 
11 19.15 19.17 19.10 19.05 18.40 18.89 19.05 19.05 19.05 19.05 19.22 19.03 
12 19.05 19.13 19.09 18.96 18.34 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
13 18.74 19.13 19.07 18.96 18.28 19.21 19.05 19.05 19.05 19.05 19.18 19.02 
14 19.06 19.14 19.04 19.00 18.20 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
15 19.05 19.14 19.20 19.05 18.16 19.09 19.05 19.05 19.05 19.05 18.55 19.05 
16 19.00 19.14 19.05 19.04 18.37 19.05 19.05 19.05 18.95 19.05 18.72 19.05 
17 19.23 19.05 18.73 19.05 18.54 18.73 19.05 19.05 19.05 19.05 18.93 19.05 
18 19.25 18.91 18.71 19.05 18.49 18.92 19.05 19.05 19.14 19.05 19.05 19.05 
19 19.05 18.88 18.68 18.97 18.47 19.00 19.05 19.05 19.05 18.78 19.03 19.00 
20 18.76 18.93 18.65 18.96 18.43 18.99 19.05 19.05 18.n 19.05 19.11 19.05 
21 18.76 18.98 18.64 19.01 18.37 18.93 19.05 19.05 19.05 19.05 19.05 19.04 
22 18.82 19.14 18.63 19.05 18.30 19.10 19.05 19.05 18.86 18.80 18.86 19.21 
23 19.06 19.05 18.57 19.03 18.23 19.05 19.05 19.05 19.05 19.05 18.92 19.05 
24 19.22 18.80 18.52 19.02 18.15 19.13 19.05 19.05 19.05 19.20 19.15 18.82 
25 19.21 18.81 18.49 19.23 18.08 19.05 19.05 19.05 19.05 19.21 19.05 19.04 
26 19.25 18.7'9 18.53 19.05 18.00 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
27 19.05 18.76 18.67 18.70 17.93 19.05 19.05 19.05 19.05 18.81 19.05 18.94 
28 19.03 18.73 18.88 18.73 17.86 19.05 19.05 19.05 19.05 18.89 19.06 19.08 
29 19.20 .00 19.16 18.74 17.7'9 19.05 19.05 19.05 19.05 19.11 19.05 19.05 
30 19.22 .00 19.05 18.92 17.75 19.05 19.05 19.05 19.05 19.05 19.05 18.86 
31 19.05 .00 18.92 .00 17.92 .00 19.05 19.05 .00 18.85 .00 18.86 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1975 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.95 19.05 19.05 16.62 18.11 16.61 19.05 17.31 19.05 19.05 19.05 19.06 
2 19.05 18.61 18.81 16.52 18.01 16.62 19.05 17.44 19.05 19.05 19.05 19.05 
3 19.01 18.68 19.22 16.41 17.96 16.61 19.05 17.41 19.05 19.05 19.05 18.93 
4 19.01 18.68 19.05 16.53 17.83 16.55 19.05 17.32 19.05 19.05 19.05 18.90 
5 19.13 18.61 18.55 16.56 11.11 16.41 19.05 17.20 19.05 19.05 18.98 18.92 
6 19.05 19.00 18.61 16.52 11.59 16.41 19.05 11.08 19.05 19.05 19.05 18.93 
1 18.90 19.05 18.63 16.54 11.49 16.36 18.93 17.02 19.05 19.05 19.05 18.94 
8 18.89 18.80 18.64 16.52 11.41 16.30 19.05 16.99 19.05 19.05 18.91 19.05 
9 18.94 18.82 18.62 16.51 11.28 16.25 19.05 18.80 19.05 19.05 19.05 19.05 

10 19.05 19.05 18.58 16.52 11.15 16.20 19.05 19.05 19.05 19.05 19.20 19.18 
11 19.09 19.24 18.50 16.55 11.09 16.11 19.05 18.24 19.05 19.05 19.05 19.05 
12 19.01 19.05 18.38 11.13 11.01 16.12 19.05 19.05 19.05 19.24 18.81 19.22 
13 19.12 18.86 18.25 11.63 16.95 16.01 19.05 19.05 19.05 19.05 19.05 19.05 
14 19.05 18.85 18.12 11.83 16.92 16.01 19.05 19.05 19.05 19.01 19.05 18.11 
15 18.91 18.89 18.03 18.02 16.81 15.94 19.05 19.05 19.05 19.05 18.81 19.05 
16 18.89 18.92 11.96 18.04 16.91 15.91 19.05 19.05 19.05 19.23 19.05 19.06 
11 18.91 19.15 11.88 18.61 11.04 15.94 19.05 19.05 19.05 19.05 19.18 19.05 
18 18.93 19.05 11.81 19.06 11.11 16.04 19.05 19.05 19.05 18.61 19.21 19.13 
19 18.94 18.13 11.14 19.05 11.52 16.18 19.05 19.05 19.05 19.05 19.05 19.05 
20 19.05 18.13 11.68 19.04 11.13 16.38 19.05 19.05 19.05 19.05 18.81 18.89 
21 19.12 18.15 11.60 19.06 11.49 16.98 19.19 19.05 19.05 19.05 18.81 19.05 
22 19.09 19.05 11.52 19.05 11.38 17.44 19.05 19.05 19.05 19.05 19.05 19.11 
23 19.14 19.05 11.45 18.95 11.21 11.88 18.80 19.05 19.05 19.05 19.21 19.05 
24 19.22 19.05 11.38 18.95 11.17 18.81 18.55 19.05 19.05 19.05 19.19 19.10 
25 19.05 19.05 11.31 19.21 11.01 19.05 18.14 19.05 19.05 19.15 19.22 19.05 
26 19.05 19.05 11.23 19.05 16.96 19.05 17.95 19.05 19.05 19.05 19.23 19.00 
21 19.23 19.05 11.13 18.61 16.82 19.05 11.94 19.05 19.05 19.00 19.05 19.05 
28 19.23 19.05 11.01 18.50 16.69 19.21 11.11 19.05 19.05 19.05 18.82 18.93 
29 19.24 .00 16.90 18.38 16.61 19.05 11.42 19.05 19.05 19.05 18.80 19.01 
30 19.05 .00 16.82 18.21 16.59 18.62 17.23 19.05 19.05 19.05 18.90 19.05 
31 19.14 .00 16.12 .00 16.60 .00 11.21 19.22 .00 19.05 .00 18.96 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1976 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.11 19.24 19.05 18.43 18.46 19.05 19.05 19.05 19.05 19.05 19.00 19.05 
2 19.05 19.05 18.19 18.69 18.84 19.05 19.05 19.05 19.05 19.05 19.05 19.08 
3 18.90 18.18 18.87 18.93 18.90 19.05 19.05 19.05 19.05 19.05 19.05 19.08 
4 18.87 18.21 19.05 18.86 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.11 
5 18.87 18.24 18.64 18.80 19.14 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
6 18.86 18.95 18.66 18.76 19.09 19.05 19.05 19.05 19.05 19.05 18.97 18.94 
7 18.84 19.05 18.67 18.75 19.06 19.05 19.05 19.05 19.05 19.05 19.05 18.96 
8 19.18 18.44 19.03 19.15 19.03 19.05 19.05 19.05 19.05 19.10 19.13 19.05 
9 19.05 18.39 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.14 19.14 

10 18.56 18.35 18.n 18.94 19.05 19.05 19.05 19.05 19.05 19.02 19.05 19.05 
11 18.59 18.30 18.71 19.05 19.05 19.05 19.05 19.05 19.05 19.05 18.88 18.88 
12 18.63 18.26 18.70 19.21 19.05 19.05 19.05 19.05 19.05 19.07 18.89 19.05 
13 18.64 18.23 18.67 19.05 19.00 19.05 19.05 19.05 19.05 19.05 19.05 19.22 
14 19.12 18.21 18.64 18.48 19.05 19.05 19.05 19.05 19.05 18.99 19.19 19.05 
15 19.05 18.77 18.60 18.50 19.05 19.05 19.05 19.05 19.05 18.99 19.05 18.90 
16 18.49 19.05 18.55 18.49 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
17 18.50 18.75 18.90 18.46 19.05 19.05 19.05 19.05 19.05 19.04 19.20 19.23 
18 18.49 18.n 19.23 18.41 19.05 19.05 19.05 19.05 19.05 19.05 19.21 19.05 
19 18.47 18.70 19.16 18.35 19.05 19.05 19.05 19.05 19.05 19.08 19.05 18.88 
20 18.43 18.68 19.10 18.57 19.05 19.05 19.05 19.05 19.05 19.05 18.82 19.05 
21 18.87 18.65 19.06 18.77 19.05 19.05 19.05 19.05 19.05 19.01 18.82 19.17 
22 19.05 18.61 19.01 18.71 19.05 19.05 19.05 19.05 19.05 18.99 18.90 19.17 
23 18.75 18.58 18.99 18.65 19.05 19.05 19.05 19.05 19.05 19.02 19.05 19.05 
24 18.71 18.53 18.95 18.59 19.05 19.05 19.05 19.05 19.05 19.05 19.13 18.94 
25 18.66 19.09 18.88 18.52 19.05 19.05 19.05 19.05 19.05 19.04 19.11 19.05 
26 18.63 19.05 18.82 18.45 19.05 19.05 19.05 19.05 19.05 19.03 19.13 19.05 
27 18.62 18.46 18.76 18.38 19.05 19.05 19.05 19.05 19.05 19.06 19.05 19.05 
28 18.63 18.51 18.70 18.31 19.05 19.05 19.05 19.05 19.05 19.05 18.92 19.12 
29 18.63 19.24 18.63 18.23 19.05 19.05 19.05 19.05 19.05 18.99 18.90 19.05 
30 18.60 .00 18.57 18.14 19.05 19.05 19.05 19.05 19.05 18.95 18.96 19.00 
31 18.56 .00 18.49 .00 19.05 .00 19.05 19.05 .00 18.97 .00 19.05 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1977 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.11 19.05 18.91 19.05 17.12 18.21 19.19 19.16 19.05 19.05 18.95 19.05 
2 19.05 19.05 19.05 18.58 17.04 18.62 19.05 19.05 19.05 19.05 18.96 19.05 
3 18.96 19.05 19.15 18.54 16.96 19.05 18.88 18.90 19.05 19.05 18.96 19.05 
4 19.05 19.05 19.05 18.50 16.89 19.05 18.84 18.85 19.05 19.05 19.05 19.05 
5 19.16 19.05 18.97 18.46 16.83 19.05 18.82 18.81 19.05 19.05 19.19 19.05 
6 19.05 19.05 18.98 18.41 16.81 19.05 18.81 18.75 19.05 19.02 19.05 19.05 
7 18.93 19.05 19.05 18.35 16.80 19.05 18.79 18.70 19.05 19.05 18.86 19.05 
8 19.05 18.70 19.05 18.29 16.75 19.05 18.76 18.66 19.05 19.08 19.05 19.05 
9 19.14 19.05 19.04 18.22 16.71 19.05 18.87 18.61 19.05 19.05 19.20 19.05 

10 19.17 19.05 19.07 18.15 16.69 19.05 18.94 18.57 19.05 19.02 19.05 19.05 
11 19.05 18.82 19.05 18.08 16.68 19.05 18.88 18.76 19.05 19.04 19.11 19.05 
12 18.90 19.05 18.98 18.00 16.64 18.99 18.83 18.93 19.05 19.05 19.05 19.05 
13 19.02 19.18 18.97 17.92 16.92 19.01 18.78 19.05 19.05 18.96 19.05 19.05 
14 19.05 19.19 19.03 17.86 17.20 19.05 18.74 19.17 19.05 18.94 19.25 19.05 
15 18.95 19.05 19.05 17.82 17.12 18.99 18.74 19.05 19.05 18.94 19.22 19.05 
16 19.05 19.05 19.01 17.76 17.05 18.97 18.78 18.94 19.05 18.95 19.23 19.05 
17 19.05 19.23 18.98 17.68 16.98 18.99 19.22 19.05 19.05 19.05 19.24 19.05 
18 19.05 19.24 18.99 17.59 16.89 19.05 19.05 19.15 19.05 19.21 19.05 19.05 
19 19.15 19.05 19.01 17.51 16.80 19.07 18.97 19.12 19.05 19.05 18.82 19.05 
20 19.05 19.05 19.01 17.43 16.70 19.06 19.05 19.12 19.05 18.90 18.79 19.05 
21 18.97 19.23 19.05 17.36 16.61 19.05 18.66 19.10 19.05 19.04 18.81 19.05 
22 19.05 19.21 19.06 17.28 16.53 19.05 18.73 19.04 19.05 19.10 18.83 19.05 
23 19.21 19.05 19.01 17.21 16.47 19.07 19.09 18.83 19.05 19.05 19.05 19.05 
24 19.05 19.05 18.98 17.14 16.46 19.05 19.05 18.52 19.05 18.96 19.05 19.05 
25 19.16 19.22 18.94 17.08 16.45 19.05 18.70 18.23 19.05 18.97 19.05 19.05 
26 19.05 19.05 18.93 17.02 16.45 19.05 18.73 18.02 19.05 19.05 19.05 19.05 
27 18.56 19.03 18.91 17.18 16.55 19.00 18.98 18.04 19.05 19.03 19.05 19.05 
28 19.09 19.05 18.87 17.34 16.69 ~9.08 19.18 18.33 19.05 19.02 19.22 19.05 
29 19.05 .00 18.84 17.27 16.77 19.22 19.14 18.78 19.05 19.07 19.05 19.05 
30 18.54 .00 18.81 17.19 16.81 19.21 19.15 19.05 19.05 19.05 19.05 19.05 
31 19.05 .00 19.14 .00 17.55 .00 19.16 19.05 .00 18.98 .00 19.05 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1978 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 18.99 19.05 19.05 18.65 1B.B9 19.05 19.05 19.05 19.05 1B.87 18.94 
2 19.05 19.05 19.05 19.05 18.69 1B.85 19.05 19.05 19.05 19.05 19.05 19.05 
3 18.97 19.19 19.05 19.05 19.11 1B.BO 19.05 19.05 19.05 19.05 19.05 19.13 
4 19.05 19.05 19.05 19.05 19.05 1B.76 19.05 19.05 19.05 19.05 19.05 19.23 
5 19.05 18.76 19.05 1B.B5 18.66 19.00 19.05 19.05 19.05 19.05 19.05 19.05 
6 19.02 19.05 19.05 18.88 19.22 19.05 19.05 19.05 19.05 19.05 19.05 1B.69 
7 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 18.71 
8 19.05 19.05 19.05 19.16 18.76 19.05 1B.71 19.05 19.05 19.05 19.05 19.25 
9 18.98 19.05 19.05 19.13 19.12 19.05 19.21 19.05 19.05 19.05 19.05 19.05 

10 19.05 19.05 19.05 19.14 19.13 19.05 19.05 19.05 19.05 19.05 19.05 18.39 
11 19.05 19.05 19.05 19.15 19.05 1B.9O 19.18 19.05 19.05 19.05 19.05 18.99 
12 18.94 18.97 19.05 19.13 1B.87 19.05 19.05 19.24 19.05 19.05 19.05 19.05 
13 19.05 19.05 19.05 19.05 18.83 19.14 19.02 19.05 19.05 19.05 19.05 18.61 
14 19.05 19.12 19.05 18.94 18.84 19.05 19.05 18.B2 19.05 19.05 19.05 1B.74 
15 19.05 19.05 19.05 1B.9O 1B.B3 19.00 19.23 19.05 19.05 19.05 19.05 19.20 
16 19.05 18.96 19.05 1B.B9 18.78 19.17 19.05 19.05 19.05 19.05 19.05 19.05 
17 18.94 19.05 19.05 18.B7 1B.74 19.05 1B.68 19.05 19.05 19.05 19.05 1B.52 
18 19.05 19.05 19.05 19.14 1B.98 19.12 19.05 19.05 19.05 19.05 18.86 18.55 
19 19.05 19.05 19.05 19.05 19.20 19.05 19.05 19.05 19.05 19.05 19.14 18.73 
20 19.05 19.05 19.05 19.05 19.05 1B.64 19.05 19.05 19.05 19.05 19.05 19.05 
21 19.05 19.05 19.05 19.05 19.02 18.64 19.05 19.05 19.05 19.24 19.02 19.16 
22 19.05 19.05 19.05 19.05 19.09 19.13 19.05 19.05 19.05 19.05 19.05 19.15 
23 19.05 19.05 19.05 19.05 19.06 19.05 19.05 19.05 19.05 18.89 18.96 19.19 
24 19.05 19.05 18.92 19.05 19.01 19.05 19.05 19.05 19.05 19.05 19.05 19.22 
25 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.12 19.07 19.05 
26 19.22 19.18 19.17 18.73 19.07 18.92 19.05 19.05 19.05 19.05 19.05 18.90 
27 19.05 19.05 19.05 19.10 19.02 19.05 19.05 19.05 19.05 18.53 19.05 19.05 
28 19.05 19.05 19.05 19.05 19.00 19.05 19.05 19.05 19.05 18.n 19.05 19.05 
29 19.05 .00 19.05 18.68 18.98 19.05 19.05 19.05 19.05 18.90 19.02 19.05 
30 18.94 .00 19.05 18.67 18.97 19.05 19.05 19.05 19.05 19.10 19.05 19.05 
31 19.05 .00 19.05 .00 18.93 .00 19.05 19.05 .00 19.05 .00 19.05 
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CALCULATED 
CANAL VATER ELEVATIONS 
YEAR: 1979 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 19.05 19.19 18.62 19.05 19.05 19.05 19.05 19.05 19.05 19.10 19.05 
2 19.05 19.05 19.05 18.62 19.05 19.05 18.50 19.20 19.05 19.05 19.05 19.00 
3 19.05 19.05 19.05 18.98 18.94 19.05 18.51 19.20 19.05 19.05 19.02 19.05 
4 19.05 19.05 19.18 19.05 19.06 19.05 18.93 19.05 19.05 19.05 19.05 19.07 
5 19.05 19.05 19.05 18.n 19.14 19.05 19.24 19.05 19.05 19.05 19.04 19.09 
6 19.05 19.05 19.05 18.78 19.05 19.05 19.21 19.19 19.05 19.05 19.05 19.05 
7 19.05 19.05 19.05 18.76 18.89 19.23 19.23 19.05 19.05 19.05 19.00 19.05 
8 19.05 19.05 19.05 18.73 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
9 19.05 19.05 19.05 18.71 19.05 18.46 19.05 19.12 19.05 19.05 19.13 19.05 

10 19.05 19.05 19.05 18.95 19.05 18.48 19.05 19.05 19.05 19.05 19.05 19.05 
11 19.05 19.13 19.10 19.14 19.05 19.04 19.05 19.05 19.05 19.11 19.05 19.05 
12 19.05 19.05 19.05 19.10 19.05 19.05 19.05 19.05 19.05 19.05 19.10 19.05 
13 19.05 19.05 19.05 19.08 19.05 18.55 19.05 19.05 19.05 18.38 19.05 19.05 
14 19.05 19.05 19.04 19.05 19.05 18.84 19.05 19.05 19.05 19.05 19.05 19.10 
15 19.05 19.07 19.05 19.03 19.05 19.07 19.05 19.05 19.05 19.05 19.04 19.05 
16 19.05 19.05 19.09 19.07 19.05 19.06 19.05 19.05 19.05 19.19 19.05 19.00 
17 19.05 19.05 19.18 19.14 19.05 19.11 19.05 19.05 19.05 19.05 19.05 19.05 
18 19.05 19.05 19.05 19.19 19.05 19.05 19.05 19.05 19.05 18.74 19.01 19.10 
19 19.05 19.04 18.80 19.05 19.05 18.93 19.05 19.05 19.05 19.05 19.05 19.13 
20 19.05 19.05 18.79 18.98 19.05 18.88 19.05 19.05 19.05 19.05 19.05 19.05 
21 19.05 19.01 19.05 19.05 19.05 18.87 18.81 19.10 19.05 19.05 18.97 18.90 
22 19.05 19.05 19.24 19.01 19.05 18.85 19.05 19.05 19.05 19.05 19.01 18.93 
23 19.05 18.89 19.23 19.10 19.05 19.05 19.05 18.95 19.05 19.04 19.05 19.05 
24 19.05 19.05 19.05 19.05 19.05 19.22 19.05 18.86 19.05 19.05 19.02 19.15 
25 19.05 19.05 18.85 19.03 19.05 19.19 19.05 18.61 19.05 19.05 19.05 19.22 
26 19.05 19.05 19.00 19.05 19.05 19.21 18.80 18.35 19.05 19.03 19.02 19.05 
27 19.05 19.05 19.05 18.90 19.05 19.05 19.02 18.12 19.05 19.05 19.05 18.80 
28 19.05 19.05 19.25 18.87 19.05 19.12 19.05 18.05 19.05 19.11 19.09 18.78 
29 19.05 .00 19.05 18.86 19.05 19.05 18.84 18.13 19.05 19.05 19.05 18.83 
30 19.05 .00 18.58 18.86 19.05 19.16 18.83 19.05 19.05 19.00 19.06 19.05 
31 19.05 .00 18.60 .00 19.05 .00 18.87 19.05 .00 19.05 .00 19.22 

D-7 



CALCULATED 
CANAL YATER ELEVATIONS 
YEAR: 1980 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.20 19.05 19.05 19.05 19.05 18.95 19.05 19.05 19.05 19.05 19.11 18.86 
2 19.22 19.05 19.05 19.05 19.05 19.03 19.05 19.05 19.05 19.05 19.07 19.05 
3 19.05 19.05 19.05 19.05 19.16 19.01 19.05 19.06 19.05 19.05 19.05 19.23 
4 18.83 19.05 19.05 19.05 19.05 18.94 18.98 19.16 19.05 19.05 19.08 19.05 
5 18.82 19.05 19.05 19.05 18.n 18.96 18.94 19.05 19.05 19.05 19.20 19.05 
6 18.85 19.05 19.05 19.05 19.05 18.99 18.84 18.94 19.05 19.05 19.05 19.05 
7 19.24 19.05 19.05 19.05 19.05 18.92 19.11 18.99 19.05 19.05 18.96 19.05 
8 19.05 19.05 19.05 19.05 19.21 18.85 19.05 19.18 19.05 19.05 19.05 19.05 
9 18.49 19.10 19.05 19.05 19.05 18.78 19.05 19.05 19.05 19.05 19.07 19.05 

10 18.52 19.05 19.16 19.05 18.73 18.73 19.05 18.93 19.05 19.05 19.05 19.05 
11 18.55 19.05 19.05 19.05 19.04 18.72 18.n 19.08 19.05 19.05 19.06 19.05 
12 18.84 19.05 19.00 18.82 19.05 18.70 18.78 19.24 19.05 19.05 19.23 19.05 
13 19.05 19.05 19.05 19.05 19.05 18.64 18.82 19.05 19.05 19.11 19.05 18.90 
14 19.03 19.05 19.02 19.05 19.05 18.57 18.92 18.91 19.05 19.05 18.78 19.10 
15 19.05 19.05 19.16 19.05 19.08 18.49 19.10 19.19 19.05 18.84 19.05 19.05 
16 19.05 19.05 19.05 19.16 19.05 18.41 19.05 19.05 19.05 18.91 19.05 19.05 
17 19.10 18.85 18.96 19.05 18.89 18.32 19.17 18.85 19.05 19.01 19.05 19.17 
18 19.05 19.05 19.05 18.94 19.21 18.22 19.05 18.75 19.05 19.05 19.05 19.05 
19 19.05 19.05 19.05 19.05 19.05 18.14 18.75 18.60 19.23 19.08 19.05 19.12 
20 19.19 19.05 19.05 19.05 18.83 18.09 18.97 18.95 19.05 19.24 19.05 19.05 
21 19.05 19.05 19.05 19.05 19.05 18.20 19.05 19.05 18.74 19.05 19.05 19.05 
22 18.'79 19.05 19.05 19.05 19.19 18.28 19.24 18.90 19.05 19.08 19.05 19.05 
23 18.86 19.05 19.05 18.92 19.05 18.26 19.05 19.00 19.05 19.05 19.05 19.03 
24 19.05 19.05 19.05 19.05 18.87 18.51 18.90 19.05 19.05 18.86 19.05 19.05 
25 19.10 19.05 19.15 19.18 18.91 18.69 19.05 19.05 19.06 19.20 19.05 18.89 
26 19.17 19.05 19.05 19.05 19.05 18.70 19.05 19.06 19.05 19.05 19.05 19.00 
27 19.05 19.05 18.88 18.85 19.05 18.95 19.05 19.05 19.05 18.83 19.05 19.05 
28 19.05 19.05 19.19 19.05 19.24 19.19 19.05 19.19 19.05 18.94 19.05 18.99 
29 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.02 19.05 18.97 
30 19.05 .00 18.74 18.'79 18.62 18.99 19.05 19.05 19.05 19.05 19.05 19.00 
31 19.05 .00 19.05 .00 18.80 .00 19.05 19.05 .00 19.09 .00 19.02 
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• • • 
CALCULATED 
CANAL ~ATER ELEVATIONS 
YEAR: 1981 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 19.02 18.79 18.63 16.47 16.38 16.51 17.02 19.05 19.05 19.05 19.00 
2 19.03 19.05 19.09 18.58 16.46 16.37 16.51 16.98 19.05 19.05 18.97 19.02 
3 18.99 19.05 19.05 18.52 16.43 16.38 16.52 17.14 19.05 19.05 18.94 19.02 
4 18.99 19.02 18.70 18.45 16.39 16.38 16.52 17.28 19.05 18.95 18.96 18.97 
5 18.99 19.05 18.70 18.38 16.37 16.38 16.52 18.55 19.05 19.05 19.05 18.94 
6 18.98 19.04 18.71 18.31 16.35 16.37 16.51 19.05 19.05 19.21 19.11 18.90 
7 19.05 19.03 18.69 18.23 16.37 16.40 16.51 18.82 19.05 19.05 19.10 18.85 
8 19.09 19.05 18.65 18.13 16.54 16.47 16.51 19.05 19.05 18.87 19.10 18.81 
9 19.06 19.05 18.92 18.05 16.68 16.50 16.52 19.20 19.05 19.05 19.05 19.16 

10 19.06 19.05 19.17 17.97 16.65 16.54 16.51 19.05 19.05 19.05 18.97 19.05 
11 19.06 19.01 19.13 17.90 16.79 16.54 16.50 19.05 19.05 18.99 18.94 18.54 
12 19.03 19.05 19.12 17.83 16.87 16.52 16.50 19.05 19.05 19.05 18.94 18.50 
13 19.00 19.05 19.09 17.75 16.73 16.53 16.54 19.05 19.05 19.01 18.93 18.46 
14 19.05 18.94 19.07 17.67 16.64 16.53 16.58 19.05 19.05 19.02 18.90 18.43 
15 19.09 19.05 19.05 17.58 16.53 16.52 16.56 19.05 19.05 19.05 18.85 18.42 
16 19.06 19.16 19.05 17.50 16.48 16.49 16.54 19.05 19.05 19.13 19.01 18.43 
17 19.08 19.05 19.04 17.44 16.47 16.49 16.52 19.05 19.05 19.05 19.15 18.85 
18 19.08 18.97 18.98 17.38 16.46 16.29 16.54 19.05 19.05 18.96 19.10 19.23 
19 19.05 19.05 18.97 17.30 16.45 16.10 16.57 19.05 19.05 19.05 19.07 19.19 
20 19.05 19.17 18.94 17.21 16.45 16.12 16.57 19.05 19.05 19.06 19.04 19.16 
21 19.03 19.05 18.88 17.13 16.51 16.18 16.84 19.05 19.05 19.02 19.01 19.11 
22 18.99 18.87 18.82 17.03 16.52 16.25 16.97 19.05 19.05 19.03 18.98 19.07 
23 19.00 18.86 18.81 16.93 16.47 16.32 16.77 19.05 19.05 19.05 18.95 19.06 
24 19.02 19.09 18.80 16.82 16.45 16.38 16.73 19.05 19.05 19.03 18.91 19.03 
25 19.05 19.05 18.75 16.n 16.44 16.44 16.76 19.05 19.05 19.00 19.05 18.99 
26 19.03 18.81 19.01 16.61 16.43 16.51 16.76 19.05 19.05 19.00 19.18 18.95 
27 19.00 18.82 19.05 16.54 16.43 16.56 16.74 19.05 19.05 19.00 19.13 18.90 
28 19.01 18.81 18.78 16.53 16.44 16.53 16.98 19.05 18.80 19.05 19.11 19.05 
29 19.00 .00 18.74 16.52 16.44 16.51 17.18 19.05 19.05 19.06 19.07 19.18 
30 19.05 .00 18.70 16.49 16.43 16.51 17.13 19.05 19.05 19.03 19.04 19.14 
31 19.07 .00 18.67 .00 16.40 .00 17.09 19.05 .00 19.07 .00 19.11 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1982 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.09 18.37 18.92 19.05 18.92 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
2 19.08 18.94 18.88 19.05 18.84 19.05 19.05 19.15 19.05 19.05 19.25 19.05 
3 19.04 19.14 19.17 19.05 18.71 19.05 19.05 19.05 19.13 19.05 19.05 19.05 
4 19.01 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.23 
5 19.05 18.89 18.63 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
6 19.07 19.05 19.05 19.05 18.79 19.05 19.05 19.05 19.05 19.05 19.05 18.87 
7 19.04 19.17 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
8 19.02 19.18 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.25 
9 19.00 19.05 19.05 19.05 19.08 19.05 19.05 19.05 19.05 19.05 19.05 19.05 

10 18.96 18.99 19.07 19.05 19.05 19.05 19.05 19.05 19.05 19.05 18.97 18.95 
11 18.91 19.11 19.05 19.05 19.12 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
12 18.86 19.05 18.56 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.19 19.11 
13 18.81 18.88 18.59 19.05 18.75 19.25 19.05 19.05 19.05 19.05 19.05 19.05 
14 19.05 18.83 18.84 19.05 18.74 19.05 19.05 19.05 19.05 19.05 18.37 19.05 
15 19.05 18.80 19.04 19.05 18.72 18.96 19.05 19.05 19.05 19.05 18.81 19.21 
16 18.78 18.77 19.09 19.05 18.70 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
17 18.76 19.05 19.05 19.05 19.04 19.05 19.05 19.05 19.04 19.09 19.05 18.95 
18 18.74 19.05 18.96 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
19 19.24 19.20 18.91 19.05 18.79 19.05 19.05 19.05 19.05 18.95 19.05 19.01 
20 19.05 19.05 18.92 19.05 18.96 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
21 18.34 18.46 18.92 19.05 19.10 19.05 19.05 19.05 19.05 19.00 19.05 19.05 
22 18.32 18.47 19.05 19.05 19.16 19.05 19.05 19.05 19.05 19.05 19.05 19.20 
23 18.28 18.78 19.14 18.95 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
24 18.25 19.04 19.15 19.05 19.01 19.05 19.05 19.05 19.05 19.17 19.05 18.62 
25 18.22 18.99 19.05 19.11 19.05 19.05 19.05 19.05 19.05 19.05 19.05 18.62 
26 18.19 18.97 18.86 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.08 
27 18.15 18.95 18.84 19.05 19.05 19.05 19.05 19.05 19.05 19.13 19.05 19.05 
28 18.08 18.93 19.05 19.05 19.05 19.05 19.05 18.96 19.05 19.05 19.05 18.64 
29 18.01 .00 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.00 19.05 19.16 
30 17.95 .00 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
31 17.88 .00 19.05 .00 19.05 .00 19.05 19.05 .00 19.13 .00 18.51 
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• • • 
CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1983 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 19.05 19.05 19.05 18.18 18.24 19.12 19.05 19.02 18.76 19.05 18.98 
2 19.05 19.05 19.05 19.23 18.86 18.44 19.05 19.05 19.05 18.70 19.05 19.05 
3 18.82 19.05 19.05 19.05 18.90 18.57 18.76 19.05 19.08 18.65 19.05 19.03 
4 19.05 19.05 19.05 18.82 18.88 19.10 18.63 19.05 19.05 18.85 19.05 19.05 
5 19.05 19.05 19.05 19.05 19.15 19.05 18.46 19.05 18.81 19.22 19.05 19.05 
6 19.05 19.05 18.94 18.74 19.05 19.05 18.65 19.04 18.95 19.05 19.05 19.03 
7 19.10 19.05 19.18 18.99 18.72 19.05 19.13 19.23 19.23 18.85 19.05 19.05 
8 19.05 19.05 19.05 19.05 18.73 19.18 19.05 19.05 19.05 19.14 19.05 19.01 
9 18.89 19.05 19.05 18.99 18.81 19.05 18.74 19.05 18.90 19.05 19.23 18.96 

10 19.05 19.05 19.05 19.05 18.85 18.46 18.85 19.05 19.24 19.00 19.05 18.94 
11 19.22 19.05 19.05 19.05 18.80 18.55 18.95 18.85 19.05 19.05 18.95 18.94 
12 19.05 19.05 19.05 19.05 18.18 18.49 19.02 19.06 18.75 18.99 19.05 19.05 
13 18.86 19.05 19.05 19.23 18.81 18.75 19.10 19.10 19.11 19.05 19.05 19.05 
14 19.05 19.05 19.05 19.05 18.82 19.14 19.14 19.05 19.05 19.05 19.05 19.05 
15 19.21 19.05 19.05 18.79 18.77 19.05 19.05 19.05 18.96 19.05 18.79 19.15 
16 19.22 19.05 19.05 19.09 18.74 19.03 18.90 19.05 19.05 19.05 19.15 19.05 
17 19.05 19.05 19.05 19.05 18.70 19.05 19.03 19.05 19.05 19.05 19.05 19.05 
18 18.85 19.05 19.05 19.05 18.66 18.84 19.12 19.05 19.05 19.05 18.96 19.05 
19 19.21 19.05 18.61 19.22 18.62 18.84 19.13 19.05 19.05 19.05 19.05 19.05 
20 19.05 19.17 18.41 19.22 18.57 18.90 19.22 19.23 19.05 19.05 19.00 19.05 
21 19.05 19.05 19.17 19.05 18.51 19.04 19.05 19.05 19.05 19.05 19.05 19.05 
22 19.05 18.71 19.05 18.90 18.50 19.05 18.83 19.05 19.05 19.05 19.17 19.05 
23 19.05 18.83 19.05 19.06 18.39 19.20 18.82 19.05 19.05 19.05 19.05 19.05 
24 19.05 19.05 19.05 19.18 18.24 19.05 18.79 19.05 19.05 19.05 18.93 19.05 
25 19.05 19.05 19.05 19.05 18.20 18.99 18.83 19.05 19.10 19.05 19.05 19.05 
26 19.05 19.05 19.05 18.92 18.16 19.05 18.82 19.05 19.05 19.05 18.87 19.12 
27 19.05 19.05 18.25 19.05 18.09 18.90 18.80 19.05 19.05 19.05 19.16 19.05 
28 19.05 19.05 19.17 19.17 18.02 19.12 18.91 18.98 19.05 19.05 19.05 18.97 
29 19.05 .00 19.05 19.23 17.97 19.16 19.05 19.05 19.05 19.05 18.74 19.05 
30 19.05 .00 18.47 19.05 18.03 19.05 19.05 19.05 19.05 19.05 18.84 19.05 
31 18.84 .00 19.05 .00 18.07 .00 19.05 19.05 .00 19.05 .00 19.05 

0-11 



CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1984 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 18.90 19.05 19.05 19.02 19.05 18.93 19.05 19.05 19.05 19.03 19.05 
2 19.05 18.92 19.05 19.05 19.00 19.05 19.21 18.75 19.15 19.05 19.03 19.05 
3 19.05 19.05 19.05 18.96 18.91 19.24 19.05 18.10 19.05 19.05 19.05 19.05 
4 19.05 19.11 19.05 19.05 18.92 19.05 19.05 18.84 18.82 19.05 19.02 19.05 
5 19.05 19.05 19.05 19.05 18.95 18.35 19.05 19.05 19.05 19.14 19.05 19.05 
6 19.05 18.83 19.05 19.05 18.98 18.51 19.24 19.05 19.05 19.05 19.05 19.05 
1 19.13 18.82 19.18 19.05 18.94 19.00 19.05 19.05 19.05 19.01 19.05 19.05 
8 19.05 19.05 19.05 19.05 18.92 19.20 18.61 19.05 19.05 19.05 19.05 19.05 
9 19.05 19.22 18.89 19.08 18.95 19.05 19.05 19.05 19.03 18.92 18.98 19.08 

10 19.06 19.21 19.11 19.05 19.20 18.90 19.12 19.05 19.05 19.05 18.99 19.05 
11 19.24 19.05 19.05 19.05 19.05 19.11 19.15 19.05 19.05 19.13 19.05 19.03 
12 19.05 18.84 19.25 19.01 18.66 19.05 19.05 19.05 19.25 19.05 19.02 19.05 
13 18.91 18.81 19.05 19.05 18.63 18.98 19.12 19.05 19.05 18.91 18.99 19.05 
14 19.05 19.23 19.05 19.05 18.59 19.16 19.05 19.23 18.12 19.23 19.00 18.99 
15 18.83 19.05 19.05 19.05 18.54 19.05 19.05 19.05 19.01 19.05 19.00 19.05 
16 19.22 18.92 19.05 19.05 18.50 18.95 19.05 18.98 19.05 18.82 19.23 19.10 
11 19.05 19.24 19.05 19.05 18.44 19.10 19.05 19.05 19.06 18.98 19.05 19.05 
18 18.86 19.23 18.91 19.05 18.31 19.05 19.05 19.18 19.05 19.10 18.68 18.98 
19 19.05 19.05 19.05 19.05 18.31 19.11 19.05 19.05 19.14 19.10 18.13 18.98 
20 18.81 19.05 19.12 18.91 18.23 19.05 19.05 18.91 19.05 19.05 19.00 19.05 
21 19.05 19.05 19.05 19.05 18.16 18.90 19.05 19.05 19.05 19.18 19.23 19.09 
22 19.05 19.05 19.13 19.13 18.21 19.05 19.05 19.05 19.05 19.05 19.05 19.18 
23 19.17 19.05 19.05 19.13 18.37 19.05 19.05 19.05 19.05 18.89 18.95 19.05 
24 19.05 19.05 19.05 19.05 18.51 19.05 19.05 19.05 19.05 19.05 19.05 18.86 
25 18.94 19.05 19.05 18.89 18.n 19.15 19.05 19.05 18.89 18.98 19.05 19.20 
26 19.05 19.05 19.10 18.81 19.05 19.05 19.05 19.20 19.05 19.25 19.05 19.05 
21 19.11 19.05 19.05 18.89 19.05 18.96 19.21 19.05 19.05 19.05 19.05 18.64 
28 19.05 19.05 19.17 19.00 19.05 19.05 19.05 18.96 19.05 18.16 19.05 18.13 
29 18.65 19.05 19.05 19.06 19.05 19.15 18.31 19.05 19.05 19.02 19.05 18.91 
30 18.89 .00 18.67 19.03 19.05 19.05 18.56 18.95 19.05 19.05 19.05 19.21 
31 19.05 .00 19.05 .00 19.05 .00 19.05 19.25 .00 19.05 .00 19.05 
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• • • 
CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1985 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.06 19.06 19.09 18.44 18.94 16.11 19.05 19.05 19.05 19.05 19.05 19.05 
2 19.05 19.14 19.04 18.50 18.88 16.08 19.06 19.05 19.05 19.05 18.90 19.05 
3 18.86 19.05 19.01 18.52 18.76 16.05 19.05 19.05 19.05 19.05 19.24 19.07 
4 19.09 18.97 18.97 18.49 18.66 16.01 19.05 19.05 19.05 19.05 19.05 19.10 
5 19.05 19.03 18.91 18.40 18.55 15.95 19.05 19.05 19.05 19.05 18.86 19.05 
6 18.87 19.05 18.87 18.26 18.44 15.90 19.05 19.05 19.05 19.05 19.14 19.05 
7 19.16 19.09 19.12 18.15 18.32 15.89 19.05 19.05 19.05 19.05 19.05 19.05 
8 19.05 19.05 19.05 18.11 18.19 15.89 19.16 19.05 19.05 19.05 19.01 19.17 
9 18.74 18.94 18.78 18.10 18.07 15.90 19.05 19.05 19.05 19.05 19.05 19.05 

10 19.23 18.92 18.86 18.01 17.95 15.90 18.91 19.05 19.05 19.05 19.10 19.07 
11 19.05 18.93 18.91 17.86 17.84 15.91 19.05 19.05 19.05 19.05 19.05 19.05 
12 18.93 18.94 18.92 17.71 17.76 15.92 19.13 19.05 19.05 19.05 19.06 18.62 
13 19.05 18.95 18.92 17.62 17.67 16.04 19.05 19.05 19.09 19.05 19.23 18.73 
14 19.13 19.08 18.90 17.60 17.55 16.25 18.67 19.05 19.05 19.05 19.05 19.12 
15 19.05 19.19 19.12 17.64 17.43 16.44 18.95 19.05 19.05 19.09 18.79 19.05 
16 18.97 19.14 19.05 18.32 17.31 16.57 19.05 19.05 19.05 19.05 18.83 18.99 
17 19.05 19.12 18.99 19.07 17.24 16.75 19.17 19.05 19.05 19.02 19.08 19.21 
18 19.14 19.11 19.05 19.05 17.20 16.85 19.05 19.05 19.05 19.05 19.05 19.22 
19 19.05 19.14 18.88 19.07 17.09 16.82 18.89 19.05 19.05 19.08 18.97 19.05 
20 18.94 19.05 18.89 19.05 16.98 17.11 19.05 19.05 19.05 19.05 19.05 18.89 
21 19.05 18.92 19.17 19.05 16.87 17.34 19.05 19.05 19.05 18.96 18.98 18.97 
22 19.15 18.95 19.05 19.05 16.79 17.34 19.05 19.05 19.05 19.05 19.20 19.00 
23 19.05 19.05 18.61 18.94 16.71 18.22 19.23 19.05 19.05 18.94 19.05 19.05 
24 18.97 19.13 18.98 19.10 16.62 19.05 19.05 19.05 19.05 19.02 18.69 19.05 
25 19.05 19.22 19.05 19.24 16.58 19.14 18.93 19.05 19.05 19.06 18.74 19.04 
26 18.63 19.05 18.76 19.05 16.55 19.05 19.05 19.05 19.05 19.05 19.05 19.09 
27 18.59 18.89 18.77 18.85 16.50 18.84 19.05 19.05 19.05 18.95 19.05 19.05 
28 18.81 19.05 18.71 18.98 16.41 19.05 19.05 19.05 19.05 19.19 18.93 18.98 
29 19.00 .00 18.64 19.10 16.30 19.05 19.05 19.05 19.05 19.05 19.05 18.98 
30 18.98 .00 18.56 19.05 16.19 19.05 19.05 19.05 19.05 18.91 19.05 19.04 
31 19.01 .00 18.47 .00 16.12 .00 19.05 19.05 .00 19.20 .00 19.05 

D-13 



CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1986 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.99 19.18 19.05 19.12 16.29 16.03 19.40 19.40 19.40 19.40 19.40 19.27 
2 18.97 19.16 19.05 19.11 16.19 16.03 19.40 19.40 19.40 19.40 19.40 19.40 
3 19.00 19.17 19.03 19.07 16.14 16.05 19.40 19.40 19.40 19.40 19.40 19.54 
4 19.23 19.18 19.07 19.00 16.14 16.05 19.40 19.40 19.40 19.40 19.40 19.40 
5 19.05 19.05 19.05 18.92 16.10 16.05 19.40 19.40 19.40 19.40 19.40 19.18 
6 18.68 18.88 18.98 18.83 16.06 16.03 19.40 19.40 19.40 19.40 19.40 19.40 
7 18.71 18.86 18.95 18.74 16.06 16.01 19.40 19.40 19.40 19.40 19.40 19.40 
8 19.04 18.87 18.94 18.65 16.05 16.01 19.40 19.40 19.40 19.40 19.40 19.40 
9 19.05 18.88 18.92 18.55 16.06 16.03 19.40 19.40 19.40 19.40 19.40 19.40 

10 19.15 18.88 19.05 18.45 16.11 16.06 19.40 19.40 19.40 19.26 19.40 19.43 
11 19.05 18.90 19.05 18.27 16.10 16.10 19.40 19.40 19.40 19.40 19.40 19.40 
12 18.90 19.22 18.90 18.04 16.06 17.32 19.40 19.40 19.40 19.40 19.40 19.34 
13 19.05 19.05 19.23 17.83 16.06 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
14 18.81 18.58 19.05 17.63 16.07 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
15 18.82 18.59 19.01 17.42 16.08 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
16 19.18 18.59 19.05 17.28 16.07 19.40 19.40 19.40 19.40 19.40 19.40 19.49 
17 19.05 19.05 . 19.04 17.22 16.07 19.40 18.97 19.40 19.40 19.40 19.40 19.40 
18 18.66 19.05 19.05 17.17 16.07 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
19 18.94 18.84 18.67 17.10 16.07 19.40 19.40 19.40 19.40 19.39 19.40 19.40 
20 19.15 19.05 19.00 17.02 16.07 19.40 19.40 19.40 19.40 19.40 19.40 19.33 
21 19.14 18.99 19.05 16.96 16.09 19.40 19.29 19.40 19.40 19.46 19.40 19.40 
22 19.05 18.96 18.85 16.92 16.22 19.40 19.40 19.40 19.40 19.40 19.31 19.46 
23 19.17 18.98 19.10 16.86 16.33 19.40 19.40 19.40 19.40 19.26 19.40 19.40 
24 19.05 19.01 19.05 16.78 16.32 19.40 19.40 19.40 19.40 19.50 19.40 19.24 
25 18.71 19.05 18.76 16.71 16.28 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
26 19.03 19.03 18.75 16.67 16.21 19.40 19.40 19.40 19.40 19.27 19.39 19.47 
27 19.05 18.99 18.75 16.61 16.13 19.40 19.40 19.40 19.40 19.53 19.40 19.40 
28 18.77 19.00 18.75 16.54 16.08 19.40 19.40 19.40 19.40 19.40 19.36 19.40 
29 18.78 .00 18.97 16.46 16.08 19.40 19.40 19.40 19.40 19.40 19.53 19.40 
30 18.81 .00 19.16 16.37 16.06 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
31 19.03 .00 19.12 .00 16.04 .00 19.40 19.40 .00 19.40 .00 19.40 
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• • • 
CALCULATED 
CANAL YATER ELEVATIONS 
YEAR: 1987 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.40 19.42 19.40 19.40 19.24 19.32 19.25 19.42 17.99 18.05 19.40 19.40 
2 19.40 19.40 19.36 19.40 19.26 19.39 19.52 19.40 17.91 18.18 19.40 19.40 
3 19.40 19.27 19.40 19.40 19.28 19.47 19.40 19.20 17.83 18.14 19.40 19.40 
4 19.40 19.44 19.37 19.40 19.30 19.40 18.96 19.38 17.75 18.12 19.40 19.40 
5 19.40 19.40 19.36 19.40 19.35 19.26 18.94 19.50 17.69 18.06 19.40 19.40 
6 19.40 19.21 19.39 19.40 19.43 19.32 19.01 19.47 17.64 17.99 19.40 19.28 
7 19.40 19.40 19.40 19.40 19.40 19.49 19.32 19.47 17.58 17.91 19.40 19.40 
8 19.40 19.40 19.40 19.40 19.40 19.40 19.40 19.45 17.53 17.83 19.40 19.40 
9 19.40 19.40 19.40 19.39 19.51 19.31 19.19 19.55 17.46 17.74 19.40 19.40 

10 19.40 19.40 19.40 19.40 19.40 19.40 19.18 19.40 17.39 17.67 19.40 19.40 
11 19.40 19.40 19.40 19.46 19.43 19.42 19.51 19.12 17.31 17.66 19.40 19.21 
12 19.40 19.54 19.40 19.40 19.40 19.40 19.40 19.06 17.23 19.40 19.40 19.40 
13 19.40 19.40 19.40 19.40 19.40 19.51 19.03 19.00 17.16 19.40 19.40 19.40 
14 19.40 19.41 19.40 19.40 19.40 19.40 19.40 18.97 17.11 19.40 19.40 19.31 
15 19.40 19.40 19.37 19.39 19.40 19.32 19.40 18.93 17.04 19.40 19.40 19.40 
16 19.40 19.33 19.40 19.40 19.40 19.40 19.44 18.87 16.96 19.09 19.40 19.34 
17 19.40 19.40 19.43 19.24 19.40 19.50 19.40 18.98 16.90 19.40 19.40 19.40 
18 19.40 19.39 19.40 19.25 19.40 19.40 19.35 19.08 16.95 19.15 19.40 19.40 
19 19.40 19.40 19.37 19.31 19.33 19.22 19.40 19.04 17.00 19.40 19.40 19.29 
20 19.40 19.45 19.41 19.40 19.40 19.49 19.40 18.99 16.93 19.16 19.40 19.40 
21 19.45 19.40 19.40 19.42 19.30 19.40 19.40 18.93 16.89 19.40 19.40 19.51 
22 19.40 19.33 19.27 19.40 19.33 19.36 19.40 18.87 17.29 19.40 19.40 19.40 
23 19.40 19.40 19.27 19.42 19.48 19.40 19.40 18.80 17.69 19.51 19.40 19.29 
24 19.40 19.43 19.38 19.47 19.40 19.23 19.30 18.73 17.93 19.40 19.40 19.30 
25 19.40 19.52 19.40 19.40 19.31 19.19 19.40 18.64 18.14 19.31 19.40 19.40 
26 19.40 19.40 19.40 19.35 19.43 19.20 19.26 18.55 18.09 19.40 19.40 19.41 
27 19.31 19.26 19.40 19.44 19.51 19.25 19.18 18.46 18.07 19.42 19.40 19.43 
28 19.40 19.41 19.40 19.51 19.53 19.27 19.18 18.36 18.02 19.42 19.40 19.40 
29 19.40 .00 19.40 19.40 19.52 19.40 19.42 18.26 17.97 19.40 19.40 19.28 
30 19.41 .00 19.40 19.22 _ 19.52 19.40 19.40 18.16 17.91 19.39 19.40 19.27 
31 19.40 .00 19.40 .00 19.40 .00 19.19 18.07 .00 19.47 .00 19.30 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1988 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.40 19.03 19.40 19.40 19.54 18.91 19.40 19.40 19.40 19.44 19.06 19.40 
2 19.47 19.33 19.10 19.40 19.40 18.83 19.51 19.40 19.40 19.41 19.02 19.18 
3 19.49 19.40 19.36 19.42 19.25 18.74 19.40 19.40 19.40 19.40 18.96 19.18 
4 19.40 19.49 19.40 19.40 19.28 18.62 19.10 19.40 19.40 19.40 19.34 19.18 
5 19.23 19.40 19.53 19.31 19.46 18.51 19.09 19.40 19.40 19.40 19.40 19.15 
6 19.22 19.01 19.40 19.29 19.40 18.45 19.18 19.40 19.40 19.34 19.46 19.11 
7 19.24 19.45 19.19 19.33 19.17 18.60 19.23 19.40 19.40 19.35 19.40 19.31 
8 19.47 19.40 19.40 19.55 19.12 18.74 19.21 19.40 19.40 19.40 19.30 19.48 
9 19.40 19.40 19.40 19.40 19.05 18.75 19.23 19.40 19.40 19.38 19.40 19.44 

10 19.40 19.40 19.40 19.06 18.99 18.86 19.31 19.40 19.40 19.38 19.19 19.43 
11 19.40 19.40 19.40 19.10 18.93 18.88 19.40 19.40 19.40 19.41 19.51 19.41 
12 19.49 19.40 19.40 19.36 18.86 18.84 19.42 19.40 19.40 19.40 19.40 19.43 
13 19.40 19.29 19.37 19.55 19.22 18.82 19.40 19.40 19.40 19.34 19.05 19.40 
14 18.88 19.40 19.40 19.50 19.40 18.77 19.35 19.40 19.40 19.31 19.10 19.32 
15 19.27 19.52 19.50 19.48 19.40 18.73 19.40 19.40 19.31 19.30 19.34 19.31 
16 19.40 19.40 19.40 19.44 19.40 18.68 19.43 19.40 19.40 19.29 19.52 19.31 
17 19.43 19.34 19.28 19.40 19.47 18.64 19.43 19.40 19.40 19.29 19.48 19.29 
18 19.40 19.40 19.40 19.35 19.40 18.59 19.40 19.40 19.24 19.49 19.48 19.26 
19 19.35 19.40 19.40 19.32 19.12 18.65 19.40 19.40 19.40 19.40 19.47 19.21 
20 19.40 19.40 19.40 19.29 19.45 18.69 19.40 19.40 19.40 19.11 19.45 19.16 
21 19.40 19.12 19.40 19.24 19.40 18.82 19.40 19.40 19.26 19.11 19.43 19.11 
22 19.40 19.40 19.40 19.17 19.06 19.09 19.40 19.40 19.40 19.09 19.40 19.29 
23 19.52 19.40 19.40 19.26 19.04 19.16 19.40 19.40 19.45 19.06 19.35 19.47 
24 19.40 19.51 19.40 19.36 19.02 19.18 19.40 19.40 19.44 19.02 19.34 19.42 
25 19.24 19.40 19.40 19.30 19.15 19.27 19.40 19.40 19.48 18.97 19.34 19.40 
26 19.40 18.99 19.40 19.24 19.27 19.36 19.40 19.40 19.40 18.92 19.30 19.38 
27 19.40 19.34 19.40 19.18 19.23 19.39 19.40 19.40 19.29 19.07 19.27 19.34 
28 19.40 19.40 19.40 19.13 19.19 19.34 19.40 19.40 19.30 19.21 19.25 19.31 
29 19.19 19.43 19.51 19.09 19.12 19.32 19.40 19.40 19.32 19.16 19.23 19.28 
30 19.45 .00 19.40 19.29 19.04 19.40 19.40 19.40 19.40 19.14 19.42 19.23 
31 19.40 .00 19.33 .00 18.98 .00 19.40 19.40 .00 19.10 .00 19.18 
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• • • 
CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1989 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.12 19.36 17.94 19.08 18.86 16.36 17.40 19.40 19.40 19.40 19.40 17.34 
2 19.30 19.31 17.87 19.00 18.79 16.31 18.89 19.40 19.40 19.40 19.32 17.22 
3 19.47 19.24 17.89 18.92 18.71 16.23 19.25 19.40 19.40 19.40 19.40 17.09 
4 19.42 19.18 18.27 18.84 18.61 16.15 19.17 19.23 19.40 19.40 19.48 16.96 
5 19.37 19.11 18.63 18.78 18.50 16.07 19.00 19.40 19.40 19.40 19.51 16.82 
6 19.32 19.04 18.68 19.12 18.39 16.01 19.48 19.53 19.40 19.40 19.40 16.68 
7 19.27 18.96 18.99 19.43 18.28 15.99 19.40 19.46 19.40 19.40 19.23 16.55 
8 19.24 18.89 19.25 19.42 18.15 16.03 18.76 19.41 19.40 19.40 19.20 16.43 
9 19.19 19.06 19.42 19.43 18.01 16.09 18.79 19.37 19.40 19.40 19.21 16.37 

10 19.14 19.23 19.40 19.38 17.88 16.14 18.73 19.40 19.40 19.40 19.19 16.33 
11 19.08 19.18 19.19 19.49 17.76 16.19 18.52 19.40 19.40 19.40 19.15 16.26 
12 19.02 19.14 19.21 19.40 17.64 16.21 18.25 19.40 19.40 19.40 19.08 16.17 
13 18.97 19.08 19.22 19.14 17.52 16.21 18.01 19.40 19.40 19.40 18.99 16.13 
14 18.92 19.02 19.41 19.08 17.40 16.22 17.81 19.40 19.40 19.40 18.91 16.12 
15 18.87 18.96 19.40 19.09 17.32 16.23 17.59 19.40 19.40 19.40 18.82 16.07 
16 18.81 18.89 19.20 19.40 17.25 16.23 17.31 19.40 19.40 19.40ll. 18.74 16.03 
17 18.75 18.83 19.51 19.40 17.15 16.23 17.00 19.40 19.40 19.40 18.65 16.00 
18 18.68 18.76 19.40 19.45 17.03 16.19 16.73 19.40 19.40 19.40 18.56 15.97 
19 18.61 18.69 19.35 19.40 16.92 16.14 16.68 19.40 19.40 19.40 18.45 15.93 
20 18.53 18.61 19.40 19.37 16.80 16.10 16.81 19.40 19.40 19.40 18.33 15.93 
21 18.47 18.53 19.09 19.40 16.68 16.06 16.95 19.40 19.40 19.40 18.21 16.05 
22 18.74 18.48 19.11 19.11 16.61 16.01 17.14 19.40 19.40 19.40 18.08 16.21 
23 19.04 18.43 19.34 19.37 16.60 16.01 17.37 19.40 19.40 19.40 17.96 17.42 
24 19.07 18.36 19.52 19.40 16.61 16.04 17.59 19.40 19.40 19.40 17.87 18.93 
25 19.34 18.26 19.48 19.19 16.60 16.06 17.90 19.40 19.40 19.40 17.77 19.40 
26 19.54 18.16 19.45 19.18 16.57 16.06 18.13 19.40 19.40 19.40 17.67 19.40 
27 19.51 18.08 19.42 19.14 16.54 16.08 18.20 19.40 19.40 19.40 17.60 19.40 
28 19.51 18.00 19.37 19.07 16.51 16.11 18.48 19.40 19.40 19.40 17.56 19.44 
29 19.48 .00 19.29 18.99 16.47 16.12 18.70 19.40 19.40 19.41 17.51 19.40 
30 19.45 .00 19.21 18.93 16.44 16.17 18.70 19.40 19.40 19.40 17.45 19.39 
31 19.40 .00 19.14 .00 16.40 .00 19.16 19.40 .00 19.40 .00 19.40 
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CALCULATED 
SPILLVAY FLOW DATA 
YEAR: 1974 

JANUARY fEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 76. O. O. o. o. O. 608. 651. 520. 748. O. 65. 
2 O. 41. O. O. o. O. 923. 658. 208. 649. O. O. 
3 O. O. O. 62. O. O. 1106. 366. 306. 276. O. 57. 
4 O. O. O. O. O. O. 800. 549. 169. 219. 113. O. 
5 61- 42. O. O. O. O. 902. 683. 170. 224. O. O. 
6 O. O. O. 50. O. O. 519. 1307. 42. 326. O. O. 
7 O. O. O. O. O. 53. 982. 970. 269. 515. 63. O. 
8 42. O. O. 47. O. O. 567. 969. O. 557. 40. 64. 
9 O. O. O. O. O. 183. 380. 794. 309. 258. 49. 163. 

10 O. O. O. O. O. O. 201. 947. 306. 338. O. 68. 
11 O. O. O. 46. O. O. 329. n1. 663. 50. O. O. 
12 58. O. O. O. O. 47. 220. 792. 99. 197. 93. 81. 
13 O. O. O. O. O. O. 912. 544. 358. 76. O. O. 
14 O. O. O. O. O. 94. 302. 578. 83. 162. 106. 61. 
15 54. O. O. 44. O. O. 350. 312. 336. 57. O. 108. 
16 O. O. 56. O. O. 75. 91. 461. O. 44. O. 63. 
17 O. 48. O. O. O. O. 272. 273. 208. 64. O. 169. 
18 O. O. O. 73. O. O. 1961. 646. O. 136. 110. 1n. 
19 93. O. O. O. O. O. 932. 537. 226. O. O. O. 
20 O. O. O. O. O. O. 629. 992. O. n. o. 145. 
21 O. O. O. o. O. O. 734. 470. 124. 53. 102. O. 
22 O. O. O. 41. O. O. 693. 617. O. O. O. O. 
23 O. 42. O. O. O. 47. 1241. 350. 58. 67. O. 204. 
24 O. O. O. O. O. O. 1001. 682. 273. O. O. O. 
25 O. O. O. O. O. 394. 890. 941. 189. O. 86. O. 
26 O. O. O. 63. O. 433. 783. 1042. 269. 153. 100. 186. 
27 44. O. O. O. O. 471. 723. 551. 180. O. 74. O. 
28 O. O. o. o. O. 548. 805. 656. 412. O. O. O. 
29 O. O. O. o. O. 637. 947. 442. 189. O. 92. 158. 
30 O. O. 75. O. O. 360. 1089. 974. 406. 134. 93. O. 
31 50. O. O. O. O. O. 1041. 640. O. O. O. O. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1975 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. 69. 49. o. o. o. 232. o. 56. 355. 202. o. 
2 96. o. o. o. o. o. 149. o. 82. 324. 232. 106. 
3 o. o. o. o. o. o. 167. o. 245. 322. 120. O. 
4 O. o. 97. o. o. O. 174. o. 187. 205. 116. O. 
5 O. O. O. O. O. O. 75. O. 288. 164. O. O. 
6 110. O. o. O. O. O. 165. O. 187. 186. 99. O. 
7 O. 46. O. o. o. o. o. o. 296. 265. 126. O. 
8 o. O. O. O. O. o. 74. O. 194. 40. o. 113. 
9 O. O. O. O. o. o. 79. D. 235. 233. 79. 49. 

10 48. 56. o. O. O. o. 71. 532. 414. 69. O. O. 
11 o. o. o. o. O. o. 47. O. 416. 179. 139. 127. 
12 o. 103. O. O. O. O. 138. 139. 380. O. O. O. 
13 O. O. o. O. O. O. 224. 355. 260. 115. 57. 263. 
14 106. O. o. o. o. o. 310. 391. 207. o. 40. o. 
15 O. O. O. O. o. o. 204. 385. 288. 105. O. 1n. 
16 o. O. o. o. O. o. 85. 157. 346. o. 101. o. 
17 O. o. o. O. O. O. 392. 376. 301. 117. o. 17. 
18 o. 54. o. O. O. O. 260. 124. 307. o. O. o. 
19 o. o. o. 112. O. O. 337. 334. 446. 269. 163. 109. 
20 49. o. o. o. o. O. 206. 330. 319. 97. o. O. 
21 o. o. o. o. o. o. o. 635. 421. 170. O. 186. 
22 o. 58. o. 17. O. O. 88. 407. 231. 112. 55. O. 
23 o. 57. O. o. O. o. O. 462. 479. 143. o. 51. 
24 o. 43. o. O. O. O. o. 230. 240. 103. O. O. 
25 44. 196. O. O. O. 289. O. 255. 317. O. O. 70. 
26 73. 63. O. 61. O. 136. O. 208. 534. 137. O. O. 
27 o. 49. O. O. O. 128. o. 102. 625. o. 166. 193. 
28 O. 52. o. O. o. O. O. 137. 390. 99. O. o. 
29 o. o. o. o. O. 244. o. 59. 417. 125. O. O. 
30 40. O. o. O. o. O. o. 172. 345. 353. O. 61. 
31 o. o. O. O. O. O. O. O. O. 150. O. O. 
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CALCULATED 
SPILLYAY FLOW DATA 
YEAR: 1976 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 O. O. 170. O. O. 2974. 257. 135. 81. 432. O. 125. 
2 107. 164. O. O. O. 1101. 428. 94. 130. 285. 90. O. 
3 O. O. O. O. O. 644. 108. 123. 119. 171. 164. O. 
4 O. O. 76. O. 45. 827. 250. 290. 260. 139. 132. O. 
5 O. O. O. O. O. 1236. 86. 449. 555. 132. 125. 171. 
6 O. O. O. O. O. 1626. 124. 266. 389. 128. O. O. 
7 O. 105. O. O. O. 1030. 4n. 294. 302. 75. 85. O. 
8 O. O. o. o. O. 628. 443. 97. 223. O. O. 82. 
9 88. O. 56. 137. 73. 596. 582. 275. 83. 153. O. O. 

10 O. O. o. o. O. 2818. 588. 357. 102. O. 159. 138. 
11 O. O. O. 63. 264. 2482. 345. 293. 94. 90. O. O. 
12 O. O. o. O. 173. 1332. 381. 85. 113. O. O. 76. 
13 O. O. O. 107. o. m. 370. 288. 180. n. 156. o. 
14 O. O. o. O. 113. 504. 256. 1134. 153. O. O. 153. 
15 101. O. O. O. 261. 381. 88. 1488. 2n. o. 40. O. 
16 O. 49. O. O. 318. 416. 132. 893. 198. 105. 40. 99. 
17 O. O. o. O. 608. 388. 370. 1423. 208. O. O. O. 
18 O. O. o. O. 251. 2n. 529. 896. 310. 96. o. 1n. 
19 o. O. o. O. 275. 247. 516. 854. 350. o. n. o. 
20 O. O. o. O. 97. 423. 257. 659. 77. 91. O. 41. 
21 O. O. o. O. 164. 253. 260. 491. 310. O. O. O. 
22 46. O. O. O. 66. 311. 278. 366. 662. O. O. O. 
23 O. O. o. O. 912. 948. 270. 379. 412. O. 91. 136. 
24 O. O. o. O. 1636. 1001. 426. 221. 385. 86. O. O. 
25 O. O. o. O. 959. 834. 411. 801. 282. O. O. 65. 
26 O. 116. O. O. 898. 562. 307. 608. 162. O. O. 70. 
27 O. O. o. O. 600. 236. 271. 362. 132. O. 109. 120. 
28 O. O. o. O. 227. 466. 130. 249. 162. 89. O. O. 
29 O. O. o. O. 406. 420. 139. 268. 119. O. O. 129. 
30 O. O. o. O. 629. 392. 117. 307. 274. O. O. O. 
31 O. O. o. O. 1212. O. 113. 102. O. O. O. 138. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 19n 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. 105. o. 78. o. o. o. o. 300. 110. o. 520. 
2 247. 81. 96. o. o. o. 64. 108. 332. 138. o. 424. 
3 o. 93. o. o. o. 113. o. o. 670. 105. o. 339. 
4 120. 94. 52. o. o. 108. o. o. 1916. 103. 62. 292. 
5 o. 72. o. o. o. 124. o. o. 1561. 75. o. 201. 
6 1n. n. o. o. o. 130. o. o. 1039. o. 181. 851. 
7 o. 72. 73. o. o. 108. o. o. n8. 86. o. 1403. 
8 91. o. o. o. o. 93. o. o. 507. o. 44. no. 
9 o. 93. o. o. o. 93. o. o. 257. 102. o. 507. 

10 o. 57. o. o. o. 107. o. o. 269. o. 45. 547. 

" 142. o. 70. o. o. 95. o. o. 272. o. o. 669. 
12 o. 89. o. o. o. o. o. o. 138. 81. 45. 346. 
13 o. o. o. o. o. o. o. 113. 242. o. 57. 201. 
14 130. o. o. o. o. 75. o. o. 126. o. o. 293. 
15 o. 43. 95. o. o. o. o. 150. 123. o. o. 206. 
16 141. 75. o. o. o. o. o. o. 210. o. o. 469. 
17 176. o. o. o. o. o. o. 64. 130. 116. o. 1447. 
18 190. o. o. o. o. 64. 113. o. 128. o. 151. 1181. 
19 o. 46. o. o. o. o. o. o. 207. 60. o. 953. 
20 172. 105. o. o. o. o. 73. o. 687. o. o. 753. 
21 o. o. 66. o. o. 109. o. o. 452. o. o. 475. 
22 151. o. o. o. o. 233. o. o. 483. o. o. 935. 
23 o. 40. o. o. o. o. o. o. 424. 132. 102. 164. 
24 222. 128. o. o. o. 88. 69. o. 153. o. 349. 333. 
25 o. o. o. o. o. o. o. o. 303. o. 79. 195. 
26 251. 66. o. o. o. 67. o. o. 574. 71. 146. 369. 
27 o. o. o. o. o. o. o. o. 348. o. 92. 241. 
28 o. 124. o. o. o. o. o. o. 325. o. o. 1n. 
29 120. o. o. o. o. o. o. o. 166. o. 421. 207. 
30 o. o. o. o. o. o. o. 317. 173. 116. 1146. 200. 
31 81. o. o. o. o. o. o. 226. o. o. o. 264. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1978 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 186. o. 70. 41. o. o. 182. 1008. 292. 583. o. o. 
2 274. 271. 109. 129. o. o. 101. 537. 418. 718. 67. 73. 
3 o. o. 157. 132. o. o. 164. 741. 141. 1038. 54. o. 
4 166. 280. 356. 54. n. o. 169. 636. 480. 948. 69. o. 
5 111. o. 200. o. o. o. 141. 476. 251. 449. 41. 173. 
6 o. 156. 122. o. o. 171. 48. 178. 420. 783. 51. o. 
7 168. 68. 191. 162. 220. 80. 171. 390. 128. 314. 59. o. 
8 189. 112. 102. o. o. 41. o. 90. 182. 420. 1n. o. 
9 o. 147. 1054. o. o. 97. o. 459. 102. 173. 152. 144. 

10 152. 170. 2721. o. o. 201. 268. 80. 164. 344. 107. o. 
11 202. 237. 1735. o. 71. o. o. 226. 379. 42. 132. o. 
12 o. o. 894. o. o. 130. 368. o. 842. 378. 108. 91. 
13 176. 190. 597. 158. o. o. o. 391. 508. 59. 162. o. 
14 381. o. 364. o. o. 120. 348. o. 562. 312. 85. o. 
15 162. 236. 3n. o. o. o. o. 369. 310. 62. 68. o. 
16 201. o. 315. o. o. o. 335. 306. 408. 231. 84. 99. 
17 o. 230. 263. o. o. 68. o. 471. 284. 66. 173. o. 
18 154. 206. 181. o. o. o. 237. 138. 312. 196. o. o. 
19 231. 221. 266. 76. o. 71. 148. 432. 221. 73. o. o. 
20 450. 452. 182. 52. 40. o. 866. 303. 170. 207. 201. 52. 
21 459. 215. 95. 84. o. o. 315. 336. 54. o. o. o. 
22 345. 489. 131. 51. o. o. 452. 118. 274. 147. 198. o. 
23 161. 164. 252. 70. o. 226. 211. 317. 256. o. o. o. 
24 263. 222. o. 42. o. 94. 241. 385. 4n. 178. 138. o. 
25 161. 209. 181. 66. 117. 310. 131. 401. 1129. o. o. 45. 
26 o. o. o. o. o. o. 331. 135. 1037. 115. 68. o. 
27 363. 300. 111. o. o. 158. 207. 191. 436. o. 78. 70. 
28 160. 106. 164. 63. o. 86. 639. 89. 401. o. 46. 705. 
29 332. o. 120. o. o. 275. 1311. 156. 242. o. o. 942. 
30 o. o. 151. o. o. 94. 535. 182. 278. o. 125. 745. 
31 297. o. 100. o. o. o. 294. 482. o. 93. o. 526. 

D-22 

• • • 



• • • 
CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1979 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 491. 329. o. o. 81. 91. 1n. 54. 70. 1351. o. 148. 
2 538. 358. 168. o. 41. 238. o. o. 315. 1020. 10. o. 
3 708. 140. 41. o. o. 53. o. o. 615. 324. o. 15. 
4 623. 214. o. 41. o. 301. o. 151. 2105. 231. 15. o. 
5 445. 138. 143. o. o. 52. o. 40. 3616. 100. o. o. 
6 343. 315. 143. o. 136. 141. o. o. 3321. 560. 64. 104. 
1 321. 132. 353. o. o. o. o. 96. 2835. 239. o. 96. 
8 298. 184. 386. o. 144. 151. 130. 45. 1936. 419. 55. 286. 
9 383. 121. 393. o. 514. o. 298. o. 1288. 82. o. 81. 

10 381. 211. 91. o. 625. o. 144. 134. 2633. 235. 16. 101. 
11 214. o. o. o. 6n. o. 140. 516. 2329. o. 52. 79. 
12 114. 221. 115. o. 470. 93. 46. 542. 3216. 355. o. 66. 
13 1506. 144. 128. o. 315. o. 83. 182. 3509. o. 85. 61. 
14 1811. 15. o. o. 880. o. 361. 238. 4411. 85. 46. o. 
15 1351. o. 112. o. 1329. o. 329. 120. 48n. 126. o. 103. 
16 680. 256. o. o. 591. o. 421. 104. 3616. o. 79. o. 
11 521. 154. o. o. 421. o. 109. 241. 1885. 258. 80. 90. 
18 401. 61. 206. o. 380. 96. 181. 399. 1391. o. o. o. 
19 361. o. o. 43. 152. o. 44. 304. 833. 70. 18. o. 
20 234. 232. o. o. 14. o. 136. 94. 696. 62. 91. 128. 
21 411. o. 63. 132. 131. o. o. o. 448. 52. o. o. 
22 329. 191. o. o. 66. o. 166. 118. 1400. 65. o. o. 
23 481. o. o. o. 109. 40. 401. o. 458. o. 11. 82. 
24 645. 88. 113. 55. 241. o. 11. o. 1028. 40. o. o. 
25 815. 43. o. o. 426. o. 182. o. 506. 88. 81. o. 
26 508. 164. o. 80. 221. o. o. o. 616. o. o. 150. 
21 621. 52. 40. o. 234. 100. o. o. 579. 69. 62. o. 
28 156. 156. o. o. 156. o. 99. o. 1291. o. o. o. 
29 563. o. 161. o. 161. 51. o. o. 841. 80. 81. o. 
30 495. o. o. o. 46. o. o. o. 1139. o. o. 61. 
31 296. o. o. o. 263. o. o. 291. o. 63. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1980 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. 132. 117. 344. 48. o. 84. 66. 109. 134. O. o. 
2 O. 82. 266. 444. 110. O. o. 39. 337. 89. O. 105. 
3 144. 132. 352. 397. O. O. 73. o. 539. 8t. O. o. 
4 O. 196. 335. 205. 230. O. o. o. 904. 136. o. 84. 
5 O. 109. 112. 159. o. O. o. 48. 527. 71. O. 153. 
6 o. 47. 154. 81. 44. o. o. o. 563. 119. 67. 323. 
7 O. 84. 105. 296. 59. O. O. O. 269. 56. o. 237. 
8 104. 50. 130. 111. O. O. 74. o. 345. 48. 97. 335. 
9 O. O. 85. 187. 195. O. 93. 44. 223. 67. O. 236. 

10 O. 138. O. 144. o. O. 66. o. 257. 45. 45. 330. 
11 O. 55. 137. 168. O. o. o. o. 126. 57. o. 206. 
12 O. 65. O. o. 88. o. o. O. 158. 41. O. 45. 
13 89. 71. 94. 66. O. O. o. 10t. 50. o. 53. O. 
14 O. 73. O. 146. 88. O. O. O. 278. 129. O. O. 
15 106. 69. o. 76. o. O. o. O. 316. O. 56. 50. 
16 90. 179. 155. O. 149. O. 13t. 73. 376. O. 330. 115. 
17 O. O. O. 88. o. O. O. O. 94. O. 17t. O. 
18 40. 135. 409. O. O. O. 99. O. 321. 49. 295. 49. 
19 84. 690. 407. 97. 103. O. O. O. O. O. 88. O. 
20 O. 703. 1n. 110. o. O. o. O. 298. O. 192. 74. 
21 111. 266. 113. 76. 48. O. 49. 44. O. 97. 86. 88. 
22 O. 182. 62. 117. O. O. o. o. 82. O. 78. 56. 
23 O. 157. 125. O. 63. O. 138. O. 55. 99. 86. O. 
24 75. 99. 50. 64. O. O. o. O. 90. O. 68. 201. 
25 O. 123. O. O. O. O. 297. 45. O. O. 64. O. 
26 O. 86. 146. 92. 91. O. 529. o. 1n. 80. 55. o. 
27 254. 174. O. O. 56. O. 423. 56. 157. O. 56. 90. 
28 231. 140. O. 63. O. O. 237. O. 210. O. 48. O. 
29 300. 111. 144. 126. 118. 66. 166. 129. 180. O. 106. O. 
30 115. O. O. o. o. O. 46. 108. 94. O. 48. O. 
31 294. O. 105. O. O. O. 119. 106. O. O. O. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1981 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 129. O. O. o. O. O. O. O. 1443. 87. 99. O. 
2 O. O. O. O. O. O. o. O. 787. 84. O. O. 
3 O. 128. 61. O. O. o. o. O. 836. 87. O. O. 
4 O. O. O. O. O. O. O. O. 433. O. O. O. 
5 O. 87. O. O. O. O. O. O. 596. 60. 59. O. 
6 O. O. O. O. O. O. O. 226. 416. O. O. O. 
7 69. O. O. o. O. o. O. O. 757. 114. O. O. 
8 O. 74. O. O. O. O. O. 82. 563. O. O. O. 
9 O. 69. O. O. O. O. O. O. 537. 39. 74. O. 

10 O. 136. O. O. o. o. O. 129. 821. 44. O. 87. 
11 O. O. O. O. O. O. O. 105. 2448. O. O. O. 
12 O. 104. O. O. o. o. O. 530. 1291. 77. O. O. 
13 O. 87. O. O. O. O. O. 63. 1475. O. O. O. 
14 45. O. O. o. o. o. O. 389. 815. O. O. O. 
15 O. 59. O. O. o. O. O. 81. 732. 89. O. O. 
16 O. O. 40. O. O. o. O. 222. 355. O. O. O. 
17 O. 77. O. O. O. O. O. 54. 782. 47. O. O. 
18 O. O. O. O. O. O. O. 772. 1345. O. O. O. 
19 O. 59. O. O. O. O. O. 1335. 1457. 89. O. O. 
20 94. O. O. O. O. O. O. 1429. 742. O. O. O. 
21 O. 108. O. O. O. O. O. 1312. 710. O. O. O. 
22 O. O. O. O. O. O. O. 1516. 456. O. O. O. 
23 O. O. O. O. O. O. O. 158. 806. 41. O. O. 
24 O. O. O. o. o. o. O. 549. 342. O. O. O. 
25 110. 42. O. O. o. o. O. 74. 307. O. 44. O. 
26 O. O. O. O. O. o. O. 856. 68. O. O. O. 
27 O. O. 42. O. O. O. O. 1034. 348. O. O. O. 
28 O. O. O. O. O. O. O. 1919. O. 50. O. 50. 
29 O. O. O. O. O. O. O. 1684. 111. O. O. O. 
30 57. O. O. o. o. o. O. 1579. 75. O. O. O. 
31 O. O. O. O. o. o. O. 1125. O. O. O. O. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1982 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 O. O. O. 248. O. 400. 200. 159. 50. 1000. 98. 116. 
2 O. O. O. 366. O. 420. 350. O. 207. 970. O. 44. 
3 O. O. O. 379. O. 437. 104. 145. O. 644. 190. 109. 
4 O. 65. 78. 149. 88. 306. 264. 42. 144. 569. 569. O. 
5 75. O. O. 108. 243. 181. 207. 1n. 44. 394. 894. 200. 
6 O. O. 71. 199. O. 246. 1175. 332. 239. 1303. 397. O. 
7 O. O. 503. 124. 96. 167. 1081. 656. 57. 1621. 357. 126. 
8 O. O. 229. 147. 60. 70. 1242. 381. 231. 1045. 99. O. 
9 O. 120. 162. 93. O. 82. 815. 606. 203. 446. 300. 204. 

10 O. O. O. 56. 44. 82. 651. 348. 584. 406. O. O. 
11 O. O. 154. 120. O. 82. 575. n5. 66. 192. 188. 114. 
12 o. n. o. 219. 51. 87. 621. 891. 218. 316. O. O. 
13 O. O. O. 105. O. O. 603. 1003. 145. 85. 194. 197. 
14 96. O. O. 279. O. 150. 687. 675. 234. 210. O. 140. 
15 43. O. O. 117. O. O. 391. 1028. 73. 53. O. O. 
16 O. O. O. 333. O. 88. 378. 990. 143. 149. 145. 274. 
17 O. 55. 108. 433. O. 137. 214. 897. O. O. 119. O. 
18 O. 52. O. 284. 84. 534. 232. 602. 166. 170. 116. 178. 
19 O. O. O. 303. O. 496. 169. 806. O. O. 54. O. 
20 129. 109. O. 136. O. 607. 173. 579. 141. 130. 150. 1n. 
21 o. O. O. 65. O. 1465. 114. 601. 48. O. 53. 40. 
22 O. O. 39. 124. O. 1249. 216. 255. 448. 148. 124. O. 
23 O. O. o. O. 114. 1532. 74. 431. 374. 52. 60. 237. 
24 O. O. O. 92. O. 2020. 200. 148. 835. O. 40. O. 
25 O. O. 108. O. 70. 3175. 99. 311. 468. 96. 129. O. 
26 O. O. O. 241. 124. 3068. 193. 95. 1010. 54. 48. O. 
27 O. O. O. 736. 687. 1506. 92. 241. 1122. O. 100. 89. 
28 O. O. 68. 475. 456. 511. 206. O. 814. 89. 50. O. 
29 O. O. 1008. 382. 305. 139. 52. 118. 789. O. 108. O. 
30 O. O. 643. 243. 248. 248. 201. 75. 753. 67. 55. 109. 
31 O. O. 851. O. 392. O. 66. 99. O. O. o. o. 

0-26 

• • • 



• • • 
CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1983 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 O. 118. 265. 119. O. O. O. 144. O. O. 226. O. 
2 95. 730. 543. O. O. D. 80. n. n. o. 169. 56. 
3 O. 1455. 242. 235. O. O. O. 216. O. O. 126. O. 
4 O. 1029. 256. O. O. o. o. n. 46. O. 124. 52. 
5 O. 879. 42. 76. O. 163. O. 151. O. O. 70. O. 
6 112. 1260. O. O. 58. 134. O. O. O. 60. 81. O. 
7 O. 1450. O. O. O. 116. O. O. O. O. 62. 55. 
8 95. 611. 276. 84. O. O. 66. 94. 101. O. 181. O. 
9 O. 764. 102. O. O. 239. O. 110. O. 96. O. O. 

10 43. 546. 130. 70. O. O. O. 194. O. O. 139. O. 
11 O. 281. 216. 86. O. O. O. O. 71. 69. O. O. 
12 164. 186. 465. 53. O. O. o. o. o. O. 111. 59. 
13 O. 1009. 211. O. O. O. O. O. O. 51. 50. 118. 
14 80. 731. 132. 145. O. O. O. 102. 152. 78. 113. 53. 
15 O. 390. 41. O. o. n. 53. 76. O. 285. O. O. 
16 O. 629. 190. O. O. o. O. 167. 157. 369. O. 94. 
17 n. 1346. 158. 46. O. 45. O. 78. 139. 438. 96. 87. 
18 O. 702. 126. 91. O. O. O. 236. 109. 427. O. 166. 
19 O. 199. O. O. o. o. O. 145. 123. 683. 61. 260. 
20 291. O. O. O. o. o. o. O. 211. 349. O. 193. 
21 331. 99. O. 90. O. O. 45. 284. 194. 186. 48. 146. 
22 400. O. 261. O. O. 63. O. 68. 366. 52. O. 192. 
23 237. O. O. o. O. o. O. 158. 181. 569. 107. 52. 
24 536. 108. 568. O. O. 158. O. 41. 166. 504. O. 102. 
25 328. 190. 388. 53. O. O. O. 202. O. 1111. 43. 64. 
26 413. 59. 559. O. O. 50. O. 76. 142. 995. O. O. 
27 81. 262. O. O. O. o. O. 181. 164. 815. O. 102. 
28 339. 1121. O. O. o. o. o. O. 208. 461. 63. O. 
29 87. O. 384. O. O. O. 60. 159. 105. 238. O. 89. 
30 305. O. O. 46. O. 93. 173. 54. 134. 270. O. 124. 
31 O. O. 160. O. O. O. 133. 116. O. 169. O. 640. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1984 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 749. o. 553. 57. o. 244. o. 128. 117. 282. o. 91. 
2 448. o. 388. 119. o. 281. o. O. O. 259. O. 128. 
3 219. 68. 248. O. o. o. 152. o. 173. 152. 63. 101. 
4 108. o. 201. 102. o. 176. 122. O. O. 171. o. 51. 
5 158. 129. 124. 80. O. o. 132. 95. 51. O. 59. 86. 
6 133. o. 193. 59. O. o. o. 266. 84. 127. o. 66. 
7 o. o. o. 78. o. O. 178. 82. 77. o. o. 85. 
8 82. 52. 268. 50. o. O. o. 186. 82. 101. 58. 58. 
9 54. o. O. O. o. 65. 48. 77. O. o. O. o. 

10 o. o. O. 70. o. o. O. 65. 53. 90. o. 69. 
11 o. 114. 110. 67. 65. o. o. 55. 71. O. 61. O. 
12 76. o. O. o. O. 49. 115. 69. o. 50. o. 50. 
13 o. o. 511. 53. o. o. O. 40. 96. o. o. 64. 
14 45. o. 145. 129. O. O. 285. O. O. o. O. o. 
15 o. 107. 288. 61. o. 57. 671. 86. o. 82. o. 48. 
16 o. o. 81. 62. O. o. 487. O. 60. o. o. O. 
17 100. o. 157. 72. o. o. 417. 56. O. O. n. n. 
18 o. o. o. 61. O. 97. 354. O. 135. o. O. o. 
19 108. 113. 118. 70. o. o. 160. 252. o. o. o. O. 
20 o. 112. o. o. o. 97. 251. O. 245. 48. o. 51. 
21 53. 210. 104. 46. o. o. 181. 130. 66. O. O. O. 
22 117. 180. O. O. O. 105. 224. 128. 461. 64. 108. O. 
23 o. 1006. 461. o. O. 81. 124. 218. 182. O. O. 78. 
24 81. 465. 492. 75. O. 87. 248. 111. 341. 44. 194. O. 
25 O. 433. 232. o. o. o. 126. 190. O. o. 410. O. 
26 42. 209. O. o. 103. 127. 211. O. 182. o. 251. 84. 
27 o. 281. 182. O. 408. O. O. 171. 196. 90. 184. O. 
28 130. 1520. o. O. 64. 43. 116. O. 496. o. 140. O. 
29 O. 1464. 240. O. 986. o. o. 68. 443. o. 162. O. 
30 o. o. O. o. 704. 82. o. O. 434. 45. 66. O. 
31 69. O. 94. O. 556. O. 278. O. O. 40. O. 41. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1985 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. o. o. o. o. o. 100. 58. 304. 250. 76. 189. 
2 42. O. o. o. o. O. O. 80. 413. 405. O. 199. 
3 O. 76. O. O. O. O. 334. 199. 464. 407. O. o. 
4 O. O. O. O. O. O. 164. 149. 385. 602. 162. O. 
5 43. O. O. O. O. O. 108. 241. 381. 454. O. 88. 
6 O. O. o. O. O. O. 133. 126. 1012. 433. O. 68. 
7 O. O. O. O. O. O. 57. 327. 1012. 266. 87. 114. 
8 73. 75. 63. O. o. O. O. 98. 762. 320. o. O. 
9 o. O. O. O. O. O. 252. 303. 413. 180. 66. 114. 

10 o. O. O. O. O. O. o. 437. 420. 258. o. O. 
11 203. o. o. O. o. o. 117. 337. 136. 52. 86. 129. 
12 o. o. o. o. o. o. O. 187. 207. 143. o. O. 
13 170. o. O. O. O. O. 161. 173. O. o. O. O. 
14 O. o. O. O. O. O. O. 422. 129. 203. 92. O. 
15 199. O. O. O. O. O. O. SOl. 133. O. O. 62. 
16 o. o. 51. O. O. O. 110. 331. 229. 151. O. O. 
17 164. o. O. O. O. O. O. 426. 114. O. O. O. 
18 o. O. 90. 136. O. O. 236. 87. 612. 143. 57. o. 
19 200. o. O. O. o. O. O. 439. 1917. O. O. 133. 
20 o. 78. O. 73. O. O. 85. 173. 1953. 83. 61. O. 
21 155. o. o. 45. O. O. 54. 314. 1781. o. o. o. 
22 o. o. 222. 47. O. O. 91. 228. 1492. 123. O. O. 
23 197. o. o. O. O. O. O. 297. 961. O. 67. 45. 
24 o. O. o. O. O. 73. 86. 75. 796. O. O. O. 
25 157. O. 56. O. o. o. O. 173. 506. o. O. o. 
26 o. 58. o. 63. o. 92. 212. 52. 478. 72. o. o. 
27 o. o. o. O. o. O. 133. 163. 280. O. 75. 81. 
28 o. 50. o. o. o. 96. 129. 96. 366. O. O. o. 
29 o. o. o. o. O. 118. 1". 80. 253. 78. 125. o. 
30 o. o. o. 41. o. 143. 87. 168. 372. o. 149. o. 
31 o. o. o. o. O. O. 57. 247. O. o. O. 70. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1986 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 O. O. 49. O. O. O. 252. 218. 258. 130. 356. O. 
2 O. O. O. O. O. O. 68L 391. 268. 45. 297. n. 
3 o. O. o. o. o. O. 287. 363. 268. 116. 243. O. 
4 O. O. o. o. o. O. 892. 301. 26L 74. 123. 155. 
5 69. 73. 56. O. O. O. 749. 275. 309. 89. 222. O. 
6 O. O. o. o. o. O. 1025. 245. 575. 84. 129. 68. 
7 O. O. o. o. o. O. 532. 173. 532. 35. 380. 44. 
8 O. O. o. o. o. O. 850. 250. 438. 64. 272. 68. 
9 60. O. O. o. o. O. 446. 174. 515. 122. 241. 37. 

10 O. O. 42. O. O. O. 637. 255. 1179. O. 56. O. 
11 93. O. 98. O. O. O. 325. 296. 1217. 60. 200. 102. 
12 O. O. o. o. o. O. 596. 265. 874. 37. 44. O. 
13 113. 85. O. O. O. 272. 269. 232. 629. 49. 161. 48. 
14 O. O. 190. O. O. 622. 580. 343. 413. 37. 229. 58. 
15 O. O. o. o. O. 171. 128. 361. 329. 78. 282. 32. 
16 O. O. 79. O. O. 483. 347. 1206. 259. 104. 102. O. 
17 75. O. O. o. O. 117. o. 861. 233. 64. 226. SO. 
18 o. 116. 76. O. O. 462. 102. 859. 131. 112. 5L 34. 
19 O. O. o. o. O. 126. 60. 1045. 109. O. 140. 54. 
20 O. 69. O. O. O. 593. 90. 926. 174. 106. 53. O. 
21 O. O. 41. o. O. 532. o. 82L 253. O. 128. 61. 
22 39. O. O. o. O. 1048. 176. 816. 142. 120. O. O. 
23 O. O. o. o. O. 650. 117. 610. 234. O. 120. 139. 
24 72. O. 49. O. O. 971. 140. 468. 122. O. o. O. 
25 O. 48. O. O. O. 572. 1n. 336. 255. 119. 111. 94. 
26 O. O. o. o. O. 788. 189. 300. 171. O. O. O. 
27 48. O. O. o. O. 490. 196. 252. 258. O. 103. 128. 
28 O. O. o. o. O. 758. 275. 302. 137. 117. O. 89. 
29 O. O. o. o. O. 145. 602. 270. 174. 48. O. 109. 
30 O. O. o. o. O. 639. 535. 2n. 44. 225. 128. 88. 
31 O. O. o. o. o. O. 523. 200. O. 129. O. 212. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1987 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 986. O. 63. 418. O. O. O. O. O. O. 212. 186. 
2 783. 122. O. 299. O. O. O. 38. O. O. 359. 62. 
3 427. O. 58. 168. O. O. 132. O. O. O. 402. 113. 
4 463. O. O. 168. O. 31. O. O. O. O. 885. 118. 
5 695. 128. O. 117. O. O. O. O. O. O. 1131. 94. 
6 550. O. O. 111. O. O. O. O. O. O. 883. O. 
7 353. 62. 315. 86. 32. O. O. o. o. o. n5. 42. 
8 27'9. 30. 441. 88. 60. 62. 111. O. O. O. 527. 96. 
9 246. 54. 273. O. O. O. O. O. O. O. 343. 47. 

10 202. 32. 162. 88. 30. 99. O. 44. O. O. 284. 103. 
11 17'9. 58. 173. O. O. o. o. o. o. O. 297. O. 
12 101. O. 62. 102. 70. 37. 76. O. O. 140. 146. 30. 
13 91. 52. 80. 47. 56. O. O. o. O. 839. 1n. n. 
14 108. O. 70. 57. 33. 87. O. O. O. 53. 147. O. 
15 86. 93. O. O. 70. O. 88. O. O. 616. 111. 99. 
16 99. O. 70. 98. 45. 67. O. O. O. O. 119. O. 
17 84. 93. O. O. 49. O. 168. O. O. 386. 106. 43. 
18 116. O. 83. O. 36. 94. O. O. o. O. 716. 82. 
19 O. SO. O. O. O. O. 134. O. O. 184. 1133. O. 
20 114. O. O. 39. 113. O. 87. O. O. O. 1686. 42. 
21 O. 92. 70. O. o. n. 193. O. O. 91. 1412. O. 
22 115. O. O. o. o. O. 122. O. O. 55. 739. 76. 
23 68. 64. O. O. O. 37. 217. O. O. O. 554. O. 
24 133. O. O. O. 46. O. O. O. O. 77. 445. O. 
25 70. O. 62. 41. O. O. 45. O. O. O. 442. 46. 
26 128. 101. 83. O. O. O. O. O. O. 47. 345. O. 
27 O. O. 271. O. O. O. O. O. O. O. 251. O. 
28 103. O. 295. O. O. O. o. o. o. O. 215. 82. 
29 105. O. 312. 33. O. 39. O. O. O. 56. 195. O. 
30 O. O. 460. O. O. 102. 38. O. O. O. 148. O. 
31 104. O. 556. O. 31. O. O. O. o. o. o. O. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1988 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 33. o. 66. 60. o. o. 58. 246. 170. o. o. 38. 
2 O. o. o. o. 93. o. o. 636. 273. o. o. o. 
3 o. 43. o. o. o. o. 53. 621. 156. 68. o. o. 
4 90. o. 35. 50. O. o. o. 437. 178. o. O. O. 
5 o. 78. o. o. o. o. o. 294. 72. 85. 151. o. 
6 O. O. 101. o. 35. o. o. 442. 95. o. o. o. 
7 o. o. o. o. o. o. o. 414. 56. o. 90. o. 
8 O. 2n. 63. o. o. o. o. 197. 173. 53. o. o. 
9 61. 96. n. 60. o. o. o. 226. 160. o. 43. o. 

10 32. 571. 58. o. o. o. o. 433. 181. o. o. o. 
11 122. 58. 79. O. o. o. o. 1013. 64. o. o. o. 
12 o. 249. n. o. o. o. o. 906. 93. 44. 67. o. 
13 162. o. o. o. o. o. 75. 799. 56. o. o. 60. 
14 o. 127. 48. o. 32. o. o. 935. 93. o. o. o. 
15 o. o. o. o. 38. o. 47. 569. o. o. o. o. 
16 56. 1n. 79. o. 198. o. o. 479. 41. o. o. o. 
17 o. o. o. o. o. o. o. 407. 96. o. o. o. 
18 67. 90. 79. o. 88. o. 98. 288. o. o. o. o. 
19 o. 76. 322. o. o. o. n. 399. 32. 49. o. o. 
20 43. 97. 431. o. o. o. 411. 279. 32. o. o. O. 
21 33. o. 299. o. 65. o. 165. 481. o. o. o. o. 
22 43. 40. 223. o. o. o. 186. 534. 42. o. 52. o. 
23 o. 110. 173. o. o. o. 158. 465. o. o. o. o. 
24 176. o. 61. o. o. o. 93. 779. o. o. o. o. 
25 o. 147. 93. o. o. o. 74. 527. o. o. o. o. 
26 103. o. 59. O. o. o. 91. 592. 70. o. o. o. 
27 37. o. 85. o. o. o. 65. 362. o. o. o. o. 
28 112. 60. 62. o. o. o. 92. 242. o. o. o. o. 
29 o. o. o. o. o. o. 119. 169. o. o. o. o. 
30 o. o. 85. o. o. 36. 2n. 145. 30. o. o. o. 
31 133. o. o. o. o. o. 238. 173. o. o. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1989 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. o. o. o. o. o. o. 32. 63. 95. 82. o. 
2 o. o. o. o. O. O. O. 61. 333. 210. O. O. 
3 O. O. o. O. O. O. O. 99. 285. 79. 55. O. ,. o. o. o. O. O. O. O. O. 286. 92. O. o. 
5 o. o. o. O. O. O. o. 31. 369. 67. O. O. 
6 o. O. o. o. O. O. O. O. 1094. 96. 75. O. 
7 o. O. O. O. O. O. 204. O. 497. 99. O. o. 
8 o. O. O. o. o. o. o. O. 342. 1995. o. o. 
9 o. o. O. o. o. O. o. O. 289. 1887. o. o. 

10 O. O. 73. O. o. O. O. 73. 187. 1885. O. o. 
11 O. O. O. O. o. o. O. O. 163. 1938. O. o. 
12 o. O. O. 39. o. O. O. 64. 164. 1394. O. O. 
13 o. O. o. o. O. O. O. 72. 70. 1046. O. o. 
14 O. o. o. o. o. O. O. 170. 108. 673. o. O. 
15 O. o. 33. O. o. O. O. 82. 68. 651. O. o. 
16 O. o. o. 31. o. O. O. 84. 91. 630. O. O. 
17 O. O. o. 47. O. o. o. 86. 138. 323. o. O. 
18 O. o. 108. O. o. O. O. 71. 201. 446. O. O. 
19 O. o. O. 80. O. o. O. 122. 171. 318. o. o. 
20 o. o. 56. O. o. O. o. 370. 185. 405. O. o. 
21 o. o. o. 135. o. O. O. 324. 78. 293. O. O. 
22 O. O. o. O. O. O. O. 302. 90. 189. O. O. 
23 O. O. O. O. o. O. O. 305. 75. 262. o. O. 
24 o. o. o. 42. o. O. O. 212. 94. 94. O. o. 
25 O. o. O. o. O. o. o. 290. 623. 150. O. 96. 
26 o. o. o. o. O. o. o. 170. 574. 86. O. 191. 
27 o. O. o. o. o. O. O. 305. 303. 153. O. 65. 
28 o. o. o. O. O. O. O. 182. 318. 87. O. O. 
29 o. O. o. O. O. O. O. 184. 189. O. o. 78. 
30 o. O. o. O. o. O. o. 76. 189. 68. O. O. 
31 O. o. o. o. O. O. O. 162. O. 63. O. 82. 
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MAKEUP+PROCESS YATER FROM THE CANAL 
YEAR: 1974 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.1 
10 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 
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MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1975 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 1.3 1.4 1.6 1.7 7.7 1.7 7.7 7.7 7.7 7.4 1.3 
3 7.2 7.3 7.4 .0 7.7 7.1 1.1 7.7 1.7 7.7 7.4 1.3 
4 7.2 7.3 1.4 1.6 7.7 7.7 7.7 1.7 7.7 7.7 7.4 1.3 
5 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.1 7.1 7.4 7.3 
6 7.2 7.3 7.4 .0 7.7 .0 7.7 7.1 1.1 1.7 7.4 7.3 
7 7.2 1.3 7.4 .0 1.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
8 1.2 7.3 7.4 7.6 1.7 .0 7.1 1.7 7.7 7.1 7.4 1.3 
9 7.2 1.3 1.4 .0 7.1 .0 7.7 7.7 7.7 7.7 1.4 7.3 

10 7.2 7.3 7.4 .0 1.1 .0 1.1 1.1 7.7 7.7 1.4 1.3 
11 7.2 7.3 1.4 .0 7.1 .0 1.1 1.1 1.1 7.7 7.4 1.3 
12 7.2 7.3 7.4 1.6 7.7 .0 1.7 7.1 1.1 1.7 1.4 1.3 
13 7.2 7.3 1.4 7.6 7.7 .0 1.1 7.1 7.7 7.1 7.4 7.3 
14 7.2 7.3 7.4 1.6 7.7 .0 7.7 7.7 7.1 7.7 1.4 1.3 
15 7.2 7.3 7.4 7.6 7.1 .0 7.7 1.7 7.7 7.1 7.4 7.3 
16 7.2 7.3 7.4 1.6 7.1 .0 7.7 7.7 7.7 7.1 7.4 7.3 
17 7.2 7.3 1.4 1.6 7.1 .0 7.7 7.7 7.7 7.7 1.4 1.3 
18 7.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.1 7.4 1.3 
19 7.2 7.3 7.4 1.6 7.7 .0 1.7 7.7 7.7 1.7 1.4 7.3 
20 7.2 7.3 7.4 7.6 1.7 .0 7.7 1.7 7.7 1.1 7.4 1.3 
21 7.2 1.3 1.4 7.6 7.1 7.7 7.7 7.7 7.7 7.7 1.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.1 1.4 7.3 
23 7.2 7.3 7.4 1.6 7.7 1.7 1.7 7.7 7.7 7.7 1.4 7.3 
24 7.2 7.3 7.4 1.6 1.7 7.1 1.7 7.7 1.7 1.7 1.4 1.3 
25 7.2 7.3 7.4 1.6 1.7 1.1 7.1 7.7 7.7 7.7 1.4 7.3 
26 7.2 7.3 1.4 7.6 1.7 1.1 7.1 1.7 7.7 7.7 1.4 1.3 
27 7.2 7.3 7.4 7.6 7.7 1.7 1.1 1.7 1.1 7.1 1.4 1.3 
28 7.2 7.3 7.4 1.6 7.1 7.1 1.7 1.1 7.1 7.1 1.4 1.3 
29 7.2 .0 7.4 7.6 7.1 7.7 1.7 1.1 1.7 7.7 7.4 1.3 
30 7.2 .0 7.4 1.6 7.7 7.7 1.1 7.1 1.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.1 7.7 .0 7.7 .0 1.3 
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MAKEUP+PROCESS YATER FROM THE CANAL 
YEAR: 1976 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 
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MAKEUP+PROCESS VATER FROM THE CANAL 
YEAR: 1977 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

D-37 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1978 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

" 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

D-38 

• • • 



• • • 
MAKEUP+PROCESS YATER FROM THE CANAL 
YEAR: 1979 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.1 

D-J9 



MAKEUP+PROCESS YATER FROM THE CANAL 
YEAR: 1980 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.1 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.1 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

D-40 

• • • 



• • • 
MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1981 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 .0 .0 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 .0 .0 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 .0 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 .0 .0 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 .0 .0 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 

D-41 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1982 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

0-42 

• • • 



• • • 
MAKEUP+PROCESS VATER FROM THE CANAL 
YEAR: 1983 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

D-43 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1984 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

D-44 

• • • 



• • • 
MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1985 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 

D-45 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1986 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 I 
31 7.2 .0 7.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 
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• • • 
MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1987 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 1.4 7.6 7.7 7.7 1.7 7.7 7.7 7.1 7.4 7.3 
2 7.2 7.3 1.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 1.2 7.3 1.4 7.6 7.7 7.7 7.7 7.7 7.7 1.7 7.4 7.3 
4 1.2 1.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 1.2 7.3 1.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.1 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 1.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 1.7 7.4 7.3 

10 1.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 1.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 1.2 7.3 1.4 7.6 7.7 7.7 1.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 1.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 1.7 7.7 7.7 7.7 7.4 1.3 
15 7.2 7.3 1.4 7.6 7.7 7.7 7.7 7.7 7.7 7.1 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 1.3 
17 7.2 7.3 7.4 7.6 7.7 7.1 7.7 7.7 7.7 7.7 7.4 7.3 
18 1.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 1.3 7.4 7.6 7.7 1.7 7.7 7.7 7.7 1.1 7.4 7.3 
21 1.2 1.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 1.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 1.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 1.1 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 1.7 7.7 7.7 7.1 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 1.7 7.7 7.7 7.1 1.4 7.3 
27 7.2 7.3 1.4 7.6 7.7 7.7 7.7 7.7 7.1 7.7 7.4 7.3 
28 7.2 7.3 7.4 1.6 7.7 7.1 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 1.1 7.1 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

D-47 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1988 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 
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• • • 
MAKEUP+PROCESS VATER FROM THE CANAL 
YEAR: 1989 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 1.2 1.3 1.4 1.6 1.1 .0 1.1 7.7 7.1 1.7 1.4 1.3 
2 1.2 7.3 1.4 1.6 1.1 .0 7.7 7.7 1.7 1.7 1.4 1.3 
3 1.2 1.3 1.4 7.6 1.7 .0 7.7 7.7 7.7 7.7 1.4 7.3 
4 7.2 1.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.1 7.4 7.3 
5 1.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.1 7.4 7.3 
6 1.2 1.3 7.4 7.6 1.7 .0 7.7 7.1 7.7 7.7 7.4 7.3 
7 1.2 1.3 7.4 7.6 1.7 .0 7.7 7.7 7.7 7.1 7.4 1.3 
8 1.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 1.7 1.4 1.3 

10 1.2 7.3 1.4 7.6 1.7 .0 7.7 7.7 1.7 1.1 7.4 7.3 
11 1.2 1.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 1.3 
12 1.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 1.7 7.7 7.4 7.3 
13 7.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
14 7.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
15 1.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.1 7.4 .0 
16 1.2 1.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.1 7.4 .0 
17 1.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
18 7.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 1.4 .0 
19 7.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
20 1.2 1.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
21 1.2 1.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
22 1.2 1.3 1.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
23 1.2 7.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 1.4 7.3 
24 1.2 1.3 1.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 1.3 
25 1.2 1.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 1.4 1.3 
26 7.2 1.3 1.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 1.3 1.4 7.6 .0 .0 7.7 7.7 7.7 1.7 7.4 7.3 
28 7.2 1.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.1 7.4 7.3 
29 1.2 .0 1.4 1.6 .0 7.7 7.7 7.7 7.7 1.7 1.4 1.3 
30 7.2 .0 7.4 7.6 .0 7.7 7.7 7.7 7.1 7.7 7.4 7.3 
31 7.2 .0 1.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 
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APPENDIX E 

Simulated Canal Water Elevations and Spillway Flows 

for Canal Water Levels Above 17 ft-msl 



• • • 
YEARS OF DATA: 16, (1974-1989) 

Omakeup Vater (gpm). 3238. 3257. 3305. 3408. 3438. 3454. 3463_ 3469. 3441. 3438. 3308. 3264. 

Sum of Qsp (efs)· 855786. (historic data) 
Sum of Storage (efs): 52. 

Sum of Qin (efs): 855848. (historic data) 

Sum of New Qsp (efs)a 813970. (after makeup and process water withdrawal) 

Sum of Gmakeup and • 41829. 
Process Vater (efs) 

E-l 



CALCULATED 
CANAL VATER ELEVATIONS 
YEAR: 1974 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.87 19.06 18.88 19.08 19.05 18.06 19.05 19.05 19.05 19.05 18.87 19.05 
2 18.86 19.05 19.00 19.09 19.00 18.03 19.05 19.05 19.05 19.05 18.97 18.87 
3 18.93 18.83 18.96 19.05 18.94 18.02 19.05 19.05 19.05 19.05 19.01 19.05 
4 19.19 19.08 18.95 18.99 18.86 18.03 19.05 19.05 19.05 19.05 19.05 19.10 
5 19.05 19.05 18.94 18.99 18.78 18.52 19.05 19.05 19.05 19.05 19.10 19.08 
6 18.74 18.81 18.94 19.05 18.71 19.03 19.05 19.05 19.05 19.05 19.22 19.12 
7 19.05 18.83 18.93 19.05 18.63 19.05 19.05 19.05 19.05 19.05 19.05 19.21 
8 19.05 18.87 19.06 19.05 18.56 19.22 19.05 19.05 19.20 19.05 19.05 19.05 
9 18.83 18.91 19.18 19.03 18.52 19.05 19.05 19.05 19.05 19.05 19.05 19.05 

10 18.89 19.07 19.13 19.05 18.48 18.67 19.05 19.05 19.05 19.05 18.93 19.05 
11 19.15 19.17 19.10 19.05 18.40 18.89 19.05 19.05 19.05 19.05 19.22 19.03 
12 19.05 19.13 19.09 18.96 18.34 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
13 18.74 19.13 19.07 18.96 18.28 19.21 19.05 19.05 19.05 19.05 19.18 19.02 
14 19.06 19.14 19.04 19.00 18.20 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
15 19.05 19.14 19.20 19.05 18.16 19.09 19.05 19.05 19.05 19.05 18.55 19.05 
16 19.00 19.14 19.05 19.04 18.37 19.05 19.05 19.05 18.95 19.05 18.n 19.05 
17 19.23 19.05 18.73 19.05 18.54 18.73 19.05 19.05 19.05 19.05 18.93 19.05 
18 19.25 18.91 18.71 19.05 18.49 18.92 19.05 19.05 19.14 19.05 19.05 19.05 
19 19.05 18.88 18.68 18.97 18.47 19.00 19.05 19.05 19.05 18.78 19.03 19.00 
20 18.76 18.93 18.65 18.96 18.43 18.99 19.05 19.05 18.77 19.05 19.11 19.05 
21 18.76 18.98 18.64 19.01 18.37 18.93 19.05 19.05 19.05 19.05 19.05 19.04 
22 18.82 19.14 18.63 19.05 18.30 19.10 19.05 19.05 18.86 18.80 18.86 19.21 
23 19.06 19.05 18.57 19.03 18.23 19.05 19.05 19.05 19.05 19.05 18.92 19.05 
24 19.22 18.80 18.52 19.02 18.15 19.13 19.05 19.05 19.05 19.20 19.15 18.82 
25 19.21 18.81 18.49 19.23 18.08 19.05 19.05 19.05 19.05 19.21 19.05 19.04 
26 19.25 18.79 18.53 19.05 18.00 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
27 19.05 18.76 18.67 18.70 17.93 19.05 19.05 19.05 19.05 18.81 19.05 18.94 
28 19.03 18.73 18.88 18.73 17.86 19.05 19.05 19.05 19.05 18.89 19.06 19.08 
29 19.20 .00 19.16 18.74 17.79 19.05 19.05 19.05 19.05 19.11 19.05 19.05 
30 19.22 .00 19.05 18.92 17.75 19.05 19.05 1~.05 19.05 19.05 19.05 18.86 
31 19.05 .00 18.92 .00 17.92 .00 19.05 19.05 .00 18.85 .00 18.86 
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CALCULATED 
CANAL VATER ELEVATIONS 
YEAR: 1975 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.95 19.05 19.05 16.99 18.27 17.35 19.05 17.36 18.85 19.05 19.05 19.23 
2 19.05 18.67 18.81 16.98 18.17 17.44 19.05 17.43 19.05 19.05 19.05 19.05 
3 19.07 18.68 19.22 16.97 18.05 17.51 19.05 17.39 19.05 19.05 19.05 18.76 
4 19.07 18.68 19.05 17.07 17.93 17.53 19.05 17.30 19.05 19.05 19.05 18.73 
5 19.13 18.67 18.55 17.13 17.80 17.50 19.05 17.19 19.05 19.05 19.22 18.74 
6 19.05 19.00 18.61 17.10 17.68 17.45 19.05 17.11 19.05 19.05 19.05 18.75 
7 18.90 19.05 18.63 17.12 17.59 17.39 18.76 17.14 19.05 19.05 19.05 18.76 
8 18.89 18.80 18.64 17.14 17.50 17.34 19.05 17.15 19.05 19.05 19.15 19.05 
9 18.94 18.82 18.62 17.13 17.37 17.29 19.05 18.95 19.05 19.05 19.05 19.05 

10 19.05 19.05 18.58 17.10 17.25 17.24 19.24 19.05 19.05 19.05 18.97 19.01 
11 19.09 19.24 18.50 17.13 17.19 17.21 19.05 18.08 19.05 19.05 19.05 19.05 
12 19.07 19.05 18.38 17.70 17.11 17.16 19.20 19.05 19.05 19.05 19.11 19.05 
13 19.12 18.86 18.25 18.19 17.09 17.11 19.05 19.05 19.05 19.15 19.05 19.05 
14 19.05 18.85 18.12 18.38 17.10 17.05 19.05 19.05 19.05 19.05 19.02 19.05 
15 18.91 18.89 18.03 18.57 17.09 16.99 19.05 19.05 19.05 18.97 19.04 19.05 
16 18.89 18.92 17.96 18.59 17.18 16.96 18.62 19.05 19.05 19.05 19.05 19.01 
17 18.91 19.15 17.88 19.14 17.31 16.99 19.05 19.05 19.05 19.14 19.01 19.05 
18 18.93 19.05 17.81 19.05 17.38 17.09 19.05 19.05 19.05 19.05 19.04 19.18 
19 18.94 18.73 17.74 19.07 17.79 17.22 19.05 19.05 19.05 19.05 19.05 19.05 
20 19.05 18.73 17.68 19.05 17.99 17.41 19.05 19.05 19.05 19.05 18.99 18.83 
21 19.12 18.75 17.60 18.48 17.75 17.99 19.20 19.05 19.05 19.05 18.99 19.05 
22 19.09 19.05 17.52 18.87 17.64 18.44 19.05 19.05 19.05 19.05 19.05 19.16 
23 19.14 19.05 17.45 19.16 17.54 18.86 18.79 19.05 19.05 19.05 19.04 19.05 
24 19.22 19.05 17.38 19.16 17.44 19.05 18.54 19.05 19.05 19.05 19.02 19.05 
25 19.05 19.05 17.31 19.05 17.33 19.05 18.13 19.05 19.05 18.92 19.05 19.05 
26 19.05 19.05 17.23 18.83 17.22 19.05 17.94 19.05 19.05 19.05 19.06 19.05 
27 19.23 19.05 17.13 18.71 17.13 19.11 17.92 19.05 19.05 19.24 19.05 19.05 
28 19.23 19.05 17.05 18.59 17.09 19.05 17.76 19.05 19.05 19.05 19.00 18.88 
29 19.24 .00 17.03 18.48 17.09 19.05 17.41 19.05 19.05 19.05 18.97 19.02 
30 19.05 .00 17.02 18.37 17.15 19.05 17.22 19.05 19.05 19.05 19.08 19.05 
31 19.14 .00 17.01 .00 17.25 .00 17.26 19.05 .00 19.05 .00 19.02 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1976 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.16 19.05 19.05 17.91 18.49 19.05 19.05 19.05 19.05 19.05 18.96 19.05 
2 19.05 19.09 18.87 18.18 18.88 19.05 19.05 19.05 19.05 19.05 19.05 18.96 
3 18.84 19.07 19.05 18.42 18.93 19.05 19.05 19.05 19.05 19.05 19.05 18.96 
4 18.81 19.10 19.13 18.35 19.05 19.05 19.05 19.05 19.05 19.05 19.05 18.99 
5 18.82 19.13 19.11 18.29 19.11 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
6 18.81 19.05 19.13 18.25 19.06 19.05 19.05 19.05 19.05 19.05 18.93 19.06 
7 18.79 18.91 19.14 18.24 19.03 19.05 19.05 19.05 19.05 19.05 19.05 19.08 
8 19.13 18.85 19.05 18.65 19.00 19.05 19.05 19.05 19.05 19.06 19.17 19.05 
9 19.05 18.80 18.91 19.25 19.05 19.05 19.05 19.05 19.05 19.05 19.17 19.02 

10 18.62 18.75 18.87 19.05 19.08 19.05 19.05 19.05 19.05 19.06 19.05 19.05 
11 18.64 18.71 18.86 18.70 19.05 19.05 19.05 19.05 19.05 19.05 18.85 19.00 
12 18.68 18.67 18.84 19.17 19.05 19.05 19.05 19.05 19.05 19.03 18.86 19.05 
13 18.69 18.63 18.81 19.05 19.04 19.05 19.05 19.05 19.05 19.05 19.05 19.10 
14 19.17 18.61 18.78 18.51 19.05 19.05 19.05 19.05 19.05 19.03 19.22 19.05 
15 19.05 19.18 18.75 18.53 19.05 19.05 19.05 19.05 19.05 19.02 19.05 19.02 
16 18.44 19.05 18.70 18.53 19.05 19.05 19.05 19.05 19.05 19.05 19.22 19.05 
17 18.45 18.34 19.04 18.50 19.05 19.05 19.05 19.05 19.05 19.00 19.05 19.11 
18 18.44 18.31 19.05 18.44 19.05 19.05 19.05 19.05 19.05 19.05 18.54 19.05 
19 18.41 18.29 18.65 18.39 19.05 19.05 19.05 19.05 19.05 19.11 18.n 19.00 
20 18.38 18.27 18.60 18.60 19.05 19.05 19.05 19.05 19.05 19.05 18.94 19.05 
21 18.82 18.24 18.55 18.80 19.05 19.05 19.05 19.05 19.05 18.97 18.94 19.05 
22 19.23 18.20 18.50 18.74 19.05 19.05 19.05 19.05 19.05 18.96 19.02 19.05 
23 19.18 18.17 18.48 18.69 19.05 19.05 19.05 19.05 19.05 18.99 19.05 19.05 
24 19.13 18.12 18.44 18.62 19.05 19.05 19.05 19.05 19.05 19.05 19.01 19.06 
25 19.09 18.69 18.37 18.56 19.05 19.05 19.05 19.05 19.05 19.07 18.99 19.05 
26 19.05 19.24 18.31 18.49 19.05 19.05 19.05 19.05 19.05 19.06 19.01 19.05 
27 19.04 19.25 18.25 18.42 19.05 19.05 19.05 19.05 19.05 19.10 19.05 19.05 
28 19.05 19.05 18.18 18.34 19.05 19.05 19.05 19.05 19.05 19.05 19.04 19.00 
29 19.05 19.05 18.12 18.26 19.05 19.05 19.05 19.05 19.05 18.95 19.02 19.05 
30 19.02 .00 18.05 18.18 19.05 19.05 19.05 19.05 19.05 18.91 19.08 19.12 
31 18.99 .00 17.98 .00 19.05 .00 19.05 19.05 .00 18.94 .00 19.05 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 19n 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.99 19.24 18.88 19.05 17.24 18.80 19.04 18.78 19.05 19.01 19.07 19.05 
2 19.05 19.05 19.05 18.62 17.16 19.20 19.23 19.23 19.05 19.05 19.08 19.05 
3 19.08 18.80 19.18 18.57 17.12 19.05 19.05 19.05 19.05 19.06 19.08 19.05 
4 19.05 19.05 19.05 18.53 17.13 19.02 18.66 18.40 19.05 19.05 19.05 19.05 
5 19.04 19.19 18.94 18.49 17.11 19.05 18.65 18.36 19.05 18.89 19.07 19.05 
6 19.05 19.05 18.94 18.44 17.13 19.19 18.63 18.31 19.05 19.24 19.05 19.05 
7 19.05 18.90 19.05 18.39 17.17 19.05 18.61 18.26 19.05 19.05 18.98 19.05 
8 19.05 18.92 19.08 18.32 17.12 18.n 18.59 18.21 19.05 18.86 19.05 19.05 
9 19.02 19.05 19.07 18.25 17.12 19.05 18.70 18.17 19.05 19.05 19.08 19.05 

10 19.05 19.12 19.10 18.18 17.15 19.05 18.n 18.12 19.05 19.24 19.16 19.05 
11 19.05 19.18 19.05 18.11 17.13 19.05 18.71 18.31 19.05 19.05 19.05 19.05 
12 19.02 19.05 18.95 18.03 17.14 18.84 18.66 18.48 19.05 19.05 18.81 19.05 
13 19.14 18.82 18.94 17.95 17.46 18.86 18.60 19.19 19.05 19.16 19.05 19.05 
14 19.05 18.83 19.00 17.89 17.73 19.05 18.56 19.05 19.05 19.14 19.05 19.05 
15 18.83 18.91 19.05 17.85 17.65 19.14 18.57 18.85 19.15 19.14 18.81 19.05 
16 19.05 19.05 19.04 17.79 17.59 19.11 18.61 19.05 19.05 19.15 18.82 19.05 
17 19.05 19.14 19.01 17.71 17.51 19.13 19.05 19.04 18.98 19.05 18.83 19.05 
18 19.05 19.15 19.02 17.62 17.42 19.05 19.05 19.05 19.05 19.01 19.05 19.05 
19 19.05 19.20 19.04 17.54 17.33 18.92 19.14 18.60 19.05 19.16 19.23 19.05 
20 19.05 19.05 19.04 17.47 17.24 18.91 19.05 18.60 19.05 19.05 19.20 19.05 
21 19.05 18.85 19.05 17.39 17.16 19.05 18.49 18.57 19.05 18.92 19.22 19.05 
22 19.05 18.83 19.03 17.31 17.11 19.05 18.56 18.51 19.05 18.98 19.24 19.05 
23 19.05 18.88 18.98 17.24 17.10 18.92 18.92 18.30 19.05 19.05 19.05 19.05 
24 19.05 19.05 18.95 17.17 17.09 19.05 19.23 17.98 19.05 19.08 19.05 19.05 
25 19.05 19.19 18.91 17.12 17.08 19.20 19.23 17.68 19.05 19.09 19.05 19.05 
26 19.05 19.05 18.90 17.09 17.08 19.05 19.05 17.47 19.05 19.05 19.05 19.05 
27 19.05 19.06 18.88 17.30 17.18 18.85 19.09 17.49 19.05 18.91 19.05 19.05 
28 19.05 19.05 18.84 17.46 17.32 18.94 19.05 17.79 19.05 18.90 18.81 19.05 
29 19.05 .00 18.81 17.38 17.39 19.07 18.n 18.24 19.05 18.95 19.05 19.05 
30 18.89 .00 18.78 17.31 17.43 19.07 18.n 19.05 19.05 19.05 19.05 19.05 
31 19.05 .00 19.11 .00 18.16 .00 18.78 19.05 .00 19.10 .00 19.05 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1978 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 18.74 19.05 19.05 18.92 18.93 19.05 19.05 19.05 19.05 1B.87 18.94 
2 19.05 19.05 19.05 19.05 18.96 18.89 19.05 19.05 19.05 19.05 19.05 19.05 
3 19.05 19.05 19.05 19.05 19.05 18.84 19.05 19.05 19.15 19.05 19.05 19.13 
4 19.05 19.05 19.05 19.05 19.05 18.80 19.05 19.05 19.05 19.05 19.05 19.23 
5 19.05 19.05 19.05 18.90 19.05 19.04 19.05 19.05 19.05 19.05 19.05 19.05 
6 18.n 19.05 19.05 18.93 19.05 19.05 19.05 19.05 19.05 19.05 19.05 1B.69 
7 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 18.88 19.05 19.05 18.71 
8 19.05 19.05 19.05 19.11 19.05 19.05 18.67 19.12 19.05 19.05 19.05 19.25 
9 1B.74 19.05 19.05 19.08 18.97 19.05 19.18 19.05 19.08 19.05 19.05 19.05 

10 19.05 19.05 19.05 19.09 18.99 19.05 19.05 18.93 19.05 19.05 19.05 1B.39 
11 19.05 19.05 19.05 19.10 19.05 18.86 19.21 19.05 19.05 19.05 19.05 18.99 
12 18.70 19.03 19.05 19.08 19.02 19.05 19.05 18.95 19.05 19.05 19.05 19.05 
13 19.05 19.05 19.05 19.05 18.98 19.17 18.98 19.05 19.05 19.05 19.05 18.61 
14 19.05 19.07 19.05 18.99 18.99 19.05 19.05 19.11 19.05 19.05 19.05 18.74 
15 19.05 19.05 19.05 18.95 18.97 18.96 19.05 19.05 19.05 19.05 19.05 19.20 
16 19.05 19.01 19.05 18.94 18.93 19.13 19.05 19.05 19.05 19.05 19.05 19.05 
17 18.69 19.05 19.05 18.92 18.89 19.05 19.08 19.05 19.05 19.05 19.05 1B.52 
18 19.05 19.05 19.05 19.19 19.13 19.16 19.05 19.05 19.05 19.05 1B.86 18.55 
19 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.14 18.73 
20 19.05 19.05 19.05 19.05 18.80 18.60 19.05 19.05 19.05 19.05 19.05 19.05 
21 19.05 19.05 19.05 19.05 18.98 18.60 19.05 19.05 18.n 19.24 19.02 19.16 
22 19.05 19.05 19.05 19.05 19.06 19.10 19.05 19.05 19.05 19.05 19.05 19.15 
23 19.05 19.05 19.05 19.05 19.02 19.05 19.05 19.05 19.05 18.89 18.96 19.19 
24 19.05 19.05 18.97 19.22 18.97 19.05 19.05 19.05 19.05 19.05 19.05 19.21 
25 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.12 19.07 19.05 
26 18.97 19.12 19.12 18.33 19.11 18.96 19.05 19.05 19.05 19.05 19.05 18.90 
27 19.05 19.05 19.05 18.71 19.06 19.05 19.05 19.05 19.05 18.53 19.05 19.05 
28 19.05 19.05 19.05 18.99 19.04 19.05 19.05 19.22 19.05 18.n 19.05 19.05 
29 19.05 .00 19.05 18.95 19.02 19.05 19.05 19.05 19.05 18.90 19.02 19.05 
30 19.18 .00 19.05 18.94 19.01 19.05 19.05 19.05 19.05 19.10 19.05 19.05 
31 19.05 .00 19.05 .00 18.97 .00 19.05 19.05 .00 19.05 .00 19.05 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1979 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 19.05 19.19 18.62 19.05 19.05 19.05 19.05 19.05 19.05 19.10 19.05 
2 19.05 19.05 19.05 18.62 19.05 19.05 18.50 19.20 19.05 19.05 19.05 19.00 
3 19.05 19.05 19.05 18.98 18.94 19.05 18.51 19.20 19.05 19.05 19.02 19.05 
4 19.05 19.05 19.18 19.05 19.06 19.05 18.93 19.05 19.05 19.05 19.05 19.01 
5 19.05 19.05 19.05 18.n 19.14 19.05 19.24 19.05 19.05 19.05 19.04 19.09 
6 19.05 19.05 19.05 18.18 19.05 19.05 19.21 19.19 19.05 19.05 19.05 19.05 
7 19.05 19.05 19.05 18.16 18.89 19.23 19.23 19.05 19.05 19.05 19.00 19.05 
8 19.05 19.05 19.05 18.13 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
9 19.05 19.05 19.05 18.11 19.05 18.46 19.05 19.12 19.05 19.05 19.13 19.05 

10 19.05 19.05 19.05 18.95 19.05 18.48 19.05 19.05 19.05 19.05 19.05 19.05 
11 19.05 19.13 19.10 19.14 19.05 19.04 19.05 19.05 19.05 19.11 19.05 19.05 
12 19.05 19.05 19.05 19.10 19.05 19.05 19.05 19.05 19.05 19.05 19.10 19.05 
13 19.05 19.05 19.05 19.08 19.05 18.55 19.05 19.05 19.05 18.38 19.05 19.05 
14 19.05 19.05 19.04 19.06 19.05 18.84 19.05 19.05 19.05 19.05 19.05 19.10 
15 19.05 19.07 19.05 19.03 19.05 19.01 19.05 19.05 19.05 19.05 19.03 19.05 
16 19.05 19.05 19.09 19.01 19.05 19.06 19.05 19.05 19.05 19.19 19.05 19.00 
11 19.05 19.05 19.18 19.14 19.05 19." 19.05 19.05 19.05 19.05 19.05 19.05 
18 19.05 19.05 19.05 19.19 19.05 19.05 19.05 19.05 19.05 18.14 19.01 19.10 
19 19.05 19.04 18.80 19.05 19.05 18.93 19.05 19.05 19.05 19.05 19.05 19.12 
20 19.05 19.05 18.79 18.98 19.05 18.88 19.05 19.05 19.05 19.05 19.05 19.05 
21 19.05 19.01 19.05 19.05 19.05 18.87 18.81 19.10 19.05 19.05 18.91 18.90 
22 19.05 19.05 19.24 19.01 19.05 18.85 19.05 19.05 19.05 19.05 19.01 18.93 
23 19.05 18.89 19.23 19.10 19.05 19.05 19.05 18.95 19.05 19.04 19.05 19.05 
24 19.05 19.05 19.05 19.05 19.05 19.22 19.05 18.86 19.05 19.05 19.02 19.15 
25 19.05 19.05 18.85 19.03 19.05 19.19 19.05 18.61 19.05 19.05 19.05 19.22 
26 19.05 19.05 19.00 19.05 19.05 19.21 18.80 18.35 19.05 19.03 19.02 19.05 
27 19.05 19.05 19.05 18.90 19.05 19.05 19.02 18.12 19.05 19.05 19.05 18.80 
28 19.05 19.05 19.25 18.81 19.05 19.12 19.05 18.05 19.05 19.11 19.09 18.18 
29 19.05 .00 19.05 18.86 19.05 19.05 18.84 18.13 19.05 19.05 19.05 18.83 
30 19.05 .00 18.58 18.86 19.05 19.16 18.83 19.05 19.05 19.00 19.06 19.05 
31 19.05 .00 18.60 .00 19.05 .00 18.81 19.05 .00 19.05 .00 19.22 

E-7 



CALCULATED 
CANAL ~ATER ELEVATIONS 
YEAR: 1980 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.20 19.05 19.05 19.05 19.05 18.95 19.05 19.05 19.05 19.05 19.11 18.86 
2 19.22 19.05 19.05 19.05 19.05 19.03 19.05 19.05 19.05 19.05 19.07 19.05 
3 19.05 19.05 19.05 19.05 19.16 19.02 19.05 19.06 19.05 19.05 19.05 19.23 
4 18.83 19.05 19.05 19.05 19.05 18.94 18.98 19.16 19.05 19.05 19.08 19.05 
5 18.82 19.05 19.05 19.05 18.n 18.96 18.94 19.05 19.05 19.05 19.20 19.05 
6 18.85 19.05 19.05 19.05 19.05 18.99 18.84 18.94 19.05 19.05 19.05 19.05 
7 19.24 19.05 19.05 19.05 19.05 18.92 19.11 18.99 19.05 19.05 18.96 19.05 
8 19.05 19.05 19.05 19.05 19.21 18.85 19.05 19.18 19.05 19.05 19.05 19.05 
9 18.49 19.10 19.05 19.05 19.05 18.78 19.05 19.05 19.05 19.05 19.07 19.05 

10 18.52 19.05 19.16 19.05 18.73 18.73 19.05 18.93 19.05 19.05 19.05 19.05 
11 18.55 19.05 19.05 19.05 19.04 18.n 18.n 19.08 19.05 19.05 19.06 19.05 
12 18.84 19.05 19.00 18.82 19.05 18.70 18.78 19.24 19.05 19.05 19.23 19.05 
13 19.05 19.05 19.05 19.05 19.05 18.64 18.82 19.05 19.05 19.11 19.05 18.90 
14 19.03 19.05 19.02 19.05 19.05 18.57 18.92 18.91 19.05 19.05 18.78 19.10 
15 19.05 19.05 19.16 19.05 19.08 18.49 19.10 19.19 19.05 18.84 19.05 19.05 
16 19.05 19.05 19.05 19.16 19.05 18.41 19.05 19.05 19.05 18.91 19.05 19.05 
17 19.10 18.85 18.96 19.05 18.89 18.32 19.17 18.85 19.05 19.01 19.05 19.17 
18 19.05 19.05 19.05 18.94 19.21 18.22 19.05 18.75 19.05 19.05 19.05 19.05 
19 19.05 19.05 19.05 19.05 19.05 18.14 18.75 18.60 19.23 19.08 19.05 19.12 
20 19.19 19.05 19.05 19.05 18.83 18.09 18.97 18.95 19.05 19.24 19.05 19.05 
21 19.05 19.05 19.05 19.05 19.05 18.20 19.05 19.05 18.74 19.05 19.05 19.05 
22 18.79 19.05 19.05 19.05 19.20 18.28 19.24 18.90 19.05 19.08 19.05 19.05 
23 18.86 19.05 19.05 18.92 19.05 18.26 19.05 19.00 19.05 19.05 19.05 19.03 
24 19.05 19.05 19.05 19.05 18.87 18.51 18.90 19.05 19.05 18.86 19.05 19.05 
25 19.11 19.05 19.15 19.18 18.91 18.69 19.05 19.05 19.06 19.20 19.05 18.89 
26 19.17 19.05 19.05 19.05 19.05 18.70 19.05 19.06 19.05 19.05 19.05 19.00 
27 19.05 19.05 18.88 18.85 19.05 18.95 19.05 19.05 19.05 18.83 19.05 19.05 
28 19.05 19.05 19.19 19.05 19.24 19.19 19.05 19.19 19.05 18.94 19.05 18.99 
29 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.02 19.05 18.97 
30 19.05 .00 18.73 18.79 18.62 18.99 19.05 19.05 19.05 19.05 19.05 19.00 
31 19.05 .00 19.05 .00 18.80 .00 19.05 19.05 .00 19.09 .00 19.02 

E-8 
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• • • 
CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1981 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 19.02 18.79 18.63 17.39 17.47 17.09 17.60 19.05 19.05 19.05 18.67 
2 19.03 19.05 19.09 18.58 17.38 17.46 17.09 17.55 19.05 19.05 19.20 18.68 
3 18.99 19.05 19.05 18.52 17.35 17.47 17.10 17.71 19.05 19.05 19.17 18.68 
4 18.99 19.02 18.70 18.45 17.32 17.47 17.11 17.84 19.05 19.17 19.19 18.63 
5 18.99 19.05 18.70 18.38 17.30 17.47 17.10 19.10 19.05 19.05 19.05 18.60 
6 18.98 19.04 18.71 18.31 17.27 17.46 17.10 19.05 19.05 18.99 18.88 18.56 
7 19.05 19.02 18.69 18.23 17.29 17.50 17.09 18.27 19.05 19.05 18.87 18.51 
8 19.09 19.05 18.65 18.14 17.46 17.55 17.10 18.93 19.05 19.09 18.86 18.47 
9 19.06 19.05 18.92 18.05 17.60 17.59 17.11 19.05 19.05 19.05 19.20 18.83 

10 19.06 19.05 19.17 17.97 17.60 17.59 17.10 19.11 19.05 19.06 19.05 19.16 
11 19.05 19.01 19.13 17.90 17.78 17.58 17.09 19.05 19.05 19.22 18.57 19.10 
12 19.03 19.05 19.12 17.83 17.86 17.61 17.09 19.05 19.05 19.05 18.57 19.05 
13 19.00 19.05 19.09 17.75 17.73 17.58 17.12 19.05 19.05 18.78 18.55 19.01 
14 19.05 18.94 19.07 17.67 17.64 17.53 17.16 19.05 19.05 18.78 18.52 18.99 
15 19.09 19.05 19.05 17.58 17.58 17.52 17.14 19.05 19.05 19.05 18.48 18.98 
16 19.06 19.16 19.05 17.54 17.57 17.50 17.12 19.05 19.05 19.05 18.64 18.99 
17 19.08 19.05 19.04 17.56 17.56 17.49 17.11 19.05 19.05 18.90 18.78 19.05 
18 19.08 18.97 18.98 17.59 17.55 17.30 17.12 19.05 19.05 19.04 18.73 19.08 
19 19.05 19.05 18.97 17.59 17.54 17.12 17.15 19.05 19.05 19.05 18.69 19.04 
20 19.05 19.17 18.94 17.59 17.54 17.14 17.15 19.05 19.05 18.97 18.66 19.01 
21 19.03 19.05 18.88 17.58 17.60 17.19 17.42 19.05 19.05 18.93 18.64 18.96 
22 18.99 18.87 18.82 17.57 17.61 17.26 17.54 19.05 19.05 18.94 18.61 18.91 
23 19.00 18.86 18.81 17.55 17.56 17.29 17.35 19.05 19.05 19.17 18.58 18.91 
24 19.02 19.09 18.80 17.53 17.54 17.26 17.31 19.05 19.05 19.05 18.54 18.88 
25 19.05 19.05 18.75 17.51 17.53 17.24 17.34 19.05 19.05 18.70 18.91 18.84 
26 19.03 18.81 19.01 17.48 17.52 17.22 17.34 19.05 19.05 18.71 19.05 18.80 
27 19.00 18.82 19.05 17.46 17.52 17.18 17.32 19.05 19.05 18.71 18.79 18.75 
28 19.01 18.81 18.78 17.45 17.53 17.12 17.55 19.05 19.05 19.01 18.n 19.15 
29 19.00 .00 18.74 17.44 17.53 17.09 17.75 19.05 19.05 19.05 18.74 19.05 
30 19.05 .00 18.70 17.42 17.52 17.10 17.70 19.05 19.05 18.79 18.71 18.51 
31 19.07 .00 18.67 .00 17.50 .00 17.66 19.05 .00 18.84 .00 18.49 

E-9 



CALCULATED 
CANAL VATER ELEVATIONS 
YEAR: 1982 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.47 19.03 18.81 19.05 19.05 19.05 19.05 19.05 18.80 19.05 19.05 19.05 
2 18.45 19.05 18.n 19.05 18.64 19.05 19.05 18.88 19.05 19.05 19.25 19.05 
3 18.42 18.71 19.07 19.05 18.51 19.05 19.05 19.05 19.13 19.05 19.05 19.05 
4 18.38 18.95 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.23 
5 18.82 19.13 18.74 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
6 19.23 19.05 19.05 19.05 18.60 19.05 19.05 19.05 19.05 19.05 19.05 18.87 
7 19.19 18.92 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
8 19.18 18.94 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.25 
9 19.15 19.05 19.05 19.05 18.89 19.05 19.05 19.05 19.05 19.05 19.05 19.05 

10 19.12 19.23 19.18 19.23 19.08 19.05 19.05 19.05 19.05 19.05 18.97 18.95 
11 19.07 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
12 19.01 19.05 18.45 19.05 18.91 19.05 19.05 19.05 19.05 19.05 19.19 19.12 
13 18.96 19.24 18.48 19.05 18.87 19.13 19.05 19.05 19.05 19.05 19.05 19.05 
14 19.05 19.19 18.73 19.05 18.86 19.05 19.05 19.05 19.05 19.05 18.37 19.05 
15 19.12 19.16 18.94 19.05 18.84 19.08 19.05 19.05 19.05 19.05 18.81 19.22 
16 19.07 19.14 18.98 19.05 18.82 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
17 19.06 19.05 19.05 19.05 19.16 19.05 19.05 19.05 19.04 19.09 19.05 18.94 
18 19.03 18.95 19.06 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
19 19.05 19.05 19.02 19.05 18.67 19.05 19.05 19.05 19.04 18.95 19.05 19.01 
20 19.04 19.14 19.03 19.05 18.83 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
21 19.00 19.11 19.03 19.05 18.97 19.05 19.05 19.05 19.05 19.00 19.05 19.05 
22 18.98 19.13 19.05 19.22 19.03 19.05 19.05 19.05 19.05 19.05 19.05 19.21 
23 18.95 19.05 19.03 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
24 18.91 18.93 19.04 18.92 19.13 19.05 19.05 19.05 19.05 19.17 19.05 18.62 
25 18.88 18.88 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 18.62 
26 18.86 18.86 18.97 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.05 19.08 
27 18.82 18.84 18.95 19.05 19.05 19.05 19.05 19.05 19.05 19.13 19.05 19.05 
28 18.75 18.82 19.05 19.05 19.05 19.05 19.05 19.22 19.05 19.05 19.05 18.65 
29 18.68 .00 19.05 19.05 19.05 19.05 19.19 19.05 19.05 18.99 19.05 19.16 
30 18.62 .00 19.05 19.05 19.05 19.05 19.05 19.17 19.05 19.05 19.05 19.05 
31 18.55 .00 19.05 .00 19.05 .00 18.98 19.05 .00 19.13 .00 18.51 

E-IO 
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• • • 
CALCULATED 
CANAL YATER ELEVATIONS 
YEAR: 1983 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.04 19.05 19.05 19.05 18.78 18.24 19.13 19.05 19.01 18.76 19.05 18.98 
2 19.05 19.05 19.05 19.23 18.86 18.44 19.05 19.05 19.05 18.71 19.05 19.05 
3 18.82 19.05 19.05 19.05 18.89 18.58 18.76 19.05 19.08 18.65 19.05 19.02 
4 19.05 19.05 19.05 18.82 18.88 19.11 18.63 19.05 19.05 18.85 19.05 19.05 
5 19.05 19.05 19.05 19.05 19.14 19.05 18.46 19.05 18.80 19.22 19.05 19.05 
6 19.05 19.05 18.94 18.74 19.05 19.05 18.65 19.04 18.95 19.05 19.05 19.04 
7 19.10 19.05 19.17 18.99 18.73 19.05 19.13 19.23 19.23 18.85 19.05 19.05 
8 19.05 19.05 19.05 19.05 18.73 19.18 19.05 19.05 19.05 19.14 19.05 19.00 
9 18.89 19.05 19.05 18.99 18.81 19.05 18.75 19.05 18.91 19.05 19.23 18.96 

10 19.05 19.05 19.05 19.05 18.85 18.46 18.85 19.05 19.25 19.00 19.05 18.94 
11 19.22 19.05 19.05 19.05 18.80 18.55 18.95 18.85 19.05 19.05 18.95 18.93 
12 19.05 19.05 19.05 19.05 18.78 18.49 19.02 19.06 18.74 18.99 19.05 19.05 
13 18.87 19.05 19.05 19.23 18.82 18.75 19.10 19.09 19.11 19.05 19.05 19.05 
14 19.05 19.05 19.05 19.05 18.83 19.14 19.14 19.05 19.05 19.05 19.05 19.05 
15 19.21 19.05 19.05 18.79 18.77 19.05 19.05 19.05 18.96 19.05 18.79 19.15 
16 19.21 19.05 19.05 19.09 18.74 19.03 18.90 19.05 19.05 19.05 19.15 19.05 
17 19.05 19.05 19.05 19.05 18.71 19.05 19.03 19.05 19.05 19.05 19.05 19.05 
18 18.85 19.05 19.05 19.05 18.67 18.84 19.12 19.05 19.05 19.05 18.96 19.05 
19 19.21 19.05 18.61 19.22 18.62 18.84 19.12 19.05 19.05 19.05 19.05 19.05 
20 19.05 19.17 18.42 19.23 18.57 18.91 19.22 19.23 19.05 19.05 19.00 19.05 
21 19.05 19.05 19.17 19.05 18.51 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
22 19.05 18.71 19.05 18.90 18.50 19.05 18.83 19.05 19.05 19.05 19.16 19.05 
23 19.05 18.83 19.05 19.05 18.39 19.20 18.82 19.05 19.05 19.05 19.05 19.05 
24 19.05 19.05 19.05 19.18 18.24 19.05 18.79 19.05 19.05 19.05 18.93 19.05 
25 19.05 19.05 19.05 19.05 18.21 18.99 18.83 19.05 19.10 19.05 19.05 19.05 
26 19.05 19.05 19.05 18.92 18.16 19.05 18.82 19.05 19.05 19.05 18.87 19.13 
27 19.05 19.05 18.25 19.05 18.09 18.90 18.80 19.05 19.05 19.05 19.16 19.05 
28 19.05 19.05 19.17 19.18 18.03 19.12 18.92 18.98 19.05 19.05 19.05 18.97 
29 19.05 .00 19.05 19.23 17.98 19.15 19.05 19.05 19.05 19.05 18.74 19.05 
30 19.05 .00 18.46 19.05 18.03 19.05 19.05 19.05 19.05 19.05 18.84 19.05 
31 18.83 .00 19.05 .00 18.07 .00 19.05 19.05 .00 19.05 .00 19.05 

E-ll 



CALCULATED 
CANAL YATER ELEVATIONS 
YEAR: 1984 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.05 18.90 19.05 19.23 18.99 19.05 19.16 19.05 19.05 19.05 19.05 19.05 
2 19.05 18.92 19.05 19.05 18.98 19.05 19.05 18.86 19.05 19.05 18.68 19.05 
3 19.05 19.05 19.05 18.49 18.94 19.05 19.05 18.81 19.05 19.05 19.02 19.05 
4 19.05 19.11 19.05 19.11 18.89 19.05 19.05 18.94 19.12 19.05 19.05 19.06 
5 19.05 19.05 19.05 19.05 18.93 18.11 19.11 19.05 19.05 19.12 19.12 19.05 
6 19.05 18.84 19.05 18.11 18.95 18.99 19.05 19.05 19.18 19.05 19.05 19.12 
1 19.13 18.82 19.18 19.05 18.91 19.05 18.19 19.05 19.05 19.09 18.61 19.05 
8 19.05 19.05 19.05 19.05 18.89 18.88 19.05 19.05 18.91 19.05 18.91 18.94 
9 19.05 19.22 18.88 19.11 18.92 19.06 19.05 19.05 19.05 18.90 19.20 19.05 

10 19.06 19.21 19.11 19.05 19.11 19.24 19.01 19.05 19.08 19.05 19.21 19.15 
11 19.25 19.05 19.05 19.05 19.05 19.05 19.04 19.05 19.05 19.15 19.05 19.05 
12 19.05 18.85 19.05 19.09 18.69 18.83 19.05 19.05 18.95 19.05 18.80 18.90 
13 18.91 18.88 19.05 19.05 18.66 19.01 19.23 19.05 19.24 18.94 18.18 19.05 
14 19.05 19.23 19.05 19.05 18.62 19.19 19.05 19.12 19.05 19.21 18.19 18.88 
15 18.83 19.05 19.05 19.05 18.51 19.05 19.05 19.05 19.05 19.05 18.18 19.19 
16 19.22 18.92 19.05 19.05 18.52 18.92 19.05 19.08 19.05 18.84 19.01 19.05 
11 19.05 19.24 19.05 19.05 18.41 19.01 19.05 19.05 19.08 19.00 19.21 18.94 
18 18.86 19.23 19.05 19.05 18.40 19.05 19.05 19.01 19.05 19.12 19.21 19.24 
19 19.05 19.05 19.05 19.05 18.34 19.14 19.05 19.05 19.12 19.12 19.05 19.24 
20 18.81 19.05 19.24 18.95 18.26 19.05 19.05 19.01 19.05 19.05 19.12 19.05 
21 19.05 19.05 19.05 19.05 18.18 18.81 19.05 19.05 19.05 19.16 19.05 18.83 
22 19.05 19.05 19.01 19.15 18.30 19.05 19.05 19.05 19.05 19.05 19.13 18.93 
23 19.11 19.05 19.05 19.16 18.40 19.05 19.05 19.05 19.05 18.91 19.05 19.19 
24 19.05 19.05 19.05 19.05 18.60 19.05 19.05 19.05 19.05 19.05 19.05 19.05 
25 18.94 19.05 19.05 18.86 1B.80 19.1B 19.05 19.05 18.92 1B.96 19.05 19.02 
26 19.05 19.05 19.22 1B.84 19.05 19.05 19.05 19.09 19.05 19.23 19.05 19.05 
21 19.12 19.05 19.05 1B.86 19.05 1B.93 19.11 19.05 19.05 19.05 19.05 1B.B2 
28 19.05 19.05 19.06 1B.91 19.05 19.24 19.05 19.01 19.05 18.18 19.05 18.90 
29 18.65 19.05 19.05 19.03 19.05 19.05 18.4B 19.05 19.05 19.04 19.05 19.14 
30 18.89 .00 18.18 19.00 19.05 1B.81 18.61 1B.84 19.05 19.05 1B.96 19.05 
31 19.05 .00 19.05 .00 19.05 .00 19.05 19.14 .00 19.23 .00 1B.11 

E-12 
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• • • 
CALCULATED 
CANAL YATER ELEVATIONS 
YEAR: 1985 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.99 19.05 19.10 18.44 18.94 17.29 19.05 19.14 19.05 19.05 19.05 19.05 
2 19.19 19.13 19.05 18.49 18.87 17.27 18.99 19.05 19.05 19.05 18.95 19.05 
3 19.22 19.05 19.02 18.51 18.75 17.24 19.05 19.05 19.05 19.05 19.05 19.05 
4 19.05 18.91 18.91 18.48 18.65 17.20 19.05 19.05 19.05 19.05 19.05 19.08 
5 18.84 19.04 18.92 18.39 18.54 17.15 19.05 19.05 19.05 19.05 19.05 19.05 
6 18.88 19.05 18.88 18.25 18.43 17.10 19.05 19.05 19.05 19.05 19.09 19.05 
1 19.17 19.10 19.12 18.14 18.31 17.08 19.05 19.05 19.05 19.05 19.05 19.05 
8 19.05 19.05 19.05 18.11 18.19 17.09 19.23 19.05 19.05 19.05 19.06 19.19 
9 18.13 18.93 18.n 18.10 18.06 17.09 19.05 19.05 19.05 19.05 19.05 19.05 

10 19.22 18.91 18.85 18.01 17.94 17.10 18.84 19.05 19.05 19.05 19.05 19.05 
11 19.05 18.92 18.90 17.85 17.84 17.10 19.05 19.05 19.05 19.05 19.05 19.05 
12 18.94 18.93 18.91 11.70 11.75 11.11 19.20 19.05 19.05 18.98 19.11 18.64 
13 19.05 18.94 18.91 11.61 17.66 17.18 19.05 19.05 19.05 19.05 19.05 18.75 
14 19.12 19.08 18.89 17.59 11.54 17.34 18.59 19.05 19.19 19.05 19.11 19.14 
15 19.05 19.18 19.11 17.64 17.42 17.53 18.88 19.05 19.05 19.05 19.05 19.05 
16 18.97 19.13 19.05 18.31 17.34 11.65 19.05 19.05 19.05 19.07 18.82 18.97 
17 19.05 19.11 19.00 19.06 17.36 17.82 19.24 19.05 19.05 19.05 19.06 19.19 
18 19.13 19.11 19.05 19.05 17.40 17.92 19.05 19.05 19.05 19.06 19.05 19.20 
19 19.05 19.13 18.87 19.08 17.38 17.89 18.82 19.05 19.05 19.05 18.98 19.05 
20 18.95 19.05 18.88 19.05 17.34 18.11 19.05 19.05 19.05 18.68 19.05 18.91 
21 19.05 18.93 19.17 19.05 17.33 18.40 19.05 19.05 19.05 19.01 18.96 18.99 
22 19.15 18.96 19.05 19.05 17.33 18.39 19.05 19.05 19.05 19.05 19.18 19.02 
23 19.05 19.06 18.62 18.93 17.33 19.24 19.05 19.05 19.05 18.88 19.05 19.05 
24 18.98 19.14 18.99 19.09 11.33 19.05 19.06 19.05 19.05 18.97 18.71 19.03 
25 19.05 19.23 19.05 19.24 17.37 18.11 19.05 19.05 19.05 19.01 18.76 19.02 
26 18.62 19.05 18.75 19.05 17.43 18.50 19.05 19.05 19.05 19.05 19.07 19.07 
27 18.58 18.89 18.76 18.86 17.42 18.n 19.05 19.05 19.05 19.01 19.05 19.05 
28 18.80 19.05 18.71 18.99 17.38 19.05 19.05 19.05 19.05 19.25 18.91 18.99 
29 18.99 .00 18.63 19.11 17.36 19.05 19.05 19.08 19.05 19.05 19.05 19.00 
30 18.97 .00 18.55 19.05 17.33 19.05 19.05 19.05 19.05 18.86 19.05 19.06 
31 19.00 .00 18.46 .00 17.31 .00 19.05 19.05 .00 19.15 .00 19.05 

E-13 



CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1986 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 18.97 19.16 19.05 18.75 17.11 17.07 19.40 19.40 19.40 19.40 19.40 19.40 
2 18.95 19.14 19.03 18.74 17.10 17.07 19.40 19.40 19.40 19.40 19.40 19.40 
3 18.98 19.15 19.01 18.70 17.09 17.09 19.40 19.40 19.40 19.40 19.40 19.40 
4 19.21 19.16 19.05 18.63 17.09 17.09 19.40 19.40 19.40 19.40 19.40 19.40 
5 19.05 19.05 19.05 18.55 17.10 17.09 19.40 19.40 19.40 19.40 19.40 19.40 
6 18.70 18.90 19.00 18.46 17.10 17.07 19.40 19.40 19.40 19.40 19.40 19.40 
7 18.73 18.88 18.97 18.36 17.10 17.05 19.40 19.40 19.40 19.49 19.40 19.40 
8 19.06 18.89 18.96 18.27 17.09 17.05 19.40 19.40 19.40 19.40 19.40 19.40 
9 19.05 18.90 18.94 18.17 17.10 17.07 19.40 19.40 19.40 19.40 19.40 19.40 

10 19.13 18.90 19.05 18.07 17.10 17.10 19.40 19.40 19.40 19.53 19.40 19.43 
11 19.05 18.92 19.05 17.89 17.10 17.14 19.40 19.40 19.40 19.40 19.40 19.40 
12 18.92 19.23 18.92 17.66 17.10 18.32 19.40 19.40 19.40 19.32 19.40 19.34 
13 19.05 19.05 19.05 17.44 17.10 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
14 18.'79 18.56 19.05 17.23 17.11 19.40 19.40 19.40 19.40 19.48 19.40 19.40 
15 18.81 18.57 19.05 17.06 17.12 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
16 19.16 18.58 19.14 17.01 17.11 19.40 19.40 19.40 19.40 19.40 19.40 19.49 
17 19.05 19.03 19.05 17.03 17.11 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
18 18.68 19.05 1B.96 17.06 17.11 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
19 18.96 18.86 18.97 17.07 17.11 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
20 19.17 19.05 19.05 17.08 17.11 19.40 19.40 19.40 19.40 19.40 19.40 19.33 
21 19.16 18.97 19.07 17.10 17.13 19.40 19.38 19.40 19.40 19.40 19.40 19.40 
22 19.05 1B.94 19.08 17.10 17.25 19.40 19.40 19.40 19.40 19.40 19.40 19.46 
23 19.15 18.96 19.05 17.09 17.36 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
24 19.05 18.99 18.96 17.09 17.35 19.40 19.40 19.40 19.40 19.42 19.40 19.24 
25 18.73 19.05 18.92 17.11 17.31 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
26 19.05 19.05 1B.91 17.11 17.25 19.40 19.40 19.40 19.40 19.35 19.40 19.47 
27 19.05 19.00 18.91 17.09 17.17 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
28 18.75 19.01 18.91 17.10 17.12 19.40 19.40 19.40 19.40 19.40 19.50 19.40 
29 18.76 .00 19.13 17.11 17.11 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
30 1B.'79 .00 19.05 17.11 17.10 19.40 19.40 19.40 19.40 19.40 19.40 19.40 
31 19.01 .00 18.75 .00 17.08 .00 19.40 19.40 .00 19.40 .00 19.40 

E-14 

• • • 



• • • 
CALCULATED 
CANAL YATER ELEVATIONS 
YEAR: 1987 

JANUARY FEBRUARY , MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.40 19.42 19.40 19.40 19.40 19.40 19.27 19.44 18.01 18.31 19.40 19.40 
2 19.40 19.40 19.34 19.40 19.26 19.24 19.53 19.40 17.93 1B.44 19.40 19.40 
3 19.40 19.27 19.40 19.40 19.28 19.32 19.40 19.18 17.84 1B.40 19.40 19.40 
4 19.40 19.43 19.39 19.40 19.30 19.41 18.94 19.37 17.76 18.37 19.40 19.40 
5 19.40 19.40 19.38 19.40 19.34 19.43 18.92 19.48 17.70 18.32 19.40 19.40 
6 19.40 19.22 19.42 19.40 19.43 19.48 19.00 19.45 17.65 18.25 19.40 19.35 
7 19.40 19.40 19.40 19.40 19.40 19.40 19.30 19.46 17.60 18.17 19.40 19.40 
8 19.40 19.55 19.40 19.40 19.40 19.37 19.40 19.44 17.54 18.09 19.40 19.40 
9 19.40 19.40 19.40 19.42 19.50 19.40 19.20 19.53 17.48 18.01 19.40 19.40 

10 19.40 19.26 19.40 19.40 19.55 19.40 19.19 19.40 17.41 17.93 19.40 19.40 
11 19.40 19.40 19.40 19.44 19.40 19.53 19.53 19.13 17.33 17.92 19.40 19.28 
12 19.40 19.51 19.40 19.40 19.39 19.40 19.40 19.07 17.25 19.40 19.40 19.40 
13 19.40 19.40 19.40 19.40 19.40 19.39 19.01 19.02 17.17 19.40 19.40 19.40 
14 19.40 19.43 19.40 19.40 19.22 19.40 19.39 18.99 17.12 19.40 19.40 19.38 
15 19.40 19.40 19.39 19.42 19.40 19.44 19.40 18.94 17.10 19.40 19.40 19.40 
16 19.40 19.31 19.40 19.40 19.40 19.40 19.46 18.89 17.11 19.34 19.40 19.28 
17 19.40 19.40 19.41 19.21 19.40 19.38 19.40 19.00 17.12 19.40 19.40 19.40 
18 19.40 19.41 19.40 19.23 19.40 19.40 19.34 19.10 17.22 18.90 19.40 19.40 
19 19.40 19.40 19.39 19.29 19.32 19.34 19.40 19.05 17.26 19.40 19.40 19.22 
20 19.40 19.43 19.43 19.40 19.40 19.40 19.40 19.01 17.20 19.41 19.40 19.54 
21 19.45 19.40 19.40 19.44 19.31 19.47 19.40 18.94 17.16 19.40 19.40 19.40 
22 19.40 19.35 19.25 19.43 19.34 19.40 19.40 1B.88 17.56 19.43 19.40 19.21 
23 19.40 19.40 19.25 19.44 19.49 19.23 19.40 18.82 17.95 19.40 19.40 19.49 
24 19.40 19.41 19.35 19.49 19.40 19.25 19.31 18.74 18.19 19.26 19.40 19.50 
25 19.40 19.50 19.40 19.40 19.30 19.20 19.40 18.66 1B.39 19.40 19.40 19.40 
26 19.40 19.40 19.40 19.33 19.42 19.22 19.24 18.56 18.35 19.40 19.40 19.22 
27 19.31 19.28 19.40 19.42 19.50 19.27 19.17 18.47 1B.33 19.48 19.40 19.23 
2B 19.40 19.43 19.40 19.49 19.52 19.29 19.16 18.37 18.28 19.49 19.40 19.40 
29 19.40 .00 19.40 19.55 19.51 19.40 19.40 1B.28 18.23 19.40 19.40 19.48 
30 19.41 .00 19.40 19.54 19.51 19.40 19.40 1B.18 18.17 19.33 19.40 19.46 
31 19.40 .00 19.40 .00 19.54 .00 19.21 18.09 .00 19.41 .00 19.50 
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CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1988 

JANUARY fEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.40 18.96 19.42 19.31 19.13 18.89 19.40 19.40 19.40 19.49 19.02 19.45 
2 19.27 19.26 19.45 19.40 19.46 18.81 19.48 19.40 19.40 19.46 18.97 19.42 
3 19.29 19.55 19.40 19.20 19.40 18.71 19.40 19.40 19.40 19.40 18.91 19.43 
4 19.40 19.40 19.30 19.43 19.06 18.59 19.12 19.40 19.40 19.35 19.29 19.42 
5 19.43 19.25 19.40 19.40 19.23 18.49 19.12 19.40 19.40 19.40 19.40 19.39 
6 19.41 19.26 19.40 19.18 19.35 18.42 19.20 19.40 19.40 19.38 19.51 19.36 
7 19.44 19.40 19.52 19.22 19.29 18.58 19.25 19.40 19.40 19.40 19.40 19.40 
8 19.40 19.40 19.40 19.43 19.25 18.n 19.23 19.40 19.40 19.40 19.25 19.42 
9 19.37 19.40 19.43 19.40 19.18 18.n 19.25 19.40 19.40 19.33 19.40 19.38 

10 19.40 19.40 19.40 19.18 19.12 18.83 19.33 19.40 19.40 19.33 19.24 19.36 
11 19.40 19.40 19.41 19.21 19.06 18.86 19.42 19.40 19.40 19.36 19.40 19.34 
12 19.40 19.40 19.40 19.47 18.99 18.82 19.44 19.40 19.40 19.40 19.47 19.37 
13 19.40 19.40 18.96 19.40 19.35 18.80 19.40 19.40 19.40 19.39 19.46 19.40 
14 19.34 19.40 19.23 19.09 19.40 18.75 19.32 19.40 19.40 19.36 19.51 19.38 
15 19.40 19.40 19.40 19.07 19.47 18.70 19.40 19.40 19.28 19.35 19.40 19.38 
16 19.48 19.40 19.52 19.03 19.40 18.66 19.45 19.40 19.40 19.34 19.23 19.37 
17 19.40 19.40 19.40 18.98 19.21 18.61 19.45 19.40 19.40 19.34 19.19 19.36 
18 19.30 19.40 19.52 18.94 19.40 18.57 19.40 19.40 19.22 19.53 19.19 19.33 
19 19.40 19.40 19.40 18.91 19.38 18.63 19.40 19.40 19.54 19.40 19.18 19.28 
20 19.48 19.40 19.40 18.88 19.40 18.67 19.40 19.40 19.40 19.06 19.17 19.23 
21 19.40 19.38 19.40 18.82 19.36 18.80 19.40 19.40 18.95 19.06 19.14 19.17 
22 19.32 19.40 19.40 18.75 19.36 19.07 19.40 19.40 19.31 19.04 19.38 19.36 
23 19.40 19.40 19.40 18.85 19.33 19.13 19.40 19.40 19.40 19.02 19.40 19.53 
24 19.40 19.40 19.18 18.95 19.31 19.16 19.40 19.40 19.21 18.97 19.19 19.49 
25 19.40 19.40 19.40 18.89 19.44 19.25 19.40 19.40 19.26 18.93 19.19 19.47 
26 19.40 19.46 19.40 18.83 19.40 19.34 19.40 19.40 19.53 18.87 19.15 19.44 
27 19.40 19.40 19.40 18.n 19.21 19.37 19.40 19.40 19.40 19.02 19.12 19.40 
28 19.40 19.35 19.40 18.n 19.17 19.32 19.40 19.40 19.04 19.17 19.11 19.37 
29 19.26 19.40 19.40 18.67 19.09 19.30 19.40 19.40 19.06 19.11 19.09 19.34 
30 19.52 .00 19.51 18.88 19.02 19.40 19.40 19.40 19.29 19.09 19.28 19.30 
31 19.40 .00 19.40 .00 18.95 .00 19.40 19.40 .00 19.06 .00 19.24 
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• • • 
CALCULATED 
CANAL WATER ELEVATIONS 
YEAR: 1989 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 19.18 19.01 17.57 19.04 18.83 17.51 18.35 19.40 19.26 19.40 19.40 17.53 
2 19.36 18.95 17.50 18.97 18.76 17.46 19.40 19.40 19.40 19.40 19.50 17.41 
3 19.54 18.89 17.52 18.89 18.68 17.39 19.36 19.40 19.40 19.40 19.40 17.32 
4 19.48 18.82 17.90 18.81 18.58 17.31 19.28 19.18 19.40 19.40 19.31 17.27 
5 19.44 18.76 18.27 18.75 18.47 17.23 19.11 19.50 19.40 19.40 19.33 17.21 
6 19.38 18.68 18.32 19.08 18.35 17.17 19.40 19.40 19.40 19.40 19.40 17.16 
7 19.34 18.60 18.63 19.40 18.25 17.16 19.40 18.94 19.40 19.40 19.40 17.10 
8 19.30 18.53 18.89 19.39 18.12 17.20 19.04 18.88 19.40 19.40 19.38 17.07 
9 19.26 18.71 19.07 19.39 17.98 17.25 19.08 18.84 19.40 19.40 19.39 17.09 

10 19.20 18.88 19.42 19.35 17.88 17.30 19.01 19.25 19.40 19.40 19.37 17.13 
11 19.15 18.83 19.40 19.46 17.85 17.35 18.81 19.40 19.40 19.40 19.33 17.14 
12 19.09 18.78 19.25 19.40 17.81 17.36 18.54 19.51 19.40 19.40 19.26 17.14 
13 19.03 18.n 19.25 19.17 17.78 17.37 18.30 19.40 19.40 19.40 19.17 17.14 
14 18.99 18.66 19.44 19.12 17.74 17.38 18.11 19.40 19.40 19.40 19.09 17.13 
15 18.94 18.60 19.40 19.12 17.74 17.39 17.89 19.40 19.40 19.40 19.00 17.08 
16 18.88 18.54 19.17 19.40 17.76 17.39 17.61 19.39 19.40 19.40 18.92 17.04 
17 18.81 18.47 19.48 19.40 17.74 17.38 17.31 19.40 19.40 19.40 18.83 17.01 
18 18.74 18.41 19.40 19.48 17.70 17.35 17.08 19.35 19.40 19.40 18.74 16.98 
19 18.68 18.33 19.38 19.40 17.68 17.30 17.11 19.40 19.40 19.40 18.63 16.94 
20 18.60 18.25 19.40 19.34 17.64 17.26 17.28 19.40 19.40 19.40 18.51 16.94 
21 18.54 18.17 19.06 19.40 17.61 17.18 17.42 19.40 19.40 19.40 18.39 17.06 
22 18.81 18.12 19.08 19.14 17.59 17.09 17.61 19.40 19.40 19.40 18.27 17.21 
23 19.10 18.07 19.31 19.41 17.62 17.09 17.83 19.40 19.40 19.40 18.15 18.38 
24 19.13 17.99 19.49 19.40 17.70 17.12 18.05 19.40 19.40 19.40 18.05 19.40 
25 19.40 17.89 19.45 19.15 17.74 17.13 18.36 19.40 19.40 19.40 17.95 19.40 
26 19.40 17.79 19.42 19.15 17.71 17.14 18.58 19.40 19.40 19.40 17.85 19.40 
27 19.16 17.71 19.38 19.11 17.68 17.11 18.65 19.40 19.40 19.40 17.79 19.40 
28 19.16 17.64 19.33 19.04 17.66 17.10 18.93 19.40 19.40 19.40 17.75 19.41 
29 19.13 .00 19.26 18.96 17.62 17.11 19.14 19.40 19.40 19.23 17.70 19.40 
30 19.09 .00 19.18 18.89 17.58 17.16 19.14 19.48 19.40 19.40 17.63 19.42 
31 19.05 .00 19.11 .00 17.55 .00 19.40 19.40 .00 19.40 .00 19.40 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1974 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 76. o. o. o. o. o. 608. 651. 520. 748. o. 65. 
2 o. 41. o. o. o. o. 923. 658. 208. 649. o. o. 
3 o. o. o. 62. o. o. 1106. 366. 306. 276. o. 57. 
4 o. o. o. o. o. o. 800. 549. 169. 219. 113. o. 
5 61. 42. o. o. o. o. 902. 683. 170. 224. o. o. 
6 o. o. o. 50. o. o. 519. 1307. 42. 326. o. o. 
7 o. o. o. o. o. 53. 982. 970. 269. 515. 63. o. 
8 42. o. o. 47. o. o. 567. 969. o. 557. 40. 64. 
9 o. o. o. o. o. 183. 380. 794. 309. 258. 49. 163. 

10 o. o. o. o. o. o. 201. 947. 306. 338. o. 68. 
11 o. o. o. 46. o. o. 329. n1. 663. 50. o. o. 
12 58. o. o. o. o. 47. 220. 792. 99. 197. 93. 81. 
13 o. o. o. o. o. o. 912. 544. 358. 76. o. o. 
14 o. o. o. o. o. 94. 302. 578. 83. 162. 106. 61. 
15 54. o. o. 44. o. o. 350. 312. 336. 57. o. 108. 
16 o. o. 56. o. o. 75. 91. 461. o. 44. o. 63. 
17 o. 48. o. o. o. o. 2n. 273. 208. 64. o. 169. 
18 o. o. o. 73. o. o. 1961. 646. o. 136. 110. 1n. 
19 93. o. o. o. o. o. 932. 537. 226. o. o. o. 
20 o. o. o. o. o. o. 629. 992. o. n. o. 145. 
21 o. o. o. o. o. o. 734. 470. 124. 53. 102. o. 
22 o. o. o. 41. o. o. 693. 617. o. o. o. o. 
23 o. 42. o. o. o. 47. 1241. 350. 58. 67. o. 204. 
24 o. o. o. o. o. o. 1001. 682. 273. o. o. o. 
25 o. o. o. o. o. 394. 890. 941. 189. o. 86. o. 
26 o. o. o. 63. o. 433. 783. 1042. 269. 153. 100. 186. 
27 44. o. o. o. o. 471. n3. 551. 180. o. 74. o. 
28 o. o. o. o. o. 548. 805. 656. 412. o. o. o. 
29 o. o. o. o. o. 637. 947. 442. 189. o. 92. 158. 
30 o. o. 75. o. o. 360. 1089. 974. 406. 134. 93. o. 
31 50. o. o. o. o. o. 1041. 640. o. o. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1975 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 O. 69. 49. O. O. O. 199. O. O. 336. 249. O. 
2 96. O. O. O. O. O. 183. O. 100. 343. 186. 140. 
3 O. O. O. O. O. O. 133. O. 227. 303. 166. O. 
4 O. O. 97. O. O. O. 207. O. 206. 223. 70. O. 
5 O. O. o. o. o. O. 42. O. 269. 145. O. O. 
6 110. O. O. o. o. O. 199. O. 206. 205. 145. O. 
7 O. 46. O. O. o. O. O. o. 2n. 246. 79. O. 
8 O. O. o. o. o. O. 41. O. 212. 58. O. 79. 
9 O. O. o. o. o. O. 112. O. 216. 214. 125. 83. 

10 48. 56. O. O. o. o. O. 561. 432. 87. O. O. 
11 O. O. o. o. o. O. 155. O. 397. 160. 93. 93. 
12 O. 103. O. O. o. o. O. 110. 398. 57. O. 67. 
13 O. O. o. o. o. O. 391. 384. 241. O. 103. 164. 
14 106. O. O. o. o. O. 142. 362. 225. 128. O. 44. 
15 O. O. o. o. o. O. 371. 414. 269. O. O. 182. 
16 O. O. o. o. o. o. O. 128. 365. 124. 135. O. 
17 O. O. o. o. o. O. 394. 405. 282. O. O. 67. 
18 O. 54. O. 106. O. O. 258. 95. 326. 121. O. O. 
19 O. O. o. o. o. O. 339. 363. 427. 223. 129. 119. 
20 49. O. O. 114. O. O. 204. 301. 337. 143. O. O. 
21 O. o. o. o. o. o. o. 664. 402. 124. o. 176. 
22 O. 58. O. o. o. O. 90. 378. 249. 158. 89. o. 
23 O. 57. O. o. o. o. O. 491. 460. 97. O. 61. 
24 O. 43. o. o. o. 152. O. 201. 259. 149. O. O. 
25 44. 196. O. 73. O. 172. O. 284. 298. O. o. 60. 
26 73. 63. o. o. O. 253. O. 179. 552. 91. o. o. 
27 o. 49. o. o. o. o. O. 131. 606. O. 132. 203. 
28 o. 52. o. o. o. 170. o. 108. 408. 145. o. o. 
29 o. O. o. o. o. 44. o. 88. 458. 78. o. o. 
30 40. O. o. o. O. 117. O. 143. 363. 399. o. 51. 
31 O. O. o. o. o. o. O. 62. o. 103. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1976 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. 120. 40. o. o. 2981. 264. 129. 88. 439. o. 149. 
2 118. o. o. o. o. 1095. 422. 100. 124. 279. 83. o. 
3 o. D. 95. o. O. 651. 115. 117 • 126. 178. 170. o. 
4 o. o. o. o. 51. 821. 244. 297. 254. 133. 125. o. 
5 o. o. o. o. o. 1243. 93. 443. 562. 139. 131. 1~7. 

6 o. 152. o. o. O. 1620. 118. 273. 383. 122. o. O. 
7 o. D. o. o. o. 1037. 479. 288. 309. 82. 79. o. 
8 o. O. 88. O. O. 622. 437. 104. 217. O. o. 106. 
9 78. o. o. o. 67. 603. 589. 269. 89. 146. O. o. 

10 o. o. o. 154. o. 2812. 582. 364. 96. O. 165. 114. 

" o. o. o. o. 270. 2489. 352. 287. 101. 96. O. o. 
12 o. o. o. o. 166. 1326. 375. 91. 107. o. o. 100. 
13 o. o. o. 100. o. 779. 3n. 282. 187. 71. 150. o. 
14 o. o. o. o. 119. 498. 250. 1141. 147. o. o. 130. 
15 111. o. o. o. 255. 388. 94. 1482. 284. o. 46. O. 
16 o. 127. o. o. 324. 410. 126. 900. 192. 111. o. 123. 
17 o. O. o. o. 602. 395. 3n. 1417. 214. o. 102. O. 
18 O. o. 63. o. 258. 271. 523. 903. 304. 89. o. 153. 
19 o. o. o. o. 269. 254. 523. 848. 357. o. O. O. 
20 o. o. o. o. 104. 417. 251. 666. 71. 97. o. 65. 
21 o. o. o. o. 158. 260. 267. 485. 317. O. o. o. 
22 o. o. o. o. 73. 304. 272. 373. 656. o. o. o. 
23 o. O. o. o. 906. 954. 2n. 373. 419. o. 114. 113. 
24 o. O. o. o. 1643. 995. 420. 228. 379. 80. o. o. 
25 o. o. o. o. 953. 841. 418. 795. 289. o. o. 89. 
26 o. o. o. o. 905. 556. 301. 615. 156. o. o. 47. 
27 o. o. o. o. 594. 243. 278. 356. 139. o. 85. 144. 
28 o. 50. o. o. 234. 460. 124. 256. 156. 95. o. o. 
29 o. 92. o. o. 400. 427. 146. 262. 126. o. o. 106. 
30 o. o. o. o. 635. 386. 111. 314. 268. o. o. o. 
31 o. o. o. o. 1206. o. 120. 96. o. o. o. 161. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1977 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. o. o. 72. o. o. o. o. 197. o. o. 440. 
2 224. 223. 90. O. o. O. O. O. 435. 241. o. 503. 
3 O. o. o. o. O. 227. 67. 114. 568. O. O. 259. 
4 144. 137. 59. O. o. O. o. O. 2019. 210. 85. 372. 
5 O. O. O. O. O. 227. O. o. 1458. O. o. 121. 
6 153. 177. O. o. o. o. o. o. 1142. o. 157. 931. 
7 o. o. 67. o. o. 266. o. o. 625. 128. O. 1323. 
8 114. O. O. O. O. o. o. O. 610. O. 67. 800. 
9 O. 137. O. O. O. 121. O. O. 154. 59. O. 427. 

10 O. O. O. o. O. 78. O. o. 372. O. O. 627. 
11 118. O. 76. O. O. 123. O. O. 169. 41. 80. 589. 
12 O. 159. O. O. O. O. O. O. 241. 42. O. 426. 
13 O. O. O. O. O. o. o. O. 139. O. 55. 121. 
14 154. O. O. O. O. 46. O. 165. 229. O. 41. 373. 
15 O. O. 89. O. O. O. o. o. o. O. O. 126. 
16 118. 92. O. O. O. o. O. 87. 352. O. O. 549. 
17 200. O. O. O. O. O. O. O. o. 155. O. 1367. 
18 167. O. O. O. O. 93. 79. 82. 245. O. 71. 1261. 
19 44. O. O. O. o. o. O. O. 90. O. O. 873. 
20 108. 179. O. O. O. O. 107. O. 804. 52. O. 833. 
21 48. O. 72. O. O. 80. O. O. 335. O. O. 396. 
22 119. O. O. O. O. 261. O. O. 600. O. O. 1015. 
23 63. O. O. O. o. O. o. O. 307. 109. 182. 84. 
24 126. 134. O. O. O. 59. O. O. 270. O. 269. 413. 
25 117. O. O. O. O. O. O. O. 186. O. 159. 115. 
26 111. 59. O. O. O. 96. 41. O. 691. 94. 66. 449. 
27 44. O. O. O. O. O. o. O. 231. O. 172. 162. 
28 60. 130. O. O. O. O. 47. O. 442. O. O. 252. 
29 51. O. O. O. O. O. o. O. 50. O. 341. 127. 
30 O. O. O. O. O. O. O. 214. 290. 92. 1226. 280. 
31 150. O. O. O. O. O. O. 329. O. O. O. 184. 
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CALCULATED 
SPILL~AY FLOW DATA 
YEAR: 1978 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 266. o. 60. 51. o. o. 189. 1085. 170. 583. o. o. 
2 194. 223. 119. 119. o. O. 93. 460. 540. 718. 67. 73. 
3 64. 76. 147. 142. 64. o. 171. 818. o. 1038. 54. o. 
4 118. 1n. 366. 44. o. o. 161. 559. 641. 948. 69. o. 
5 159. 47. 190. o. o. o. 149. 553. 91. 449. 41. 173. 
6 o. 166. 132. o. 109. 179. 41. 101. 581. 783. 51. O. 
7 120. 58. 181. 172. 78. 73. 179. 467. o. 314. 59. o. 
8 237. 122. 112. o. 85. 49. o. o. 278. 420. 1n. o. 
9 o. 137. 1044. D. o. 90. o. 563. o. 173. 152. 144. 

10 104. 180. 2731. o. o. 209. 260. o. 273. 344. 107. o. 
11 250. 227. 1725. o. 43. o. o. 283. 271. 42. 132. o. 
12 o. o. 904. o. o. 123. 376. o. 951. 378. 108. 91. 
13 128. 200. 587. 148. o. o. o. 334. 400. 59. 162. o. 
14 429. o. 374. o. o. 128. 340. o. 671. 312. 85. o. 
15 114. 226. 362. o. o. o. 42. 426. 202. 62. 68. o. 
16 249. o. 325. o. o. o. 258. 249. 517. 231. 84. 99. 
17 o. 240. 253. o. o. 60. o. 528. 176. 67. 173. o. 
18 106. 196. 191. o. o. o. 314. 81. 421. 196. o. o. 
19 279. 231. 256. 86. 58. 78. 71. 489. 113. 73. o. o. 
20 402. 442. 192. 42. o. o. 943. 246. 279. 207. 201. 52. 
21 507. 225. 85. 94. o. o. 238. 393. o. o. o. o. 
22 297. 479. 141. 41. o. o. 529. 61. 273. 147. 198. o. 
23 209. 174. 242. 80. o. 218. 134. 374. 256. o. o. o. 
24 214. 212. o. o. o. 102. 318. 328. 4n. 178. 138. o. 
25 209. 219. 191. 140. 110. 303. 54. 458. 1129. o. o. 45. 
26 o. o. o. o. o. o. 408. 78. 1037. 115. 68. o. 
27 315. 290. 101. o. o. 165. 130. 248. 436. o. 78. 70. 
28 208. 116. 174. o. o. 78. 716. o. 401. o. 46. 705. 
29 284. o. 110. o. o. 283. 1234. 278. 242. o. o. 942. 
30 o. o. 161. o. o. 86. 612. 60. 278. o. 125. 745. 
31 345. o. 90. o. o. o. 217. 604. o. 93. o. 526. 
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CALCULATED 
SPILLVAY FLOW DATA 
YEAR: 1979 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 491. 329. O. O. 8t. 91. 1n. 54. 70. 1351. O. 148. 
2 538. 358. 168. O. 41. 238. O. O. 315. 1020. 70. O. 
3 708. 140. 47. O. O. 53. O. O. 675. 324. O. 75. 
4 623. 214. O. 47. O. 307. O. 157. 2705. 231. 75. O. 
5 445. 138. 143. O. O. 52. O. 40. 3616. 100. O. O. 
6 343. 315. 143. O. 136. 141. O. O. 3327. 560. 64. 104. 
7 327. 132. 353. O. O. o. O. 96. 2835. 239. O. 96. 
8 298. 184. 386. O. 144. 157. 130. 45. 1936. 419. 55. 286. 
9 383. 121. 393. O. 575. O. 298. O. 1288. 82. O. 81. 

10 381. 217. 97. O. 625. O. 144. 134. 2633. 235. 76. 107. 
11 214. O. O. o. 6n. o. 140. 576. 2329. O. 52. 79. 
12 714. 227. 175. O. 470. 94. 46. 542. 3216. 355. O. 66. 
13 1506. 144. 128. O. 315. O. 83. 182. 3509. O. 85. 67. 
14 1817. 75. O. O. 880. O. 367. 238. 4471. 85. 46. O. 
15 1351. O. 112. O. 1329. O. 329. 120. 4877. 126. O. 103. 
16 680. 256. O. O. 597. O. 421. 104. 3676. O. 79. O. 
17 521. 154. O. O. 427. O. 109. 241. 1885. 258. 80. 90. 
18 407. 67. 206. O. 380. 96. 181. 399. 1397. O. O. O. 
19 361. O. O. 43. 152. O. 44. 304. 833. 70. 78. O. 
20 234. 232. O. O. 74. O. 136. 94. 696. 62. 97. 128. 
21 471. O. 63. 132. 131. O. O. O. 448. 52. O. O. 
22 329. 197. O. O. 66. O. 166. 118. 1400. 65. O. O. 
23 481. O. O. O. 109. 40. 407. O. 458. O. 71. 82. 
24 645. 88. 173. 55. 247. O. 71. O. 1028. 40. O. O. 
25 815. 43. O. O. 426. O. 182. O. 507. 88. 81. O. 
26 508. 164. O. 80. 227. O. O. O. 676. O. O. 150. 
27 621. 52. 40. O. 234. 100. O. O. 579. 69. 62. O. 
28 756. 156. O. O. 156. O. 99. O. 1291. O. O. O. 
29 563. O. 162. O. 167. 51. O. O. 841. SO. 81. O. 
30 495. O. O. O. 46. O. O. O. 1739. O. O. 67. 
31 296. O. O. O. 263. O. O. 291. O. 63. O. O. 
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CALCULATED 
SPILLYAY FLOW DATA 
YEAR: 1980 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 O. 132. 111. 344. 48. O. 84. 66. 109. 134. O. O. 
2 O. 82. 266. 444. 110. O. O. 39. 337. 89. O. 105. 
3 144. 132. 352. 397. O. O. 73. O. 539. 81. O. O. 
4 O. 196. 335. 205. 229. O. O. O. 904. 136. O. 84. 
5 O. 109. 112. 159. O. O. O. 48. 527. 71. O. 152. 
6 O. 41. 154. 81- 44. O. O. O. 563. 119. 67. 323. 
1 O. 84. 105. 296. 59. O. O. O. 269. 56. O. 237. 
8 104. 50. 130. 111- O. O. 14. O. 345. 41. 91. 335. 
9 O. O. 86. 187. 195. O. 93. 44. 223. 61. O. 236. 

10 O. 138. O. 144. O. O. 66. O. 257. 45. 45. 330. 
11 O. 55. 131. 168. O. O. o. O. 126. 51. O. 206. 
12 O. 65. O. O. 88. O. O. O. 158. 41. O. 45. 
13 89. 72. 94. 66. O. O. O. 101. 50. O. 53. O. 
14 O. 73. O. 146. 88. O. O. O. 278. 130. O. O. 
15 106. 69. O. 76. O. O. O. O. 316. O. 56. 50. 
16 90. 119. 155. O. 149. O. 131. 73. 376. O. 330. 115. 
11 O. O. O. 88. O. O. o. O. 94. O. 171. O. 
18 40. 135. 409. O. O. O. 99. O. 321. 49. 295. 49. 
19 84. 690. 407. 97. 103. O. O. o. o. O. 88. O. 
20 O. 703. 1n. 110. o. O. o. O. 298. O. 192. 74. 
21 111. 266. 113. 76. 48. O. 49. 44. O. 97. 86. 88. 
22 O. 182. 62. 111. O. O. o. O. 82. O. 78. 56. 
23 O. 151. 125. O. 63. O. 138. O. 55. 99. 86. O. 
24 75. 99. 50. 63. O. O. O. O. 90. O. 68. 201. 
25 O. 123. O. O. o. O. 297. 45. O. O. 64. O. 
26 O. 86. 146. 92. 91. O. 529. O. 1n. 80. 55. O. 
21 254. 114. O. O. 57. O. 423. 56. 151. O. 56. 90. 
28 231. 140. O. 63. O. O. 231. O. 210. O. 48. O. 
29 300. 111. 144. 126. 118. 66. 166. 129. 180. O. 106. O. 
30 115. O. O. O. O. O. 46. 108. 94. O. 48. O. 
31 294. O. 105. O. O. O. 119. 106. O. O. O. O. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1981 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 129. o. o. o. o. o. o. o. 1302. 44. 53. o. 
2 o. o. o. O. O. O. O. O. 928. 127. o. o. 
3 o. 128. 61. o. o. o. o. O. 695. 44. o. o. 
4 o. o. o. O. O. o. O. O. 574. O. o. o. 
5 O. 87. o. O. O. O. O. o. 455. 102. 105. o. 
6 o. o. o. o. o. O. o. 331. 557. o. o. o. 
7 69. o. o. o. o. o. O. o. 616. 71. o. o. 
8 O. 73. o. o. O. O. O. O. 704. o. o. o. 
9 o. 69. o. o. o. o. o. 88. 396. 82. o. o. 

10 o. 136. o. o. o. o. o. o. 962. o. 87. o. 
11 o. o. o. o. O. O. O. 246. 2307. o. o. O. 
12 o. 104. o. o. o. o. o. 389. 1432. 123. o. o. 
13 O. 87. o. o. O. O. o. 204. 1334. o. o. O. 
14 45. o. o. o. O. O. O. 248. 956. o. o. O. 
15 o. 59. o. o. o. O. O. 221. 591. 43. o. o. 
16 o. o. 40. o. O. o. O. 81. 496. 61. o. o. 
17 o. 76. o. o. o. o. O. 194. 641. O. o. 69. 
18 o. o. o. O. o. o. o. 631. 1486. O. o. O. 
19 o. 59. o. o. o. o. O. 1476. 1316. 106. o. o. 
20 95. o. o. O. o. o. O. 1288. 883. O. O. O. 
21 o. 108. o. O. o. O. o. 1452. 569. o. o. O. 
22 o. o. O. o. o. o. o. 1375. 597. o. o. O. 
23 o. o. o. o. O. O. o. 299. 665. o. o. o. 
24 o. o. o. o. o. o. O. 408. 483. 61. o. o. 
25 110. 42. o. o. o. o. o. 215. 166. o. o. O. 
26 o. o. o. o. o. o. O. 715. 209. O. 41. O. 
27 O. o. 42. o. o. o. O. 1175. 207. O. o. O. 
28 O. o. o. o. o. o. O. 1778. 92. o. o. o. 
29 o. O. o. o. o. O. o. 1825. 68. 44. O. 95. 
30 57. o. o. o. o. O. o. 1438. 118. o. o. o. 
31 o. o. O. o. o. o. O. 1266. o. O. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1982 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 O. O. O. 269. 63. 376. 176. 211. O. 1000. 99. 116. 
2 O. 106. O. 345. O. 444. 374. O. 208. 970. O. 45. 
3 O. O. O. 400. O. 413. 80. 93. O. 644. 190. 108. 
4 O. O. 57. 128. 51. 330. 288. 94. 143. 569. 569. O. 
5 O. O. O. 129. 280. 157. 183. 125. 44. 394. 894. 201. 
6 O. 47. 92. 178. O. 270. 1199. 384. 238. 1303. 397. O. 
7 O. O. 482. 145. 58. 143. 1057. 604. 57. 1621. 357. 125. 
8 O. O. 250. 126. 98. 94. 1266. 433. 230. 1045. 99. O. 
9 O. n. 141. 114. O. 58. 791. 554. 203. 446. 300. 204. 

10 O. O. o. o. O. 106. 675. 400. 584. 406. O. O. 
11 O. 60. 175. 211. 64. 58. 551. 673. 66. 192. 189. 113. 
12 O. O. O. 128. O. 111. 645. 943. 217. 316. O. O. 
13 O. O. O. 196. O. O. 579. 951. 145. 85. 194. 197. 
14 127. O. O. 188. O. 126. 711. n7. 233. 210. O. 140. 
15 O. O. O. 208. O. O. 367. 976. 73. 53. O. O. 
16 O. O. O. 241. O. 112. 402. 1042. 143. 149. 146. 274. 
17 O. 126. 87. 524. O. 113. 190. 845. O. O. 118. O. 
18 O. O. O. 193. 108. 558. 256. 653. 167. 171. 117. 178. 
19 94. 62. O. 394. O. 472. 145. 754. O. O. 53. O. 
20 O. O. O. 45. O. 631. 197. 631. 141. 130. 150. 177. 
21 O. O. O. 156. O. 1441. 90. 549. 49. O. 52. 40. 
22 O. O. 61. O. O. 1273. 240. 307. 448. 149. 124. O. 
23 O. 74. O. 138. 90. 1508. 50. 379. 374. 51. 59. 237. 
24 O. O. o. o. O. 2044. 224. 200. 835. O. 40. O. 
25 O. O. 86. 78. 94. 3150. 75. 259. 468. 96. 128. O. 
26 O. O. O. 151. 100. 3092. 217. 147. 1010. 54. 49. O. 
27 O. O. O. 826. 711. 1482. 68. 189. 1122. O. 100. 88. 
28 O. O. 89. 385. 432. 535. 230. O. 814. 89. 51. O. 
29 O. O. 986. 471. 329. 115. O. 170. 789. O. 108. O. 
30 O. O. 664. 153. 224. 2n. 282. o. 753. 67. 56. 109. 
31 O. O. 830. O. 416. O. O. 198. O. O. o. o. 
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CALCULATED 
SPILLWAY FLOY DATA 
YEAR: 1983 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. 117. 265. 119. o. O. O. 144. O. O. 226. O. 
2 95. 730. 543. O. O. O. 80. 78. 77. O. 168. 57. 
3 o. 1454. 242. 235. O. o. O. 216. O. O. 126. O. 
4 o. 1029. 256. O. O. o. o. 78. 46. O. 124. 51. 
5 O. 878. 43. 76. O. 164. O. 151. O. O. 70. O. 
6 112. 1260. o. O. 57. 134. O. O. O. 60. 81. O. 
7 o. 1449. O. O. O. 117. O. o. O. O. 62. 55. 
8 95. 611. 275. 83. O. o. 66. 95. 101. O. 180. O. 
9 o. 764. 103. o. o. 238. o. 110. O. 96. O. o. 

10 44. 546. 130. 70. o. O. o. 194. O. O. 139. O. 
11 o. 280. 217. 85. O. O. O. O. 71. 70. O. O. 
12 163. 186. 465. 54. O. o. O. O. O. O. 110. 59. 
13 o. 1009. 212. O. O. o. o. O. O. 51. 50. 119. 
14 81. 731. 132. 145. O. O. O. 102. 152. 78. 112. 53. 
15 o. 389. 42. o. o. 72. 54. 77. o. 285. O. O. 
16 o. 629. 190. O. O. O. O. 166. 158. 369. O. 94. 
17 77. 1346. 159. 47. O. 45. O. 78. 139. 438. 96. 86. 
18 o. 702. 125. 91. O. O. O. 235. 110. 428. O. 167. 
19 o. 198. O. O. O. o. O. 145. 123. 683. 61. 259. 
20 291. o. O. O. O. o. O. O. 212. 350. O. 193. 
21 331. 99. o. 91. O. O. 45. 283. 194. 186. 48. 146. 
22 400. o. 261. O. o. 63. O. 68. 367. 53. O. 193. 
23 237. o. O. O. O. o. o. 157. 181. 569. 107. 52. 
24 537. 107. 567. O. O. 157. O. 41. 167. 505. O. 103. 
25 328. 190. 388. 53. O. O. O. 201. O. 1111. 44. 64. 
26 414. 59. 559. O. o. 50. O. 76. 142. 995. o. O. 
27 81. 262. O. O. o. O. o. 180. 164. 815. o. 102. 
28 340. 1120. o. O. o. O. O. O. 207. 462. 63. O. 
29 87. o. 385. O. o. o. 60. 160. 105. 238. O. 89. 
30 306. o. o. 47. o. 93. 173. 54. 133. 271. O. 125. 
31 o. o. 160. o. O. O. 134. '17. O. 169. O. 639. 
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CALCULATED 
SPILLYAY FLOW DATA 
YEAR: 1984 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 749. o. 554. o. O. 249. o. 107. 96. 278. 72. 141. 
2 447. o. 388. 210. o. 275. n. o. 39. 264. o. 79. 
3 219. 69. 249. o. o. 43. 43. o. 115. 147. o. 150. 
4 107. o. 201. o. o. 95. 231. o. o. 175. 52. o. 
5 158. 128. 125. 194. o. o. o. 116. 110. o. o. 139. 
6 132. o. 193. o. o. o. 192. 245. o. 123. 73. o. 
7 o. o. o. 84. o. 72. o. 102. 188. o. o. 164. 
8 82. 52. 269. 44. o. o. 53. 165. o. 105. o. o. 
9 54. o. o. o. o. o. 68. 98. 50. o. o. 43. 

10 o. o. o. 76. o. o. o. 44. o. 86. o. o. 
11 o. 114. 109. 61. 59. 79. o. 76. 130. o. 102. 83. 
12 76. o. 40. o. o. o. 94. 48. o. 54. o. o. 
13 o. o. 433. 58. o. o. o. 61. o. o. o. 85. 
14 45. o. 224. 124. o. o. 306. o. 68. o. o. o. 
15 o. 108. 209. 66. o. 63. 650. 65. o. 78. o. o. 
16 o. o. 160. 57. o. o. 508. o. 56. o. o. 84. 
17 101. o. 79. 78. o. o. 396. n. o. o. o. o. 
18 o. o. 51. 56. o. 91. 375. o. 139. o. o. o. 
19 108. 113. 95. 75. o. o. 139. 231. o. o. 40. o. 
20 o. 113. o. o. o. 103. 272. o. 241. 53. o. 101. 
21 53. 210. 127. 41. o. o. 160. 151. 71. o. 57. o. 
22 116. 180. o. o. o. 99. 245. 108. 457. 60. o. o. 
23 o. 1005. 439. o. o. 87. 103. 239. 187. o. 103. o. 
24 81. 466. 515. 81. o. 81. 269. 91. 337. 48. 111. 70. 
25 O. 433. 210. O. O. O. 105. 211. o. o. 493. o. 
26 42. 210. O. o. 108. 133. 232. o. 186. o. 168. 51. 
27 o. 281. 204. o. 402. O. o. 150. 192. 86. 267. O. 
28 131. 1521. o. o. 69. O. 96. o. 500. o. 57. o. 
29 o. 1464. 218. o. 980. 98. o. 89. 438. o. 245. o. 
30 o. O. O. o. 709. o. o. O. 438. 49. o. 64. 
31 69. O. 117. O. 550. o. 299. o. o. o. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1985 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. o. o. o. o. o. 114. o. 389. 407. 65. 185. 
2 o. o. o. o. o. O. O. 154. 328. 248. O. 203. 
3 o. 75. o. o. o. O. 320. 125. 549. 563. 47. O. 
4 17. O. O. o. O. O. 178. 224. 300. 446. 78. O. 
5 O. O. O. O. O. O. 94. 166. 466. 611. 47. 84. 
6 O. O. O. o. O. O. 147. 200. 927. 217. O. 72. 
7 o. O. O. O. O. O. 44. 252. 1097. 422. 17. 110. 
8 75. 17. 64. O. O. O. O. 172. 617. 164. o. O. 
9 o. O. O. O. O. O. 266. 229. 498. 337. 76. 118. 

10 o. O. O. o. O. o. o. 512. 335. 102. o. O. 
11 202. o. o. O. O. O. 103. 262. 221. 208. 75. 125. 
12 o. O. o. O. O. O. O. 261. 122. O. O. O. 
13 172. O. o. O. O. o. 175. 98. 94. 130. 45. o. 
14 o. o. o. o. o. o. O. 496. O. 73. O. o. 
15 198. o. o. o. o. o. O. 426. 290. 139. 54. 65. 
16 o. O. 50. O. O. O. 97. 405. 73. O. O. O. 
17 165. O. O. O. O. o. O. 351. 271. 148. O. O. 
18 o. O. 92. 135. O. o. 249. 162. 456. O. 53. O. 
19 198. O. o. O. O. O. O. 365. 2073. 150. O. 129. 
20 o. 17. O. 75. O. O. 71. 247. 1797. O. 64. O. 
21 157. O. o. 43. O. O. 68. 239. 1938. O. O. O. 
22 o. o. 220. 49. O. O. 78. 302. 1336. 133. O. O. 
23 196. O. O. O. o. o. 49. 222. 1117. O. 63. 49. 
24 o. o. o. o. o. 271. o. 150. 640. O. o. o. 
25 159. o. 58. o. o. o. 64. 98. 662. o. o. o. 
26 o. 59. o. 61. o. o. 171. 126. 322. 62. o. o. 
27 o. o. o. o. o. o. 174. 88. 436. O. 79. 78. 
28 o. 48. o. o. o. 83. 88. 170. 210. o. o. o. 
29 o. o. o. O. o. 132. 152. o. 409. 88. 121. o. 
30 o. o. o. 42. o. 129. 46. 253. 216. O. 152. o. 
31 o. o. o. o. O. O. 98. 162. O. o. o. 73. 
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CALCULATED 
SPILLYAY FLOW DATA 
YEAR: 1986 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. o. 52. o. o. o. 438. 235. 240. 112. 290. 57. 
2 o. o. o. o. o. o. 495. 373. 285. 62. 363. 46. 
3 o. o. o. o. o. o. 473. 380. 250. 98. 1n. 60. 
4 o. o. o. o. o. o. 706. 283. 278. 91. 189. 67. 
5 65. 70. 53. o. o. o. 935. 292. 291. 71. 156. 44. 
6 o. o. o. O. o. o. 839. 227. 592. 101. 195. 68. 
7 o. o. o. o. o. o. 718. 190. 514. o. 314. 44. 
8 o. o. o. o. O. o. 664. 232. 455. 116. 338. 69. 
9 64. o. o. o. o. o. 632. 191. 497. 70. 175. 37. 

10 o. o. 46. o. o. o. 451. 237. 1196. o. 122. o. 
11 90. o. 95. o. o. o. 511. 313. 1199. 112. 134. 102. 
12 o. o. o. o. o. o. 410. 247. 891. o. 110. o. 
13 116. 88. 40. o. o. 458. 455. 249. 611. 70. 95. 48. 
14 o. o. 114. o. O. 436. 394. 325. 430. o. 295. 59. 
15 o. o. 69. o. o. 357. 314. 378. 311. 130. 216. 32. 
16 o. o. o. o. o. 297. 161. 1188. 276. 52. 168. O. 
17 72. o. 95. o. o. 303. 102. 878. 215. 116. 160. 81. 
18 o. 113. o. o. o. 276. 85. 841. 148. 60. 117. 34. 
19 o. o. o. o. o. 312. 78. 1062. 91. 50. 74. 54. 
20 o. 73. 47. o. O. 407. 73. 908. 191. 58. 119. o. 
21 o. o. o. o. o. 718. O. 838. 235. 59. 62. 61. 
22 43. o. o. o. o. 862. 193. 798. 159. 50. 49. o. 
23 o. o. 56. o. o. 836. 99. 627. 216. 43. 89. 139. 
24 68. o. o. o. o. 785. 157. 450. 139. o. 31. o. 
25 o. 45. o. o. o. 758. 159. 353. 237. 103. 79. 94. 
26 o. o. o. o. o. 602. 206. 282. 188. o. 30. o. 
27 52. o. o. o. o. 676. 178. 269. 240. 41. 74. 128. 
28 o. o. o. o. o. 572. 292. 284. 154. 51. o. 88. 
29 O. o. o. o. o. 331. 584. 287. 156. 114. 56. 109. 
30 o. o. 52. o. o. 453. 552. 259. 61. 159. 46. 88. 
31 o. o. o. o. o. o. 505. 217. o. 195. o. 212. 

E-JO 
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• • • 
C~lCUl~TED 

SPlllV~Y FLOW D~T~ 
YE~R: 1987 

J~NU~RY FEBRU~RV M~RCH ~PRIl M~V JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 985. O. 67. 422. 32. 44. O. O. O. O. 199. 173. 
2 783. 122. O. 295. O. O. O. 41. O. O. 3n. 75. 
3 426. O. 53. 172. O. O. 135. O. O. O. 389. 100. 
4 463. O. O. 164. O. O. O. O. O. o. 898. 131. 
5 695. 128. o. 121. O. o. O. O. o. o. 1118. 81. 
6 550. O. o. 107. O. O. O. o. o. O. 896. O. 
7 353. 62. 320. 90. 31. 50. O. O. o. O. 712. 55. 
8 279. O. 437. 84. 61. O. 108. O. O. O. 540. 83. 
9 245. 113. 278. o. O. 40. O. O. O. o. 330. 61. 

10 202. o. 158. 92. O. 76. o. 41. O. o. 297. 90. 
11 179. 63. 1n. o. 66. o. O. o. o. O. 284. O. 
12 102. o. 58. 98. O. 60. 78. O. O. 189. 159. 43. 
13 91. 47. 84. 51. 124. O. O. o. o. 790. 159. 59. 
14 108. o. 66. 53. o. 64. O. o. o. 102. 160. o. 
15 85. 97. o. o. 68. o. 85. o. o. 567. 98. 112. 
16 99. o. 75. 103. 47. 90. o. o. o. o. 132. o. 
17 84. 89. o. o. 47. o. 171. o. o. 435. 93. 30. 
18 116. o. 79. o. 38. n. o. o. o. o. 729. 95. 
19 o. 84. o. o. o. o. 131. o. o. 135. 1120. o. 
20 114. o. o. 35. 111. 41. 90. o. O. o. 1699. o. 
21 o. 87. 75. o. o. o. 190. o. O. 140. 1399. 92. 
22 115. O. o. o. O. 79. 125. O. o. o. 752. O. 
23 68. 69. o. O. o. O. 214. O. O. 83. 541. O. 
24 133. o. o. O. 48. O. o. o. o. o. 458. O. 
25 69. o. 57. 45. O. O. 48. O. O. 31. 429. 85. 
26 128. 97. 87. o. O. o. o. o. o. 34. 358. o. 
27 O. o. 267. O. o. o. o. o. o. o. 238. o. 
28 102. o. 299. O. o. o. o. o. o. o. 228. 43. 
29 105. O. 308. O. O. 42. o. O. O. 69. 182. o. 
30 O. O. 464. O. o. 99. 35. o. O. o. 161. o. 
31 104. o. 552. o. o. o. o. o. o. o. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1988 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 72. o. o. o. o. O. 62. 251. 165. O. O. o. 
2 o. o. O. 43. O. O. O. 631. 278. O. O. o. 
3 O. o. 62. O. 75. O. 48. 626. 15,. 77. O. o. 
4 51. 90. O. O. O. O. o. 432. 183. O. o. o. 
5 O. O. 41. 40. O. O. o. 299. 67. 76. 141. O. 
6 O. O. 34. o. o. o. o. 437. 100. O. o. o. 
7 o. 58. o. o. o. o. O. 419. 51. o. 99. 30. 
8 53. 204. 130. O. o. o. O. 192. 178. 62. o. o. 
9 O. 163. o. 38. O. o. O. 231. 155. O. 34. o. 

10 86. 503. 136. o. o. o. O. 428. 186. O. o. o. 
11 68. 125. o. o. o. o. O. 1018. 59. o. 31. o. 
12 72. 18t. 153. o. o. O. o. 9Ot. 98. 35. o. o. 
13 73. 46. o. 52. o. O. 80. 804. 51. o. O. 47. 
14 O. 102. o. O. 57. O. O. 93t. 98. O. O. O. 
15 65. 49. 35. o. o. O. 43. 574. O. O. 69. O. 
16 O. 98. O. O. 250. O. O. 474. 37. O. O. O. 
17 79. 62. 79. O. O. O. O. 412. 10t. O. O. o. 
18 O. 39. O. o. 36. o. 103. 283. O. O. O. O. 
19 38. 127. 426. o. o. o. 72. 404. O. 58. O. O. 
20 O. 46. 327. O. 62. O. 416. 274. 9t. o. O. o. 
21 92. O. 403. O. o. o. 160. 486. O. O. O. o. 
22 o. 91. 120. o. O. O. 191. 529. O. O. O. o. 
23 52. 59. 277. o. o. O. 153. 470. 35. O. 38. o. 
24 100. 72. o. o. o. O. 98. 774. O. O. O. O. 
25 45. 55. 112. o. o. O. 69. 532. O. O. o. O. 
26 90. O. 39. o. 31. O. 96. 587. O. O. O. o. 
27 51. 8t. 104. o. o. O. 60. 367. 74. O. O. o. 
28 99. o. 42. o. o. O. 97. 237. o. o. o. o. 
29 O. 56. 4t. o. o. O. 114. 174. O. O. o. o. 
30 O. O. O. O. o. 3t. 277. 140. O. O. o. o. 
31 147. o. 93. o. o. O. 233. 178. o. o. o. o. 
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CALCULATED 
SPILLWAY FLOW DATA 
YEAR: 1989 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 o. o. o. o. o. o. o. 43. o. 60. 47. o. 
2 o. o. o. o. o. o. 78. 5t. 368. 244. o. o. 
3 o. o. o. o. o. o. o. 109. 25t. 44. 90. o. 
4 o. o. o. o. o. O. o. o. 321. 127. o. o. 
5 o. o. o. o. o. o. o. o. 334. 32. o. o. 
6 o. o. o. o. o. o. 39. n. 1129. 131. 41. o. 
7 o. o. o. o. o. o. 148. o. 462. 65. o. o. 
8 o. o. o. o. o. o. o. o. 3n. 2030. o. o. 
9 o. o. o. o. o. o. o. o. 254. 1853. o. o. 

10 o. o. o. o. o. o. o. o. 222. 1920. o. o. 
11 o. o. 36. o. o. o. o. 42. 129. 1903. o. o. 
12 o. o. o. 32. o. o. o. o. 199. 1428. o. o. 
13 o. o. o. o. o. o. o. 158. 36. 1011. o. o. 
14 o. o. o. o. o. o. o. 84. 143. 707. o. o. 
15 o. o. 39. o. o. o. o. 169. 34. 616. o. o. 
16 o. o. o. 37. o. o. o. o. 126. 665. o. o. 
17 o. o. o. 41. o. o. o. 168. 103. 288. o. o. 
18 o. o. 102. O. o. o. o. o. 236. 481. o. o. 
19 o. o. o. 86. o. o. o. 183. 136. 283. o. o. 
20 o. o. 62. o. o. o. o. 310. 220. 440. o. o. 
21 o. o. o. 129. o. o. o. 385. 44. 258. o. o. 
22 o. o. o. o. o. o. o. 242. 125. 224. o. o. 
23 o. o. o. o. o. o. o. 366. 40. 227. o. o. 
24 o. o. o. 48. o. o. o. 152. 128. 129. o. 88. 
25 o. o. o. o. o. o. o. 351. 588. 116. o. 101. 
26 41. o. o. o. o. o. o. 110. 609. 121. o. 187. 
27 o. o. o. o. o. o. o. 366. 268. 119. o. 70. 
28 o. o. o. o. o. o. o. 122. 352. 121. o. o. 
29 o. o. o. o. o. o. o. 245. 154. o. o. 73. 
30 o. o. o. o. o. o. o. o. 223. 33. o. o. 
31 o. o. o. o. o. o. 38. 254. o. 98. o. 87. 
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MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1974 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 
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MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1975 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 .0 7.7 .0 7.7 .0 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 .0 7.7 .0 7.7 .0 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 .0 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 .0 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 .0 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 .0 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 
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MAKEUP+PROCESS YATER FROM THE CANAL 
YEAR: 1976 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCT08ER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.1 1.1 1.1 1.1 1.4 7.3 
4 7.2 1.3 7.4 1.6 7.7 1.7 1.7 7.1 7.1 7.1 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 1.1 7.1 7.1 1.7 1.7 1.4 7.3 
6 7.2 7.3 7.4 7.6 1.7 1.1 1.1 1.1 1.1 7.7 7.4 7.3 
7 7.2 7.3 7.4 1.6 7.7 1.7 7.7 1.1 1.1 7.1 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 1.1 1.1 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 1.7 7.7 1.7 1.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 1.7 7.1 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 1.1 7.7 7.1 1.1 1.1 1.1 7.4 7.3 
12 7.2 7.3 1.4 1.6 7.1 7.1 1.7 7.7 7.1 7.7 7.4 7.3 
13 7.2 7.3 7.4 1.6 7.1 1.1 1.1 1.1 1.1 7.7 1.4 1.3 
14 7.2 7.3 7.4 1.6 7.1 7.7 1.7 1.1 1.1 7.7 1.4 1.3 
15 7.2 7.3 7.4 7.6 1.7 7.7 1.7 1.1 1.1 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 1.1 7.7 1.7 7.7 1.7 7.7 1.4 7.3 
17 7.2 7.3 7.4 7.6 1.7 7.1 7.7 1.1 1.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 1.6 1.7 7.7 1.7 7.1 7.1 7.7 7.4 7.3 
19 7.2 7.3 7.4 1.6 7.7 1.7 7.7 1.1 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.1 7.7 1.1 1.7 7.7 1.4 1.3 
21 7.2 7.3 7.4 1.6 1.7 7.1 7.7 7.1 1.7 1.7 7.4 1.3 
22 7.2 7.3 7.4 7.6 7.1 7.1 7.7 7.7 1.7 7.1 7.4 1.3 
23 7.2 7.3 7.4 7.6 1.1 1.1 1.1 7.7 1.1 7.1 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.1 7.7 1.7 1.7 7.7 7.4 1.3 
25 7.2 7.3 7.4 7.6 7.7 1.7 7.7 7.7 1.1 7.7 7.4 1.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.1 1.1 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 1.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.T 1.7 7.1 1.7 1.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 
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MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 19n 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-37 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1978 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-38 

• • • 



• • • 
MAKEUP+PROCESS YATER FROM THE CANAL 
YEAR: 1979 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-39 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1980 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-40 

• • • 



• • • 
MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1981 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 .0 .0 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 .0 7.7 .0 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 .0 .0 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 .0 .0 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 .0 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 .0 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 .0 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 

E-41 



MAKEUP+PROCESS VATER FROM THE CANAL 
YEAR: 1982 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-42 

• • • 



• • • 
MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1983 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-43 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1984 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 1.2 1.3 1.4 1.6 1.1 7.7 7.1 7.7 7.7 7.1 1.4 7.3 
2 1.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 1.2 1.3 1.4 1.6 1.7 7.7 7.7 7.7 7.7 1.7 1.4 7.3 
4 1.2 1.3 7.4 7.6 1.7 7.7 7.7 7.7 7.7 1.7 7.4 1.3 
5 1.2 1.3 1.4 7.6 1.1 7.7 7.7 7.7 7.7 7.7 1.4 7.3 
6 1.2 7.3 1.4 1.6 7.7 7.7 7.7 1.7 7.7 7.7 7.4 1.3 
1 1.2 1.3 1.4 7.6 7.7 1.7 1.7 7.7 1.1 1.7 7.4 7.3 
8 1.2 1.3 1.4 1.6 7.1 1.7 1.1 1.7 1.7 1.7 1.4 1.3 
9 1.2 7.3 1.4 1.6 7.7 1.7 7.7 1.7 1.7 1.1 1.4 1.3 

10 1.2 1.3 1.4 1.6 1.1 1.7 1.1 1.1 7.7 1.1 1.4 1.3 
11 1.2 1.3 1.4 7.6 1.1 7.7 1.7 7.1 7.7 1.1 1.4 1.3 
12 1.2 1.3 1.4 1.6 7.7 1.1 1.7 7.7 7.1 7.1 7.4 7.3 
13 1.2 7.3 1.4 1.6 1.1 7.7 1.1 7.7 7.1 7.1 7.4 7.3 
14 1.2 1.3 1.4 7.6 7.7 1.1 7.7 7.7 7.1 1.1 7.4 1.3 
15 1.2 1.3 1.4 7.6 7.1 7.7 1.1 7.7 1.7 7.1 7.4 1.3 
16 1.2 1.3 1.4 1.6 7.7 1.7 7.1 7.7 7.7 7.7 7.4 7.3 
17 1.2 1.3 1.4 1.6 7.1 1.7 1.7 7.7 7.7 7.1 1.4 1.3 
18 1.2 7.3 1.4 1.6 1.1 7.7 1.7 7.7 7.7 1.1 1.4 7.3 
19 1.2 1.3 1.4 1.6 1.1 7.7 7.7 7.7 7.7 1.7 1.4 7.3 
20 1.2 1.3 1.4 7.6 1.7 1.7 1.7 1.7 7.7 1.7 1.4 7.3 
21 1.2 1.3 1.4 7.6 1.1 7.7 7.7 7.7 7.7 1.1 1.4 7.3 
22 1.2 1.3 1.4 1.6 1.1 7.1 1.7 7.7 1.7 7.1 1.4 1.3 
23 1.2 1.3 1.4 1.6 7.1 7.1 1.7 7.1 7.7 1.7 1.4 7.3 
24 1.2 7.3 1.4 1.6 1.1 1.7 1.1 7.7 1.7 7.7 7.4 1.3 
25 1.2 1.3 1.4 1.6 1.1 7.7 1.1 1.7 7.7 7.1 1.4 1.3 
26 1.2 1.3 1.4 1.6 1.1 7.7 1.1 7.7 7.7 7.7 1.4 1.3 
21 1.2 1.3 1.4 1.6 7.1 7.1 7.7 7.7 7.7 1.1 1.4 1.3 
28 1.2 1.3 1.4 1.6 1.1 1.1 7.1 1.7 1.7 1.1 1.4 1.3 
29 1.2 7.3 1.4 1.6 1.7 1.1 1.1 7.7 7.7 7.1 1.4 1.3 
30 1.2 .0 1.4 1.6 1.1 1.1 1.1 7.7 7.1 7.1 1.4 1.3 
31 1.2 .0 1.4 ~ .0 1.1 .0 7.1 7.7 .0 1.1 .0 1.3 

E-44 

• • • 



• • • 
MAKEUP+PROCESS VATER FROM THE CANAL 
YEAR: 1985 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 

E-45 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1986 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 .0 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 .0 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 .0 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 .0 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 .0 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 

E-46 
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• • • 
MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1987 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 .0 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 .0 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 .0 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-41 



MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1988 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
4 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
5 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
6 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
7 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
8 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
9 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 

10 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
11 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
12 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
13 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
14 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
15 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
16 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
17 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
18 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
19 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
20 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
21 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
22 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 7.3 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 7.7 .0 7.7 7.7 .0 7.7 .0 7.3 

E-48 

• • • 



• • • 
MAKEUP+PROCESS WATER FROM THE CANAL 
YEAR: 1989 

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DEC. 

1 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
2 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 7.3 
3 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
4 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
5 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
6 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
7 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
8 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 
9 7.2 7.3 7.4 7.6 7.7 .0 7.7 7.7 7.7 7.7 7.4 .0 

10 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
11 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
12 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
13 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
14 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
15 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
16 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
17 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
18 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 .0 
19 7.2 7.3 7.4 7.6 .0 .0 .0 7.7 7.7 7.7 7.4 .0 
20 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 .0 
21 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 .0 
22 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
23 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
24 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
25 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
26 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
27 7.2 7.3 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
28 7.2 7.3 7.4 7.6 .0 .0 7.7 7.7 7.7 7.7 7.4 7.3 
29 7.2 .0 7.4 7.6 .0 7.7 7.7 7.7 7.7 7.7 7.4 7.3 
30 7.2 .0 7.4 7.6 .0 7,.7 7.7 7.7 7.7 7.7 7.4 7.3 
31 7.2 .0 7.4 .0 .0 .0 7.7 7.7 .0 7.7 .0 7.3 

E-49 



• 

• 

• 
LD~ lO 



• 10.10 TRAFFIC ANALYSIS 

A. Construction Traffic Analysis 

B. Martin County Requirements 

C. TCRPC Requirements 

D. FDOT Requirements 
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I Kim/ey.Horn I 
Kimley-Horn and ASSOCiates, Inc 
ENGINEERS • PLANNERS. SURVEYORS 

4431 Embarcadero Drive West Palm Beach, Florida 33407 407 845-0665 FaCSimile 407 863-8175 

Mr. Stephen A. Sorrentino 
PG&E/Bechtel Generating Company 
7475 Wisconsin Avenue 
Bethesda, Maryland 20814-3422 

Re: Indiantown Co-generation Project 
Northwest of Indiantown, Martin County, Florida 
(Construction Traffic Analysis) 

Dear Steve: 

October 23, 1990 
4241 T.00(07) 

We have conducted a revised evaluation of the traffic impact associated with the 
construction traffic of the proposed electrical power generating plant located approximately 
two miles northwest of Indiantown on the south side of State Road 710 in Martin County, 
Florida (see Figure 1 attached). The following presents the methodology and the findings of 
this evaluation. Please replace the report that we sent w you on October 10, 1990 with this 
evaluation . 

Construction Traffic 

Information about construction was provided by PG&E/Bechtel Generating Company. It is 
expected that the manpower will peak to about 800 employees during the year 1994 and would 
stay at that level for about four to six months. In order to determine traffic impact due to 
construction of the proposed plant, the year 1994 traffic was analyzed with 800 employees. 
The analysis included State Road 710, north and south of the PG&E/Bechtel site. 

Project Traffic 

Presently no shift work is contemplated. Proposals and the construction schedules are based 
on working 40 hours per week with a single day-shift. Since most of the employees will be 
commuting from the surrounding West Palm Beach, Stuart, and Okeechobee areas, it is 
anticipated that construction workers will car pool. Based on the information provided by 
PG&E/Bechtel, the traffic generation potential of the construction workers will be 
approximately 1,200 trips per day. The total trip generation for the proposed project follows . 

Anaheim • Charlotte • Dallas • Fon Lauderdale • Fon Myers • NashVille • Orlando • Phoenix 

Raleigh • San Diego • Stuart • Tampa • Vero Beach • Virginia Beach • Weat Palm Beach 

BUilding client relationships Since t967 



Mr. Stephen A. Sorrentino 

!.l.1liU. 

800 Employees 
20 Trucks 

Total Daily Trips 

-2-

DAILY TRIP GENERATION 

Trip Rate Vehicle Occupancy Rate 

2/employee 1-1/3 employees/vehicle 
2/truck 

October 23, 1990 

1,200 
~ 

1,240 

AM PEAK HOUR TRIP GENERATION (GENERATOR) 

Trip Rate Vehicle Occupancy Rate Inbound Trips 

800 Employees l/employee 1-1/3 employees/vehicle 600 

PM PEAK HOUR TRIP GENERATION (GENERATOR) 

Trip Rate Vehicle Occupancy Rate Outbound Trips 

800 Employees l/employee 1-1/3 employees/vehicle 600 

The project buildout traffic distribution and assignment was used to estimate the traffic 
impact of construction-related traffic. 

Link Evaluation 

The radius of impact for buildout year was used for the construction traffic impact analysis. 
Background traffic for year 1994 was determined using a growth factor of 5.6 percent per 
year. Construction traffic was added to background traffic to determine total traffic. It is 
anticipated that the construction traffic will generate its peak traffic at off-peak periods on 
the adjacent roadway network. Therefore, only daily traffic impact was analyzed for the 
construction traffic. Table 1 depicts project traffic. total traffic, and the corresponding level 
of service. 
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Mr. Stephen A. Sorrentino -3- October 23, 1990 

Driveway Evaluation 

The generator AM and PM peak hour construction traffic at the main entrance is depicted 
in Figures 2 and 3 attached. 

Conclusions and Recommendations 

Analyses of projected 1995 traffic volumes with the proposed power plant in operation 
indicated that a southbound right-turn lane on State Road 710 at the project entrance will 
benefit the traffic operation. It is recommended that this improvement be implemented prior 
to initiation of construction so that it can serve construction traffic. 

If you have any questions, please give me a call. 

BDCjLCL:map 
Enclosures 

Copy to: 
Mary Coffey, Bechtel Power Corporation 

Florida Registration 
Number 21783 

4241 TOO-LRI01790-Constr-bdc. wp 

Yery truly yours, 



TABLE 1 

1994 CONSTRUCTION TRAFFIC ANALYSIS 

ANNUAL AVERAGE DAILY TRAFFIC (AADT> 

1990 1994 1994 
Committed Existing Service Background Project Total Level of 

Segment Lanes Volume Volume "C" Traffic Traffic Traffic Service 

State Road 710 North 2L 6,053 13,100 7,527 335 7,862 A 
of Project Entrance 

State Road 710 South 2L 6,053 13,100 7,527 905 8,432 A 
of Project Entrance 

4241TOO-T1-101090 
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I Kim/ey.Horn I 
Klmley-Horn and Associates. Inc 
ENGINEERS. PLANNERS. SURYEYORS 

4431 Embarcadero Dnve West Palm Beach. Flonda 33407 407845-0665 Facsimile 407 863-8175 

Mr. Stephen A. Sorrentino 
PG&EjBechtel Generating Company 
7475 Wisconsin Avenue 
Bethesda, Maryland 20814-3422 

Re: Indiantown Co-generation Project 
Northwest of Indiantown, Martin County, Florida 
(Martin County Requirements) 

Dear Steve: 

October 23, 1990 
4241 T.00(07) 

We have conducted a revised evaluation of the traffic impact associated with the 
proposed electrical power generating plant located approximately two miles northwest of 
Indiantown on the south side of State Road 710 in Martin County, Florida (see Figure 1 
attached). The following presents the methodology and the findings of this evaluation. Please 
replace the report that we sent you on September 13, 1990 with this evaluation. 

Methodology 

The traffic impact analysis was conducted in accordance with the requirements of the Martin 
County Comprehensive Growth Management Plan. The analysis used current data available 
from Martin County, that was supplemented with data collected in the field and also includes 
assumptions concerning the similar characteristics between the proposed project and the 
adjacent Florida Power and Light Company (FP&L) power plant. The FP&L power plant 
existing traffic pattern was used as a basis of this analysis. 

Trip Generation 

The subject project will require 65 employees (80 employees total for 7 workdays per week) 
by the buildout year. Three different work shifts are planned for the employees. Forty-five 
employees will work the day shift from 7:00 AM to 4:00 PM, while 10 employees work the 
evening shift and 10 employees work the night shift. It is anticipated that the plant will be 
100 percent built out and in operation by the end of 1995. 

The trip generation potential of the proposed project was determined by using the trip 
generation rates of the adjacent existing FP&L power plant. Turning movement counts were 
made at the existing power plant entrance to determine the trip generation rates. 

The traffic generation potential for the proposed project was calculated using the FP&L 
power plant existing daily trip rate of 2.35 trips per employee, resulting in 153 daily trips. 
The AM and PM peak hour trip generation during the peak traffic hour on the adjacent street 
follows. 

Anaheim • Charlotte • Dallas • Fort Lauderdale • Fort Myers • NashVille • Orlando • Phoenix 

Raleigh • San Diego • Stuart • Tampa • Yero Beach • Ylrglnla Beach • West Palm Beach 

BUilding client relationships Since 1967 
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Mr. Stephen A. Sorrentino -2-

PEAK HOUR TRIP GENERATION 
(VEHICLES PER HOUR) 

October 23, 1990 

AM PEAK HOUR PM PEAK HOUR 

Trip Rate 

0.71/ employee 46 38 8 

Traffic Distribution and Assignment 

Trip Rate 

OAO/employee 26 5 

Out 

21 

Existing turning movement counts performed by Kimley-Horn and Associates, Inc. were the 
basis for determining traffic distribution and assignment for the proposed project. The 
data collected in the field indicates a split of 27 percent of the FP&L power plant 
generated traffic traveling northwest of the site and the remaining 73 percent of the­
traffic travelling southeast. The same split has been used in the analysis of the proposed 
project. 

Driveway Analysis 

Access to the development will be provided through a main entrance on State Route 710 
and a secondary entrance on West Farm Road. An emergency entrance will also be 
provided on State Route 710. It is anticipated that approximately 100 percent of the 
project trips will travel through the main entrance. This assumption presents a 
conservative approach for traffic analysis purposes. 

The AM and PM peak hour traffic at the main entrance is depicted in Figures 2 and 3 
attached. 

Link Evaluation 

The traffic study area was identified based on criteria included in the Martin County 
Comprehensive Growth Management Plan Traffic Impact Study Guidelines. The study area 
identified for the analyses includes State Road 710, one-half (t) mile north and one-half 
(t) mile south of the site. 

Traffic volumes were developed for the anticipated buildout year of 1995. 

A 5.6 percent background growth rate was used based on rates included in Martin County's 
Comprehensive Growth Management Plan five-year traffic volume tables. 
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Mr. Stephen A. Sorrentino -3- October 23, 1990 

Site-related traffic was added to the background traffic to develop total traffic for the 
buildout year. Table 1 (attached) shows State Route 710 will operate at Level of Service 
"A" for daily and peak hours in the buildout year after full operation is initiated. 

Intersection Analysis 

The only intersection analysis required within the one-half mile radius is the project 
entrance road at State Road 710. An analysis of turning movement volumes projected for 
1995 indicates that this intersection will operate at an acceptable level of service with the 
capacity provided on the existing streets. However, due to the railroad crossing and the 
characteristics of traffic anticipated to use this entrance road, an operational improvement 
is recommended. This improvement would be a right-turn lane on State Road 710 with 
sufficient storage length to accommodate traffic during closures of the at-grade crossing 
due to train movements. 

Conclusions and Recommendations 

Analyses of projected 1995 traffic volumes with the proposed power plant in operation 
show that roadway links and the intersection within the study area will operate at 
acceptable levels of service. Therefore, no improvements are warranted or recommended 
for roadway segments. However, for the benefit of traffic operations, it is recommended 
that a southbound right-turn lane on State Road 710 at the project entrance be 
implemented prior to operation of the proposed power plant. 

If you have any questions, please give me a call. 

BDCjLCL:map 
Enclosures 

Florida Registration 
Number 21783 

4241 TOO-LRI01190-County-bdc. wp 

Very truly yours, 



TABLE 1 

STATE ROAD 710 TRAFFIC ANALYSIS 

ANNUAL AVERAGE DAILY TRAFFIC (AADTl 

1990 1995 1995 
Committed Existing Service Background Project Total Level of 

Segment Lanes Volume Volume "C" Traffic Traffic Traffic Service 

North of Project Entrance 2L 6,053 13,100 7,948 41 7,989 A 
South of Project Entrance 2L 6,053 13,100 7,948 112 8,060 A 

AM PEAK HOUR TRAFFIC 

1990 1995 1995 
Committed Existing Service· Background Project Total Level of 

Segment Lanes Volume Volume "COl Traffic Traffic Traffic Service 

North of Project Entrance 2L 456 1,179' 599 12 611 A 
South of Project Entrance 2L 456 1,179 599 34 633 A 

PM PEAK HOUR TRAFFIC 

1990 1995 1995 
Committed Existing Service Background Project Total Level of 

Segment Lanes Volume Volume "COl Traffic Traffic Traffic Service 

North of Project Entrance 2L 472 1,179 620 7 627 A 
South of Project Entrance 2L 472, 1,179 620 19 639 A 

.source: "The roadway link capacity standards for the peak hour" in the Treasure Coast RegIonal Comprehensive Policy Plan, Policy 19.2.1.6. 

4241TOO-T1-092890 
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I Kim/ey.Ho,n I 
Klmley-Horn and Associates, Inc. 
ENGINEERS. PLANNERS. SURVEYORS 

4431 Embarcadero Drive West Palm Beach, Florida 33407 407 845-0665 Facsimile 407 863-8175 

Mr. Stephen A. Sorrentino 
PG&E/Bechtel Generating Company 
7475 Wisconsin Avenue 
Bethesda. Maryland 20814-3422 

Re: Indiantown Co-generation Project 
Northwest of Indiantown. Martin County. Florida 
(TCRPC Requirements) 

Dear Steve: 

October 23. 1990 
4241 T.00(07) 

As requested. we have conducted an evaluation of the traffic impact associated with 
the proposed electrical power generating plant as referenced above. The project is to be 
located approximately two miles northwest of Indiantown on the south side of State Road 
710 in Martin County. Florida (see Figure 1 attached). The following presents the methodology· 
and the findings of this evaluation. 

Methodology 

The traffic impact analysis was conducted in accordance with the requirements of the 
Treasure Coast Regional Comprehensive Policy Plan. The analysis used current data available 
from Martin County. that was supplemented with data collected in the field and also includes 
assumptions concerning the similar characteristics between the proposed project and the 
adjacent Florida Power and Light Company (FP&L) power plant. The FP&L power plant 
existing traffic pattern was used as a basis of this analysis. 

Trip Generation 

The subject project will require 65 employees per day (80 employees total for 7 workdays per 
week) by the buildout year. Three different work shifts are planned for the employees. 
Forty-five employees will work the day shift from 7:00 AM to 4:00 PM. while 10 employees 
work the evening shift and 10 employees work the night shift. It is anticipated that the plant 
will be 100 percent built out and in operation by the end of 1995. 

The trip generation potential of the proposed project was determined by using the trip 
generation rates of the adjacent existing FP&L power plant. Turning movement counts were 
made at the existing power plant entrance to determine the trip generation rates. 

The traffic generation potential for the proposed project was calculated using the FP&L 
power plant existing daily trip rate of 2.35 trips per employee, resulting in 153 daily trips. 
The AM and PM peak hour trip generation during the peak traffic hour on the adjacent street 
follows. 

Anaheim • Charlotte • Dallas • Fort Lauderdale • Fort Myers • NashVille • Orlando • Phoenix 
Raleigh • San Dlago • Stuart • Tampa • Vero Beach • Virginia Beach • West Palm Beach 
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Mr. Stephen A. Sorrentino -2-

PEAK HOUR TRIP GENERATION 
(VEHICLES PER HOUR) 

October 23, 1990 

AM PEAK HOUR PM PEAK HOUR 

Trio Rate In Trip Rate In 

0.71/ employee 46 38 0.40/employee 26 5 21 

Traffic Distribution and Assignment 

Existing turning movement counts performed by Kimley-Horn and Associates, Inc. were the 
basis for determining traffic distribution and assignment for the proposed project. The 
data collected in the field indicates a split of 27 percent of the FP&L power plant 
generated traffic traveling northwest of the site and the remaining 73 percent of the" 
traffic travelling southeast. The same split has been used in the analysis of the proposed 
project. 

Driveway Analysis 

Access to the development will be provided through a main entrance on State Route 710 
and a secondary entrance on West Farm Road. An emergency entrance will also be 
provided on State Route 710. It is anticipated that approximately 100 percent of the 
project trips will travel through the main entrance. This assumption presents a 
conservative approach for traffic analysis purposes. 

The AM and PM peak hour traffic at the main entrance is depicted in Figures 2 and 3 
attached. 

Link Evaluation 

The traffic study area was identified based on criteria included in the Treasure Coast 
Regional Comprehensive Policy Plan. Policy 19.2.1.11. states "the threshold for determining 
significance of impact shall be as a minimum five percent of the service volume of the 
appropriate level of service (i.e., LOS C/D) of roadways and intersections under existing 
peak hour conditions." 

It is found that the proposed project will not generate more than five percent of the service 
volume of Level of Service "C" on the roadway network during the peak hours. However, 
to depict the traffic impact of the proposed project, State Road 710 one-half (t) mile north 
and one-half (1) mile south of the project entrance were evaluated since it is the project's 
direct access to the adjacent roadway network. 

Traffic volumes were depicted for the anticipated buildout year of 1995. 
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Mr. Stephen A. Sorrentino -3- Octo ber 23, 1990 

A 5.6 percent background growth rate was used based on rates included in Martin County's 
Comprehensive Growth Management Plan five-year traffic volume tables. 

Site-related traffic was added to the background traffic to develop total traffic for the 
buildout year. Table 1 (attached) shows State Route 710 will operate at Level of Service 
itA" for daily and peak hours in the buildout year after full operation is initiated. 

intersection Analysis 

The only intersection analysis required within the one-half mile radius is the project 
entrance road at State Road 710. An analysis of turning movement volumes projected for 
1995 indicates that this intersection will operate at an acceptable level of service with the 
capacity provided on the existing streets. However, due to the railroad crossing and the 
characteristics of traffic anticipated to use this entrance road, an operational improvement 
is recommended. This improvement would be a right-turn lane on State Road 710 with 
sufficient storage length to accommodate traffic during closures of the at-grade crossing 
due to train movements. 

Conclusions and Recommendations 

Analyses of projected 1995 traffic volumes with the proposed power plant in operation 
show that roadway links and the intersection within the study area will operate at 
acceptable levels of service. Therefore, no improvements are warranted or recommended 
for roadway segments. However. for the benefit of traffic operations, it is recommended 
that a southbound right-turn lane on State Road 710 at the project entrance be 
implemented prior to operation of the proposed power plant. 

If you have any questions, please give me a call. 

BDCjLCL:map 
Enclosures 

Florida Registration 
Number 21783 

4241 TOO-LR101790-TCRPC-bdc. wp 

Very truly yours, 

D ASSOCIATES, INC. 



TABLE 1 

STATE ROAD 710 TRAFFIC ANALYSIS 

ANNUAL AVERAGE DAILY TRAFFIC (AADT) 

1990 1995 1995 
Committed Existing Service Background Project Total Level of 

Segment Lanes Volume Volume "c" Traffic Traffic Traffic Service 

North of Project Entrance 2L 6,053 13,100 7,948 41 7,989 A 
South of Project Entrance 2L 6,053 13,100 7,948 112 8,060 A 

AM PEAK HOUR TRAFFIC 

1990 1995 1995 
Committed Existing Service* Background Project Total Level of 

Segment Lanes Volume Volume "C" Traffic Traffic Traffic Service 

North of Project Entrance 2L 456 1,179' 599 12 611 A 
South of Project Entrance 2L 456 1,179 599 34 633 A 

PM PEAK HOUR TRAFFIC 

1990 1995 1995 
Committed Existing Service Background Project Total Level of 

Segment Lanes Volume Volume "C" Traffic Traffic Traffic Service 

North of Project Entrance 2L 472 1,179 620 7 627 A 
South of Project Entrance 2L 472 1,179 620 19 639 A 

*source: "The roadway link capacity standards for the peak hour" in the Treasure Coast Regional C~rehensive Policy Plan, Policy 19.2.1.6. 
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I Kim/ey.Horn I 
Klmley-Horn and Associates. Inc 
ENGINEERS. PLANNERS. SURVEYORS 

4431 Embarcadero Dnve West Palm Beach, Flonda 33407 407 845-0665 Facsimile 407 863-8175 

Mr. Stephen A. Sorrentino 
PG&E/Bechtel Generating Company 
7475 Wisconsin Avenue 
Bethesda, Maryland 20814-3422 

Re: Indiantown Co-generation Project 
Northwest of Indiantown, Martin County, Florida 
(FOOT Requirements) 

Dear Steve: 

October 23, 1990 
424IT.00(07) 

As requested, we have conducted an evaluation of the traffic impact associated with 
the proposed electrical power generating plant as referenced above. The project is to be 
located approximately two miles northwest of Indiantown on the south side of State Road 
710 in Martin County, Florida (see Figure 1 attached). The following presents the methodology 
and the findings of this evaluation. 

Methodology 

The project traffic impact was analyzed using the 1985 Highway Capacity Manual as required 
by the Florida Department of Transportation (FOOT). The analysis used current data 
available from Martin County, that was supplemented with data collected in the field and also 
includes assumptions concerning the similar characteristics between the proposed project and 
the adjacent Florida Power and Light Company (FP&L) power plant. The FP&L power plant 
existing traffic pattern was used as a basis of this analysis. 

Trip Generation 

The subject project will require 65 employees per day (80 employees total for 7 workdays per 
week) by the buildout year. Three different work shifts are planned for the employees. 
Forty-five employees will work the day shift from 7:00 AM to 4:00 PM, while 10 employees 
work the evening shift and 10 employees work the night shift. It is anticipated that the plant 
will be 100 percent built out and in operation by the end of 1995. 

The trip generation potential of the proposed project was determined by using the trip 
generation rates of the adjacent existing FP&L power plant. Turning movement counts were 
made at the existing power plant entrance to determine the trip generation rates. 

The traffic generation potential for the proposed project was calculated using the FP&L 
power plant existing daily trip rate of 2.35 trips per employee, resulting in 153 daily trips. 
The AM and PM peak hour trip generation during the peak traffic hour on the adjacent street 
follows . 
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Mr. Stephen A. Sorrentino -2-

PEAK HOUR TRIP GENERATION 
(VEHICLES PER HOUR) 

October 23, 1990 

AM PEAK HOUR PM PEAK HOUR 

Trip Rate Trip Rate 

0.71/ employee 46 38 8 0.40/ employee 26 5 21 

Traffic Distribution and Assignment 

Existing turning movement counts performed by Kimley-Horn and Associates, Inc. were the 
basis for determining traffic distribution and assignment for the proposed project. The 
data collected in the field indicates a split of 27 percent of the FP&L power plant. 
generated traffic traveling northwest of the site and the remaining 73 percent of the 
traffic travelling southeast. The same split has been used in the analysis of the proposed 
project. 

Driveway Analysis 

Access to the development will be provided through a main entrance on State Route 710 
and a secondary entrance on West Farm Road. An emergency entrance will also be 
provided on State Route 710. It is anticipated that approximately 100 percent of the 
project trips will travel through the main entrance. This assumption presents a 
conservative approach for traffic analysis purposes. 

The AM and PM peak hour traffic at the main entrance is depicted in Figures 2 and 3 
attached. 

Link Evaluation 

The traffic study area was identified based on criteria included in the Martin County 
Comprehensive Growth Management Plan Traffic Impact Study Guidelines. The study area 
identified for the analyses includes State Road 710, one-half (t) mile north and one-half 
(t) mile south of the site. 

Traffic volumes were developed for the anticipated buildout year of 1995. 

A 5.6 percent background growth rate was used based on rates included in Martin County's 
Comprehensive Growth Management Plan five-year traffic volume tables. 

• 

• 

• 
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Mr. Stephen A. Sorrentino -3- October 23, 1990 

Site-related traffic was added to the background traffic to develop total traffic for the 
buildout year. Link analysis, using the 1985 Highway Capacity Manual for two-lane 
highways, shows State Route 710 will operate at Level of Service "C" during peak hours in 
the buildout year after full operation is initiated. 

Intersection Analysis 

The only intersection analysis required within the one-half mile radius is the project 
entrance road at State Road 710. An analysis of turning movement volumes projected for 
1995 indicates that this intersection will operate at an acceptable level of service with the 
capacity provided on the existing streets. However, due to the railroad crossing and the 
characteristics of traffic anticipated to use this entrance road, an operational improvement 
is recommended. This improvement would be a right-turn lane on State Road 710 with 
sufficient storage length to accommodate traffic during closures of the at-grade crossing 
due to train movements. 

Conclusions and Recommendations 

Analyses of projected 1995 traffic volumes with the proposed power plant in operation 
show that roadway links and the intersection within the study area will operate at 
acceptable levels of service. Therefore, no improvements are warranted or recommended 
for roadway segments. However, for the benefit of traffic operations, it is recommended 
that a southbound right-turn lane on State Road 710 at the project entrance be 
implemented prior to operation of the proposed power plant. 

If you have any questions, please give me a caU. 

BDC/LCL:map 
Enclosures 

Florida Registration 
Number 21783 

4241 TOO-LRI01790-FDOT-bdc.wp 

Very truly yours, 

ASSOCIATES, INC. 
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1985 HCM:TWO-LANE HIGHWAYS 
**************************************************************** 

FACILITY LOCATION •••• SR 710 NORTH OF PG&E BECHTEL PLANT 
ANALYST. . . • . • • . • • • • .. LCL 
TIME OF ANALySIS .•••• AM PEAK HOUR 
DATE OF ANALySIS .•••. 09-27-1990 
OTHER INFORMATION .••• 1995 TOTAL TRAFFIC 

A) ADJUSTMENT FACTORS 

PERCENTAGE OF TRUCKS ••.•••••••••..•••••••••• 
PERCENTAGE OF BUSES ••.•••••...•••.••...•••.. 
PERCENTAGE OF RECREATIONAL VEHICLES ••••••••• 
DESIGN SPEED (MPH) ••..•.•••..••••..•••.••••• 
PEAK HOUR FACTOR .••••••..••••.•••••.•••...•• 
DIRECTIONAL DISTRIBUTION (UP/DOWN) ••....••.. 
LANE WIDTH (FT) •••••••••••.••••••••••••••..• 
USABLE SHOULDER WIDTH (AVG. WIDTH IN FT.) ••. 
PERCENT NO PASSING ZONES •.••••••.••••.•••.•• 

12 
o 
o 
60 
.93 
57 / 43 
12 
6 
30 

B) CORRECTION FACTORS 
-----------------------------------r-------------------------
LEVEL TERRAIN 

E E E f f f 
LOS T B R w d HV 

----- ----- ----- ----- ----- -----
A 2 1.8 2.2 1 .96 .89 

B 2.2 2 2.5 1 .96 .87 

C 2.2 2 2.5 1 .96 .87 

0 2 1.6 1.6 1 .96 .89 

E 2 1.6 1.6 1 .96 .89 

C) LEVEL OF SERVICE RESULTS 

INPUT VOLUME(vph): 611 
ACTUAL FLOW RATE: 657 

SERVICE 
LOS FLOW RATE VIC 

--------- -----
A 287 .12 
B 563 .24 
C 914 .39 
0 1485 .62 
E 2395 1 

LOS FOR GIVEN CONDITIONS: C 



1985 HCM:TWO-LANE HIGHWAYS 
**************************************************************** 

FACILITY LOCATION •.•. SR 710 NORTH OF PG&E BECHTEL PLANT 
ANALYST. . . . . . . • . . • . .. LCL 
TIME OF ANALySIS .••.. PM PEAK HOUR 
DATE OF ANALySIS ..... 09-27-1990 
OTHER INFORMATION .... 1995 TOTAL TRAFFIC 

A) ADJUSTMENT FACTORS 

PERCENTAGE OF TRUCKS .•.....•.••..•..•.•••.•. 
PERCENTAGE OF BUSES ..•.....••.•..••...•..••. 
PERCENTAGE OF RECREATIONAL VEHICLES .•....••. 
DESIGN SPEED (MPH) ..•..•.....•.•.•.••.•..•.. 
PEAK HOUR FACTOR .••..•..•...•.••••.....••.•. 
DIRECTIONAL DISTRIBUTION (UP/DOWN) •.••••..•. 
LANE WIDTH (FT) .•.....•.••.••.••..•.••..•..• 
USABLE SHOULDER WIDTH (AVG. WIDTH IN FT.) ••• 
PERCENT NO PASSING ZONES •.••..•..•.•..••.••. 

12 
o 
o 
60 
.93 
41 / 59 
12 
6 
30 

B) CORRECTION FACTORS 
-----------------------------------,-------------------------
LEVEL TERRAIN 

E E E f f f 
LOS T B R w d HV 

----- ----- ----- ----- ----- -----
A 2 1.8 2.2 1 .95 .89 

B 2.2 2 2.5 1 .95 .87 

C 2.2 2 2.5 1 .95 .87 

D 2 1.6 1.6 1 .95 .89 

E 2 1.6 1.6 1 .95 .89 

C) LEVEL OF SERVICE RESULTS 

INPUT VOLUME(vph): 627 
ACTUAL FLOW RATE: 674 

SERVICE 
LOS FLOW RATE VIC 

--------- -----
A 284 .12 
B 556 .24 
C 903 .39 
D 1466 .62 
E 2365 1 

LOS FOR GIVEN CONDITIONS: C 
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• 

• 
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1985 HCM:TWO-LANE HIGHWAYS 
**************************************************************** 

FACILITY LOCATION •••. SR 710 SOUTH OF PG&E BECHTEL PLANT 
ANALYST. . • • • . • • • • • • .• LCL 
TIME OF ANALySIS .•••• AM PEAK HOUR 
DATE OF ANALySIS •.... 09-27-1990 
OTHER INFORMATION •••• 1995 TOTAL TRAFFIC 

A) ADJUSTMENT FACTORS 

PERCENTAGE OF TRUCKS .••••••••••••••.•••.•••• 
PERCENTAGE OF BUSES ••.•••••••••..••..••••••• 
PERCENTAGE OF RECREATIONAL VEHICLES .•.•.•••. 
DESIGN SPEED (MPH) ••••••••••••••.•...•••..•• 
PEAK HOUR FACTOR •..•••••••.••••••••••••••••• 
DIRECTIONAL DISTRIBUTION (UP/DOWN) ••.••••.•• 
LANE WIDTH (FT) •••..•••..••.•••••••••.•••••. 
USABLE SHOULDER WIDTH (AVG. WIDTH IN FT.) ••• 
PERCENT NO PASSING ZONES .•••••••..•••..••••. 

12 
o 
o 
60 
.93 
57 / 43 
12 
6 
30 

B) CORRECTION FACTORS 
-----------------------------------r-------------------------
LEVEL TERRAIN 

E E E f f f 
LOS T B R w d HV 

----- ----- ----- ----- ----- -----
A 2 1.8 2.2 1 .95 .89 

B 2.2 2 2.5 1 .95 .87 

C 2.2 2 2.5 1 .95 .87 

D 2 1.6 1.6 1 .95 .89 

E 2 1.6 1.6 1 .95 .89 

C) LEVEL OF SERVICE RESULTS 
-------------------------------------------------------------
INPUT VOLUME(vph): 633 
ACTUAL FLOW RATE: 681 

SERVICE 
LOS FLOW RATE VIC 

--------- -----
A 285 .12 
B 558 .24 
C 907 .39 
D 1473 .62 
E 2375 1 

LOS FOR GIVEN CONDITIONS: C 



1985 HCM:TWO-LANE HIGHWAYS 
**************************************************************** 

FACILITY LOCATION •... SR 710 SOUTH OF PG&E BECHTEL PLANT 
ANALYST. • . . • • • . • . • . •• LCL 
TIME OF ANALySIS •.••. PM PEAK HOUR 
DATE OF ANALySIS ••... 09-27-1990 
OTHER INFORMATION ••.. 1995 TOTAL TRAFFIC 

A) ADJUSTMENT FACTORS 

PERCENTAGE OF TRUCKS ..•...•..•••...•..•...•• 
PERCENTAGE OF BUSES •..•...•••.••...•.••.••.. 
PERCENTAGE OF RECREATIONAL VEHICLES •...••.•• 
DESIGN SPEED (MPH) •..•...•....•..••....•.•.• 
PEAK HOUR FACTOR ...........•••••.•....•.••.. 
DIRECTIONAL DISTRIBUTION (UP/DOWN) •...••.••. 
LANE WIDTH (FT) ....•.•..•.••..•••.•••..••.•• 
USABLE SHOULDER WIDTH (AVG. WIDTH IN FT.) .•• 
PERCENT NO PASSING ZONES •..•••••...•.••••••• 

12 
o 
o 
60 
.93 
41 / 59 
12 
6 
30 

B) CORRECTION FACTORS 
-------------------------------------------------------------, 
LEVEL TERRAIN 

E E E f f f 
LOS T B R w d HV 

----- ----- ----- ----- ----- -----
A 2 1.8 2.2 1 .95 .89 

B 2.2 2 2.5 1 .95 .87 

C 2.2 2 2.5 1 .95 .87 

D 2 1.6 1.6 1 .95 .89 

E 2 1.6 1.6 1 .95 .89 

C) LEVEL OF SERVICE RESULTS 

INPUT VOLUME(vph): 639 
ACTUAL FLOW RATE: 687 

SERVICE 
LOS FLOW RATE VIC 

--------- -----
A 285 .12 
B 558 .24 
C 907 .39 
D 1473 .62 
E 2375 1 

LOS FOR GIVEN CONDITIONS: C 
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• 

• 
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1985 HCM: UNSIGNALIZED INTERSECTIONS Page-1 
********************************************************************* 
IDENTIFYING INFORMATION 

AVERAGE RUNNING SPEED, MAJOR STREET •. 45 

PEAK HOUR FACTOR ••••••........•....••. 9 

AREA POPULATION...................... 150000 

NAME OF THE EAST/WEST STREET •.••••... SR 710 

NAME OF THE NORTH/SOUTH STREET .....•• PLANT ENTRANCE 

NAME OF THE ANALYST ••••.••••••••.••.. LCL 

DATE OF THE ANALYSIS (nun/dd/yy) •••••• 09-27-1990 

TIME PERIOD ANALYZED •.•...•.••••••... AM 

OTHER INFORMATION ••.. 1995 TOTAL TRAFFIC 

INTERSECTION TYPE AND CONTROL 

INTERSECTION TYPE: T-INTERSECTION 

MAJOR STREET DIRECTION: EAST/WEST 

CONTROL TYPE NORTHBOUND: STOP SIGN 

TRAFFIC VOLUMES 

LEFT 

THRU 

RIGHT 

EB 

o 

276 

24 

NUMBER OF LANES 

LANES 

EB 

1 

WB 

46 

176 

o 

NB 

9 

o 

15 

WB 

1 

SB 

NB 

1 

PEAK HOUR 

SB 

ROAD 



ADJUSTMENT FACTORS Page-2 

PERCENT RIGHT TURN CURB RADIUS (ft) ACCELERATION LANE 
GRADE ANGLE FOR RIGHT TURNS FOR RIGHT TURNS 

------- ---------- ---------------- -----------------
EASTBOUND 0.00 90 

WESTBOUND 0.00 90 

NORTHBOUND 0.00 90 

SOUTHBOUND -----
VEHICLE COMPOSITION 

% SU TRUCKS 
AND RV'S 

% COMBINATION 
VEHICLES 

EASTBOUND 

WESTBOUND 

NORTHBOUND 

SOUTHBOUND 

CRITICAL GAPS 

MINOR RIGHTS 
NB 

MAJOR LEFTS 
WB 

MINOR LEFTS 
NB 

o 

o 

o 

TABULAR VALUES 
(Table 10-2) 

--------------
6.10 

5.30 

7.40 

IDENTIFYING INFORMATION 

o 

o 

o 

ADJUSTED 
VALUE 

--------

6.10 

5.30 

7.40 

20 

20 

20 

NAME OF THE EAST/WEST STREET •••••• SR 710 

% MOTORCYCLES 

o 

o 

o 

SIGHT DIST. 
ADJUSTMENT 
-----------

0.00 

0.00 

0.00 

NAME OF THE NORTH/SOUTH STREET •••• PLANT ENTRANCE ROAD 

N 

N 

N 

FINAL 
CRITICAL GAP 
------------

6.10 

5.30 

7.40 

DATE AND TIME OF THE ANALySIS •.••• 09-27-1990 ; AM PEAK HOUR 
OTHER INFORMATION •.•. 1995 TOTAL TRAFFIC 

• 

• 

• 
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• 
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CAPACITY AND LEVEL-OF-SERVICE 

MOVEMENT 

MINOR STREET 

NB LEFT 

RIGHT 

MAJOR STREET 

WB LEFT 

FLOW-
RATE 
v (pcph) 

-------

11 

18 

56 

POTEN-
TIAL 
CAPACITY 
c (pcph) 

P 
--------

359 

678 

799 

IDENTIFYING INFORMATION 

ACTUAL 
MOVEMENT 
CAPACITY 
c (pcph) 

M 
---------

344 

678 

799 

Page-3 

SHARED RESERVE 
CAPACITY CAPACITY 

c (pcph) c = c - v LOS 
SH R SH 

------------ ------------

> 344 > 333 > B 
> 497 > 467 >A 
> 678 > 659 > A 

799 743 A 

NAME OF THE EAST/WEST STREET ...... SR 710 
NAME OF THE NORTH/SOUTH STREET •••• PLANT ENTRANCE ROAD 
DATE AND TIME OF THE ANALySIS •.••• 09-27-1990 ; AM PEAK HOUR 
OTHER INFORMATION .••• 1995 TOTAL TRAFFIC 



1985 HCM: UNSIGNALIZED INTERSECTIONS Page-1 
********************************************************************* 
IDENTIFYING INFORMATION 

AVERAGE RUNNING SPEED, MAJOR STREET .. 45 

PEAK HOUR FACTOR..................... .9 

AREA POPULATION...................... 150000 

NAME OF THE EAST/WEST STREET ••.•••••• SR 710 

NAME OF THE NORTH/SOUTH STREET •.••••• PLANT ENTRANCE 

NAME OF THE ANALYST •••••..•.••••..•.. LCL 

DATE OF THE ANALYSIS (mm/dd/yy) •••••• 09-27-1990 

TIME PERIOD ANALYZED •..••.•..•••••••• PM PEAK HOUR 

OTHER INFORMATION •.•• 1995 TOTAL TRAFFIC 

INTERSECTION TYPE AND CONTROL 

ROAD 

---------------------------------------r-----------------------------
INTERSECTION TYPE: T-INTERSECTION 

MAJOR STREET DIRECTION: EAST/WEST 

CONTROL TYPE NORTHBOUND: STOP SIGN 

TRAFFIC VOLUMES 

LEFT 

THRU 

RIGHT 

EB 

o 

190 

5 

NUMBER OF LANES 

LANES 

EB 

1 

WB 

10 

352 

o 

NB 

17 

o 

56 

WB 

1 

SB 

NB SB 

1 

• 

• 

• 
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ADJUSTMENT FACTORS Page-2 

PERCENT RIGHT TURN CURB RADIUS (ft) ACCELERATION LANE 
GRADE ANGLE FOR RIGHT TURNS FOR RIGHT TURNS 

------- ---------- ---------------- -----------------
EASTBOUND 0.00 

WESTBOUND 0.00 

NORTHBOUND 0.00 

SOUTHBOUND -----

VEHICLE COMPOSITION 

EASTBOUND 

WESTBOUND 

NORTHBOUND 

SOUTHBOUND 

CRITICAL GAPS 

% SU TRUCKS 
AND RV'S 

o 

o 

o 

90 

90 

90 

% COMBINATION 
VEHICLES 

o 

o 

o 

20 

20 

20 

TABULAR VALUES ADJUSTED 
(Table 10-2) VALUE 

-------------- --------
MINOR RIGHTS 

NB 6.10 6.10 

MAJOR LEFTS 
WB 5.30 5.30 

MINOR LEFTS 
NB 7.40 7.40 

IDENTIFYING INFORMATION 

NAME OF THE EAST/WEST STREET ••.•.• SR 710 

% MOTORCYCLES 

o 

o 

o 

SIGHT DIST. 
ADJUSTMENT 
-----------

0.00 

0.00 

0.00 

NAME OF THE NORTH/SOUTH STREET •••. PLANT ENTRANCE ROAD 

N 

N 

N 

FINAL 
CRITICAL GAP 
------------

6.10 

5.30 

7.40 

DATE AND TIME OF THE ANALySIS ••••• 09-27-1990 ; PM PEAK HOUR 
OTHER INFORMATION •••• 1995 TOTAL TRAFFIC 



CAPACITY AND LEVEL-OF-SERVICE 

MOVEMENT 

MINOR STREET 

NB LEFT 

RIGHT 

MAJOR STREET 

WB LEFT 

FLOW-
RATE 
v(pcph) 

-------

21 

68 

12 

POTEN-
TIAL 
CAPACITY 
c (pcph) 

P 
--------

330 

768 

912 

IDENTIFYING INFORMATION 

ACTUAL 
MOVEMENT 
CAPACITY 
c (pcph) 

M 
---------

328 

768 

912 

Page-3 

SHARED RESERVE 
CAPACITY CAPACITY 

c (pcph) c = c - v LOS 
SH R SH 

------------ ------------

> 328 > 307 > B 
> 585 > 496 >A 
> 768 > 700 > A 

912 899 A 

NAME OF THE EAST/WEST STREET •.•••• SR 710 
NAME OF THE NORTH/SOUTH STREET •••• PLANT ENTRANCE ROAD 
DATE AND TIME OF THE ANALySIS ••••• 09-27-1990 ; PM PEAK HOUR 
OTHER INFORMATION .•.• 1995 TOTAL TRAFFIC 

• 

• 

• 
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IMAGE QUALITY 

AS YOU REVIEW THE NEXT GROUP OF IMAGES, 
PLEASE NOTE THAT THE ORIGINAL 
DOCUMENTS WERE OF POOR QUALITY. ' 
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Florida Department 0/ Environmental Regulation 
l'win 1bwers Offlc:e Bids. • 2600 Blair SlOne Ibld • ~ Florida '23~2400 

. 

APPLICATION TO CONSTRUCT/DPERAT'/A8ANDON 
CLASS I, III, 01 Y INJECTION WELL STSTEMS 

• &lIII~ .... _______ ---
~n. ____________________ _ 

.... &-_~-----------------­
&lIII "'-' "---~:::",,!~rr.;:o---F:;o .n ., tiP) 

PAIT I. D1~eotl0 •• 

PART 

A. All appllcable 1te.e .uat ba oo.plated 1n full 1n o~d.r to ua1d delay 1n 
p~oceaalng thla appllcatlon. Wha~e attached aheeta o~ oth.~ technical docu­
.entation a~e utl1ized l~ 11eu of the blank apace p~ovided. indicata appropri­
ate c~oa.-ra"~ence In the apace and p~~vld. ooplea to the departaent In 
acco~dance with (C) below.' Whe~e certaln Ite •• do not appeer applicable to 
the p~oJect, Indicate N/A In the approprlate .p.ce.. When thia 'ora le u.ed 
In conjunction with DER Fo~. l7-1.Z05(1), duplicative infonation ~eque.ts 
need to be co.pletad only once. 

8. All in'oraa~ion 1. to be ~yped o~ p~intad In Ink. 

C. Four (4) copie. 0' thl. applicatlon and ';u~ (4) copi •• 0' supporting in'or­
aotion auch a. plan., ~epo~t., drawing. and oth.~ docuaenta ahall be aubaittad 
to tha appropriate Dist~ict/Subdiat~ict o"ice. An enginee~ing ~.port is also 
required to be .ubaitted to aupport thia application purauant to the applica­
ble aectiona 0' Florida Adainiatrative Code Rule 17-Z8. The attached liata· 
ahall be uaed to detar.ina coaplatene.a of aupporting data .ubaitted or p~e­
viousl, received. A check 'or the applicatlon 'ee in accordance with Florida 
Adainistrotive Code Rule 17-4.05 .ade payable to the Depa~t.ent .hall accoo­
pany the app1icatlon. 

D. Fo~ project. Invo1ving conat~uction, thia application ia to be accoopanied by 
four (4) .et. 0' angineering drawing., .peci'icationa and de.ign data a. p~e­
pared b~ a Pro'e.aion.l Enginee~ registered in Florida, where r.qui~ed by 
Chapter '71, Florida Statutes. 

E. Attach 8 lIZ· x 11- USGS .ite locaUon .ap indicaUng townahip, range and 
.aection and latitude/long~tude 'or the project. 

11. G.ne~a1 Infor.atl0. 

A. Applicant, Naae Title 

Add~eae 

City Zip 

Telephone Nuobe~ 

8. '~oJect Statu .. [Xl Ne. t 1 ExhUng 

[1 Modi'ication (apeci'y) __________________ ~------____ ----------------

.WEngin.ering and Hydrogeologic Data Required 'o~ Support 0' Application to Con.truct, 
Operate and Abandon Cl.aa I, 111, or V Injection We11.-

DER FORM 17-1.209(9) 
Efrective Nove.ber 'a, 198Z 'age 1 of 10 

Protectmg Florida and Your Quality of Life 



• , 
, 
• , -, .. • 

• 

C. Well T" •• 

( ) E.plo~.to~, W.ll Qco T •• t/InJ.ctlon W.ll 

D. Typ. of P.~.lt Appllc.tlon. 
. 

( ) Cl ••• I Explo~.to~J V.ll Con.t~uctlon and T.,tlng ,.~.lt 

(X) CIa •• I T •• t/InJ.ctlon W.ll Con.t~uctlon and T •• Ung ,.~.lt 
-. 

. ( ) Cla .. I W.ll Op.~.tlng '.~alt 

C ) Cla .. I W.ll Plugging and Ab.ndon •• nt ~'2.1t 

.' 

( ) Cla .. III Well Con.t~uctlon/Op.~.tlon/Plugglng .nd Ab.ndon •• nt 'er.it 

( ) Cl ••• Y •• 11 Con.t~uctlon P.~.lt 

( ) Cl ••• Y Well Ope~.tlng P.~.lt 

C ) Cl ••• Y W.ll Plugging and Ab.ndon •• nt P.~.lt 
• 

E. F.cliity Identlfic.tlon. 

N.... Indiantown Cogeneration Project 

F.cliity Loc.tlon. St~ •• t.~R~o~u~t~e~7~1~0 ______________________________________ ~~ 

Clty. _____ I_n_d_i_an __ t_own ____________________________ .CountJ. Martin 

SIC Codl. __ ~49~1~1~ ____________________________________________ ___ 

F. Propo.ed f.cl1ltY,loc.ted on Indl.n L.nd •• ~ •• ____ _ No X 

C. Well Identlflc.tlons 

Well NOe ___ 1 __ of 2 W.l1. 
(total I) 

Purpo •• (P~opo •• ~ Uie), Disposal of treated wastewater 

Well Location, L.tltud •• 27
0 

2' 25" Longitude 80 0 30' 44" 

(.ttach a.p.r.t •• he.t. If n.c •••• ~y, for .ultlpl ••• 11 •• ) 

Subp.rt B. G.ne~.l Proj.ctlon D •• c~lptlon. 

(1) D •• crlb. the n.tu~ ••• xt.nt .nd .chedul. of the lnj.ctlon •• 11 p~oj.ct. R.r.~ 
to Ixl.tlng .nd/or futu~. pollution cont~ol f.cll1tl •• , axpect.d i.provl.ent 
in p.rror.anc. of the facilltl ••• nd .t.ta .hether the project .111 ~ •• ult In 
full co.pU.nce dth the ~equ1r ••• nt. of Chapter AD'. Flo~ld. Statutee, .nd 
aU ru1 ... nd ugulation. of the Oeputaent. Att.ch addltion.l ah •• t(.) If 
n.c •••• ry or cro •• -r.rerence the engl~e.rlng ~aport. 

See Attachment "A" 

--------------------~~ 
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PART III State.ent by Applicant and Enginaar 

A. Applicant 

B. 

I, the ownerJauthorized repre.entative- 0' . , 
certify under penalty 0' law that I have peraonallt exaained and am f.miliar 
with the Infor.ation aub.itted In thia docu.ent and all attach.ent. and that, 
based on .y inquiry of those individual. ialledlate'ly reaponaible for obtain­
ing the Infor.ation, I believe that the Information la true, accurate, and 
complete. I am aware that there are a1gnif1cant penaltiea for aub.Hting 
fal.e inforllatlon, including the poa.ibility 0' fine,and i.priaonment. I un­
deratand that this certification alao applies to all aubaequent reporta sub­
mitted purauant to thla per.it. Where construction la involved, I agree to 
retain the design engineer, or other pr'ofeaaional engineer registered in 
florida, to provide inapection of construction in accordance with florida 
Administrative Code Rule 17-28.'4(1)(c). 

Signad Date 

Name and T HIe (P lease Type) Telephone Number 

.Attach a Letter of Authorization • 

Professional Engineer Regi.tered in rlorida 

This is to certify that the engineering features of this injection well have 
been designed/examined by me and found to be in conformity with modern engi­
neering princlples applicable to the disposal of pollutants characterized in 
the permit application. There ia reasonsble assurance, in my professional 
judgement, that the well, when properly maintained and operated, will dis­
charge the effluent in compliance with all applicable statutea of the State 
of florida and the rulea and regulationa of the Department. It is also 
sgreed that the undersigned will furnish the applicant a set of instructions 
for proper lIaintenance and operation of the well. 

Signed' ________________________________ _ 

Name (Please Type) 

Compsny Name (Please Type) 
(Please Affix Seal) 

rLORIDA REGISTRATION NUMBER 

DER fORM 17-1.209(9) 
Effective November '0, 1982 

Mailing Addresa (Ple8se Type) 

--------- Date' ___________ Phone No. _____________ _ 
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ENGINEERING AND HYDROLOGIC DATA 
REQUIRED FOR SUPPORT OF APPLICATION 
TO CONSTRUCT, OPERATE, AND IBANDON 

CLASS I, III, OR , INJECTION WELL SYSTEMS 
• 

The following information ahall be provided for each type of permit application. 

(A) CLASS I EXPLORATORY WELL CONSTRUCTION AND TESTING PERMIT 

(1) Conceptual plan of the injection project •. Include number of injection wells, 
proposed injection zone, nature and volu.a of injection fluid, and proposed 
m~nitoring program. 

(2) Preliminary Ares of Review Study. Includa tha propoaed radius of the area of 
review with justification for that radius. Provide a map ahowing the locs­
tIon of the proposed injection well or well field area for which a permit is 
sought snd the applicable area of reviaw. Within the area of review, the map 
must show the number or name, and locstion of all producing wella, injection 
wells, abando"ned wells, dry holes, eurfacebodies of water, aprings, public 
water systems, mines (sur face and subsurface), qusrries, water wells and 
other pertinent surfsce features including residences and roads. The map 
should also show faults, if known or auspectad. Only informstion of public 
record and pertinent informstion known to the applicant is required to be in­
cluded on this msp. 

(3) Proposed other uses of the explorstory .ell. 

(_) Drilling snd testing plan for the exploratory .all. The drilling plan mu. 
specify the proposed drilling program, aampling, coring, and testing proce 
duras. 

(5) Abandonment Plan. 

(B) CLASS I TEST/INJECTION WELL CONSTRUCTION AND TESTING PE~MIT 

(1) 

(2) 

(3) 

A map showing the locstion of the proposed injection wells or .ell field area 
for which a permit is aought and the applicsble area of review. Within the 
area of review, the map must ahow the number or name, and l.ocation of all 
producing wells, injection wells, absndoned wella, dry holes, surface bodies 
of water, springs, public water systems, mines (surface and subsurface), 
quarries, wster wells and other pertinent surface festures including resi­
dences and roads. The map should also show fsults, if known or suspected. 
Only information of public record and pertinent information known to the 
applicant is required to be include~ on this map. 

A tsbulation of data on all wells .ithin tha area of review which penetrate' 
into the proposed injection zona, confining zone, or proposed moni toring 
zone. Such data shall include a description of each .ell'a type, construc­
tion, data drilled, location, depth, record of plugging and/or completion, 
and any sdditional information the Department may require. 

Maps and cross sections indicating the general vertical and lateral limits 
within the area of review of all underground sources of drinking wster, their 
position relative to the injection formation and the direction of water move­
ment, where known, in each underground source of drinking wstar which msy be 
affected by the proposed i~jection. • DER FORM 17-1.209(9) 

Effective Noyember 30, 1982 Page. of 10 
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Florida Department 0/ Env,Oronmental Regulation 
'lWin 1bwcrs omc:c BidS· • 2600 Blair SlOnc RoIld • '1!a.U:ahasIcc. FlOrida 32'~2400 

. 

APPLICATIDN TD CDNSTRUCT/DPEIATt/ABANDDN 
CLASS I, Ill, CR , INJECTIDN WELL SYSTEMS 

. 
DIII~ .... ________ ---
~n-____________________ _ 

.... ~---------------------

'AIT 1. Dl~eot10n. 

'ART 

A. All applioable It •• a .u.t b. ea.pleted ln tull ln a~d.r to avoid delay 1n 
prac.aalng this .ppll0.tlon. Wh.r. attaoh.d ah.at. or ath.r t.chnical docu­
.entatlan ara utilizad 1~ li.u of the blank .paee provid.d, indicate apprapri­
.ta cra •• -rarereno. 1n the .pae. and pr!'vid. cop i.. to the depart.ant in 
accordanoa w1th (t) balow.· Whara cartain ita •• do nat appeal' applicable to 
the project, indieat. NIA 1n the appropriat •• paca.. Whan this 'or. i. u.ed 
in conjunction with DER For. 17-1. Z05 (1), duplicativ. infor.aUon reque.t. 
naed to be eo.plet.d only one •• 

B. All 'n'orma~ion i. to ba ~yp.d 01' print.d in ink. 

C. raUl' (4) copies 0' this application and ';ur (4) eapie. a' .upporting in'or­
aation aueh as plana. report., dra.inga and other docuaenta ahall be aub.ttted 
to the appropriate Di.trlct/Subdi.triet o"ica. An engin.ering report i. al.o 
required to be aubaitted to aupport thla application purauant to the applica­
ble aections 0' Florioa Adatntatrative Code Rul. 17-28. The attached liata· 
.hall be uaed to deteraine coapletenea. 0' aupporting data aubattted 01' pre­
viously received. A check '01' the application 'e. in accordance with Florida 
Adainiatrative Code Rule 17-4.05 .ade payable to the D.part.ent ahall accom­
pany the application. 

D. For proJecta involving conatruction, this application i. to be accompanied by 
'our (4) .et. 0' engineering drawinga, apecificationa and design data a. pre­
pared by a Profe.aional Engineer regi.tered in Florida, where required by 
Chapter 471, Florida Statutea. 

E. Attach 8 1/2- x 11- USGS aite 10caUon .ap indicaUng townahip, range and 
.aection and latitude/long~tude for the project. 

U. Ganaral In'or •• tlon 

A. Applicant. Na.e THle 

Addre •• 

City Zlp 

Telephone Huebel' 

8. Project Statuu [xl N •• [ 1 EdaUng 

[1 Modi'ication (.p.ci'y) __________________ ~ __ ----______ --------------

·-Engineering and Hydrogeologic Data Requir.d '01' Support 0' Application to Construct, 
Dper.te and Abandon Clisa I. III, 01' Y Injection Well.-

'DER rORM 17-1.209(9) 
Errective Nove.ber '0, 1982 Page 1 0' 10 
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C. Well T,pa. 

( ) Expla~ata~, Wall (X) re.t/lnjaotlan Wall 

D. T,p. af P.~.lt Applloatlan. 
. 

( ) CIa •• I Expla~ata~, Wall Can.t~uotlan and T.atlng Pa~.lt 

(X) CIa •• I Ta.t/lnjaotlon Wall Con.t~uotlon .nd Ta.tlng Pa~.lt 

. ( ) CIa.. I W.ll apa~atlng Pa~.lt 

( ) CIa •• I Well Plugllng and Abandan •• nt Pae.lt 

( ) CI ••• III W.ll Can.t~uotlon/ap.~atlan/Plugglng and Abandan •• nt P.~.lt 

( ) CIa •• V w.ll Can.t~uotlan P.~.lt 

( ) CIa •• V W.ll ape~atlng P.~.lt . 

( ) Cl ••• V W.ll Plugging and Abandan.ant Pa~.lt 

E. F.cility Id.ntlflcatlan. 

H.... Indiantown Cogeneration Project 

• 

F.cllity Lacatian. St~ •• t. __ ~R~o~u~t~e~7~1~0 ______________________________________ ~ 

Clt'. _____ I_n_d_i_a_n_t_o_wn ___________________________ C,aunty. Martin 

SIC Cade. 4911 
----------------------------------------------------------. 

F. 'ropo.ad flcillty locatad on Indian Land.. ~ •• ____ _ 

G. Wall Id.ntificatlon. 

2 W.ll Ho. ___ _ af ~_2~~~We1la 
(total .) 

Na X 

Backup to primary well for disposal of treated Purpo •• (Propo.ed U •• )._w __ a_s_t_ew_a_t.e_r __________________________________________ ___ 

Wall Loc.tian. Latituda. 27· 2' 23" Langitude 80· 30' 46" 

(attach .ap.rata ah •• t. If n.c •••• ~y. far .ultlpl ••• lla.) 

Subpart 8. G.neral Prajactlan D •• c~lptlon. 

(1) D •• crlbe the n.tu~e, axtant and .ch.dul. of tha inj.ctlan •• 11 praj.ct. R.f.r 
to .xl.tlng end/o~ futu~e pallutlan oontral 'acl1Itl... axp.ct.d 1.prave •• nt 
In parfor.lnce a' the flcilltl •• and .tata whath.r the project will re.ult In 
full co.pll.nc. with the requir •• ant. af Chapta~ .0'. Florid. St.tut •• , and 
all rul .. and ugulatian. of the Deparh.nt. Attach additional ah •• t(.) If 
n.c •••• ry a~ cro •• -ref.r.nc. the .nll~ •• rlng r.part. 

See Attachment "A" • 
DER FORM 17-1.209(9) 
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~ PART III Stat •• ent by Applicant and Engine.r 

A. AppUcant 

• 

• 

B. 

I, the ownerJauthorlzed representative- of • , 
certif, under penalt, of law that I have personal It examined and am f.millar 
with the Inforaatlon aubaltted In this docuaent and all attach.ents and that, 
based on .y inquiry of those Individuals 1 •• edlatel, respona1ble for obtain­
ing the infor.ation, I believe that the inforaation Is true, accurate, and 
complete. I a. aware that there are e1gnlf1cant penalUea for submitUng 
false infor.ation, Including the poaalbilit, of fine. and i.prlaon.ent. I un­
deratand that this certification also appllea to all subaequent reporta sub­
.itted pur8uant to thla perait. Where con8truction ia involved, I agree to 
retain the design engineer, or other pr'ofes810nal engineer registered in 
Florida, to provide inspection of con8truction In accordance with Florida 
Adminiatrative Code Rule 17-28.'4(1)(0). 

Signed Date 

Name and Title (Pleaae Type) Telephone Number 

*Attach a Letter of Authorization • 

Profea8ional Engineer Registered In Florida 

Thi8 i8 to certify that the engineering features of thi8 injection well have 
been de8igned/examined by ae and found to be in conformity with modern engi­
neering princlple8 applicable to the diaposal of pollutants characterized in 
the permit epplication. There i8 rea80nable asaurance, in my professional 
judgement, that the well, when properly lIIaintained and operated, will dis­
charge the effluent in compliance with all applicable atatutea of the State 
of Florida and the rules and regulations of the Depart.ent. It ia alao 
agreed that the under8igned will furni8h the applicant a set of instructiona 
for proper maintenance and operation of the well. 

Signed' ________________________________ _ 

Nallle (Please Type) 

Company Name (Plea8e Type) 
(Plea8e Affix Seal) 

Mailing Address (Pleaae Type) 

FLORIDA REGISTRATION NUMBER ____________ _ Date' _______________ Phone No. ________________ _ 

DER FORM 17-1.209(9) 
Effective November 3D, 1982 Page , of 10 



ENGINEERING AND HYDROLOGIC DATA 
REQUIRED FOR SUPPORT OF.APPLICATION 
TO CONSTRUCT, OPERATE, AND ABANDON 

CLASS I, III, OR , INJECTION WELL SYSTENS 
• 

The following information ahall be provided for each type of permit application. 

(A) CLASS I EXPLORATORY WELL CONSTRUCTION AND TESTING PERMIT 

(1) 

(2) 

0) 

(.) 

(5) 

Conceptual plan of the injection project •. Include number of injection wella, 
proposed injection zone, nature and volume of injection fluid, and proposed 
m~nitoring program. 

Preliminary Area of Review Study. Include the propoaed radius of the ares of 
review with justification for that radius. Provide a map showing the loca­
tion of the proposed injection well or well field area for which a permit is 
sought and the applicable area of review. Within the area of review, the map 
lIust show the number or nalle, and location of all producing wells, injection 
wells, abandoned wells, dry holes, surfacebodiss of water, springs, public 
water Bystems, .ines (surface and subsurface), quarries, water wells and 
other pertinent surfacs features including residences and roads. The lIap 
should slso show faults, if known or suspected. Only information of public 
record and pertinent information known to the applicant is required to be in­
cluded on this lIap. 

Proposed other uses of the exploratory well. 

Drilling and testing plan for the exploratory well. The drilling plan mus~ 
specify the proposed drilling program, sampling, coring, and testing proc~ 
dures. 

Abandonment Plan. 

(B) CLASS I TEST/INJECTION WELL CONSTRUCTION AND TESTING PERMIT 

(1) A map showing the location of the proposed injection wells or well field area 
for which a permit is sought and the applicable area of review. Within the 
area of review, the map must show the number or name, and l.ocation of all 
producing wells, injection wells, sbandoned wells, dry holes, surface bodies 
of water, springs, public water systems, mines (surface and subsur face), 
quarries, wster wells and other pertinent surface features including resi­
dences snd roads. The map should also ehow faults, if known or suspected. 
Only information of public record and pertinent information known to the 
applicant is required to be included on this map. 

(2) A tabulation of data on all wells within the area of review which penetrate· 
into the proposed injection zone, con fining zone, or proposed moni toring 
zone. Such data shall include a description of each well's type, construc­
tion, data drilled, location, depth, record of plugging and/or completion, 
and any additional information the Depart.ent .ay require. 

(,) Maps and cross sections indicating the general vertical and lsteral limits 
within the area of review of all underground sources of drinking wster, their 
position relstive to the injection formation and the direction of wster move­
ment, where known, in each underground source of drinking water which may be 
sffected by the proposed i~jection. 

DER FORM l7-l.209(9) 
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(4) M.p •• nd cro •• a.cUon. d.t.Ulng the hydrol~gy and g.ologlc atructur •• or 
the local ar.a. 

(5) G.n.r.llz.d .ap. and cro.a aactlone llluetratlng the raglon.l geologic .et­
Ung. 

(,) Propoeed oparatlng ~ata. .. 
a. Aver.ge and •• xl.ue dally r.t. end volu •• -or the rluld to be Inject.d. 
b. Average and eaxleue Injection pr.eeura, and, . 
c. Sourc •• nd an anlyel. of the chaelcal. phy.lcal, radiological and biolog­

Ical characteri.tic. of inJactlon rluld •• 

(7) Propo.ed ror.aUon teateng progl'ae to ob'taln an analy.l. or the ch .. ical. 
phy.ical and radiological charact.riaUc. of and oth.r Inror.aUon on the 
injection zone. 

(8) Propo.ed .ti.ul.tlon progra •• 

(9) Propo.ed injection procadura. 

(10) En-gineering drawinga or the aurfac. and aubaurr.ce con.truction detaU. or 
the .y.te •• 

(11) Contingency pl.n. to cope with all ahut-in. or w.ll r.ilure., .0 a. to pro­
tect the quality of the w.ter. of the State a. defined in Florida Ad.inistr.­
tive Code Rule 17-3. Including alternate or •• ergency di.cha,ge provisiona. 

(12) Plans (including •• p.) and propo.ed .onltoring d.ta to be reported for .eet­
Ing the .onitoring require.ent. In Florid. Ad.ini.tr.tive Code Rule 17-28.25. 

(13) For well. within the .rea or review which penetrate the injection zone but 
are not properly completed or plugged, the corrective action proposed to be 
taken under Florida Ad.ini.trative Code Rule 17-28.13(5). 

(14) Construction procedure. including a ce.enUng end ce.ing progra., logging 
pr~c.dure •• deviation check., propo.ed .ethod. for iaolating drilling fluid. 
frOID .urficial aquifera, propoaed blowout protection (ir nece.sary), and a 
drilling, te.ting and coring progr ••• 

(15) A certlficstion that the .pplicant haa en.ured. through. perfor.ance bond or 
other .ppropri.t •••• na, the re.ource. n.c •••• ry to clo.e, plug or .bandon 
the well a. required by Florida Ad.inl.tratl.e Code Rul. 17-28.27(9). 

(C) CLASS I INJECTION WELL aPERATIIS PERMIT 

(1) A report .h.ll be aub.itted with each applic.tion for. Cia •• I well opera-' 
tion per.it, which .hall includa, but not be li.it.d to, the following infor­
•• tionl 

•• Re.ult. or the infor •• tion obtained under the con.truction per.it de­
.cribed in (B)-CLASS I TEST/INJECTION WELL CONSTRUCTION AND 3ESTING PER­
MIT, in~luding. 

1. All av.ilable logging an~ te.ting progra. data and con.truction data on 
the well or well field. 

2. A a.tlsfactor), de.onatration of .echanical Integ~it)' for all new well • 
pursuant to Florida Admini.trative Code Rule l7-28.l3(6)(b), 

DER Fora l7-1.209(9) 
Effective Novellber 30, 1982 Page 5 of 10 



• 

.': 
l. The actual operating data, including injection pre •• ur •• verau. pu.ping • 

rates where feasible, or the a~tlclpated .axi.ue pre •• ure and flow rate 
at .hich the ~er.lttee .111 operata, i' approved by the Depart.ent, 

4. Th. actual injection procedure, 

S. The coapatibility or inJectad .aate .1th rluida'ln the injection zone 
and aineral. In both the Injection zone and the confining lone, and, 

6. The atatu. 0' correcUve action on derecU.e .a1la In the area or 
revi ••• 

. b. Record dr.wing., ba.ed upon In.pection. by the angine.r or per.on. under 
hi. direct .upervi.ion, .ith all deviat)on. noted. 

c. Certification of co.pletion .ub.itted by the engine.r or record, 

d. If requ •• ted by the Depart •• nt. op.ration .• anual Including e •• rgency pro­
cedure., 

e. Propo.ed .onitoring progra. and data to be aub.itted, 

f. Proof' that the exi.tence of the .ell ha. be.n recorded on the .urveyor'e 
plan .t the county courthou.e. 

o. Propo •• d plugging and abandon.ent plan purauent to Florida Administrative 
Code Rule 17-28.27(2). 

(D) CLASS I WELL 'LUGGING AND ABANDONMENT 'ERMIT • (1) The reason. for abandon.ent. 

(2) A propo •• d pl.n for plugging and abandon.ent deacribing the preferred and al­
t.rnste •• thod •• and Justification for u ••• 

a. The type and nu.b.r of plug. to be p.ed, 

b. The place.ent of eech plug including the elev.tion of the top and botto., 

c. Th. type and gr.de and quantity of ce.ent or any other approved plugging 
.aterial to be uaed, 

d. The .ethod for place •• nt of the plug •• 

() The procedure to be u.ed to .eet th, require.ent. or Rule 17-28.27. 

(E) CLASS 111 WELL CONSTRUCTION/O'ERATION/'LUGGINC ANa A8ANDONMENT 'ERMIT 

Construction Ph •• e 

(1) A •• p .howing the location of the propo.ed injection .ell. or •• 11 fi.ld .rea 
for .hich a peuit 18 .ought and the applicable area Clf revi.w. Within the 
.r.a of r.vi.w. the .ap .u.t .how the nueb.r or n •••• and location of all 
producing w.ll •• inj.ction •• 11 •• ab.ndoned .ell •• dry hol.s •• urfac. bodi.e 
of •• ter •• prings. public wat.r .y.t ••••• 1nes (.urface and .ubsurface). 
quarrie., water •• 11. and other p.rtinent surface f.atures including r.si­
d.nce •• nd rosds. The .ap .hould al.o ahow faulte, if known or .uspect ... 
Only infor.ation of public record and pert.inent infor.ation known to 
applicant i. required to b. includ.d on this .ap. 

DER Form 17-1.209(9) 
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(2) A tabulation or data on all .ells .ithin the araa or rayie •• hich penetrate 
into the proposed injection zone, confining zona, or proposed .onitoring 
zone. Such data ah,ll include a deecription Qr aach .ell'a type, construc­
t10n, date drilled, location, depth, racord or plugging and/or co.plation, 
and-any ad~ltional inror.ation tha Dapart.ent .ay.raquirad. 

(,) Map. and croee aecUone indicaUng the gener-al wertical and lataral u.na 
.ithin the'araa or rayia. Dr all underground aourcea or drinking .atar, their 
position relative to the injection ror.ation and the diraction or .ater eoya­
.ent, .here kno.n, in aach underground aourca or drinking .atar .hich .ay be 
arfectad by the propoaed injection. 

(4) Mape and croae aecUona dehiUng tha hy~rology and geologic atructurea Dr 
the local area. 

(5) Generalized .ape and croae eectione illuetratln~ tha ragional geologic aet­
tlng_ 

(6) Proposed operating data. 

a. AYerage and .axi.u. daily rata end wolu.e Dr the rluid to be inJectad. 

b. Ave~age end .exi.u. injection praaeura. and, 

c. Source end en enslysis of the che.ical, physical, radiological and biolog­
ical characterietice or Injection rluide, including any edditives. 

(7) Proposed ronation testing progre. to obtein an analyei. of the chutcal, 
physical end radiological characteriatice Dr and other infor.ation on the in­
jection zone. 

(8) Proposed etiaulation progre •• 

(9) Proposed inJection·procedure • 

(10) Engin.ering drawinge or the aurr.ca end aubeurr.ca conatruction detaUs of 
the syate •• 

(11) Conting.ncy plana to cope with all ahut-ina or .ell reiluree or catastrophic 
collapse, so as to protect the quelity or the waters or the atete e. defined 
in Florida Ad.ini.hettye Code Rule 17-', Including alternate or e.ergency 
discharg. provislone. 

(12) Plans (Including aaps) and propos.d .onitoring date to b. r.ported for •• et­
ing the .onitoring require.ente in !lorida Adaini.tratiYe Code Rul. 17-28.25. 

(13) for w.ll. within the ar.a or review which penetrate the inj.ction zan. but" 
ar. not prop.rly co.pleted or plugg.d, the corr.ctiYe action propo.ed to be 
tak.n under florida Adminiatrative Code Rule 17-28.13(5). 

(14) Construction proceduree including a ce.enting and ca.lng p'rogr .. , logging 
procedure., d.vi.tion checka, propo.ed .ethod. for iaolating drilling fluid. 
ror •• urficl.1 aquifera, and a drilling, te.ting and coring progra •• 

(15) A certificate that the applicant ha. en.ured, through a perror.ance bond or 
other appropriate .ean., the rraource. n.c •••• ry to clo.e, plug or abandon 
the well as requir.d by florid. Adminiatrative Cod. Rul. 17-28.27(9) • 

DER for. 17-1.209(9) 
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·' (16) Expected change. In pra •• ura, natlva fluid di.plac •• ent, direction or .ova­
.ent or injection fluid. 

(17) A propo.ed .onitoring plan, .hich Includea a plan for detecting .tgr.tton Dr 
fluId. into underground .ourcea or drinking .ater, • plan to detect .ater 
~uaiity violation in the .onitoring .alla, and the propo.ed .onitoring data 
to b •• ub.itted. 

Operation Pha.e 

(1) The rollo.ing inror.ation .hall be providad to the Depart.ent prior to grant­
ing approval ror the operation or the .ell or .ell field. 

a. All available logging and teating pro.gra. data and con.truction data on· 
the .ell or .ell field, 

b. A .aUaractory deaonatration of •• ·chanical integrity for all new .eUa 
pur.uant to Flo~ida Adaini.trative Code Rula 17-28.13(6)(b), 

c. The actual operating data, including injection pre.aur. ver.u. pUIIP ing 
rate .here feaaible, or the anticipated .axiaua pra •• ure and flo. rate at 
.hic~ the per.ittee .ill operate, if approved by the Depart.ent, 

d. The result. of the for.ation te.ting progra., 

e. The actual injection procedure. 

f. The .tatus or corrective action on defectiva .ella in the area of rede. 

Plugging snd Abandonment Pha.e 

(1) the JustifIcation for abandon.ent. 

(2) A propos,d plen for pluggIng and abandon.ent de.cribing the prererred and al­
terna t •• e thoda. 

a. The type and nUllber or plugs to be used, 

b. The plac ... nt 0 f .ach p lug Including the elevation 0 r the top and bo ttOIl, 

c. The type and grade and quantity Dr ce.ent or any other approyed pluggIng 
.aterial to be uaed, 

d. The .ethod ror place.ent or the plug •• 

,,) The procedure to be ueed to .eet the require.ente Dr Florida Ad.inlstretiYe 
Code Rule 17-28.27. 

(n CLASS Y WELL CONSTRUCTION 'EINn. (Thi. ror. ahould be u.ed ror Cia .. V .e11s 
in.tead or Fora 17-1.209(1) .hen there i. a need ror a Technial Advisory Co •• ittee 
and an engineering report.) 

(1) type and nu.ber or propo.ed Cl ... V Wellaa 

Wells Rec.Iving Doaeetic Waete ____ _ Salt-lilater Intrusion Bar.riar Well. ___ _ 

CoolIng Water Return Flo. Velie, 
Open-looped Syate. 

DEft Fora 17-1.209(9) 
Effective Noyeaber 3D, 1982 

Sub.idence Control Well. -. 
Sand Backfill Well. 
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Experi.entaJ Technology W.118 

Radioactive Waste Diepo.al 
Wella· 

Other non-hazardoua Indue trial 
or Co •• erclal Diapoaal Wella' 
(axplain) o· 

Wall. uaad to Injact apant brine 
aft.~ halogen racoyery 

lorehole Slurry Mining Wall. 

ather (explain) 

.Proyided the concentr.tiona of lbe •• ate do nat excead drlnklng .ater atandards oon­
t.ined in Chapter 17-22. r.A.C. 

(2) Project Descrlptlon8 

a. Description and uae of propoaed injection ayate ••. 

b. Nature and yolu.e of injected fluid (The Depart.ent •• y require an analy­
eis (including bacteriological analyaia) in accordance .ith florida Ad.in­
iitrative Code Rule 17-4.27(2)(0». 

(') Water well contractor' e na.e. title, .atate license nu.bert addresa, phone 
number and signature. 

(4) Well Design and Construction OetaUa. (for .ulti-ca81ng conr.tguretions all' 
unusual construction provisions, an elevation drawing of the propoaed well 
should be attached.) 

a. Proposed total depth, 

b. Proposed depth and type of oe81ng(a" 

c. Diameter of wdol. 

d. Cement type, depth, thickness. 

e. Injection pUllp. (if epplicable) a 
Controls. 

(S) Water Supply Walls ... When required by "lor1da Ad.inhtuUu Code Rule 
17-4027, attach a .ap section showIng the locations of all water supply well. 
within a one (1) .11e radius of t;he proposed .ell. The well depth. and 
ca.ing depths should be included. When required by Rule 17-4021(2)( g), 
re.ult. of bacteriological exa.inationa of .ater froll all .ater aupply well" 
within one (1) aile and drilled to approxi.ate depth of proposed well should 
be attached. 

(6) Area of Reyiew (aay ba raquired at Dapart.ent'a diacretlon). 

Include the proposed radiua of the araa of reyla. with justification for that 
radius. Provide a .ap .howing the location of the propos.d Injection well or 
well fhld ar.a for which a per.i t Ie aought and the applicsble area of 
review. Within the area of revisw, the .ap .uat 8how the nUllber or n •• e, and 
location of all producing wel18, injection .ells, abandoned wella, dry holss, 

• aurface bodies 0 of .ater, a~ring., public .ater ayst •• s, .ine. (surfece and 

DER Form 17-1.209(9) 
Effective November '0, 1'82 'age , of 10 



• 
, 

aubaurface>, quarries, .ater .elle and other pertinent aurf.ce feature~:' 
•. including residencea and roeda. The •• p ahould aho aho. fau-lte, if known 01' • 

auapected. Only inforaation of public record and pertinent infor •• tion known 
to the applicant ia required to be included on t~ia eap. 

(G) CLASS , IELL OPERATION PEIMn (rinal report or the conahuctlon that -includea 
the rol10wing infor.ation eay be aubeittad .ith the application to operate.) 

(1) Penit Nueber of CI .. I , Conlhuction Plreit, 

(2) O.ner'a Na.e. 

(3) Type of leUa 

(.) Construction and TesUng Su •• ary. 

a. Actual Di.enaiona • 
. 

Dia •• ter inches. WeU Depth feet, CI.ing Depth feet. 

b. R.aulta of Initial Teating • 
. 

(5) Propo.ed Operating Data. 

a. Injection Rate (GPM). • b. Deacription of injected .a.te, . 

c. Injection pre •• ure and puep controll. 

(6) Propo.ed Monitoring Plan (If Iny). 

a. Nu.ber of .onitoring .elll, 

b. Depth(a). 

d. Frequency of ••• plingl 

e. Inetru.entation (if applicable) rl0. __________________________________ ___ 

Preeaure, __________________________________ ___ 

(M) - CLASS' IELL PLUGGING AND ABANDONMENT PERlin 

(1) Per.lt nu.ber of Cla.a Y con.truction 01' operating perait. 

(2) Type of .ell. 

(3) Propo.ed plugging procadurea, plane and epaciflcation8. 

(4) Rea.on. for abandon.ant. 

DER Form 17.1.209(9) 
Effactive Nove.ber 30, 19B2 Page 10 of 10 
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ATTACHMENT A 

SUBPART B. GENERAL PROJECT DESCRIPTION 

DER FORM 17-1.209 (9) 

The Indiantown cogeneration Project is a new facility which will 
produce 330MW of electricity when not exporting steam. The 
facility has a single pulverized coal boiler, turbine generator, 
mechanical draft cooling tower and associated support equipment. 
The main boiler will be equipped with a SNCR system for NOx 
control. A spray dryer absorber and baghouse will be used for 
S02 and particulate control. An auxiliary boiler is provided to 
supply emergency steam up to 225,000 pound per hour and will burn 
either natural gas or #2 fuel oil. 

The project is expected to start construction in March of 1992 
and be commercially operating in December 1995. 

The project is being designed to be in accordance with Chapter 
403, Florida Statutes, and rules and regulations of the Florida 
DER • 
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REFERENCE DOCUMENT 

The following document is referenced in this permit and contains 
the information developed to support preliminary design of the 
injection wells: 

Indiantown Cogeneration, L. P. 1990. Indiantown 
Cogeneration Project, site certification Application . 
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CLASS I TEST/INJECTION WELL CONSTRUCTION AND TESTING PERMIT 

(1) A map showing the location of the proposed injection wells 
or well field area for which a permit is sought and the 
applicable area of review. within the area of review, the 
map must show the number or name, and location of all 
producing wells, injection wells, abandoned wells, dry 
holes, surface bodies of water, springs, public water 
systems, mines (surface and subsurface), quarries, water 
wells and other pertinent surface features including 
residences and roads. The map should also show faults, if 
known or suspected. only information of public record and 
pertinent information known to the applicant is required to 
be included on this map. 

For the location of the proposed injection wells, see Figure 
3.1.1-1 (attached) and Figure 3.5.1-6 (Detailed site Plan) 
in the attached SCA section 3.5.1.5. The area of review for 
the injection wells has been determined to be a minimum one­
mile radius in accordance with the criteria set forth in 
Rule 17-28.130(4), FAC. For the location of all wells 
within the one-mile area of review, see Figure 2.3.3-1 
(attached). Please note that this figure shows additional 
wells within a s-mile radius of the proposed plant site, 
developed to support other information requirements for the 
SCA • 
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PlEASE NOTE THE ORIGINW DOaJMENTS 
SUNNED FOR THIS BEtOn WEBE OF POOR 

QIJIlD'Y. 
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BORINGWG_ PROJECT _~ NO -ISlifET NO HOLE NO 

INDIANTOWN COGENERATIO,", 524 I 1 OF 2 B-I0l 
SITE COORDINATES rNGLE fRa4 HORIZ BEARING 

• CarDwn ..... N 5931, E 7830 Ven.cal 
EGUN ICOMPLETED RILLER jRILl MAKE AND MODEL ISIZE rERBURDEN ROCK (FT ) TOTAL DEPTH 

7-31 -90 7-31-90 Ardaman & ASSOCIates CME45 410 50S 00 505 
CORE RECOVERY (FT I~) ICORE BOXES SAMPlESIEL TOP CASING GROUND El riEPTH~EL GROUND WATER r EPTN/EL TOP OF ROCK 

o 010 o 18 318 23/283ws I I / 
SAMPL E HAMMER WEIGHT/FAll CASING LEFT IN HOLE alA /LENGTH ILOGGED BY 

140lb/3Otn none Scott NewbolLW 
w :::>w 0 = >- STANDARD 

~ PENETRATION m 0 
00:: wow~wO:: TESTS ~ 

0 Z NOTES ON ~H ([0 a:~it- a:w H 

• • • • OLEU ~ ~ W DESCRIPTION AND CLASSIFICATION WATER LEVELS, D a.~ ~UJi~88 .. .. .. .. .. .. ~ W WATER RETURN, 

~ 1: III a. 0: 11:1 XW D 
q .. .. ~ ~ ~ ~ E CHARACTER OF 

G:.J:t:o ..J IX • < L .. 
31.8 

0 q DRILLING, ETC II) ([0 II 

" N n .. m 
I'III f,I'IIY ac. very OOK, ,om 

303 
(SiAN ,met: mota 

, 0 > 1 > " OOK inC W, .. ,,~ 

(SM) 

, , > > • Grade! dark brown no root. 

273 , • > • , ~I'!y~!,~n lOOK meolUm ;)I\I'U) wltn IUt 
(SP-SM) 

• Bec:omel black medium to denae medium to 
f~ 

1 0> .. I" 

10> '0 '0 I" I" 
10 

8egm dnlllllJ wllh 
~d • 

148 
(SJ;)' rown oClIe IDC 'IU'IJ.., ce II 

1 ' > 1 > 
20 

10 • , • • 
" ran 'f:J6n1Y emc II y ,om 

IDe S shghtly eemented traee IbeU 
fragmenu 

(SM to Sp) 

30 

Become. "fthlgnlt, wllh lIhell fragment. 

• trace III and b aek peppenllJ 
(SP) 

• Alot of IIhcll 
Ilou h In 

SS = SPLIT SPOON. ST. SHELBY TUBE';RI SITE HOLE NO 

•• ENNISON, P ; PITCHER 0 = OTHER Car Dumper B-IOI 



BORING LOG INDIANTOWN COGENERATION ~; E~F" 2 IHO~.;;l 

.~ §I~ z ON 

Lili~ 
ELEV ~ Z DESCRIPTION AND CLASSIFICATION LEVELS, ~ ~ RETURN, W « 0 ~ OF 

~ ETC 
• 

I.e .. abc:1I from 38 
(tncc: Ihell fragmenll) ., , , •• '" .- 1-

~ 

45· 

, - .. - .-

187 ~ 
~. 

• 

~S .. SPUT SPOON, ST = SHELBY,T~~~ERI It 
= DENNISON, P ; PITCHER, 0 = Car I"U'~.n· • 



BORING:LOG PROJECT Joe NO SHEET-NO HOLE NO 

TNDIANTOWN COGENERATION -~0524 I 1 OF 4 B-102 -
SITE COORDINATES rNGlE FROM HORIZ BEARING 

• Waste Pond N6997,E9074 V ..... cal 
BEGUN rOMPLETED rRILLER rR1lL MAKE AND MODEL ISIZE r"ERBURDEN ROCK eFT ) TOTAL DEPTH 

8-1-90 8-2~90 Ardaman & AssocIates CME45 4m 1455 00 145 5 
CORE RECOVERY (FT IX) ICORE BOXES SAMPLESIEL TOP CASING GROUND El iiPTH/EL GROUND lolATER r EPTH/EL TOP OF ROCI( 

0010 034 345 2 0/32 5 ws I I 
SAM" E HAMMER WEIGHT/FAll CASING LEFT IN HOLE OIA ILENGTH ILOGGED BY 

140lb/30m none Scott Newhouse 
w 

:>ILI U = > STANDARD • 
~ PENETRATI.ON ~ 0 o It: ILIOW~WIr TESTS ~ U Z 
I-H :~ ;:l~8§ 

H NOTES ON , , , , ELEU I- ~ W DESCRIPTION AND CLASSIFICATION WATER LEVELS, .c IL CD CD CD CD 
~ & 

~ WATER RETURN, 
~ IL I:W 11. It (/)0 ,w 

" ~ u ~ ~ CHARACTER OF 
gj~ <l.JI:O .J It • L " '" 

~ ~ DRILLING, ETC en ClU II 

" N " ~ " f1Iy rown, oose, me lurn M , 
(~ ,~:;, lilt and rooU 

330 SP-S 
1 • "F'slij' 

,om ,om co II 

• I· ~ • 10. 

'" 
Gradu light brown With deplb. Large root m 'PODn 

l'r. a rown ac me tum e rerne y riller notel hard pan 
! • I· " 1 .0 I·' ru" 

, dcnte 8l1ly (me SAND \nice large ~ 
fnBmenta 

(SM) 
, . 
I ., 1 • • 0 .. 1 • LeA ,all from 7 5 (WIth Itll) 

2S' 
1 " 1 • " • 1 ' 

0 Drown, me !l.lm me,,"um w me .l:IA!'IU lnce 

10- •• (SP) 
1 ., 1 • ., • • 

• , Becomel IIghl gnylbrown With Itillentel 

Become. finer, PO leDICI 

1 ' " • 1 ., I" 2. 

1
0 •• " .u I" 

2S-

8. 
Illy me urn, me tum nu WIlli Dn1ler ootel 110ft .t 

mel! fragmenta trace clay '" (SM) 

3. 

• Dnller DOle. harder 
.t 33 

$S- SPLIT SPOON, ST .. SMELBY TUBE :RI SITE MOLE 1110 -. ENNISON, P • PITCHER, 0 z OTHER Waste Pond B-102 



BORING LOG INDIANTOWN COGENERATION ~~~ ISK;E~FNO 4 l'O~_;~2 

1~1:1;lil;li;~ir~ ''i ~ ~ 
~ I~ ~ ON 

EL.EV ~ DESCRIPTION AND CLASSIFICATION LEVELS. 

~ ~ RETURN, « 
~ OF 
0 ETC 

• 
-35 

(,J' h.,,, "".n 
40-

45 

-.- T --" r= '" 
-,,-

SO-

• " 

[" " r= rn [= 
60-

,,-

Leu lIbell With depth 

70-

'" GI (eL, 

1 -,. , -, [11 
~< 

Iss" SPLIT SPOON, Sf '" SHELBY ,T~~~ERI TE I 'OLE itl02 
) 'II DENNISON, P " PITCHER, 0 ~ Waste Pond • 



:c;ii7c ,,'"® T 13-0' -4 cuw", COGENERATION ~OS24 B-I02 

• .~- :J: §~ ON 
~ :J: DESCRIPTION AND CLASSIFICATION LEVELS, 

I~ iii i 
~ ~ w « RETURN, 
D ~ OF 

~ eTC 
, , , .,,' 

-43S 

-. ... I" (eLf'· c 

-"'0 

(sci" ... 11 
.,." 

48' , 
,i" "" ...... '11 , ·'sh·, 

ss- (s~ 

'3S 
"' '£UM 

1 I 1 II II • , 

57' 
'ni..'!F 

• Sample depth 
dlsturbcci whll" 
dnllmg thru cave-itl 

I ,. 

-<l3S 

(S"t'" ' 

DO clay from 104 

lUll flhcll from 109 

• 1 1 ZJ I~' I I' Become. cllyey (SC) JO 10 10 ft Ampkl; 

IsS • SPLIT SPOON, ST ., SHELBY ,T~~:ERI HE Waste Pond 1 'OLE :i' .n-. 
., DENNISON, P ., PITCHER 0: 



BORING LOG INDIANTOWN COGENERATION ~~; rn4~~F 4 l,u~;~2 

I:~ 1~;I~~liil~;rrmrr x el~ ON 
ELEV l- X DESCRIPTION AND CLASSIFICAT:ION I;;~: LEVELS, ~ ~ W ~ RETURN, 

0 ~ 1; ~C ~ • 
120 

I" I'· More clay from 124, gradmg to Andy CLAY 

'" 
(s.i!-:;'tl,'~ w,,. ,~y 

, , I ' . . 
~ • 

14<1-

, ., I ,- I ., 1-· 
...!.II 0 ~ 

., 

~s_. SPLIT SPOON, ST. SHELBY..r~~:ERI TE 
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INDIANTOWN COGENERATION ~-I 10f /]'Ii:104--
~'" I N 5955, E 8921 

r""" ..... 

• Covered Verttcal _ .. -
IBE

"'" I~ , .. fR~~:"'an & Ass""'.... fRILL ~~'4;"'EL ISI~E.. 755 IROCK O'~T) TOT~5 ';PT" 7-30-90 7-31-90 

lco" 0 010 '" ,» 1''''0 L 22 1 TOP CA' IN, IGROU;~ ~' ]frillO ~R~NO IlATER r TOP Of RoeK 
I 

I"'"'" '''''''' I"""" "" "'0" , .. I'U"''' " 1401bl3Om none Scott Newhouse 

g ~ :r I~~!~~ ~~. • ELEU I- :r DESCRZPTION AND CLASSIFICATION 
~ 

~ c~~~'~~~ 
W 
D 

" 
'" 

D 

rn- ..,' "', .n''' ..... ~ .... • ~u w.~ 

" " • • , Gradn 10 bla~1c and brown very loose 10 
medium, no roots 

,-
, • • , , 
, , • • , 

10-
;SS 

• 209 , • , 
(S1')'"" ,," 

"OOK ,~.~u 

, . ' , , 

Becomes grayfbrown 

• 
20-

109 
(SJ:i, •• .. .. , 

a4-21) umpled m ,,- ODe dnve 

• , 
64_ 

-w, 
49 

' , 

.. ~ n~ 

, • , 
30-

09 

• ~,"""'ll Ib",' 
(SrJ)cppenng 

, • ,. 
" ,. ., 

ISS • SPLIT SPOON, ST" SHEL8Y,T~;:ER! lit 
.. DENNISON P ~ PITCHER, 0 E Covered Storage I HOLE ;tUM 



BORING LOG INDIANTOWN COGENERATION ~:;';;;; \,,;.~;u 3 I'u~_;~ 

1~llll~i;!I~ , ~ I~ 
ELEV ~ , DESCRIPTION AND CLASSIFICATION 

il; ~ C 
~ ETC 

• 
.., 

I" 12' Lell ,lit (trace .ilt) (SP) 

,,-

SO-

I' • " 
Become. bght gray With more shell 

I I IT ...,. -= ". r= 
"'-

Gradel mcdwm DO sui or Ihell 

,,-

351 
Ny 

I ' 12 I"U' I ' I ' I ' &Cr!'l::'to .lIghtly v.rved 'Illy CLAY 

I I 
- , , , 

ISS" SPLIT SPOON, ST '" SHELBY ,T~~~ERI TE 
Covered l,oLf B-I04 

~ .. DENNISON P" PITCHER 0" • 



• 

• ~s " SPLIT SPOON, ST • SHELBY TUBE, I: ITE 
, ~ DENNISON, P ~ PITCHER, 0 : OTHERI 

I~m:: ON AND CLASSIFICATION LEVELS, 

End of bonng @ 75 S 
Grouted upon compiellon 

Covered 

j 

I g~~~~~~R~E~T .URN. OF 
ETC 

I 'OLE B-I04 



BORING LOG INDIANTOWN COGENERATION ~~~ ISH~E~;u 3 l,u~_;~7 
SITE "" ANGLE FROM 

r. A'._ Towers N 6935, E 9908 V ..... cal 

~ I~ I Ardaman& 
IRI" MAKE AN' MOOEL ISI~E, I'OC<,''' , TOT~s':PTH CME45 4m I 755 00 

ICO" (fT t>, ICO" I T 22'T TOP CASING IG"'J~ ~L . rO'i32~",TER i" '"'" T~ OF ROC' o 0/0 0 
• 

~W"''''~FT INHOLE 'IA ILOGGEO 
140lb/30m none Scou Newhouse 

ON 
EL.EU DESCRIPTION AND CLASSIFICATION LEVELS, 

RETURN, 

'" 
~~~~~~.'.O" ~~C 

-"" 
333 

""';:;";-,:" 
(sP-SM) 

--U -, I" 

-" 1'- .. . ..,- i'Z lIT -,- Become. SIlty WIth cemented lenses 

" -..- lIT lIT 
,. I"" No cemcnlalion 

, 
I ' --, 

I " I'" I" 
lO-

" rw rrr r= Grade. to hght brown less I.lt Willi depth 
(SP) • Becomel graylbrown fine 

I • I I 
, Lcnse ofclayq SAND 1119 (SC) 

20-

Become. light brown 

" -rr --,- --,- -, 
25-

" my u~" 

30-

• tH '" SPLIT SPOON, Sf .. SHELBY~ ~iTE 
Towers ""E~ .ft~ 

" DENNISON, P • PITCHER, 0 IE D-~UI 



-

INDIANTOWN COGENERATION ~ 12 OF 3-~ 

IIF 
00 ~ • ~ u ON 

EL.EU ~ 
H DESCRIPTION AND CLASSIFICATION 

~ ~ LEVELS, 

iii ~ w ~ RETURN, 
Q 4 

OF ~ .. ETC 
.,~ " .... 

-32 

~ U"l~ 
.. , 

.- 1 ., 
I" I" " 

(S~dl 
0. ' 

" 

.- -.,- Il'T I'" " SO-

• ss-
Tnl¢co shell fragmc:nu mOR fragmc:nta w,lh ' .... 

" '0- Become. medium 

6S- Beconxl very denae 

70-

372 I (CLi"""~' .""c~. ,,~_,"m 

• I 1 " • , 
I" 

~. SPLIT SPOON, ST • SHELBY TuBE, I ill i'OLE -8-107 Towers OENNISON, P : PITCHER, 0 t 



BORING LOG 

w r" , > STANDARD 

~ CIl ~ fd W~ WIl 
FtENETRATION 

TESTS 1-101 <t 0 0: [ aw , ELEV D "W mO~ , , , 
~a.Z.J w 1:5 uo G G m G 

~w • ~« ~ ., ~ ~ £ o UI.J)" «~ ~ " w ~ • < L ., 
m m « ~ N " .. 

55. SPLIT SPOON, 51" SHELBY TUBE,--,SITE 
P " DENNISON, P '" PITCHER, a = OTHE~ 

PROJECT 

INDIANTOWN COGENERATION 
I~~ NO 
~S24 

[SHEET NO 

I 3 OF 3 
HOLE NO 

B-107 

NOTES ON 
DESCRIPTION AND CLASSIFICATION WATER LEVELS, 

WATER RETURN, 
CHARACTER OF 
ORILL.ING, ETC 

ray ,WI Nn enscs 

End ofbonng @ 7S S 
Grouted upon completion 

Coohng Towers 
HOLE NO 

B-I07 

• 

• 

• 



~ "' '. ,u 
1- ~U'-" 1 ,u' -' JHUO 

~ITE 
Power Block N 6175, E 9604 iG~e;:'':u • --

I""'" 
1·7-25-90 I Ardaman & Assoc .... r'" M~~U~W" I"~'m I ~O I'OCK O(~ ) ITOT~S ':PT' 

I
CORE o 010 (fT 'X) ICORE 0 TOP CASI" I""";'; ~ . f ~~.~" YAm I 

TOP 0' .oc, 
22 I 

1"'''' "'"" 'lEFI IN 'OLE 'IA I'OGGED 
Scott Newhouse 140lb13010 none 

1~1~~lil:lir > ·~J(m1RfoN sl~ ~ ON 

~ I~~I ~ ~ ~ ~ 
ELEU ~ DESCRIPTION AND CLASSIFICATION LEVELS, 

11 
~ RETURN, ~ 

g~ ~ ~,~" OF 
33.6 

~ ETC 
, • , 0 

i ~-:;:; ""'" 
(SF) , " 

, , 
311 

,." m, , , 
" • , • P" , 

Gnld~B dart brown 

S-

, , ,. More silt, With lilt lenllel 
More Illt With dcplh 

" . ' " 
, • , Gndca to SM trace mob .nd peat 

LeiS Bilt (SM) 

10-
Become. l!Bht brown 

• 
" 

, • 
20- Leu 1111 (SMfSP) 

25-

56 

(SMl'"' 
DnIlernolC.lOft@ 
28 

30-

Boc:omc. ,nylbrown Hille, With lheU 

• fngmenta and "I.'mcnled particle. 

, , ' ~ .. " I" 
JSS .. SPLIT SPOON. 51 .. SMELBY _ T~~~ERr 111: 

• DENNISON, P .. PITCHER, 0 • Power .' 1"""1f1ftO 



BORING LOG INDIANTOWN COGENERATION ~~;;; 17~;' 1 I'O~;~ 

I Iii DESCRIPTION AND CLASSIFICATION 
X ~~~~~ ~~ .. e, EL.EV ~ 
~ 
w 

~1~~ 0 • 
-4, 

»MU wow.m 

40-

LeIS adt atld mel! With depth 
(SMfSP) 

4S-

1 1 73 
1 " I"" I" 

SO-

• SS-

Morc stIt and libel! dcDle 
(SM) , ., I" I~ I" 

60-

6S-

70- Bet:omel medium With atlllcDICB 

384 =t: (cit)' 
.... , , 

End or bonng @ 75 
T n Grouted upon complcuon .. , 

SS· '" SPLIT SPOON, ST '" SHELBY ,T~~:ERI " 1'0" ~ .no 
K DENNISON P = PITCHER, 0 = Power Block • 



• 

• 

DESCRIPTION AND CLASSIFICATION 

brow... no lerIKl 

"+rrr+--..,,-+rrrl-,,---I-v+-+--+--fH-,,i Gndel to brown lelll llit (wllh llit) 

IssIl-rrn-ul---.."rl--.-+-n-hrl--'f--+-t-rn Become. hght brown medium 

, " . , . 
-t-+-+-I-t-+-+--t-=-20-+--+-1 Becomes lIghl brown, medium to loote 

• 

• • 

ISS. SPLIT SPOON, ST • SHELBY T~!~!y lit. 
~ DENNISON, P • PITCHER, 0 ~ OTHER! 

25-

30-

19 

Power Block I HOLE 1'1-110 



BORING LOG INDIANTOWN COGENERATION ~;: rn~c~F 2 IHO~_;~O 

1"=I;t.;!t~ ~ ~I~ 
I~~~~~~~: EL.EU ~ ~ DESCRIPTION AND CLASSIFICATION LEVEL.S, ~ ., ~ RETURN, 

0 ~ 
OF ~ 

Q ETC 
hi' 

• 
40· 

8ecomnJ:"'Y very dense to extremely dense 
With I 

" I·' I" 
4S 

1 .. I" .. ,." 
'0-

" irr ~omcl very lOOK I' . , • " 
241 

I ;~!Jl' , ,~,i.H w,. 

r" I ' " 1"1" I" 
60-

I·' 
OS-

341 

(S~~" 
0=. 

I .' " 70-

381 

~ 
(SI') 

,,,,, . G~"""" I 
~ SPLIT SPOOM. 5T = SHELBY :T~~~ERI ;llt Power Block I ""'~ ;t 1111 i-.OENNIS<*, P :: PITCHER, 0 " • 



- ---
"0 

B-llS 

• 
I' Power Block N 6170, E 10249 iG~;'~_ 
r:~: ~ 17-23-90 Ardaman & Assoc.... rRl

" MA~~D~"'''L ISI~'m 1 150 0 I'OC' O(~r) IToT;~o~F 
I""" 0 0/0 " r 'X) I'~'' 0 1 38 TOP 'ASING IGROU~ ~' ~t':" wm, 1 T~ OF 'OC' 

Scott Newhouse 

I ~ ! I i I ~ EL:~, ~ I DESCRIPTION AND CLASSIFICATION 

• .,. I • ..".~~ .... ,.~" 

20-

25-

Become. black: loose to medium 

(SP) 

Gl"lde. to dad::. brown and bllck medium 10 

""'" 

I.e ... lilt becolJlC' (SP) 

ON 
LeVELS, 

ICHAF RETURN, 

IDRU:-'~':'~I ~~c 



BORINGWG 

~ '~lll~ 
EL.EV 

I .~ I • 

". 
E'_' SPLIT 'POON, ST' 'HELBY TUBE, I'ITE 
, • ~, ; 'ITCHER, 0 • OTHERI 

INDIANTOWN COGENERATION ~;; In2:~F 

DESCRIPTION AND CLASSIFICATION 

40-

Become. medLum, With .ilt (SM) 

60-

Becomes very den!IC trace Ibeil fragmentl 

Leas 1111 (trace nit) (SF) 

Power Block 

ON 

Dnllc[ note. aoftcr 
It 58 

• 

• 



- --

INDIANTOWN COGENERATION ~U5"" I-f Of 4 I B-llS 

~ ~ • ~ U ON 
EL.EV ~ 

H DESCRIPTION AND CLASSIPICATION , , , , ~ LEVELS, 
m m m m ~ ~ W RETURN, 

! ~ ~ ~ 
0 « .. OF . • 1' .. ETC 

-4" 

(SJrS :'~~ .. , I fi~ 

80-

-4" 
(SM) 

I trac~ d:;1 

85-

.,- >T -.,.- r= .. - Sheil fngmenLt larger wIlli deplb 

• 9S-

.- ....,.. "..- r= r= 1,00-

1,0S -

Becomes medium 
1110-

• I IZ 14 , • , Llaht gray leu lbeU 

Iss. SPLIT SPOON, 5T • SHELBY ,T~~:ERr ITE Power Block I'OLE :t11C • DENNISON, P : PITCHER, 0 = 



BORING LOG INDIANTOWN COGENERATION ~~;; I'";'~;u 4 I"u~_;~s 

II 
~I~ " ON 

Co u, iD io ELEV ~ 

" OESCRI~TION AND CLASSIFICATION l~=~~: LEVELS, ~ 
W ~ RETURN, 4 

CLl~ 
D ~ OF 

~ 
ETC. 

• 
Trace cemented part1cln, trace &hell 

fragmentl 

I' • • • I .• 
1120-

• , , . Becomes den.e 

1
125 -

., I • .. • • I" 
1

130 - Become. medium 

., • ~ Becornea very dense, trice clay • 135 

BccoJDell medium 10 very denae fine to 
medium, moJtly cemented 

I .• 
140-

I • ,. • I" 
145 

"H~ .-I (CLI 

I-

"" 

~S Ii: SPLIT SPOON, ST "' SHELBY~ ;ITE 
) '" DENNISON, P '" PITCHER 0 '" Power Block I'U" R..ll" • 



• 

• 

• 

BO G LOG IPROJECT JOB NO :I~HEET-NO HOlE-NO 
RIN - INDIANTOWN COGENERATlON- -IwS24-1 1 OF 2 8-116 

ITE COORDINATES ~NGLE FROM HORI~BEARING 
Power Block N 6497, E 10503 I V ..... cal 

~GUN C(J4PLETED ~ RllLER fRILL MAKE AND MOOEL ISIZE F'ERBURDEN ROCI( (FT) TOTAL DEPTH 
7-19-90 7-19-90 I Ardaman & Assoaates I CME 45 4 on I 750 0 0 750 
COII:E RECOVERY (FT "0 CORE BOXESISAMPLESIEl TOP CASING GRooND EL fJPTH/El GROUND WATER rEPTH/EL TOP Of ROCK 

0010 0 I 21 I 34 8 Ii )5/33 3 WS I 
SAMPLE HAMMER WEIGHT/fALL CASING LEfT IN HOLE DIA /LENGTH ILOGGED BY 

1401b130m none Scott Newhouse 

ELEU 

. ,., . 
• 

.. 
.J u , 

I" " 

" 

•• I" 
, ,. I" , .0 

• 

, .. . , 

.. , . . 
ss ~ SPLIT SPOON, ST : SHELBY TUBE jSITE 

• DENNISON, P • PITCHER 0 = OTHERI 

'" 

'93 

228 

DESCRIPTION AND CLASSIFICATION 

,-
JJ.r~,?~wn 1O,{Nt. me lurn to very acnIC 

adty fine S 
(SM) 

10 
Become. dart oranJclbrown 

i ~rl' rownl me lurn w' cnae ~ 
S lame lilt 

(SP) 

20 

25-

30- ar gray IDeulum Imy me ",ru~u WI 
clay leDICt -

(SM) 

Power Block 

NOTES ON 
WATER LEVELS, 
WATER RETURN, 
CHARACTER OF 
DRILLING, ETC 

Dnllcr DOle. bardpan 

HOLE NO 

B-116 



BORINGWG 

I •• 

fiN I" ,u ru" 

" 

• u 'I '" I .u 

, " 'u" 'u 

-'" I~I"I~ 

~s • SPLIT SPOON, 5T • SHELBY TUBE, I SITe 
• OENNlSOM, P "PITCHER 0" OTHERI __ 

32 

92 

372 

INDIANTOWN COGENERA nON 

~I~ 
~ III! DESCRIPTION AND CLASSIFICATION 

!Jlt 

40-

"'" 

50-

55-

Le ... Ilt (SI') 

With lhell fragmcnta.Dd bllck: pcppenllg 

6S 

7<). 

Power Block 

INOTES ON 
:WATER L.EVELS, 

RETURN, 
OF 
ETC 

• 

• 

• 



• 

• 

• 

5EF30619 AO- 1 

SOIL BORING LOG 

PAOJECT Indiantown Cogeneratlon Faclllty LOCATION Northeast Comer of Site, IndIantown, FL 

ELEVATION -32 ft NGVD DRILLING CONTRACTOR Ardaman and AssoCIates. West Palm Beach. FL 

DRILUNG METHOD AND eOUIPMENT CME 45 Rotary Rig with Spht Spoomng 

WATEA LEVEL AND DATE STAAT 14 30 8113190 FINISH 

~[ 
m~ 
~~ 
u 
W~ 
00 

~ 

~ 
~ 
w 
~ 

~ 

NO 

5-2 NO 

.. ~~ 
'N) 

SOil NAME COLOR MOISTURE CONTENT 
RELATIVe DENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMBOL 

J gramed moderate-well 
gray (5 YR 8/1) to white quartz 

5-3 NO 

54 NO i~tt~~~~t~~~~l~~~~~~~f~~e-~med,um gramed poor pale yellOWISh brown (10 YR 612) 

fine graIned 
brown (10 VA 2/2) 

1!115!90 

ftne-medlum grained moderately sorted 
5-6 NO moderate brown (5 YR 414) quartz 

9-
105 57 NO 
105 2-35 fine-gramed well sorted moderate 

12 58 08 (8) (10 VR 514) subrounded rounded 
trace black phosphonte gr8Ins 

5-9 1 0 
Above moderate brown (5 YR 3/4) fine--coarse 

poor moderately sorted 

Above rounded well rounded 
51 1 5 

l~'~9~-1~2.:~~1~5]-~7-~'~2~J~~~!~~fi!.":e-g~~"",,;;ned well sorted light brown 205 S 1 12 (19) rounded quartz traceblacl< 

! 

7-6 very fine-fine gramed moderately well 

, ::':+':"4_':"=2+_~('~3~)_~;,;;;;~~ gray (5 Y 512) quartz trace SIlty t- subrounded rounded 

LOGGEA P KWiatkowski _ .. "'" 
OEPTH OF CASING 
OAIWNG RATE 
ORIWNG FL.UIO LOSS 
TESTS AND 
INSTRUMENTATION 

Harder dniling at 28 5' 



PROJECT NUMBER 

SEF30619AO 
BORING NUMBED 

TB-l 

SOIL BORING LOG 

SHEET 2 OF 5 

PROJECT Indiantown Cogeneration Facility LOCATION Northeast Comer of Site, Indiantown, FL 

ELEVATION -32 ft NGVD DRlLUNG CONTRACTOR Ardaman and AssoCIates, West Palm Beach, FL 
DRILLING METHOD AND EQUIPMENT CME 45 Rotary Rig WIth Split Spoonrng 
WATER LEVEL AND DATE START 14 30 8/13190 FINISH 8/15190 LOGGER P Kwiatkowski 

SAMPLE STANDARD 
I-_T'::::'=;-_-1PE~~T10N' f-____ ..!SO::I~L.!DE~SC~.~IPTI~ON~ ____ _, 

~ a: ~ RESULTS 
<w ~ 

34 

wm 8 . ' -~2 ~b. 

35 355 S-14 12 

39 
40 405 S15 10 

44-
45 455 S-16 12 

49-
50 505 S 17 08 

....... 
,N) 

181~~45 

31 50/5" 
(81) 

SOIL NAME COLOR MOISTURE CONTENT 
RELATIVE DENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMBOL 

SHELLY SAND, (SW), very fine grained, 
somewhat Silty yellOWIsh gray (5 Y 7/2) 
-10% very fine black phosphorrte 
-40-50% pelecypod shells and fragments 
Trace Jrmestone fragments Trace vanous 
gastropods 

As Above 

SHELLY SILTY SAND (SM), very fine 
grained Jrght olIVe gray (5 Y 512), "'20% 
shell (pelecypods, trace gastropods) 
predominantly quartz, "'30% black. 
phosphonte grams 

SILTY SAND (SM) very fIne grarned, 
medium light gray (NS) -15% pelecypod 
shell fragments gracltng to none 
Predomrnantly quartz, -30% black 
phosphonte grarns 

54 11-1318 AsAbove 
55 555 S18 1 0 (31) 

II 
I i~5 S-19 

SHELLY SAND, (SP), very fine grained, 
moderate-well sorted, light olIVe gray 
(5 Y 5/2) Predominantly quartz -20% to 
very fine black phosphonte -20% 
pelecypod sheUs and fragments (flne­
coarse graIned) subangular-subrounded 

--

- - ~ 

, 

, 

, 

, , , 

, 

COUIlEHt1l 

DEPTH OF CASING 
DRILLING RATE 
DRILUNG FLUID LOSS 
TESTS ANO 
INSTRUMENTATION 

• 

-

- • 

" 

-

• 



• 

• 

• 

SOIL BORING LOG 

PROJECT Inc:hantown Cogeneratlon Facility LOCATION Northeast COmer of Site. Indiantown. FL 

ELEVATION -32 h NGVD DRILLING CONTRACTOR Ardaman and AssoCIates. West Palm Beach. FL 
DRILLING METl-IOO AND EQUIPMENT CME 45 Rotary Rig with Split SpooOlng 

WATER LEVEL AND DATE START 14 30 8/13/90 FINISH 

........ 
IN) 

05 

SOIL DESCRIPTlON 

SOIL NAME COlQA MOISTURE CONTENT 
RELATIVE DENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMBOL 

1~~~~~~~~,h9ht ohve gray I ( I pale yellowish 

~i6~9~-1~1~~~~~j~~~:~~:o VR 8/6) pelecypod shells and 705 S.21 1 0 poor-moderately sorted (fine-
grained Shell) 10% medium bght 

1~~~~ls)~h:~e~lI:f:r:anriigmn,;er,ntstIIY -20-30% very hne l~ t quartz, -10% black 

8115/90 

j1~t~;t-;-j;;:~~;;s:j~~~~~~~ very fme grained light 11flt:ll 
1 2 gray trace fine shell 

j-:.:..:+~=t_'::"I-.J!w._~fr·agme·nis trace-medium quartz grains, 
black phosphonte grains 

j~~~~~~~~~~~1~~~~~~~:,::~~~IOW I , I gray 6/1), "15% 
and InchstlngUishable shell 

~~~t;~j[~~~~~'-j!r::;~~~~~~~v~e~fine-medlum sorted, light olive 

f-'-85,-5+='t-=+-...l!~_{:~:~ (5 gray (5 V 811) 
carbonate shell fragments, 60% 

Trace poorly cemented sand 

Above, slightly Silty 

LOGO". P KWIatkowski 

DEPTH OF CASING 
DRILLING RATE 
ORIWNG FLUID LOSS 
TESTS AND 
INSTRUMENTATION 

Anemp1ed Shelby tube 
Pushed 1 5' 
No Recove~ 

Harder dnlhng at 87' to 89 



PROJECT NUMBER 

SEF30619 AO 
BORING NUMBER 

Te-l 

SOIL BORING LOG 

SHEET 4 OF 5 

PROJECT Indiantown Cogeneration Facility LOCATION Northeast Comer of Site. Indiantown. FL 
ELEVATION -32 ft NGVD DRIl.LING CONTRACTOR Ardaman and Associates. West Palm Beach, FL 
DRIl.LING METHOD AND EOUIPMENT CME 45 Rotary Rig With Split SpoOning 
WATER LEVEl. AND DATE 

.-..-..­
IN, 

START 14 30 8/13190 FINISH 

SOIL NAME COLOR MOISTURE CONTENT 
RELATIVE DENSITY OR CONSISTENCY SOIl. 
STRUCTURE MINERAlOGY uses GROUP 
SYMBOL 

i~~t----r---+~~~:-j~~~~~~~~~ ve~flne I gray ), 10-20% 
f-'=1-'S_-2:.:6+-,1_4+--'B.'--I:~-:'-;:' phosphonte grainS. -25% coarse 

II (pelecypod) fragments 

1 4 
20 2626 1"5"0"ve 

~~~~~~~~~~~~1~~~~~~~~~~~,,~v;~e~fine S 29 12 1618-17 to 
gray (5 Y 811). subangular-

sand grainS Predominantly 
"20% pelecypod shell fragments 

black phosphonte grains 

6/15190 

ill~t---i----t-;'9.~-1I~~~~~~~~~~~~ve~fine II gray 
5f~f~t~t.J!~-I~:Y~~61~I~) tro: greenish gray (5 GY 611), -2'Do/.-E shell fragments, .. ,0% black 

grainS 

!j-;;S;-:3;:1t"-;1-;6;t"'-,,--IT-IA.s Albove, less clay, more Silt 

LOGGER P KWiatkowski 

COIIIIENT1I 

OEPTH OF CASING 
ORIWNG RATE 
ORIWNG FLUID LOSS 
TESTS AND 
INSTRUMENTATION 

• 

• 

• 



SEF30619AO 5 5 

• SOIL BORING LOG 

PROJECT Indiantown CogeneratIOn FacIlity LOCATION Northeast Comer of SIt8, Indiantown, FL 

ELEVATION "'32 ft NGyO DRIWNG CONTRACTOR Ardaman and AssocIates. West Palm Beach, FL 

DAIWNG METHOD AND eaUIPMENT CME 45 Rotary Rig with Spilt SPOOning 

WATER LEVEL AND DATE START 14 30 811 3/90 8115/90 P K tk kJ FINISH LOGGER Wla ows 

I; ..... '" STANDARD 
SOIL DESCRtP1lON COIIMEHllI PENETRAnoN 

~ "'" 
~ 

0 RESULTS SOIL NAME COlOR MOISTURE CONTENT ~ DEPTH OF CASING z. w 

H ~w > RELATIVE DENSITY OR CONSISTENCY SOil ORIWNG RATE 
wm 

§fC ........ STRUCTURE MINERALOGY uses GROUP m OR1WNG FLUID LOSS 
w . ~ SYMBOL. es TESTS AND 

w~ " i"~ 
IN, om ~ .- m~ INSTRUMENTATION 

SilTY CLAY, (Cl) low plastl,,1y, greenish 

125-
124-

8-i:o~4 
gray (5 GY 6/1) "'10% shell fragments 

~ 1255 S-32 1 8 trace cemented Silt and shell Trace black -
phosphonte, very fine gratned 

• 129-
9 its~8 AsAbov6 

130 1305 S-33 1 8 -

CLAYEY SHEllY SilT (Ml), low 

134-
6;~712 

plastiCIty, light greenish gray (5 GY 8/1), 

135 1355 S-34 1 8 -30% medium-coarse shells and 
fragments "1 0% very fine black 
phosphonte 

139- 14-12-19 As Above 
140- 140 5 S-35 1 4 (31) -

144- 6-13-11 As Above, some cemented sand 
145 145 5 S-36 1 6 (24) 

• Bonng cemented WIth 
neat cement from bottom 

1'5;5 S-37 ";~~i'" As Above """ n. 
to land surface 

1 6 



PROJECT NUMBER 

5EF30619AO 
BORING NUMBER 

TB-2 

SOIL BORING l::OG 

SHEET 1 OF 5 

PROJECT Indiantown CogeneratIon Facility LOCATION Southwest Comer of Site, Indiantown, FL 

ELEVATION -32 ft NGVO DRILLING CONTRACTOR Ardaman and AssQClates, West Palm Beach. FL 
DRILLING METHOD ANO eOUIPMENT CME 45 Rotary Rig With Split Spoonmg 
WATER LEVEL AND DATE DTW = 5 15 ft 8113/90 START 12 30 819/90 FINISH 8110190 

SOIL DESCRIPTION 

SOIL NAME COLOR MOISTURE CONTENT 
RELATIVE DENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMBOL 

organiCS roots 

'L1In •• m,"'",m grained Ught brownish gray 
""'Y fi' .... '." grcuned some SlIt 

quartz wet 

, , 
" 

T.f""C'.;..'::"::e-:medlum grained light brownish gray 
moderale-well sorted 1--cl 

I 'i,iif.;;r.ii;i\:,""" ~; ... ,~fjne-rnedIUm grained moderately 
I ! (S VA 2/2) quartz 

l~it~~~~t~i~j;;!~;,";.;m~"';,um moderate well sorted (5 VR 3/4) quartz 

fine-medium gratned well sorted pale 
612) quartz subangular 

fine medium grained moderate-well 

1 0 

24-
255 5-1 20 

4 5-5 
(10) 

32-2 
(4) 

I brown (5 YR 312) quartz trace SIlt 

medium gratned weU sorted yellowish 
quartz subangular rounded 

fine-medrum gratned well sorted pale ,,"'" 

very fine grained brownish gray 

very fine l1amed medium dark 

, ' 

" " , 

\ 

, 
" , 
, 

, ' , 

LOGGER P KWiatkowski 

OEPTH OF CASING 
DRILLING RATE 
DRILLING FLUID Loss. 
TESTS AND 
INSTRUMENTATION 

• 

• 

• 



• 

, , 

• 

• 

PROJECT NUMBER 

SEF306'9 AO 
BORING NUMBER-­

TB-2 

SOIL BORING LOG 

SHEET 2 OF 5 

PROJECT Indiantown Cogeneration FacIlity LOCATION Southwest Comer of Site. Indiantown. FL 
ELEVATION -32 ft NGVD ORILUNG CONTRACTOR Ardaman and AssOCIates, West Palm Beach. FL 
DRILLING METHOD AND eQUIPMENT CME 45 Rotary Rig WIth Split Spoonmg 
WATER LEVEL AND DATE DTW 5,5 ft 8/' 3190 ,2 30 8/9/90 8/'0/90 P KWlall<owskl - START FINISH LOGGER 

~~ 
SAMPLE STANDARD SOIL DESCAIPTlON COMMENTS PENETRATION 

> 
lUT 

m~ ~ 0 ~ RESULTS SOIL NAME COLOR MOISTURE CONTENT 

~ 
OEPTH OF CASING, 

~ ~ffi w AEL.ATlVE DENSITY OA CONSISTENCY SOIL ORtUJNG RATE 
~~ w" ~ .-~ .... STRUCTURE MINERAlOGY uses GROUP ORIUJNG Fl.UIO LOSS 

w ~~ u- SYMBOL i!8 TESTS AND 
~;;: ~ >~ ~~ (N) INSTRUMENTATION z ~z .~ 

, ,', ' , 
, 

" " '" , , 
" I ,\ 

SAND, (SP), very fme·fine gramed , 
34 

, 
3;~\5 moderate-wen sorted olive gray (5 Y 4/1) _ " 35 355 S-15 1 2 " 

shghtly silty, quartz , , 
, 
" , , , 
, , 
" , 

SAND, (SP), very flOe grained, well sorted, , 
39 

, 
17 '~)'9 medium light gray (NS) Predominantly 

,,,,, 
40 405 S 16 1 0 , -(38 quartz, -25% black phoshonte (very fine) 

, 
, , , , 

" 
, , 

, 
SAND, (SP), very flne·flne grarned, 

44- 6 5-7 moderate·well sorted,medlum light gray " 
45 455 S-17 , 0 -('2) - , -(N6) Predominantly quartz -25% very 

, 
, 

fine black phosphorite ',' , 
, 

, 
" 
, 

" 
SHELLY SAND {SP) very fine·flne -"" ......... " 

49- 17-23-22 grained, moderate·well sorted medium -,' , 
50- 505 S-'8 1 2 (45) Iigh1 gray (N6) -30% graYish orange pink -

(5 VR 712) pelecypod shell fragments, ,~~ 

. ;...."""; 
flne.coarse fragments Predominantly -' , quartz, 25%1 very fine black phosphorite , 

,;"'\~: 
,~~ 

,,~ , 
" , , 

54- 19-'8-'8 As Above, With thin, low plastiCity clay 1>--

55 555 S-'9 , 2 (36) lenses - <:- -
" 
" -" , , 
~I-, 
~~, 

~ 

, 
SHELLY SAND! {SP}I fine grained well '- ~ 
sorted light brownish gray (5 YR 6/1) -~ 

I .i',;', S-20 20 <';~~i<" lauartz trace black phosphonte -



PROJECT NUMBER 

SEF30619AO 
BORING NUMBER 

TB-2 

SOIL BORING LOG 

SHEET 3 OF 5 

PROJECT Indiantown Cogeneratlon Facility LOCATION Southwest Corner of Site, Indiantown. FL 
ELEVATION -32 ft NGVD ORILLING CONTRACTOR Ardaman and AssoCIates, West Palm Beach. FL 
DRIWNG METHOD AND EQUIPMENT CME 45 Rotary Rig WIth Split Spooning 
WATER LEVEL AND DATE DTW 5 15 ft 8113190 12 30 819190 8/10190 P KWla1kowsi<J E START FINISH LOGGER 

~f 
SAIIP'" STANDARD son. DESCRIFJ10N COIIIIENT8 PENETRATION 

lEST w- 0 ~ RESULTS SOIL NAME COLOR MOISTURE CONTENT S DEPTH OF CASING .~ " ~ z~ w RELATIVE DENSITY OR CONSISTENCY SOIL DAIWNG RATE 
~~ 

<w > 0 
~ w· 8- N"- STRUCTURE MINERALOGY uses GROUP • DRIWNG FLUID LOSS .. w .~ SYMBOL ~8 TESTS AND 

~~ !i >~ wI;: IN, INSTRUMENTATION .2 ~- .,~ 

--
M-
~ 

-~ ---
SHELLY SAND. (SWl. ftne-coarse grained. ---64 12(~~i21 poorly sorted light olive gray (5 Y 6/1) to _ -

65- -655 S-21 1 0 light blUIsh gray (5 B 711) Subangular· 
rounded -30% pelecypod shell fragments 
(flne·medlum) Trace·httle flne-mechum 
black phosphonte 

M -SANDY SHELL HASH, predominantly ---
70-

69-
12(~~iI3 

pelecypod shells and fragments pinkish 
705 S-22 1 0 gray (5 YR 8/1) to light olive gray (5 Y 6/1) - ---

Sand fraction (20%) IS flne-coarse grained --quartz Trace black phosphonte - ~ -~ -----74 13-16-18 As Above -".. 
75- 755 S-23 08 - (34) -----

--
SHELLY SAND. (SW) flne.gralned 

M~ 
~ 

79-
S 24 08 

1825-22 moderate well sorted. light olive gray --80- 805 (47) (5 Y 6/1) to PInkish gray (5 YR 8/1) for shelr --fragments Predominantly pelecypod. trace. 
M 

gastropod fragments fine grained 

f,J: 
SHELLY S(LTY SAND, (SM), very fine , 

84- 18-15-15 grained light olive gray (5 Y 6/1) to pinkish , , 
85- 855 S 25 08 (30) gray (5 YR 8/1) for shells 10·20% , 

moderately cemented sandstone 
fragments Trace clay Trace·httle black 
phoshonte 

, , 

o 6 '~ As Above. less shell. no cemented sands ;~5 S-26 
, , 

• 

-

- • 
-

-

-

-

• 



5EF30619 AD 

• SOIL BORING LOG 

PROJECT Indiantown Cogeneration FacIlity LOCATION Southwest Comer of Site, Indiantown, FL 

ELEVATION -32 ft NGVD DRILLING CONTRACTOR Ardaman and Associates. West Palm Beach. Fl 
DRILLING METHOD AND EQUIPMENT CME 45 Rotary Rig With Split Spooning 
WATER LEVEL AND OATE DTW 5 15 ft 8113190 12 30 819190 8110190 P K tko kI = START FINISH LOGGEA WI. WS 

~f 
SAMPLE STANDARD 

SOIL DESCRIPTION COMO...,. PENETRATION 
TEST w- e > RESULTS S DEPTH OF CASING 

~i " ~ SOIL NAME COLOR MOISTURE CONTENT 
~ ~ffi ~ RELATIVE DENSITY OR CONSISTENCY SOIL Ii: 

DRilliNG RATE 
~ w· 8- ..... ~ STRUCTURE MINERALOGY uses GROUP DRILLING FLUIO LOSS 
w ~~ ,N) SYMBOL ~g TESTS AND 

w~ ~ ~t em ~. INSTRUMENTATION 

, 

, , 
" 

94 
95 955 5-27 1 4 20-23-20 As Above, cemented sands (-15%) -'43\- - -

• 99 
1~;99iO As Above no cemented sands -100 100 528 1 0 -

, 
, , 

, , 

104 
105- 1055 5-29 1 0 

SILTY SAND (SM) very fme grained, 18
i
15-17 
32\ some clay (20%), low plastlClty, greenish -

gray (5 GY 6/1), -10-15% shell fragments 

, 
, , 

109 6-13-14 As Above <10% shell fragments 
110 1105 530 1 8 (27) - -

51lTY CLAY (Cl), low plastiCIty greenish I 
114- 7-8-15 gray (5 GY 6/1), 10-20% cemented sand, E% 

115 1155 5-31 20 (23) trace pelecypod shell fragments trace -
black phosphonte 

• 
120'5 5-32 1 8 i~6~ As Above no cemented sand 



PROJECT NUMBER 

SEF30619AO 
BORING NUMBER 

TB-2 

SOIL BORING LOG 

SHEET 5 OF 5 

PROJECT Indiantown Cogeneration Faclhty LOCATION Southwest Comer of Site Indiantown FL 

ELEVATION -32 ft NGVO DA1WNG CONTRACTOR Ardaman and Associates, West Palm Beach. FL 

DRJllING METHOD AND EQUIPMENT CME 45 Rotary Rig with Split SPOOning 
WATER LEVEL AND DATE DTW "" 515 ft 8113190 START 1230 8/9190 FINISH 8/10190 LOGGEA P KWiatkowskI 

~[ 
SAMPiE SOIL COMIIENTS 

c ~ SOIL NAME COLOR MOISTURE CONTENT II DEPTH OF CASING 

il " ~ 
Zo w RELATIVE DENSITY OR CONSISTENCY SOIL " DRILLING RATE <w > C 
w· 8- H~ STRUCTURE MINERALOGY USCS GROUP • DRILLING FLUID LOSS w ~. SYMBOL ~8 TESTS AND 

~~ " ~~ wt IN, • o- W" INSTRUMENTATION 

, , 

t;i24:t--j--t--;-;;-:;-l~~~~~~l§!>L poorly cemented, 
5-56 gray (5 Y 611) -10% 05 

\ Dnll rod chatter at 126' 

Above 
5-34 1 2 

t~t;-;t~1~8J~155-~3~6::-40;oj~g~~&~ low plastiCity light olive 
). trace poorly cemented saI1d--t: 

1 6 

2 

ND ND 

II gray ), poorly 
dan< gn.y (N3) phosphate­

replaced shell fragments 

I"'; 1\1>0,'. more clay less cemented sand 

Onll rod chatter at 
141'10143 

Bonng cemented with 
neat cement from bottom 
to land surface 

• 

• 

• 



----

5EF30619AD TB-3 1 5 

• SOIL BORING LOG 

PROJECT Indiantown Cogeneration FaClh!X LOCATION Southeast Comer of Site. I"chantown, FL 

ELEVATION -32 ft NGVO DRILLING CONTRACTOR Ardaman and Associates. West Palm Beach. FL 

DRILLING METHOD AND EQUIPMENT CME 45 Rotary Rig WIth Split Spoomng 

WATER LEVEL AND DATE OTW = 5 93 ft 8113/90 START 13 00 8/6/90 FINISH 8/8/90 LOGGER P KWiatkowski 

~f 
SAMPLE COMMENTS 

~ ~- 0 

~i ~ 
SOil NAME COLOR MOISTURE CONTENT DEPTH OF CASING 

~ffi ~ RELATIVE DENSITY OR CONSISTENCY SOIL DRILLING RATE 
~~ 0 ........ STRUCTURE MINERAlOGY uses GROUP DRILLING FLUID LOSS 

~ . ~ ,,- SYMBOl TESTS AND 
~~ " ~~ wI;: ,N, 
o. • ~-

INSTRUMENTATION 

0-2 5-1 NO 2-3-4-4 sorted light ohve gray (5 Y (7) 
roots and OfganlCS 

5-2 NO fine gramed black very " 
2-4 

53 

dark reddish brown (10 YR 3/4) Not 
4-6 5-4 NO well cemented 

6-8 5-5 NO 4-5 5 5 hne-coarse grained poorly sorted 
(10) gray (5 Y 712) quartz compoSItIOn 

• 9-9 10 11 8-10 5-6 NO (19) 
1 

5-6-6 7 very fine grained 
57 NO (12) yeUowlsh gray (5 Y 712) 

trace black phosphorrte 

5-7 6-8 
5-8 NO (13) 

5-9 1 0 3-5-2-1 very fme-flne graaned well sorted 

1 (7) (5 Y 611) predominantly quartz 
slightly Silty 

, , 

~;:;~-;~~~t-;2~-5~0~/~5;·I:~~~~o!f.~,,~::7gfi~~ne-flne grained 1 8·10 1 2 (52) (N7) to light olive 

i--+--+--t----ic,:,:,,:~t,~; thin I @ 20 bls shell and sand at 20 5 bls 
Onll rods chatter at 21' 

5 11 1 8 ~8-48: As above 

• 



PROJECT NUMBER 

5EF30619AD 
BORING NUMBER 

TB3 

SOIL BORING LOG 

SHEET 2 OF S 

PROJECT Indiantown Cogeneration FacIlity LOCATION Southeast Comer of Site, Inchantown. FL 
ELEVATION -32 ft NGVD ORILLING CONTRACTOR Ardaman and AsSOCIates, West Palm Beach, FL 
DRILLING METHOD AND EQUIPMENT CME 45 Rotary Rig with Spilt Spooning 

DTW S 93 ft 8113190 13 00 816190 818190 P Kwi tk kJ WATER LEVEL AND DATE - , STAAT FINISH LOGGER a ows 

~f 
SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 

TEST w- e ~ RESULTS S "DEPTH OF CASING m~ " SOIL NAME COlOR MOISTURE CONTENT 
~ 

Z< w RELATIVE DENSITY OR CONSISTENCY SOil ORILlING RATE 
.~ 'w > g wm 0 6 .. ..- STRUCTURE MINERALOGY uses GROUP DRltl.lNG FLUID LOSS 
u w .~ 0_ SYM6QL ~8 TESTS AND 
~~ • wI;: (N) • ~. ~- m" INSTRUMENTATION 

2931 5-12 1 2 0-1;!;~\8 2 SAND, (SP), very flne·fme, moderate-well ", 
sorted light olive gray (5 Y 512) 
predominantly quartz, -20% black 
phosphonte grams, 10-20% shell and 
limestone fragments 

3S- 3436 S13 
20 3D-SOlS" As Above trace shell -1 0 (80) 

-
, , 

40- 2S 40 SOlS" As Above -
, 

39-41 S-14 06 (90) , 

, , 

, 

5-1S 4 2S 24 3 SAND (SW) very fine-medium gramed. 
4S 44-46 1 4 (49) poor moderate sorted light olive gray . -

(5 Y 5/2) predominantly quartz -20% black 
phosphOrite angular subrounded "'20% 
pelecypod shelf fragments trace greenish , 
gray (5 G 6/1) clay lens at 46' bls , , , 

, 

49-S1 5-16 1 2 
82838-2 As Above , 

SO (66) -
, 
, , 

~~ -.., 

"" 
15-1216-9 SHELLY SANDI (SW), very fme-mechum - ~ 

"'" SS 54-S6 5-17 20 (28) grained, poorly sorted, hght olive gray . .... , " -
,~ , 

(S Y SI2) quartz Shell IS 50% of sample, -", 

predommantly pelecypods som.e 
..,,,, 

.., 
gastropods pale yellOWish orange .. -
(10 YR 816) to white (N9) ..,-.., 

.... -
~~ 
~ 

• 

• 

• 



9AO 

• SOIL BORING LOG 

PROJECT Indiantown Cogeneration Facility LOCATION Southeast Comer of Site. Indiantown. FL 
ELEVATION "'32 ft NGVD DRILLING CONTRACTOR Ardaman and Associates. West Palm Beach. FL 
DRILLING METHOD AND EQUIPMENT CME 45 Rotary Rig WJth Spill Spoomng 

WATER LEVEL AND DATE OTW 5 93 ft 8/13190 13 00 8/6/90 8/8/90 P KWIatkowski = , START FINISH LOGGER 

~~ 
SAMPLE STANDARD SOIL DESCRIPTlON COMMeNTS PENETRAnON 

.... T 
Ww 

~ c ~ RESULTS SOIL ~ME COLOR MOISTURE CONTENT ~ OEPTH OF CASING mu 
~ z~ 

~ RELATIVE DENSITY OR CONSISTENCY SOIL ORIWNG RATE 

~~ 
<w 

~ wm 
§f ....... STRUCTURE MINERALOGY uses GROUP m DRILLING FLUID LOSS w ~~ IN, SYMBOL 28 TESTS AND 

w~ ~ 

~~ cw • ~ Ii. INSTRUMENTATION 

59-61 S-18 08 
1 b;18-35- SAND, (SP), very flne·flne grained. " , " 50/5" mOderate-well sorted yellowish gray , 

(53) , 
(5 Y 7/2) predominantly quartz, 10-20% , 
black phosphonte -10% shell fragments 

, , 

65 64-66 S-19 
0-4O-39-3! As Above -1 0 (79) 

• 5-4-6 8 
SILTY SHELLY CLAY, (Cll, low plastICIty, 

70 69-71 S-20 1 0 (10) greemsh gray (5 GY 6/1), abundant -
(30-40%) pelecypod shells (up to l-lnch 
dla) and fragments 

71- ST-l 25 NA Pushed Shelby tube 6-
735 drove 2' 

" 
SAND, (SP), very fine-fine gramed 

, 
S-21 05 838-33-3 

75 7476 (71 ) mOderate-well sorted greemsh gray -
(5 GY 6/1) predominantly quartz -10-20o/c , 
black phosphonte, "'10% shell fragments " , , , 

, , 

3 26-33-4! As Above, more shell ("'20%) " , 
80- 79-81 S-22 1 2 " (59) " 

, 

,~~ 

,x<~ ,., 
, 

7-15 13-1 SANDY SHELL HASH, predominantly -" 
85 84-86 S-23 1 8 (28) pelecypods, some gastropods. greemsh ;.,.'" -

~ 

gray (5 GY 6/1) very fine sand with 

• trace little ("'10%) black phosphonte, shells ~-
~'" predomInantly pinkish gray (5 YA 8/1) ~ 

, ----~ 



PROJECT NUMBER 

8EF3D619 AD 
BORING NUMBER 

TB-3 

SOIL BORING LOG 

SHEET 4 OF 5 

PROJECT Indiantown Cogeneration FacIlity LOCATION Southeast Comer of Site. Indiantown. Fl 

ELEVATION -32 ft NGVO DRILLING CONTRACTOR Ardaman and Associates. West Palm Beach. Fl 
DRILLING METHOD AND EOUIPMENT CME 45 Rotary Rig With Split Spooning 
WATER LeVEL AND DATE PTW "" 5.93 ft 8113190 START 13 00 8/6/90 FINISH 8/8190 

~E w-

;~ 

son. 

SOIL NAME COLOR MOISTURE CONTeNT 
RELATIVe DENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMBOL .. wo o. 

1~~~~~~~~~~~~~~~~~~I~I~gray plnklsh gray (5 811) to 
shells and fragments 
phosphonte 

2D-~i1!)-2~~~~~~"g'l~~' very fine gramed, 825 181 I gray (5 GY6Il), +-_-+_---j __ +-___ ~ -40% fine to coarse pelecypod gastropod 
fragments, trace srlt 

99 826 
101 

104 8 
106 

1 2 

1Q-?llASAbove 
(39) 

o 10~10-119'\sAbove, more Silt (10-20%) 
(20) 

very fine grained 
109- 8-28 2 D 611), quartz CaC0

3
, 

111 
6-7 17 21 ITri~~~~ 

(24) IS 
-r--t---t--j----j ::;~:I:;r:a;ce black phosphonte grains, 

I subrounded, trace-little (10%) 
ipe,lecyp<ld shells and fragments Trace 

114 S29 20 -19-21-3'li~~~~~~~~~~;Very1Ine 
116 (40) (30-40%) 

t'--'-'t-t-i---I;~=::~~(,~N:~9~) coarse pelecypod shells and 

~ 

~ 

~ 
~ 
~ 

, , --~ 
~ 
~ 

~ 
w -~ 

,,----
, --

LOGGER P KWiatkowskI 

COMMENTS 

DEPTH OF CASING 
DRILUNG RATE 
ORILLING FLUID LOSS 
TESTS AND 
INSTRUMENTATION 

• 

• 

• 



• 

• 

• 

PROJECT 
6EF30619AO 

BORING 

SOIL BORING LOG 

5 5 

PROJECT Indiantown Cogeneration FaCility LOCATION Southeast Comer of Site, Indiantown. FL 

ELEVATION ... 32 ft NGVD DRIWNQ CONTRACTOR Ardaman and AssoCiates. West Palm Beach. FL 

DRILUNG METHOD AND eQUIPMENT CME 45 Rotary Rig wrth Spirt SpoonlOQ 

WATER LEVEL AND DATE OTW"" 5.93 n 8f13190 START 13 00 816190 FINISH 8/8190 LOGGER P KWiatkowski 

..... L£ 

.......... ,., 

SOD. DESCIIIPJION 

SOil NAME COLOR MOISTURE CONTEtff 
RELATIVE DENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMBOL 

fragments 

124- 6-31 1 8 '''-'10_1 Above, more pelecypod shells and 
("20%) 126 

129- 6-32 1 6 
131 

6-33 ~~~:W~;;,;~' very fine 
'II greemsh gray 

1....:..::::....I-I-t---I~~;;G~'Y:n~61~1;;), -10% shell fragments. trace 
sand 

i~~r:l~1~~~~1~::~~::'oW plastJaty, very fine ~~~ (10 Y 612) -10"" shell 
trace cemented sand 

144- 6-35 1 4 
146 

gray (5 shell 
I cemented Trace·httle 

phosphonte (very fine gramed) In 

ma1nx 

,.....--~,~-'~~~~~~~' very flne grained, well • ' hght ohve (10 Y 514) 
black phosphonte, 

DEPTH OF CASING 
ORIWNG RATE 
DRILLING FLUID LOSS 
TESTS AND 
INSTRUMENTATION 

Bonng abandoned with 
neat cement from bottom 

Wlli If' to land surface 



PROJECT NUMBER 

SEF30619AO 
BORING NUMBER 

TB-4 

SOIL BORING LOG 

SHEET 1 OF 5 

PROJECT Inchantown Cogenerabon FaCIlity LOCATION Proposed Power Block Area 
ELEVATION -32 ft NGVD DRIWNG CONTRACTOR Ardaman and AsSOCiates, West Palm Beach. FL 
ORIWNG METHOD AND EQUIPMENT CME 45 Rotary Rig with Split Spooning 
WATER LEVEL AND DATE DTW-665811319O STAAT 1300 7123190 FINISH 1400816190 LOGGER P KWiatkowski 

~~ ~ SOIL 
COIIMENTS 

a: STRUCTURE MINERALOGY uses GROUP III DRIWNG FLUID LOSS 
::;::> RELATIVE DENSITY OR CONSISTENCY SOIL ,,6

8 
DRIWNG RATE ilK~~§. ;I ;1 ~8~·~ ~ .. tNl'" SOIL NAME COLOR MOISTURE CONTENT 5.! DEPTH OF CASING 

~- ~ ~-Z CI'I INSTRUMENTATION 

0-2 5-1 NO 2-23-4 ~~, v~ery~, ~~~(N~7~) ~:-irf:7,~ ;t--=====--j 
(5) I ::'r~.:;:e:rn:j roots, quaiiz " 

+--+-+-+---1 SAND, (SP), very fine-medium, mo,der,ateillyi\ , 
2-4 5-2 NO 3-3-4-5 sorted fight pray (N7) to light ohve gray 

(7) (5Y 611). mOist quartz. trace organiCS. +--+-+--+----1 trace black nhosphonte \ I 
SAND:'TsPf-very fme grained moderately \ 

5- 4 6 5-3 NO 4-4-6-8 0 well so eo, dusky brown (5 VR 2/2) 

+_-1_-1,-_+-...:.(1_0;..) --I heavy organiCS. some quartz wet slightly 
Silty 

,u 

6-8 S4 NO 

810 S 5 NO 

3-6-9-5 
(15) 

As Above. less organics 

9-21-21-23 As Above. some hardpan. predominantly 
(15) quanz 

1" 4 4-8 9 SAND (SP-SM). very fme gramed 
,0:; 5-6 NO (12)- moderate-well sorted. somewhat Silty. 

+--+--+--+-----1 q~:: ~:=~r::e brown (5 VR 4/4) 

14 S 7 NO 8914-16 ~eii';; II 
S:8 (23) (10 VR 5/4) Quanz trac/:'iiowISh 

'.--114' <C 8-8 8-9 1\ As Ok, I I gray (5 V 712) 
. (16) , I gramed " '" S-9 1 6 k~~ t--+-+-+---1I'\,o-yif I~ :~': graYish orange 

20- 19211S-10 16 6-78-8 
(15) As Above 

25-'2" O. 0" 1 6 7-8-8 9 SAND, LSP), very fine gramed, wen 
.... ,. Q-' (16) sorted. ausky yelJow (5 Y 7/4) quartz 

t---t--+---+---'-----'--

, 
" 

" 

-

-

-

• 

• 

• 



• SOIL BORING LOG 

PROJeCT Indiantown Cogeneration FaCIlity LOCATION Proposed Power Block Area 

ELEVATION -32 ft NGVD DRILLING CONTRACTOR Ardaman and AssoCIates. West Palm Beach. FL 
ORIWNG METHOD AND EOUIPMENT CME 45 Rotary Rig with Split Spoomng 

WATER LEVEL AND OATE DTW 6 6S ft 8113190 1300 7123190 7127190 P K lk k = START FINISH LOGGER WI' OW. I 

~e 
SAMPLE STANDARD SOIL DESCRIPTION COIIMEHllI PENETRATION ,..T 

w- 0 > RESULTS '" m~ § z~ 
~ SOIL NAME COLOR MOISTURE CONTENT DEPTH OF CASING w RELATIVE DENSITY OR CONSISTENCY SOIL ~ ORIUING RATE 

~~ <w > 
~ wm 0 S·H STRUCTURE MINERALOGY uses GROUP DRILLING FWIO LOSS 

U w .~ u_ ,N, SYMBOL ~g TESTS AND W~ e >~ ~~ 00 ~ eZ 0. INSTRUMENTATION 

2931 5-12 20 
3-2-2-2 SAND, (SP) very fine grained well sorted, , 
Iii , , 

graYish olive (10 Y 412), quartz slightly , 
Silty, subangular grains, very loose , , 

Pushed Shelby tube from " 
, 31 to 33 feet No recovery 

3S- S347 SILTY SAND (8M), very flne·medlum -34-36 5-13 1 0 (7) grained poorly sorted darK gray (N3) -
quartz subangular grains loose 

Pushed Shelby tube from 36- 5T 1 NA 
386 36 to 38 6 feet Very hard 

at 37 feet 

• S lS-3S SAND, (SP) very tine-fine grained, , 
40 39-41 514 1 2 SOlS" mOderate-well sorted light olive gray -

(SO) (5 V 6/1) to light brownish gray (5 VR 6/1), " 
very clean no Sift Quartz subangular 
grains "20% very fine black phosphonte, 
very dense 

3S-42 SOlS " As Above , 
4S 44 46 5-1S 1 0 (72) 

, , , 
, . 

, 
, , 

, 
, 

As Above 
49-S1 516 OS 

36-S0IS" 
SO (86) - , -, 

, 

" , 

SS- 4S SOlS" As Above , 
S4 S6 5-17 OS (9S) -

• , 

-, , 



PROJECT NUMBER 

SEF30619 AO 
BORING NUMBER 

TB-4 SHEET 3 OF 5 

SOIL BORING LOG • 

PROJeCT Indiantown CogeneratIOn FacIlity LOCATION Proposed Power Block Area 

ELEVATION -32 ft NGVD DAILLING CONTRACTOR Ardaman and AssoCIates, West Palm Beach. FL 
ORILUNG METHOD AND EQUIPMENT CME 45 Rotary Rig with Spilt Spoonmg 
WATER LEVEL AND DATE DTW 665 ft 8113190 13 00 7/23/90 7127190 P K tk k • START FINISH LOGGER WI. ows I 

~~ 
SAMPI..E STANDARD SOIL DESCRIPTION COMMENTS PENETRATION 

lEST w- 0 ~ RESULTS ~ DEPTH OF CASING 

~i 
~ z. • SOIL NAME COLOR MOISTURE CONTENT 
~ <w ~ RELATIVE DENSITY OR CONSISTENCY SOIL 0 CRILUNG RATE 

• wm 8- ....... STRUCTURE MINERALOGY uses GROUP m ORILLING Fl.UID LOSS w ~~ SYMBOL ~8 TESTS AND 
~iij " ~~ w" ,N, • ." 0~ INSTRUMENTATION 

59-61 S-18 075 5 2,~~,4-1 1 As Above 
, 

, 

65 6466 S 19 1 5 
026-34-3 As Above, httle-some (15%) pelecypod 

-(60) shell fragments (very brittle) pinkish gray 
(5 YR 8/1) 

70- 69·71 S 20 1 2 
~1-41 21-2 As Above - -

(62) • 
7476 S 21 1 2 5-3030-3 As Above 

75 (60) -

-
47-50/5" As Above less shell (-5%) 

, " 
80 7981 S-22 1 6 (97) - , -

, 

" , 

85- 8486 S-23 1 6 
5-21-20-H As Above, some Silt, more shell (25%) - -(41 ) 

• , 
, 



SEF30619 AO 4 

• SOIL BORING LOG 

PROJECT Indiantown Cogeneration FacIlity LOCATION Proposed Power Block Area 
ELEVATION -32 ft NGVD DR1LUNG CONTRACTOR Ardaman and AssoCIates, West Palm Beach, FL 
ORILUNG METHOD AND EOUIPMENT CME 45 Rotary Rig with Split Spooning 

WATER LEVEL AND DATE DTW 6 6S ft 81 1300 7123190 7/27 0 P K II< k - J3/90 START FINISH .JJl LOGGEA Wla OWS I 

~f 
SAMPLE STANOARD SOIL DESCRtP110N COIIIIEHJS PENETRATION 

"'ST 
~~ ~ 0 ~ RESULTS SOIL NAME COLOR MOISTURE CONTENT 

i§ 
DEPTH OF CASING 

~~ ~ ~ffi ~ RELATIVE DENSITY 01=1 CONSISTENCY SOIL DRILLING RATE 
w~ 0 N~ STRUCTURE MINERALOGY uses GAOUP ORIWNG FLUID LOSS w .~ 0_ 

tN) SYMBOL TESTS AND 
W~ ~ >~ ~~ INSTRUMENTATION om ~z 

S-I,~N- SANDY SHELL HASH, fine graIned (-50% " Gradual loss of dnlhng 8991 S 24 1 2 ",!!,'fJ" 
shell fragments) Greenish gray (S GY 611) '-" flUids (slight) ''''' ,~ 
to pinkish gray (S YR 811) Predominantly , , , 
pelecypod With httle gastropod shell ~~ 

~~ fragments Slightly silty quartz , ,-\!-., 
,', , 

SILTY SHELL HASH, very fine grmned 
w4 

1 10-131 -95- 94-96 S 2S 1 6 -",,\," -(23) large worm-hke shells (>50% shell) (1/4" , , 
'" dla by 2" long) Greenish gray (5 GY 6/1) , 

to pinkish gray (5 YR 8/1) Some -"'~ 

96- ST2 2S NA pelecypod shell hash Moderately plastic ~ Shelby tube sample 
985 ' " obtained at 96' bls 

Silty sand Trace cemented sand quartz " " " '- .,., 
SHELLY SAND, very fine-medium grained, ~'" '" " 920-30-40 poor-moderately sorted, light ohve gray " -100 99- S-26 20 " (SO) ,', 

101 (S Y 611) Slightly silty -20"10 pelecypod, 
-~ • gastropod shell and shell fragments ~ -, 

Quartz ." " 
" --" - , -, 

" 
, 

~S 27 30-3 As Above, slightly more shell (-30%) , 
lOS 104 S27 1 8 

, 
(S7) 

, 
106 -.., 

-'" -' , ,,,, 

~'" -~ , "" , " , 
0-21 22-2: As Above less shell (15%) light olive gray -'~ 

110- 109- S-28 1 9 (43) (S Y6Il)to light bluish gray (S B 7/1) - .... ~ -111 w, " 
slightly sdty " , 

',', - --"', -, 
" ~~ -, 

~ , 
14-9-12-16 SILTY SHELLY SAND (marl?) very fine-fine -, 

114- S-29 20 
, -l1S 

116 
(21 ) grained light olive gray (5Y 6/1), -25% -- -", 

shell fragments quartz w-, -' , , -'--~, • ~ 

w"' 
-"" -" 



PROJECT NUMBER 

SEF30619AO 
BORING NUMBER 

TB·4 SHEET 5 OF 5 

SOIL BORING LOG 

PROJECT Indiantown Cogeneration FacIlity LOCATION Proposed Power Block Area 
ELEVATION -32 ft NGVD DRIWNG CONTRACTOR Ardaman and AsSOCIates. West Palm Beach. FL 
DRILLING METHOD AND EQUIPMENT CME 45 Rotary Rig With Split Spooning 
WATER LEVEL AND DATE DTW '" 6,65 ft 8113190 STAAT 13,00 7/23190 FINISH 7127190 LOGGER P KWiatkowski 

~f 
m~ 

~~ 
w~ 
00 

SAMPLE 

0 ~ ~ 

~ffi 
SOIL NAME COLOR MOISTUAE CONTENT 

~ 

~f 
RELATIVE DENSITY OR CONSISTENCY SOIL 

~ wm ........ STRUCTURE: MINERALOGY uses GROUP w ~~ SYMBOL " ~ . CN, • "-

~1~2~4J:S;'.~3~1 G2;-;;o~~~~1~~~~~~ very fme ~126 I ~~ 
t-I-I:--t----1~~,~Y,~61;~1,,~), -15% shell fragments quanz 

cemented sand layer at 126' 

l]~~~r~i~~~J~~~:~:~~': v~ery fine gramed 129 5-32 2 0 olive gray (5 Y 
131 quartz, very dense 

134- 1 ,,"r.,1 
136 

25 NA 

141 I II f3~9. ~i'~1~§~ veryf'ne gray (5 GY 8/1), little-some 
(-10%), very dense, clayey 

low-moderate plastiCity 

~ m 
~8 
m~ 

COM ...... 

DEPTH OF CASING 
DAILLING RATE 
DRIWNG FLUID LOSS 
TESTS AND 
INSTRUMENTATION 

Drove Shelby tube trom 
134 to 1365 feet bls 

• 

• 

Bonng abandoned with • 
neat cement from bottom 
to land surface 



• 

• 

• 

SEF30619 AO TB-5 1 

SOIL BORING LOG 

PROJECT Inchantown Cogeneration FaCIlity LOCATION Productlon Well Site, Indiantown, FL 

ELEVATION "'32 ft NGVD DRILUNG CONTRACTOR Ardaman and AsSOCIates. West Palm Beach. FL 

DRILLING METHOD AND eaUIPMENT CME 45 Rotary Rig with Split Spoonrng 

WATER LEVEL AND DATE OTW '" 6 2 ft 8/13/90 START 10 15 7/30/90 FINISH Bn190 

5 

SAMPLE STANDARD 

!-_-,"-'-";-_-jPENETRATlON '-_____ SO"""L"-"DE::SC=:::R::'PTI~O=N ____ __i 
lEST r 

4-6 

~ RESULTS 

~f 
~-

.. ~ ... ,N, 
SOIL NAME COLOR MOISTURE CONTENT 
RELATiVe OENSrTY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMSOL 

51 1 2 5.5-7-8 SAND. (SP) flne-coarse grained, 
(12) moderately sorted, very light gray (N6), -

+-_-+..:S::-.:2+_-I ___ --jsubangular-rounded quartz, thin organrc 
layer at 6 bls mechum dense 

t:-:-t-=-i-:i!9~9;-:;_,~0-:;-100i§S~A~NI!;D~(S>!P~) fine-medium grained. 
10 9 11 S 3 1 2 (19) moderate-well sorted, moderate brown 

+-_+_+_-+ ___ --1(5 VR 414) subangular-rounded quartz, 

11-13 5-4 20 

13 15 S 5 12 

10-7-87 
(15) 

medium dense 

As Above, yellowish gray (5 V 7/2) 

As Above 

,', 
i " \ , 

" " , 

" , , , 

" , , , 

.­, 

7-10-99 
(19) 

154---4---+---~~~~ - ",, 
I \ \ " , 

20 19-21 S-6 1 0 

25 24-26 S-7 1 8 

8-9-12-11 AsAbove,duskyyeUow (5Y6l4) 
(21 ) 

4-4-3-4 SAND. (SP), very fine grained well sorted,_ 
(7) olive gray (5 V 411), subangular- -

+--+--I---I-----i subrounded. trace of Silt. trace-little black 

" 

, , 
'" \ , 
, 
.­, 
" , 

LOGGER P KWIatkowski 

COMMENTS 

DEPTH OF CASING 
ORILUNG RATE 
DRILLING FLUID lOSS 
TESTS ANO 
INSTRUMENTATION 

2629 ST-1 30 
NA 

phosphonte (very fine grained) Quartz. 
loose 

\ ~\ Obtain Shelby tube from 26 
, to 29' bls , 

-



PROJECT NUMBER 

5EF30619 AO 
BORING NUMBER 

TB-5 

SOIL BORING LOG 

SHEET 2 OF 5 

PROJECT Indiantown Cogeneration FacIlity LOCATION Production Well Site, Indiantown. FL 

ELEVATION -32 ft NGVD DRIWNG CONTRACTOR Ardaman and AssoCiates. West Palm Beach. FL 
DRILLING METHOD AND EQUIPMENT CME 45 Rotary Rig with Spilt Spooning 

WA'" R OTW 62ft 8/13/90 1015 7130/90 Bn190 P KWlatkowskl LEVEL AND DATE = START FINISH L.OGG<R 

~f 
SAMPLE STANDARD SOIL DESCRIPTION COMMENTS PENETAATION 

"'ST w- 0 > RESULTS ~ DEPTH OF CASING 
;~ 

~ ," " SOIL NAME COLOR MOISTURE CONTENT 
~ w RELATIVE DENSITY OR CONSISTENCY SOIL 5 ORIWNG RATE <w > 
" w~ 0 ,~ ... STRUCTURE MINERALOGY uses GROUP m DRIWNG FLUID LOSS 

u w . ~ 0_ SYMBOL ~g TESTS AND 
w~ " ~~ wI;: 'N) 
00 ~ "- m~ INSTRUMENTATION 

29-31 S-8 1 2 WR-WR- SAND. (SM) very frne grained. well sorted. 
, 

~ 10-11 light gray (N7) quartz. somewhat Silty. 
(10) some pinkish gray shell fragments (25%). 

trace·httle cemented sand fragments. 
quartz. loose 

SAND. (SP1, very fina.medlum grained, , 
35- 34-36 5-9 1 8 6-21-29 2 poor moderately sorted. hght olive gray "'- -(50) ',,-(5 Y 6/1), quartz "20% gray sandstone ,~ 

fragments. ,,20% pelecypod shell " , 
fragments "10% very frne grained black , , 
phosphonte. unconsolidated, dense , , 

," I , ' 
SAND (SP), very fine grained well sorted, 

, 

40 39-41 5-10 1 2 
2538 SOlS" olive gray (5 Y 4/1) quartz, ,,25% very fine - Refusal RORe breaks at end _ 

(88) 
, 

grained black phosphorite unconsolidated, 
, of hammer Cut and tie new , , rope trace shell fragments angular· , 
, ' 

subrounded grains. very dense ' ' " , 
, 

" " , 

45 44·46 511 1 0 
25-40-50/5 

(90) 
• As Above -

, 
, 

',' ,,, I , 
, 

7-36-36-3: As Above 
50 4951 512 1 2 (72) , -{, , 

, , 
, 
, 
, , 

, 
18-16-25- As Above dense - \ 55 5456 513 NO SOlS" -

(41) " 

, , , 

" 

• 

• 

• 



• 

• 

• 

PROJECT 

SEF30619Ao 5 

SOIL BORING LOG 

3 

PROJECT Indiantown Cogeneration Facility LOCATION Production Well Site, Indiantown. FL 

ELEVATION -32 ft NGVD DRILLING CONTRACTOR Ardaman and ASSOCiates, West Palm Beach. FL 
DRILLING METHOD ANO EQUIPMENT CME 45 Rotary Rig with Split Spooning 
WATER LEVEL AND DATE DTW '" 6 2 ft 8113190 START 1 0 15 7130190 FINISH 817190 

SOil. DESCRIPTION 

SOIL NAME COLOR MOISTURE CONTENT 
RELATIVE DENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERAlOGY uses GROUP 
SYMBOL 

LOGGER P KWIatkowski 

COIIMEHTS 

S DEPTH OF CASING 

•
0 ORIL.UNG RATE 

DRILLING FLUID LOSS 
;! e TESTS AND 
CI) 0 INSTRUMENTATION 

~~-t~~~~~~~14~~~~~DQC B,"v~e~~~h"n~e~g~r~~"n~edor,~w~e"'lI~s~o~n~e-d-1,~~~~~_~-----C~c=~c=~ ____ ~ 
olive gray (5 Y 4/1) and SHELL fragments .......... 
(-30%) pelecypods p,nk,sh gray (5 YR 8/1) ,: /'1 
Some (10 20%) cemented sand ,-':: 
Subangular-subrounded quartz, very fine Y"'" ~ 

-t-__ + __ -t-__ -I ______ -Iblack phosphonte sand grams very dense +>: .... "'1 

65 64665-15 06 2-35-44-4 
(79) 

SAND (SP), very fme grained, well sorted _ ~ , 
olive gray (5 Y 4/1), subangular- I 

+----+----+---+-------1 sub rounded --25% black phosphonte " 
grams (very fme) quartz very dense " 

5-3 5 6 SILTY CLAY, (CL), low-moderate plastiCity, 
70 69-71 5-16 20 (8) dark greemsh gray (5 GY 4/1), flrm 

71-74 ST-2 30 
NA I>:: 

CLAYEY, SHELLY SILT, (ML) low-
75 74-76 5-17 1 8 4-4-3-4 moderate plastiCity, light olive gray (5 Y 512).. 

(7) very frne gr8lned, 30-40% shell fragments 
(predominantly pelecypods, trace 
gastropods), frrm 

, 

2 23-30-31 SAND, (SP), frne-coarse grained, poorly 
(53) sorted angular-rounded quartz - " I I I 

+----+----11---+--------1 predominant, --25% black phosphonte :' 
gr81ns "'10% calCIum carbonate and \ 

80-79-815-18 1 8 

Obtain Shelby tube sample 
at 71' bls 

pelecypod shell fragments, trace sdt very 
dense -It,.,.,-A Dnll rods chatter at 83' bIs 

012-142 SILTY SAND. (SM)' very fine grained, well 
85-8486 S-19 1 6 (26) sorted angular-rounded greemsh gray 

-/--+--+--1----1 (5 GY 6/1) predomlnan11y quartz -15-20% 
black phosphonte gr81ns, --5% calCIum 
carbonate grainS, --5-10% large (112'" dla) 
pelecypod shells, medium dense 

-

-

-

-



PROJECT NUMBER 

SEF30619 AO 
BORING NUMBER 

TB-5 

SOIL BORING LOG 

SHEET 4 OF 5 

PROJECT Indiantown Cogeneration FacIlity LOCATION Production Well Site Indiantown FL 

ELEVATION -32 ft NGVD DRILLING CONTRACTOR Ardaman and Associates. West Palm Beach. FL 
ORILLING METHOD AND EOUIPMENT CME 45 Rotary Rig with Spilt Spooning 

WATER LEVEL AND DATE D1W 62ft 8113190 1015 7130190 817190 P KWlatkowskJ = START FINISH LOGGER 

~f 
SAMl'LE $lA.MbA.AD son. DESCAlPTIOff COMMENTS PENETRATION 

TEST w- 0 ~ RESULTS SOIL NAME COLOR MOISTURE CONTENT ~ DEPTH OF CASING m~ ~ z" w RELATIVE DENSITY OR CONSISTENCY SOIL DRILLING RATE 
i!~ <w 

~ " wm 6"~~ STRUCTURE MINERALOGY USCS GROUP m DRILLING FLUID LOSS .. w ~~ hlf SYMBOL ~g TESTS AND 
w~ - ~~ eN, 
00 • _z "- =- INSTRUMENTATION 

8991 5-20 1 6 '\~~;<U As Above less shell , 
, 
, 

~-
.~ 

2 15232 SHELLY SAND, (SW) fine-medium ~, 

95 9496 S-21 1 6 - " -
(38) grained poor-moderately sorted, \~ ~ 

subangular-subrounded greemsh gray '~ -, ""-(5 GY 6/1) quartz sand grainS Shell 
, 
'--fragments (pelecypod, trace gastropod) ,,~ -

constitute -30% of sample Trace black ' -
phosphonte, very fine grained Mechum 

,,. 
'" , '"' dense ,-

" . , 
100 99- S 22 1 4 321-21 1 As Above less shell 

, 
101 (42) -'~ 

---
, 

SILTY SHELLY SAND (SM), very , 
4-15-15-1' flne-medlum grained poor-mod sorted. , 

105 104- S-23 1 8 subangular-rounded greenish gray -' 
106 (30) 

(5 GY 611) sand grams predominantly 
quartz composition With 10% very fine black 
phosphonte Shell (-30% of sample) IS 
predominantly fragments but large (112") 
pelecypod and gastropods also Medium 
dense 

110- 109 S-24 1 8 2-12121 SAND, (SP), very fine-fine grained, . _ ; 
111 (24) moderate-well sorted angular subrounded, :'; , 

light olive gray (5 Y 6/1) quartz grams " 
predominant, -10-20% 1\Oe shell fragments .. 
medIum dense, trace-little SIlt ' , 

, ' 
'" " ,',' 
" 

115- 114 811-2426 As Above ,', 
116 S-25 05 (35) - : -

, 
" , , 
" 

, 

" , -
, 

• 

• 

• 



• 

• 

SOIL BORING LOG 

PROJECT Indiantown Cogeneration Facility LOCATION ProdUCbon Well SIte, Indiantown FL 

ELEVATION -32 ft NGVD DRILJ.JNG CONTRACTOR Ardaman and AssoCIates. West Palm Beach. FL 
DRILLING METHOD AND eOUIPMENT CME 45 Rotary RIg with Spilt Spooning 

WATCRLEVElANODATE DTW ... 62ft 8113190 START 10 15 7130190 FINISH 8f!190 

SA ...... 

~f 
~w c 

u ~ffi 
~; ~~ ........ 

(N) 

.... DESCRIPTlDIC 

SOIL NAME COLOR MOISTURE CONTeNT 
RELATIVE OENSITY OR CONSISTENCY SOIL 
STRUCTURE MINERALOGY uses GROUP 
SYMBOL 

~i ~~ 

r~-r1Mrt~~~2~0~~~~~~~~~ gray 611) "15% fine 
pelecypod shell fragments Hard 

12'-11~~t5~-~2=7~~1 ~8t~~~~~~§~~~~ low plastiCIty. "20% flOe co'a",e-
shells and fragments 

(15%) cemented sand and shelt 

134-
136 

stiff 

20 15 20·3d,As Above 

7-9-26-
20 50/5" 

Above 

139- 5-30 2 0 "~~Ifi~~~~~'O~~W~':P'as.ClIy. green",h-l 
+-,1-,4-,1 +-,_+-,_+-~....:.._Ii pelecypod shell 

146 5-31 20 

some cemented sand 
layers (thin) 

I gray 
fnable sandstone -,0% 

fragments In matnx Trace·/lttle 
(-15%) black phosphonte Very stIff 

,,:::=1~~~~~~~ low-mod plastiCity, 
+-'""'"+5-3-2+-2-0--'1'9 17-40 shell fragments 

LOGGER P KWiatkowski 

COMMENTS 

DEPTH OF CASING 
DRILUNG RATE 
DRIWNG FLUID LOSS 
TESTS AND 
INSTRUMENTATION 

Bonng cemented wrth 
neat cement to ground 
surface 



PROJECT NUMBER 

5EF306'9AO 
BORING NUMBER 

TB-6 

SOIL BORING LOG 

SHEET 1 2 

PROJECT Indiantown Cogeneration Facllrty LOCATION Pumpmg Test Location, Inthantown FL 

ELEVATION "'32 ft NGVD ORILUNG CONTRACTOR Arclaman and AssoCIates. West Palm Beach, FL 

ORIU1NG METHOD AND EOUIPMENT CME 45 Rotary Rig WIth Spilt SPOOning 

WATER LEVEL AND DATE DTW "" 7 04 ft 8/13/90 START09 45 812190 FINISH 12 00 Bf3I90 LOGGER P KWiatkowski 

STANDARD 
'--_,SA_"_P_"',-_-jPENETRATlON '--_____ SO=IL::..::DE=SC=R;;.'PTIO=::" ____ --I 
r TEST ,-

RESULTS SOIL NAME COlOR MOISTURE CONTENT Q 
RELATIVE DENSITY OR CONSISTENCY SOIL 5 

.-~ ... ,N, STRUCTURE MINERALOGY uses GROUP ID 
SYMBOL ~8 

0~ 

" 

50 495, 5-' NO 
8.33.46.6 SAND (SP), very flOe grained, well sorted,_ 

(79) light olive gray (5 Y 6/1) subangular-
+---+---1--+-----1 sub rounded, quartz and -25% very flOe 

black phosphonte, very dense 

55 54 56 5-2 

5-3 
60 59-6' 

5-4 

65- 64 66 55 

70 69-7' 5-6 

NO 

, 6 

1 0 

20 

9-26-263 
(52) 

'63045-
50/4" 
(75) 

9-20-33-4 
(53) 

43-4-7 
(7) 

As Above trace-linle pelecypod shell 
fragments 

/ 

SHELLY SAND (SW), very flne-coarse ,..;"'" 
grained poorly sorted quartz w/20% very _' ,..,', 
hne black phosphonte, pelecypod and : :: 
some gastropod shells " 
SAND. (SPl. very fine grained, well sorted, , 
light olive gray (5 Y 6/1), very fine black 

, 
" , 

phosphonte (-20%) Trace shell, quartz, , 
very denSe , 
As Above 

, , 
- " , , 

, , , , , 
" , 
" , , 

~ 
51LTY CLAY, (CLl.low plasbClIy dark %:: greenish gray (5 GY 4/1), firm trace shell 
fragments 

COMMENTS 

DEPTH OF CASING 
ORIWNG RATE 
DRLWNG FLUID LOSS 
TESTS AN~ 
INSTRUMENTATION 

Dnll With 4-112" Incone roller 
bit from 0 to 49' bls using 
Van·Flo® biodegradable 
mud 

• 

-

• 
-

-

• 



• 

• 

• 

SEF30619 AO 
I 

TB-6 

SOIL BORING LOG 

2 

PROJECT Indiantown Cogenerabon Faallty L.OCATION PumpmQ Test l.ocatJon, Indiantown, Fl 
ELEVATION "'32 ft NGVO DRILLING CONTRACTOR Ardaman and AssOCIates. West Palm Beach. FL 
DRIWOO METHOD AND EQUIPMENT CME 45 Rotary Rig WIth SpILt Spooning 
WATER lEVEL AND DATE DTW '" 7 04 ft 8113190 START0945 8/2190 FINISH 1200 8/3/90 LOGGER P KWIatkowski 

so- 79-81 S-8 ND 
9-13.22 35 SAND. (SP}.fine-medlum gramed 

(35) moderalely sorted, light olive gray (5 Y 6Il)~ i',' 
+--+--+---1-----jtrace silt, trace shell fragments, dense ',' 

86 84-86 s-s 1 8 
6-6-7-22 SILTY SAND (SM) very fine grained, 

(13) moderate-well sorted. greenish gray 
+-_+_-+_--1 ___ --1(5 GY 611). -20% very fme grained black 

phosphonte, predommantly quartz. -10% 
shell fragments 

~""-, 

1--tslOt-16~~l-23.1~§~~~~~ ~~ S 10 16 5-19-23-1 SHELLYSAND,(SW),veryflnegramed :"'~ 
90 89-91 (42) w/coarse shell fragments (25%), ... ,~\ 

+-_+_-+_--I ___ --lpoorly-moderately sorted. greenish gray (5 '~:; 
GY 6/1) sand predominantly quartz WIth ,'t' ... 

95- 94-96 5-11 

100 99- S-12 
101 

-15-20% very hne graJned black ' " , 
phosphonte ,001; "'r-' 

~,'"'t 
,.'vll.. ' , , 

NO 1·13·201 As Above, more shell ("40%) 
(33) 

~0-22-20-2 As Above 
1 6 (42) 

END OF BORING 

" 
" " " ' - := 
~ 

" 

-

-

-



IMAGE QUALITY 
PlEASE Non THE ORIGINW DOOlMEm 

SUNNED FOR OF POOR 
QUAlITY. 

• 



• • • 
~.-------------------------------------------------------------------~ 
f 

INDIANTOWN COGENERATION PLANT SOUNDING NO. 8-103 
PMOJECT FILE ~O ·90-5648 DATE TESTED'7-30-90 

POINT RESIST A.~CE. ~G:C:~2 POINT MES!ST ANCE. KG/CM' LOCAL FilrCT!O)/, KG/C.~' 
o 2500 5000 10 

o 1-' I -'--1-_.......1 i--'----'--'- .... 

1 \ j 

9
1 ~ 11 1 :> 

i ~ 1 
101 ) 
1 ( 

15 1 

1 
1 
1 20, 
1 

W I W.o_ 
ll... , · 

1 • 
i 
• 

-I 
1 
1 
1 

i 
1 
1 
i 
1 

1 
1 
i 

1 
1 
1 

1 
1 • I 
1 

1 

-'------. 
~ 

70+-. ---I --'---r---j "1"--,-- I -, 

-- -- ;:.:;=-
.-/ ---

j 

1 
1 

1 
~ , 
• I 

1 
1 
• , 
1 
1 

1 

1 
~-. -.,.. -,----1--, 

FilICTIO~ MTIO ,x 
o 10 t---'-' - ,- -','--', --' 

1~ 
~ 

i .. 
J 
I 

1 
I 

1 
1 

1 
1 
1 
1 
1 , 
-1 

1 , 

1 

-~,--. 

I 
I I 
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INDIANTOWN COGENERATION PLANT SOUNDING NO 8-105 

PROJECT FILE NO =90-5648 DATE TESTEO=7-30-90 
POINT RESISTANC~ KG/eM' POINT RESISTANC~ KG/CM' LOCAL FRiCTION. KG/CM' 
o 2500 5000 10 

o r-'--c-J-..-1-----J -'" , 
1 

5 

• 
i 

20

1 
1 
I 
i 

25-

I­
LU 

~30 ---". 

501 , 

55 

65 

q U~ [~ 
il -" 

, '" . . , , . . " 
~~ 

, ~ 0 
• 0' .' .. 

~ .... a ... 
!l 

. 
J 

i 

1 

1 

1 

I 
1 
i 
1 
1 

• 
J 

1 

1 _---~ j---
I 

1 

FRICTiON RATIO .% 
o 10 
;-_~-' _L _1 ___ .... _--J 

I 
1 

1 
j 
, 

1 
~ 

1 
1 

--

i I I 

-==-

I I 

I I 

i 
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INDIANTOWN COGENERATION PLANT SOUNDING NO 8-106 

PROJECT FILE NO ·90-5648 DATE TESTED=7-31-90 
POINT RESISTANCE. KG/CM' POINT RESISTANCE. KG/CM' LOCAL FRICTION. KG/CM 2 
o 250 0 500 0 10 

a -1-- 1- _ I. _I __ I. ---' 1_ --'- _'-_-l--L----' 1--J- ...L. _...J - _..J----I 

1 1 
1 i 

5 1 1 
1 ' , 

10 .: 
I 

1 
· , 
1 

15-

• , 
1 

20 -: 
• , 
• 

· I 
25-

• 
I- I 
W ' 
W30~ 
lL. I 

1 
::c • 
I- I 

fb ~ 
D I 

35-
(!) , 
:z , 
..... l 
D 
:z , 
5 . 
U) 40" 

, 
• , 
• 

45-

I 
I 

501 

1 , 

55~ 
1 
• I • 
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j 
i • 
• 
• 

65 1 , 
• , 

1 , 

1 1 
1 

1 1 
j l 

~ i 
• 
I 

i 
1 
1 
I 

1 

1 
1 

1 
j 
1 
1 
4 , 
1 
; , , 
• I • 
1 
1 
4 
• 
1 · 1 
1 

1 • I , 
• , 

• , 
• , 
i -I , , 
1 • I 
i 
1 
1 
1 , 
• 
J 
I • I r 
i 
J 
I • I 

1 
" I , , , 
• , , , 
• -J 
j 
] 
i • j , 
• 
I 

1 -I 
1 
1 , , 
• 
I 

1 , 
l 
j , 
i -, 
• , 
· 1 
I , , 

---

70 +---. --,-- -l---T --. ,~ .,-- r-r--, 

-, 
'0. 0.--" ", ,­_0 
o • . , 
'0 
00 
0", 
<O­m, 
, 0 
oil 
il---_ 0 
0, , 
. " ,...a ". ~ 

FRICTION RATIO, % 
o 10 

, 
• 
1 
I • , 
i , 
• 
• , 
• 
i , , 
1 • I 
1 

1 
1 
1 
I 

1 -• 
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1 
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1 
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z.----------------------------------------Hi 
l INDIANTOWN COGENERATION PLANT SOUNDING NO. 8-109 

P~OJECT FILE NO =90-5646 DATE TESTED=7-31-90 
POINT RESISTANCE, KG/CM' POINT RESISTANCE, KG/CI~' LOCAL FRICTION. ~G/CM' 
o 250 0 500 0 10 

o j __ J _ • __ J----J_-J 

l~----
51 ~ 

, , , 
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20 1 
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• 
I 

1 
1 
1 
1 
1 

1 

1 
i 
1 
1 

I 
1 
1 
• , 
• 

1 
1 • I 
• 
1 
j 
J 
I , , 
• 
I 
1 

1 
• 

1 
i 
J , 

1 
-I4-~'-'--T-' 

ri-L.-J __ ._---1 

j 

j 
i 
i -

I , 
1 
1 , , 
1 

i 

j 

J------
1 

1 
1 -

1 -1 
j 

j 
, , 

j 
I , 
I 
.,...---r-~--,- ,---, 

FRICTION HA TID .: 
o 10 t - 1..----1---l---l--.J 
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~ INDIANTOWN COGENERATION PLANl SOUNDING NO 8-111 
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55 J , 
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INDIANTOWN COGENERATION PLANT SOUNDING NO 8-112 

PROJECT FILE NO =90-5648 DATE TESTED=7-31-90 
POINT RESISTANCE. KG/CM' POINT RESISTANCE. KG/CM' LOCAL FIllmoN. KG/CM' 
o 250 0 500 0 10 

-, 
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INDIANTOWN COGENERATION PLANT SOUNDING NO 8--113 

FRICTION RATIO ,: 
o !O 

PROJECT FILE NO "90-5648 OATE TESTEO=7-3!-90 
POINT RESISTA/,eE, KG/eM' POINT RESISTANCE, KG/CM' LoeAL FRICTION. KG;e~I' 
o 250 0 500 0 iO 

o r .-- .. .... ---, --' -r.- .--'-- -'- -'-----'- --' 1 I --'----'---,-" 
i -'- __ L._~ - -1-- ....J 
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I~DIANTOWN COGENERATION PLANT SOUNDING NO 8-114 

PROJECT FILE NO ~90-564B DATE TESTEO=7-31-90 
porNT AESISTANC~ KG/CM' ?OINT RESISTANCE, KG/CN' LOC~L FRICTION, KG/~~' 
o 250 0 500 0 10 

o..L ~ '" I ~ J. __ -L - -' 1- - 1 __ -1-. _~ -L---J 1--.1. _..J --L __ "-_-' 
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4u 

,0 

Iuu 

11, 

I<U 

147 

• 
CALIPER 

-[~:MUlll' ... I MW-l 

COMPANY BECHTEL SEF30619 Ae 
HW-l 0043-0934 

0043-0034 I 

OTHER SERVICES 
GAMMA WEI.L 

LOCATION/FIELD 
COUNTY 

INDIANTOWN SING PI 
HARTIN 

STATE FL 
SECTION 34 TOllNSHIP 39S RANGE 3BE 

DATE 08/15/90 PERMANENT DATUM GL ELEfJATIOHS 
DEPTH DRILLER 159 ELEV PERM DATUM 32' HB 
LOG BOTTOM 147 5<1 LOG MEASURED FROM GL DF 
LOG TOP 1 59 DRL MEASURED FROM GL GL 32' 

CASING DRILLER NA LOGGING UHIT 1 

CA~ING IYPE NA FIELD OFFICE DFB 
CASING TI/ICKNESS NI> RECORDIcD B" C DIGIACOMO 

BIT SIZE 3 87 BOREHOLE FLUID MUD FILE ORIGINAL 
MAGNETIC DECL NA RH NO TYPE CCAL3 
iIIAlRIX DEtt:5.1T'J!' NO RM TEMPERATURE NA LOG 4 
FLUID DENSIT'i NA MATRIX DELTA T NO PLOT REPORT 

NEUTRON MATRIX SANDSTONE FLUID DELTA T NA THRESH 3.U10<1 

REMARKS 

LOG PERFORMED ON A STATIC WELL 
OBSERIJ£R DAVE ~'t'NDg:N: 

CAlIPER 
II 

r 

CAlIPER 

6 

• 

I I 

10 

10 



• • • 
SINGLE POINT 
GAMMA 

-l';'~~ l:lll, 
- 1-

MW-l 919143-91034 J -

COMPAN"t BECHTEL SEF3061 '9 00 OTHER SEPUICES 
WELL MW-l 9943-0014 CALIPER 

LOC4TION/FIELD IHDIAHTOUN 

COUHTY MARTIH 
STATE FL 
SECTION 34 TOUNSHIP 39S RANGE 3SE 

DATE 98/15/90 PERMANENT DATUM GL ELEVATIONS 
DEPTH DRILLER 1510 ELEU PERM DATUM 32' kB 
LOG BOTTOH 150 ,m LOG MEASURED FROM GL DF 
LOG TOP 1 50 DRL MEqSURr:D FROM GL GL 32' 

CASING DRILLER N" LOGGING UHIT 1 
CASING TYPE NO FIELD OFFlCE DFB 
CASING fHICKNESS NO RECORDED BY C DIGIACOMO 

BIT SIZE 3B7 BOREHOLE FLUID HUD FILE PROCESSED 
MAGNETIC DECI. NA RM NO TYPE 9040A 

MATRIX DENSITY NO RM TEMPERATURE NO LOG 7 

FLUID DENSITY NO MATRIX DELTA T N" PLOT RFPORI 8 

NEUTRON MATRIX SANDSTONE FLUID DLLIA T ,," THRESH 30090 
REHARHS 

LOG PERFORMED '''' A ";TATIC WELL 
OBSERUER DAUE SYNDER 

5P RES I 
-200 NO o ZOO OHM 500 I 

G~t!(NAT) 

0 AP I-GP 100 
I ; i , 

~! 
I 

i::>" '7 
I 

5 I 
j ! 

I 

J I I 
i 10 --t-\. I I V I , 

I I 

If 
I I I 

I I I I I 

1"-.. 
. 

I 
I 

J 

I I 
I I 

40 

l~ I I I , 

I \:!& I 
I 

I I I I , 
I I I 

I ) I I 

50 

I :f';§ 15 l/ I I 

I f 

I I , , 

I I I 
I 

~ 
'<; 

I 
I 

I 
80 l5 I 

I 
I I I I 

I I 

?l I I I 

! 
, 

...-' I I 1 I 
100 

S. I 

~! 
I I 

\ 
I 

I I I I 

i(. I 
I I 120 

~ i I 
I 

I 

I 
I 

b. 
140 r ;> 

I I '" I I 
I'll 

0 AP I-OR 300 
GAMIHATI 

-100 H; o I,Ou nHI 5Qu \ 
5P T ." 
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IV 

60 

110 

140 

14' 

• 
CALIPER 

COMPt'lN¥ 

WELL 

LOCATION/FIELD 
COUNTY 
STATE 
SECTION 

I MW-2 
L--

BECHTEL SEF30619 A9 
MW-2 9043-0033 

0943-9933 

OTHER SERVICES 
GAMMA 

INDIANTOWN SING PI 
HARTIN 

FL 
34 TOWf'!SHIP 39S PAHGE 3BE 

DATE 08/HV90 PERMANENT DATUM GL ELEVATION"; 
DEPTH DRILLER 
LOG BOTTOM 
LOG TOP 

Cl'iS Hf(; DRILLEJl' 

(ASING TYPE 
CASING tHICHf'iE~:; 

BIT SIZE 
MAGNEtIC DECL 
t"IATRO{ DENSITV 
FLUID DENSITY 
NEUTRON HATRIX 
REMARKS 

lSI! ELFU PERH DtlTUH 

149 013 LOG MEA~URED FROM 
1 513 DRL MEASI..lREI:- FPOH 

NO LOG~IH"'2; UNIT 

'''' } IELD OFF[\..-F 

"" RECORDED B, 

4 :> BOREHOLE FLUID 
NA RH 

NA RM lEfliPERATURE 
HA MATRIX DELTA T 

SANDSTONE FLUID DELTA r 

LOG PFRFOR~ED ON A STATIC WELL 
OBSERUER PEfER XWIATHOW~HI 

32' 
GL 
GL 

1 

IJFB 

C 

MUD 

N" 

"" "" "'" 

I I 

::: I 

¥ ~ __ -L __ ~ ____ ~ __ -+~~ 

~_i ___ I ______ ~~~~ 

HB 
DF 
GL 30 

DIGIACOMO 

FILE ORIGINAL 
TYPE CCt1iL3 

LOG oj 

PLOT REPORT 
THRESH 31iJIOe:0 

6 

• 

I I 

10 



• 
I 

• 
:SINGlE POINTI 
GAMMA 

• 

I MW-2 101043-101033 ] 

COMPANY 
WELL 
LQCATIQt'VFIELD 

COUNTY 
STATE 
SECTION 

DATE 

DEPTH DRILLER 
LOG BOTTOM 

LOG TOP 

CASING DHILLER 
(f)SIHG T'.tPE 

CASING IHIC}\NESS 

BIT SIZE 
MAGNETIC DECL 
MATRIX DENSITY 
FLUID DEN'SI!'l 
NEUTRON MAlHI;( 
REHARJ<S 

BECHTEL SEF30619 A9 
MW-;? 0943-9031 

INDIANTOWN 
HARTIN 
FL 
34 TOWNSHIP 

03/10/90 PERMANENT DATUM 

150 ELEV PERH DATUM 

149 50 LOG MEASUPED FROM 

1 '9 nRL MEASUREr- FROf!1 

NO LOGG UK litH T ... FIELD OFFICE 
NA REl..ORDED BY 

4 5 BOREHOLE FLUID 
HA Hilt 

Nt! RM TEMPERATURE 

NA HATRI X DELTA T 

SANDSTONE FLUID DELTA T 

LOG PERFORMED ON A STATIC WELL 
OBSERUER PETER HWIATKOWSHI 

SP 
-100 NU 

CAN! N~ T \ 

~I 
J 
) 

OTHER SERUICES 
CALIPER 

3% RANGE 3BE 

GL EJ .. EI)AT I OMS; 

32 J<B 
GL DF 
CL GL 32 

t 

DFB 
C DIGIACOMO 

MUD FILE PROCESSED 
Nli TYPE 9940A 

Nli LO(' 3 

Nli PLOT REFORT B 

IIA THRESH 39000 

REI 
o lDO OH~ 

I 

I I 
I I 

V 

I~ I 

j.,.-
I >1 
I 

t 
I 

I 
I 
I 
I 

I 
] 

I ? 
> I 

] 

.V 

OHM 

SOO I 

: 
lOO I 

I 
I , 
] 

I 

I 
] 

I 
I 

I 
I 
I 
I 
I 

I 
I 

I 
I 
I 

lOO 

suu I 

I I 



• • • 
CALIPER 

-l e:.:fj~ mIll 
- I HW-3 0043-0032 I L-

COMPANY BEC4TEL SEF3B619 AS OTHER SEu'HCES 
WFLL MI-I-3 912143-9932 GAMMA 
LOCAT I OtVFI ELl) INDIANTOWN SING PT 
COUNTY HARTIN 
STATE FL 
SECTION 35 TOWHSHIP 39S RANGE 3BE 

DATE 98/98/90 PERMANENT DtlTIJM CL ELFUATIOH~ 

DEPTH DRILLER 150 ELEU PERM DATUM 32' '''' LOG BOTTOM 149 "" LOG MEASURED FROM GL DF 
LOG T~P -1 00 DRL MEASURED FRO"f GL GL 32' 

CA"J;ING DRILLER NO LOGGING UNIT 1 
CASIHG lYPE NO FIELD OFFICE DFB 
CASING THICKNESS NA RECORDED BV e DIGIACOMO 

BIT SIZE 4 5 BOREHOLE FLU!D MUD FILE ORIGINAL 
MAGNETIC DECL N" BM NA TYPE CCAL3 
MATRIX' DENSITY NA RH TEMPERATURE HA LOG 4 
FLUID DENSITY 1 MATRI ): DELTA T NA PLOT REPORT 6 
NEUTRON MATRIX SANDSTONr: FLUID DELTA r NA TfiREsn 30039 
REMARHS 

LOG PERFOPHED ON A STATIC WELL 
OBSERVER PETER NWIATFOW~NI 

[~ 

1 10 

I 

10 ~ 
~ 

40 

'0 J 
I ~ , 

on , 

I I ~ I 
I 

100 
I 

~ 
I 

~ I 
I 

110 
i 

~ .....s 
~ 140 

I 

"!' 
14' 

I! CH 10 
CALIPER 
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40 

60 

80 

100 

120 

140 
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• 
SINGLE POINT 
GAMMA 

• 

MW-3 0043-0032 

COMPANY 
WELL 
LOCATION/FIELD 
COUNTY 
STATE 
SECTION 

DATE 
DEPTH DRILLER 
LOG BOT rOM 
LOG TOP 

CASING DRILLER 

CASING TYPE 
CASING THICKNESS 

BIT SIZE 
MAGNETIC DFCL 

HATRD<' DENSITY 

FLUID DENSITY 
NEUTRON MATRIX 
REM"RltS 

BECHTEL SEF39619 1-'10 
HW~3 0043-0032 

INDIANTOWN 
HARTIN 
FL 
35 

98/08/90 

151! 

14' 50 

N" 
NA 
NA 

4 5 
NA 

NA 
NA 

" 59 

TOWNSHIP 

PERMANENT DArUM 
EI.EU PERM DATUM 
LOG MEASURED FROM 
DRL MEASURED FROM 

LOGGING U"'IT 
FIELD OFFICE 
RECORDED ay 

BOREHOLE FLUID 
RM 
RH TEMPERATURE 
MAIRI~ DELTA T 

SAt4DSTONE FLUID DELTA T 

LOG PERFORMED ON A STATI~ WELL 

OBSERVER PETER HWIATNOWSHI 

Sf 
0 III 

GAMI ~AJ) 
a API-GR 

~ 
~ ~ 

~ "'";> 

~ 
~ 

5 I 

<:::;; 
t".:::l. 

) 

_\ ) 
"'- ( I 

V- ~ I 
< 

') 

( 

5 
'- I 

~ 
a RPI-GR 

GAMINAl> 
0 MU 

. SP 
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CALIPER 

I 
-l-:':fIH:JJ.lJ 
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I I MW 4 0043-0030 

COMPANY BECHTEL SEF30619 A0 OTHER SERVICES 

"IELL MW-4 0043-QR30 GAMH" 
LOCATION/FIELD INDIANTOWN LSN ELEC 
COUNTY MARTIN 
:STATE FL 
SECTION 3S TOHNSHIP 39S RAt.JGE 38E 

DATE 07/27/90 PERMANEN[ DATUM GL ELEUAIJONS 
DEPTH DRILLER 1S" ELEV PERM DATUM 32' KB 
LOG BOTTOM 149 50 LOG MEASURED FROM GL DF 
LOG TOP ~ 50 DRL MEASURED FRNt GL GL 32' 

CASING DRILLER Nil LOGGING UNIT 1 

CASING fVPF FIELI> OFFICF DFB 
CASING THICKNESS Nil RECORDED BY C DIGIACOMO 

BIT SIZE 4 5 BOREHOLE FLUID MUD FILE ORIGINAL 

MACNETI (' DECL NA RM NA TYPE CC .... L3 

HATRI)( DENSITY NA RM TEMPERATURE NA L()(' 1 

FLUID DENSITY NA MATRIX DELTA T Nil PLOT REPORT 6 I 
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I I POW-l 0043-0931 
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UNDISTURBED SAMPLE ANALYSIS 
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• 
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IMAGE QUALITY 

AS YOU REVIEW THE NEXT GROUP OF IMAGES, PLEASE NOTE 
THAT THE ORIGINAL DOCUMENTS WERE OF POOR QUALITY. 



• • .' 
SIIBLBY TlJBE TEST RESULTS 

Boring Depth Sample -200 M.C LL PL D.O. k 
No (ft) Description 

-L -L --L --L l'.! (pcf) (cm/sec ) lIW-2 26.0 - Dark gray fine sand 12.0 22 3 97.4 1. 9x10-6 28.0 with Hlt 

lIW-3 71.0 - Gray f~ne sand w~th 14.4 21 1 101.8 4.5x10- 6 73 5 silt and shell 
lIW-4 36 0 - Dark gray fine sand 3.0 21.1 105.5 1.OxlO-3 

38.5 

lIW-4 96.0 - Gray fine sand Wl.th 10.6 23 2 105 9 8.0XlO-6 
98 5 silt and shell 

MW-4 134.0- Greenish gray sl.lty 19 4 28 3 19.7 19 2 1 79 4 9.6x10-5 
136.0 fine sand with shell 

and cemented sand 
POW-1 26.0 - Dark gray fine sand 8 8 24.2 

95.2 6.8x10-4 
29.0 with traces of clayey fine sand 

PDW-1 71.0 - Gray clay with traces 93 7 41.1 74.7 23 3 51 82.1 1.7x10-8 
74 .0 of shell 
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SIEVE ANALYSIS 
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GRAIN SIZE IN UII 
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1 
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TEST AMPLE SAMPLE DESCRIPTION UNIFIED ] DEPTH SYMBOL 
CLASS HO..E NQ NO 
SP ""'-1 '0 <_,? n f. 'u. f, ,. 

] . 
J 
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NO CLASS 
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NO CLASS 

MW-? ' ,< ''0 (l..,bO , . , < . 
-

] 

] 

J 
J 

I GRAIN SIZE DISTRIBUTION 

I~ " ,~;.!::::' ,", 
INDIANTOWN COGENERATION 

PLANT 
INDIANTOWN. FLORIDA 

J ; ~.I~ 



-I 

I 
I 
] 

1 
1 

] 

] 

1 

] 

] 

] 

J 
] 

] 

J 

J 

..!fii.o 
IIW-3 

: 
l 

~. ~ 

':-llU 
~ 7Q-
;;; 
~ 

~ 
~ 

'" i!O 
~ 

~ z 
'" v 
~ 

'" 0-

, :0 

~, 

IsAMPLE DEPTH NO 
7 10 0-12 0 ft 

• 
US STANDARD SIEVE SIZE 

• • 0 nn , 
~ 

1 
r\ 

"-
1111 

GRAIN I SIZE IN MllLlM~~RS O~, 
o '" 

~ I SILT CL.AY • 
SYMBOL SAMPLE DESCRIPTION UNIFIED 

CLASS 

Brown 5l.ltv hoe sand SM 

I GRAIN SIZE DISTRIBUTION 

" Inc 

~ , 
JNO~ c:r::GFNERATIOO • IN:>IMm:lWN. FLORIDA 

~~ 



l 
I 

US STANDARD SIEVE SIZE 

~ 
• 2 S 8i § 

• ¥ ~-

I 00· I 
~::oo 1 1111 

'" 1 >-
I' m 

'" w 
i!O 
~ 

I ... z 
w 

" IIII "-'" w 

] 
G-

, .. . " .<., 
GRA.IN SllE IN MILLIMETERS 

GRAVEL SAND SILT I CLAY .J 
I 

eO""Sl "ME COIIIIU OI(IILUII riME 

] I~~ AMPLE DEPTH SYMEIOL SAMPLE DESCRIPTION UNIFIED 
NO CLASS 

IM!H. 11 24 0-26 0 ft Grav 51-ltv broken shell Wl.th CSlEnted sand 

J 
and shell 5M 

] 

] 

1 
GRAIN SIZE DISTRIBUTION 

J 1-. - ,", 

': 
, 

INDIl!NlO'o'N CCGENEAATION PLANT 

lNOIANltJoiN. F'LCRID1o 

J ; ~.~ 



1 
1 

I 
J 
J 
I 
] 

] 

1 
] 

j 

] 

I 
J 

TEST 
HOLENQ 

MW-3 

i 
i 

• , :;, 

0-
% 

!ll 
'" ~ 
'" '" z .. 
0-
Z 

'" U 

'" '" .. 
, 
o£ll 

GRAVEL 
co •• n 

~AMPLE 
NO DEPTH 

13 34 0-36 0 ft 

• 
US STANDARD SIEVE SIZ£ 

• • 0 , 8i 8 

¥ ¥ - • 

1111 " 

, 0 ~, 0' 
GRAIN SIZE IN MILLIMETERS • SAND I CLAY I ,.N, COAIt" .[DIUM '1"1 

SILT 

SYMBOl. SAMPLE DESCRIPTION UNIFIED 
CLASS 

Grav fine sand "011 th S1lt SP-SM 

SIZE DISTRIBUTION 

~ 
:'n. 

, 

INDIJt.Nl'OWN CXX>ENERATION PLANT • INDlAN'I'ar/N, FLORIDA. 

~ " I" 



'1 

\ 

us STANDARD SIEVE SIZE 

~ • 0 H~§ • • • :; 

\ 

'" ] ... 
'" i:l 
!$ 

1 ~ -UU 
1\ 

'" ... \ z 
;;: 

j ... \ z 
~ 
'" ... 

1m ] 
.. 

1111 

GRAIN ~'~E IN .'ll, .. ls Jl • •• :0 • 

GRAVEL SAND SILT L CLAY I 
I 

eOARS[ "~[ <:co •• u III!OlUIl flN[ 

] ~~ AMPlE DEPTH SYMBOl SAMPLE DESCRIPTION UNIFIED 
NO CLASS 

MW-3 20 1~9 0-71 0 Grav sl.ltv hne sand wl.thstEll SM 

] 

] 

] 

] 
GRAIN SIZE DISTRIBUTION 

1 • '.'"'"!' 
' I.e 

." 

~ 
, 

INDI~ c::x::cENERA'l'lON PLANT 

IND~. FlaUM 

J ; ~H 



] 

] 

J 

] 

j 

I 
] 

] 

] 

] 

] 

] 

1 
J 

:Ji~ 
Mli-3 

~ 
! 

• 
U S STANDARD SIEVE SIZE 

~;; L· 0 8 0 ~ 
N Ii ~ ~ • 

~ TO- Il 1 \ '" ~ 
10 
'" '" Z 
;;: 
0-
Z 

'" " '" '" .. 
" 

.'" , Db, ~,~, 
GRAIN SIZE IN MILLIMETERS • GRAV L SAND I CLA' I CC_~S! "~f eoun _lDIU" filii 

SilT 

AMPLE DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 
NO CLASS 

23 84 0-86 0 ft Grav fJ.ne sand .... l.th sJ.lt Bnd shell 
fra2ments SP-SM 

I GRAIN SllE DISTRIBUTION 

~ ._,.'" . I., 

IW~ a:x;mERATIOO PlANI' 

IND:IANItMN. Fl.ClRIIlA • 
~ , I' '" 



l 
us STANDARD SIEVE SIZE 

I ~~ 
0 

~ ~ 
8 • • ~ 

I 
] .. b-.. ~ 

ill 
'" 

] 
!; 

'" "' z 
;;: 

I 
.. z 
"' 1111 
u 
'" '\ "' .. 

I 
"\ 

] '0-

• 0-;" 
GRAIN I;IIE IN 

, • .,~, 
I 

GRAVE S NO I CLAY I co •• n "'''E co ... ,( III(DIU'" "tot 
SILT 

J 
TEST fSAMPLE DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 

] HOLE NO NO CLASS 

MW-3 26 99 0-101 0 ft GraY hone sand ""loth sl.lt and shell 
fraRments SP-SM 

] 

J 
] 

] 
GRAIN SIZE u,~, "u"' 

J ~ "-"""::~=: 
'i INDIWlUo'IN ~TICtl PLNfl' 

INDIArfIUo/N, FLlJUDA 

J ; E2 :~., I~- 'n 



I 
J 
J 
I 
] 

] 

] 

] 

] 

J 
J 
J 
: 
; 

TEST 
HOLENQ 

MW-3 

.. 
" ~ 
~ 

'" ... z 
;;: .. z ... 
0 

'" ... .. 
, 

~'MPLE 
NO 

28. 

• 
US STANDARD SIEVE SIZE 

• I" e 0 

i ; II • • 
'i -'m\ 

~ 

I \ 

.~ 

~ , D. , ~'o, 
GRAIN SIZE IN I • GRAVE SAND I CLAY I co."n ""1[ co .... u IlIiDlull filii SILT 

DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 
CLASS 

109.0-1I1.0ft .ray ,h hne sand <h.ll OM 

I GRAIN SIZE DISTRIBUTION 
I_~ I., , 

INDIAN'.l"CMN ~TIc::N PLANr • IND~. f'I..I::RlM 

~ 



-

-I 
us STANDARD SIEVE SIZE 

1 ~ 
• 0 : 8 • N • • :;:, 

1 

-I I- '\ 
" !ll IIII ., 

I ~ 

'" '\ ... z .. 
I 

I- " Z ... 
" '" ... 
a 

. I ] , I I II .. "'" 
ob, ~,~, 

GRAIN IN u, 

GRAVEL SAND SILT I CLA' I co""s£ ,., ~u£ .'DIUM "11' 

I 
~~ AMPLE DEPTH SYMOOL SAMPLE DESCRIPTiON UNIFIED 

] NO CLASS 

MW3 30 119 0-121 0 ft Green~sh Rr8V s~ltv flne sand w1.th shell 
fra ents SM 

] 

] 

] 

j 
I SIZE u,~, ",au nun 

1 ;ti " ..... , In, , , 

': INDIAl'1IUWN cxx;r::NDtATION PIANT 

IND~~, FI.<.:RlDA 

J i • ,r 



I 

1 

I 

I 

] 

1 

] 

J 
I 
J 
J 
1 
I 
J 
: 
; 

.. 
'" ~ 
'" ~ 
'" ... 
i!< 
~ .. z ... 
u 

'" ... .. 

.::1~ AMPLE 
NO 

MW-3 33 

• 
us STANDARD SIEVE SIZE 

• • 0 n~~ • ~ ~ 

I' 

=i 
'\ 

I 
, , 0" .. ,., 

GRAIN SIZE IN MILLIMETERS 

GRAVEL SAND SILT I CLAY J COAU[ "HI: CO"~I[ "[OIUM "., • 
DEPTH SYMBOl SAMPLE DESCRIPTION UNIFIED 

CLASS 
34 0-136 0 ft Green1sh gray sl.lty hne sand w).th shell 

and cemented sand SM 

SIZE u,~, "'DU .. un 
. Inc 

~ , 
lNDIAN'l'C1tIN O:X;El'mRATIal PLANT 

I~IAmtlWN. FLCI<IM • 
~¥~;Lr 
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-I 
U S STANDARD SIEVE SLZE 

~ • 0 

~r • • 
~ ~ ~. 

I 
I 

I ; 

1 
.. 
:r .. IIrI iii 

'" 
] 

~ 

'" ... 
i!< 
~ 

1 
.. z ... 
" '" ... 
0-

J 
,:0 , , 0 o ., 

GRAIN SIZE IN 

~ ~ , SIL,.T I CLAY I 

I 
TEST AMPLE DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 

J HOL.E NO. NO CLASS 

MW-4 12 29 0-31 0 ft Gransh brown hne sand wah "It I .".", 

] 

I 
] 

] 
~ SIZE DISTRIBUTI~~c 

~ -:.:;,!::., 

'1ND~ ~TION PIMll' 

INDI.AN'l'CMN, rJ,.Cll.I[II>. 

I ! ~~. J 
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j 

] 

] 

I 
] 

J 

I 
] 

] 

1 
] 

j 

] 

J 

J 
i 
i 
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'" !:l 
~ 

~ 
or ... z 
;;: 
... z ... 
u or ... 
~ 

TEST A"PL£ 
HOLE NO. NO 

MW4 25 

• 
uS STANDARD SIEVE SIZE 

~. ~ • e 0 

~ ; 8 
~ . N N 

~ 

III! 
"-

"-
1i1t 

~ 

\ 
"-

0 , • 0.,10, 
GRAIN SIZE IN MILLIMETERS 

GRAV L AND SILT I CLAY J co .. "'S[ ,u .. co.oUl "(DIIiM "N( • 
OEPTH SYMBOL. SAMPLE DESCRIPTION UNIFIED 

CLASS 
94 0-96 0 ft Grav hne sand ""'th slIt .• he11 .nrl 

ce sand <P-<M 

I GRAIN SIZE DISTRIBUTION 

~ / ............ , 'nc 

INDIANrOWN o::::x:>EMW\TICN I"INn' 

INDIlWIUIOl FLCRID> • 
~ 



I 

I 
j 

J 
I 
1 
~I 
I 
] 

] 

J 

J 
] 

~ 

TEST 
HOLENQ 

MI/-4 

US STANDARD SIEVE SIZE 

~ ~ 

~ 'o~ftH+t-H+-
~ ,o-I++I+I+H--' 
1;; 
~~H+H14r~~-HBf++4-4r--

~'o~~~~~~+-~rrr~~JIImffJHT+-~H+r+~ 
; ,0- 1111 

AMPlE 
NO 
27 

GR :VEL 
CO.",E f'N[ 

DEPTH SYMBOL. 

104 0-106 0 f 

SAND SILT 

SAMPLE DESCRIPTION UNIFIED 
CLASS 

Gray f~ne sand w1th s11t. ~. and 
cemented sand SP-SN 

I GRAIN SIZE DISTRIBUTION 

~ ,~ 
IND~ <X:X>ElUATION PLNll' 

Ji----------------~~~~----~ 



• 
us STANDARD SIEVE SIZE 

• • ~ 
8 
N • 

1 >-
'" i:l 
~ 

Iii 
~ .. 
z 

] 
;;: 
>-z .. 
u \ ~ .. I .. 

] 
, o. o. 0' 

GRAIN IN MILLIMETERS J • GRAVEL AND SIcr I CLAY J C"_I( , .. CGusr W(Dlln. ,.M, 

I 
,J.Ei~ AMPl..E DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 

NO CLASS 
Mli-4 29 114 0 116 0 Gray s~lty hne sand .... ith shell SM 

] 

] 

] 

] 

J 
GRAIN SIZE DISTRIBUTION 

___ ,. Ard.,n8n&Asaoclat •• , Inc 
Iii CII'IIIIII"'O [IIv....-. '" SeilIiIHc-a, 
~ huftd,II." .... d Molteno! Tn.tw19 

0 

t IM:>IAN'roWN o::GDaRATlOO PI..ANI' 

• INDIMno...'N. Fl.CRIDA ~ 

J 
) • 

!1 or c:oq;CIC" ,V" Mn 

• riLl: 110 ~ I'''''-u" • 00..5648 ~ J 



l 
US STANDARD SIEVE SIZE 

1 • • • i n § 
~. 

1m I I " 
] 

... 
% 

15 
;0 

] 
ID .. 
"' z 
ii: 

\ 
... 1\ 

1\ 

] \ 

, GRAIN SIZE IN ..0" • 
o~, "'0' 

GRAVEL SAN SILT 1 CLAY to.II$( "IIt: Co.UI.Sl ",'OIU" nll£ 

I 
TEST AMPLE DEPTH $YMEOL SAMPLE DESCRIPTION UNIFIED 

] HOLEN<> NO CLASS 

MW-4 32 129 0-131 Of< Green~sh "rav 53-ltv flne ~and WJ..t-h 
sand SM 

] 

J 

J 
j 

~ SIZE U,," .. ,gUIIU", 

.'" . I., 
• 

lND~ cxx;ENERATIOO Pr.\Nl' 

~ 
IN[),,,,,,,,,,,. FLORID> 

~ j ~ I' ,.~ 

J 
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] 

] 

I 
] 

1 
j 

] 

] 

] 

] 

] 

• ;. 

TEST }SAMPLE 
t«:l..E NO. NO 

DEPTH 

HW-4 34 144 0-146 0 ft 

\ 

GRAIN SIZE IN ,'0;."'" 

SAND 
~OII.S( IIilDluM \olIIt SILT I CLAY 

SYMBOL SAMPLE DESCRIPTION 

Green~sh Sl.l~ hne sand wl.th cemented sand 

UNIFIED 
CLASS 

SH 

• 

• 

• 



- - -

I 
US STANOARD SIEVE SIZE 

I 
~ I" ; § 

• ; 
, , , , 

I 0-
X 

'" '" ~ .0-

j 10 
or 

1111 w 
!!; 
~ 

1111 j 0-
Z 
W 

" or 
w 

"",~l 
0-

] 

'I 50 c , ",io, 
GRAIN 

GRAVEL SA 0 SILT 1 CLAY eo._" 'INE ca".sl: MEDIUM "ilt 

I 
TEST AMPLE OEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 

] HOLENQ NO CLASS 

POW-j 3 9 0-11 0 it Dark redd~sh brownJl.ne sand .. nth---.Sl.lt" I SP-SM-

] 

] 

] 

J 
L GRAIN SIZE DISTRIBUTION 

~ 
, Inc 

"!UN PLA~tW" 
INDIANTOWN, FLORIDA 

J ; ~ 
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] 

J 
I 
J 
] 

1 
J 
J 
I 
1 
J 

TEST 
H(L£NQ 

POW-\ 

: 
; 

• !i. ~$ ~. 

000 

'" 
• 

~ '" , 
13 
~ . 
Iii 
~ , ... z 
i:i: "0 
~ z ... 
u 
~ ... .. 

, 

'00 

GRAVEL 
COA"SE 

AMPLE DEPTH NO 

7 24.0-26. ft 

• 
uS STANDARD SIEVE SIZE 

• • • 0 0 S gi 8 • • - - . 
S 0 i! Ii Ii i ii~ • 

1'\ 

I 

\;\\t 

" 
,. ., .. , .00' 

GRA.IN SIZE IN MILLIMETERS • SAND SILT I CLAY I 
""' eo"'~1E IIUIII,U. F'''I 

SYMBOL SAMPLE DESCRIPTION UNIFIED 
CLASS 

D.,. f.n •• , ._ rh ,f ", 
,.nrl SP-SC 

I GRAIN SIZE DISTRIBUTION 

i$ .E....-.' ,I.c 

INDIANTOWN COGEN~RATION 
PLANT • INDIANTOWN • FLORIDA 

~ 



1 
US STANDARD SIEvE SIZE 

, 
• 0 

1~ 
N 

Z 

-.l l 

I 
] 

... 
" nIT ~ .. 

) 
1;; 

'" ... 

i1 I I 
J J ~ 0 

GRAIN SIZE IN MILLIMETERS 
c ,,~, 

GRAVEL SAND SILT I CLAY I COARSE Flit! (IiUst IIlOIUII f'"£ 

I 
TEST AMPLE DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 

] HOLE NO. NO CLASS 
POW-l 10 39 0-41 0 ft Gray fl.ne sand wl.th s11t SP-SH 

J 
I 
J 
J 

GRAIN SIZE DISTRIBUTION 

I=A: ,!~~ 
INDIANTOWN COGENERATION 

PLANT 
FLORIDA 

J ~ ~:~'I 00' 



1 

I 
J 
J 
I 
] 

J 

1 

] 

] 

1 
J 
] 

J 

I 
J 

TEST 
HOLE NO. 
POW-l 

0 • > 
• 0 • 
i , 
• 0 • 

• 
US STANDARD SIEVE SIZE 

0 ~ g ~ ~ 
~ ¥ ¥ -

"" I 
~ ,0-

~ 
Ii; 
or 

'" z 
;;: 
.... 
z 
'" I 
u 
or 

'" "-

,x> 
GRAIN SIZE IN 1.111 

,., a..;", • GRAVEL SAND SILT I CLAY eou" F'o<[ ~O.~SE InDIUM '''01 

AMPLE DEPTH SYMBOL SAMPLE DESCRIPTiON UNIFIED 
NO CLASS 

15 64 0-66 0 ft Gray sandy sl.It \11th shell fragment ML 

GRAIN SIZE DISTRIBUTION 
...... Ardaman&A •• oclate., Inc 

A tonaaI.""t ~IIlSotlIlll_. 
JIiiilIJIij' .... 1'00111"." ........ , _I TB111>Q 

INDIANTOI;N COGENERATION 
PLANT • INDIANTOWN, FLORIDA 

_w c:tf[Qlf.D ..... ~" 
'IUIIO U"""~IY 
)0- 5646 
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I 
US STANDARD SIEVE SIZE 

I ~. 
• 0 ; 8 8 • ~ ! ~ ¥ :; 

..... r-.... I I 
0- i'.. 

1 ~ 
;< 

~ 

1 '" '" z 
;;: 
0-

j 
Z 

'" U 

'" '" .. 
] , io 

GRAIN t~IZE IN MILLIMETERS 
0;, ~Io, 

GRAVE SAN SILT 1 CLAY 
eOA~n fiN' ~O.III'E IIlg,UIol "101' 

j 
TEST AMPl.E DEPTH SYMBOL SAMPLE DESCR1PTtON UNIFIED 

] 
HOLE"" NO CLASS 

POW-l 16 69 0-71 0 ft Gray clay w~th traces of shell CH 

] 

] 

] 

] 
GRAIN SIZE DISTRIBUTION 

~: ~ 
. ;., '"' 

INDIANTOWN COGENERATION 
PLANT 

INDIAN10WN ",no 

; ~ J 
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1 

1 

I 
] 

] 

I 
] 

] 

] 

J 
J 
] 

j 

J 

~~ 
POW-1 

; 
; 

• 
~ ~. 

~ 

'" 1:1 • > 

" ~ 
w z 
;;: 
~ z 
w 
" ~ w .. 

;., 

AMI'U DEPTH NO 
19 64 0-66 0 ft 

• 
US STANDARD SIEVE SIZE 

S • 0 

~ 
§ N 

1111 

r-,. 

I 
\ 

, , 0" ~,~, 
GRAIN IN MILLIMETERS 

~ SILT I CLAY I , • 
SYMBOL SAMPLE DESCRIPTION UNIFIED 

CLASS 

Green~sh 2rav f~ne sand wJ.th "'~1" , •. h~' 
fra2ments I SP-SM 

I GRAIN SIZE DISTRIBUTION 

~ .-., ' Inc 

INDIANTOWN COGENERATION 
PLANT • INDIANTOWN, FLORIDA 

~ _I'" "~ 



• 
l us STANDARD SIEVE SIZE 

1 ~. 
0 w ~ ~ ~ 

1 11111 

'" I ] ~J 
11111 

10 

I ] is z 

1m ;;: 
0-
Z 

] '" u 

'" '" ~ "-] , .0 
GRAIN SIZE IN 

c 0.' 01 
I 

GRAVEL AND SILT I CLAY I co"'"'! ,., co ... " a'OIUIl 'lJf( 

] 
TE:~rAMPLE DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 

HCl..E NO CLASS 

] PJW-l 21 94 0-96 0 ft Grav fl.ne sand W1th 5l.It and sh·l' I "P-"M 

] 
-

] 

] 

] GRAIN SIZE DISTRIBUTION 
...,. .. Ard.m.n & A .. oclat.. Inc 

;: 
A. c.-II.,. ~"'SooIM~. 

i!D!fjrW FOVftcioll ..... OIIlI MIIfWoDI t ....... 

INDIANTOWN COGENERATION 
PLANT 

INDIANTO'~. FLORIDA 
!1 _Nor etIIc::llf.O IV ~ .. 
• 'ILl 110 ~-~ • 90-5648 
0 • J 



I 
1 
J 
1 
] 

] 

1 
] 

] 

1 
J 

J 
J 

J 

uS STANDARD SIEVE SIZE 

• • 

1>o-IIfl.I*H4--IHl+J.H-+­
A; 
"'oo-IllH-H+4+-J.----+I!m+++-w z 
':--WlM-H4--

§ ... ~.J+I+-t++-­
~ 0>+H*+~-t++--~~~+-+---

, 

~n 

GRAIN SIZE IN MILLIMETERS 

~~ 511." 

SAMPLE DESCRIPTION TEST AMPLE 
HJLENO. NO DEPTH SYMBOL 

POW-I 1 

UNIFIED 
CLASS 

J~~--------------------~~----~ 

• 

• 

• 
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I 
US STANDARO SIEVE SIZE 

~ 
8 • ~ • , ::' 

000-

I 
1 

... '\ % 

!:l ,. 

I j 
lD 
a: 

-'Il I 1111 
... z 
ii: 

1 
... I\.. z ... 
u a: ... 
~ 

] 
illl , GRAIN SIZE IN MILLIMETERS 

, o DO 

GRAVEL SAND SILT I CLAY I OA,.SIE "'''IE eO ..... iE IIElIlUII 1'111'[ 

I 
~~ IsAMP\..E DEPTH SYMBOL SAMPLE DESCRIPTION UNIFIED 

] NO CLASS 
POW-I 27 124 0-126 0 ft. Gray sllty flne sand with sre:u and cemented 

shell OM 

] 

] 

J 
J 

GRAIN SIZE DISTRIBUTION 

~i ~ 
. , .. 

INDIANfOWN COGENERATION 
PLANT 

~<'nOTn. 

l J 



1 

I 
I 
j 

I 
1 
I 
I 
] 

J 

] 

j 

J 

I 
J 

TEST 
HI1.E 
POW-l 

US STANDARD SIEVE SIZE 

• 1 J • • ;-

8 

eo-

.0- 1 

~ 

I 
0 GRA1~INUII ~L .,' 0.'.' 

GRAVEL SAND SILT I CLAY J CO .. UIS[ ""' co ... ~sr "1011,111 ,.,., 

AMPLE DEPTH SYMBOL 
NO SAMPLE DESCRIPTION 

32 149 0-151 0 ft Gra sl.lt sand ...,l.th shell am canented sand 

UNIFIED 
CLASS 

SM 

• 

• 

• 



• 1051 2 Subsurface HydrologiC Data for the Site (2321) 

• Well Construction Diagrams 

• Pump Test Data 

• Laboratory Results for Water Quality Sampling 

• 

• 
20524 01B\lnd,amn SCA 
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WELL CONSTRUCTION DIAGRAMS 

• 

• 



IIIELL .0 - -

~ 
I.T~ 

-- --

JOB • 

• 12 •• 14 N 59'1. E 711'. 
BEGUN BY REFERENCE POINT FOR MEASUREMENTS 

1711"96 IScntt .... d. 
DEPTH/ELEV 

(FT)/(FT) 

OF SURFACE CASING +32/377 
OF RISER CASINO +30/375 

"" "" M'O LDC f- 00/318 

(0-3 5) 
SURFACE CASING 

Gray & brown SM to SP 

4 IN/Steel 

20/325 

BACKFilL MATERIAL TYPE 

(3 5-9) 
cement grout 

Dark brownlblack SM 

RISER CASING 

• 2 INfFlush Jomt PVC 

W 
13 01215 

ANNULAR SEAL TYPE 

Bentorute pellets 

PACK 16 0/18 5 
FILTER PACK TYPE 

Mone well gravel 

(9-26) 

Brown to gray/brown SP 
TOP OF SCREEN 200/145 

SCREEN 

2IN 

(26-38) '"" Flush JOint PVC 

Gray SM With sbdl frag WIDTH 0020 

BOTTOM OF SCREEN 300/45 

BOTTOM OF SUMP 310/35 
I 

BOlTOM OF HOLE 5050/-1870 

• -1 r HOLE DIAMETER 4 .. 



PROJECT \""" NO 

I.T I~.~ R_'.' 
JOB NO 

1211524 N 6997. "9074 
BEGUN " I' 

POINT FOR MEASUREMENTS 

, ISeoll •• rade 
DEPTH/ELEV 

(FT)/(FT> 
OF SURFACE CASING +22/367 
OF RISER CASING +20/365 

" "'" 
. ,~ 00/345 

(04) 
SURFACE CASING 

Gray to brown SM to SP 

41N/Steei 

BQ1TOM OF SURFACE CASING 18/327 

BACKFILL MATERIAL TYPE 

(4-9) 
cement/bentomte grout 

Dark brown SM 

RISER CASING 
, ,., 

2 INlFlush Jomt PVC 

OF SEAL 170/17 5 

IJ ANNULAR SEAL TYPE 

Bentorule pellets 

- IVI' OF FU..TER. PACK U 0/22 5 
FILTER PACK TYPE 

Mone well gravel 

(9-26) 

Brown & graylbrown SP 
SCREEN 200/145 

SCREEN 

21N 

(26-38) "" Flush JOint PVC 

Gray SM wI shell (rag's WIDTH 0020 

OF SCREEN 300/45 

OF SUMP 310/35 

OF HOLE 145 501-111 00 

-1 ~ HOLE DIAMETER 40n • 



,.T:-I~~ 
IlELL NO 

~"- ~ B-llS 
I~ITE 

• 20524 N 6170. F .• n, ... 
BEGUN BY POINT FOR MEASUREMENTS 

.... It , orn •• 

DEPTH/ELEY 
(fT)/(fT) 

TOP OF SURFACE CASING +22/364 
CASING +2 0/36 2 

LOO 00134 2 

(0-5) 
SURFACE CASING 

Graylbrown SM 

4IN/SteeI 

OF SURFACE CASING 20/322 

BACKFilL MATERIAL TYPE 

(S-14) 
Cement grout 

Dark brown to black SM 

RISER CASING 

• 1 INfFlush JOInt PVC 

. • vr OF SEAL 140/20 2 

ANNULAR SEAL TYPE 

h 
Bentomte peJle~ 

<PACK 170/17.2 
FILTER PACK TYPE 

Mone well gravel 
(14-33) 

Graylbrown sand/slit 
SCREEN 200/142 

SCREEN 

'b"" 2IN 

"" flush Jomt PVC 
IIIDTM 0020 

30 0/4 2 

310/3 2 

OF HOLE ISO OO/-l1S 80 • --1 r HOLE DIAMETER 4 .. 
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S" PVC Screen, Schedule Q 
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100 

Sand Pack (6120) 
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125 
NTS 

• FIGURE 2.3.2-1 A. 
Test Well (PW-1) Construction Diagram 
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• FIGURE 2.3.2-1 B. 
POW-1 Piezometer Construction Diagram 
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POW 2 

2' x2' Concrete 
Steel Protective Cover 
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• FIGURE 2.3.2·1 c. 
POW-2 Piezometer Construction Diagram 



MW-S 

20 

• 
FIGURE 2.3.2-1 D. 

MW-S Shallow Piezometer Construction Diagram 



• FIGURE 2.3.2-1 E. 
MOnitor Well 1 (MW-1) Construction Diagram 
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Steel ProtectIVe Cover 
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-• FIGURE 2.3.2-1 F. 
MOnitor Well 2 IM~'II·2' Construction Diagram 
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FIGURE 2.3 2-1 G. 
MoOltor Well 3 (MW-3) Construction Diagram 
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FIGURE 2.3.2-1 H 
MOnitor Well 4 (MW-4) Construction Diagram 
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BECHTEL - INDIANTOWN COGENERATION PROJECT 
WELL PW-l 
THEIS RECOVERY METHOD 
PUMP ON DATE 8113/90 TIME 1015 
PUMP OFF DATE 8116/90 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 609 FEET 

t' t tit' DTW 
(minutes) (minutes) (f •• t) 

05 44175 883500 291 
1 4418 441800 257 

1 5 44185 294567 2462 
2 4419 220950 2374 

25 44195 176780 2296 
3 4420 147333 2235 
4 4421 110525 2135 

45 44215 98256 21 
5 4422 88440 2055 

55 44225 80409 2032 
6 4423 73717 20 

65 44235 68054 1973 
7 4424 63200 1951 

75 44245 58993 1952 
8 4425 55313 1904 

85 44255 52065 1884 
9' 4426 49178 1865 

95 44265 46595 1845 
10 4427 44270 183 
11 4428 40255 1791 
12 4429 36908 1765 
13 4430 34077 1738 
14 4431 31650 1714 
15 4432 29547 1691 
17 4434 26082 1648 
19 4436 23347 161 
21 4438 211 33 1576 
23 4440 19304 1545 
27 4444 164 59 1516 
30 4447 14823 1468 
37 4454 12038 1369 
38 4455 11724 136 
55 4472 81 31 1355 
74 4491 6069 11 75 
88 4505 51 19 11 25 

112 4529 4044 106 
238 4655 1956 865 

• 
.' If •• n 

2301 
1961 
1853 
1765 
1687 
1626 
1526 
1491 
1446 
1423 
1391 
1364 
1342 
1343 
1295 
1275 • 1256 
1236 
1221 
11 82 
11 56 
11 29 
11 05 
1082 
1039 
1001 
967 
936 
907 
859 
76 

751 
746 
566 
516 
451 
256 

• 
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BECHTEL -INDIANTOWN COGENERATION PROJECT 
WELLPOW-2 
THEIS RECOVERY METHOD 
PUMP ON DATE 8113190 TIME 1015 
PUMP OFF DATE 8116190 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 704 FEET 

I I til' s' 
(m,nules) (minutes) ('eet) 

00333 4417 0333 13264364 1315 
005 441705 88341 00 1314 

00666 4417 0666 66322 32 1314 
00833 44170833 5302621 1314 

01 44171 44171 00 1314 
01166 44171166 37882 65 1314 
01333 44171333 3313678 1314 

015 441715 2944767 1314 
01666 44171666 2651361 1314 
01833 44171833 2409811 1315 

02 44172 2208600 1315 
02166 44172166 2039343 1315 
02333 44172333 1893370 1315 

025 441725 1766900 1314 

02666 4417 2666 1656889 1305 
02833 44172833 1559225 1315 

03 44173 1472433 1313 
03166 44173166 1395236 1314 

03333 44173333 1325333 1314 
04167 44174167 1060095 1315 

05 44175 8835 00 1314 
05833 4417 5833 757343 1313 
06667 44176667 662617 1312 

075 441775 589033 131 
08333 44178333 5301 61 1309 
09167 44179167 481937 1307 

1 4418 441800 1305 
10833 44180833 407836 1303 
1 1667 44181667 378689 1301 

125 441825 3534 60 1299 
13333 44183333 331383 1296 
14166 44184166 311903 1295 

1 5 - 44185 294567 1292 
15833 44185833 279074 1288 
16667 44186667 2651 15 1266 

175 441875 252500 1283 
18333 44188333 241032 128 
19167 44189167 230548 12n 
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BECHTEL - INDIANTOWN COGENERATION PROJECT 
WELL POW-2 
THEIS RECOVERY METHOD 
PUMP ON DATE 8113190 TIME 1015 
PUMP OFF DATE 8/18190 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 704 FEET 

I' I VI' .' (minutes) (minutes) (feel) 

2 4419 220950 1274 
25 44195 176780 1256 

3 4420 1473 33 1238 
35 44205 126300 1219 

4 4421 110525 1201 
45 44215 98256 1184 

5 4422 884 40 11 66 
55 44225 80409 11 51 

6 4423 73717 11 35 
65 44235 68054 112 

7 4424 63200 11 05 
75 44245 58993 1091 

8 4425 55313 Ion 
85 44255 52065 1064 

9 4426 49178 1051 
95 44265 46595 1039 
10 4427 44270 1026 
12 4429 36908 98 
14 4431 31650 942 
16 4433 2n06 905 
18 4435 24639 875 
20 4437 22185 846 
22 4439 201 n 82 
24 4441 18504 796 
26 4443 17088 774 
28 4445 15875 753 
30 4447 14823 733 
32 4449 13903 715 
34 4451 13091 698 
36 4453 12369 683 
38 4455 11724 668 
40 4457 11143 654 
42 4459 106 17 641 
44 4461 10139 628 
46 4463 9702 614 
48 4465 9302 605 
50 4467 8934 594 
52 4469 8594 584 
54 4471 8280 575 
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BECHTEL - INDIANTOWN COGENERATION PROJECT 
WELL. POW-2 
THEIS RECOVERY METHOD 
PUMP ON DATE 8/13190 TIME 1015 
PUMP OFF DATE 8116190 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 704 FEET 

I' I til' .' (minute.) (minute.) (feel) 

56 4473 7988 565 
58 4475 77 16 555 
60 4477 7462 547 
62 4479 7224 538 
64 4481 7002 53 
66 4483 6792 522 
68 4485 6596 5 IS 
70 4487 64 10 508 
72 4489 6235 501 
74 4491 6069 494 
76 4493 5912 488 
78 4495 5763 481 
80 4497 5621 475 
82 4499 5487 469 
84 4501 5358 463 
86 4503 5236 458 
88 4505 51 19 453 
90 4507 5008 447 
92 4509 4901 442 
94 4511 4799 436 
96 4513 4701 432 
98 4515 4607 427 

100 4517 4517 422 
lID 4527 4115 398 
120 4537 3781 379 
130 4547 34 98 3 61 
140 4557 3255 344 
ISO 4567 3045 327 
160 4577 2861 313 
170 4587 2698 299 
180 4597 2554 286 
19o 4607 2425 274 
200 4617 2309 262 
210 4627 2203 252 
220 4637 2108 24 
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BECHTEL -INDIANTOWN COGENERATION PROJECT 
WELL POW-l 
THEIS RECOVERY METHOD 
PUMP ON DATE 8/13/90 TIME 1015 
PUMP OFF DATE 8/16/90 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 62 FEET 

t' t Ut' .' (minutes) (minutes) (feet) 

00333 44170333 13264364 2222 
005 4417 05 88341 00 222 

00666 4417 0666 66322 32 22 17 
00833 4417 0833 5302621 2213 

01 44171 44171 00 2208 
01166 44171166 3788265 2203 
01333 4417 1333 3313678 2196 

015 441715 2944767 219 
01666 44171666 2651361 2183 
01833 44171833 2409811 2175 

02 44172 2208600 2168 
02166 44172166 2039343 2159 
02333 44172333 1893370 2151 

025 441725 1766900 2144 
02666 44172666 1656889 2133 
02833 44172833 1559225 2126 

03 44173 1472433 2118 
03166 44173166 1395236 2109 
03333 4417 3333 13253 33 2104 
04167 44174167 1060095 2064 

05 44175 883500 2025 
05833 44175833 757343 1991 
06667 44176667 662617 1959 

075 441775 589033 193 
08333 44178333 5301 61 1904 
09167 44179167 481937 1877 

1 4418 441800 1854 
10833 44180833 407836 1834 
11667 44181667 378689 1813 

125 441825 3534 60 1794 
13333 44183333 331383 1776 
14166 - 44184166 311903 1758 

1 5 44185 294567 1741 
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BECHTEL -INDIANTOWN COGENERATION PROJECT 
WELL POW-1 
THEIS RECOVERY METHOD 
PUMP ON DATE 8113/90 TIME 1015 
PUMP OFF DATE 8116/90 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 62 FEET 

t' I tit' .' (minutes) (minutes) (f •• I) 

15833 44185833 279074 1729 
16667 44186667 2651 15 1712 

175 441875 252500 1699 
18333 44188333 241032 1686 
19167 44189167 230548 1672 

2 4419 220950 1659 
25 44195 176780 1598 

3 4420 147333 154 
35 44205 126300 1494 

4 4421 110525 1453 
45 44215 98256 1417 

5 4422 88440 1385 
55 44225 804 09 1352 

6 4423 73717 1325 
65 44235 68054 1301 

7 4424 63200 1276 
75 44245 58993 1254 

8 4425 55313 1233 
85 44255 52065 1211 

9 4426 49178 11 96 
95 44265 46595 11 78 
10 4427 44270 1161 
12 4429 36908 11 02 
14 4431 31650 1051 
16 4433 27706 1006 
18 4435 24639 984 
20 4437 22185 934 
22 4439 20177 904 
24 4441 18504 871 
26 4443 17088 852 
28 4445 15875 828 
30 4447 14823 797 
32 - 4449 13903 776 
34 4451 13091 756 
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BECHTEL -INDIANTOWN COGENERATION PROJECT 
WELL POW-l 
THEIS RECOVERY METHOD 
PUMP ON DATE 8113190 TIME 1015 
PUMP OFF DATE 8116/90 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 62 FEET 

t' t tit' .' (minutes) (minutes) (teeO 
36 4453 12369 74 
38 4455 11724 724 
40 4457 11143 708 
42 4459 10617 693 
44 4461 101 39 679 
46 4463 9702 666 
48 4465 9302 653 
50 4467 8934 641 
52 4469 8594 634 
54 4471 8280 6 21 
56 4473 79 88 607 
58 4475 n16 596 
60 44n 7462 586 
62 4479 7224 5n 
64 4481 7002 568 
66 4483 6792 56 
68 4485 6596 552 
70 4487 64 10 544 
72 4489 6235 536 
74 4491 6069 529 
76 4493 5912 521 
78 4495 5763 514 
80 4497 5621 507 
82 4499 54 87 501 
84 4501 5358 495 
86 4503 5236 488 
88 4505 5119 485 
90 4507 5008 476 
92 4509 4901 471 
94 4511 4799 465 
96 4513 4701 459 
98 4515 4607 45 

100 4517 4517 449 
110 4527 41 15 421 
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BECHTEL-INDIANTOWN COGENERATION PROJECT 
WELL POW-l 
THEIS RECOVERY METHOD 
PUMP ON DATE 8113190 TIME 1015 
PUMP OFF DATE 8116190 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 62 FEET 

I' I tit' s' 
(minutes) (minutes) (f •• I) 

120 4537 3781 401 
130 4547 34 98 382 
140 4557 3255 364 
150 4567 3045 343 
160 4577 2861 327 
170 4587 2698 312 
180 4597 2554 298 
190 4607 2425 282 
200 4617 2309 27 
210 4627 2203 257 
220 4637 2108 245 
230 4647 2020 232 
240 4657 1940 22 
250 4667 1867 21 
260 4677 1799 2 
270 4687 1736 1 91 
280 4697 1678 182 
290 4707 1623 174 
300 4717 1572 167 
310 4727 IS 25 159 
320 4737 1480 152 
330 4747 1438 145 
340 4757 1399 139 
350 4767 1362 133 
360 4777 1327 126 
370 4787 1294 I 19 
380 4797 1262 I 14 
390 4807 1233 108 
400 4817 1204 102 
410 4827 1177 098 
420 4837 11 52 092 
430 4847 11 27 087 
440 4857 1104 082 
450 4867 1082 078 

Page 4 of 5 



BECHTEL -INDIANTOWN COGENERATION PROJECT 
WELL POW-l 
THEIS RECOVERY METHOD 
PUMP ON DATE 8113190 TIME 1015 
PUMP OFF DATE 8/16/90 TIME 1152 
PUMPING DURATION 4417 MINUTES 
STATIC DEPTH TO WATER 62 FEET 

I' I lit' .' (minutes) (minutes) (feel) 

460 4877 1060 073 
470 4887 1040 068 
480 4897 1020 065 
490 4907 1001 06 
500 4917 983 056 
510 4927 966 051 
520 4937 949 048 
530 4947 933 044 
540 4957 918 04 
550 4967 903 036 
560 4977 889 033 
570 4987 875 03 
580 4997 862 027 
590 5007 849 023 
600 5017 836 019 
610 5027 824 016 
620 5037 812 014 
630 5047 801 o 11 
640 5057 790 008 
650 5067 780 005 
660 5077 769 001 

Page 5 of 5 • 
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PAGEL 
--~- -

NO 

• -( 
TYPE ~O~F~~~~;;;;~~5] 
PUMPEDWELLNQ fW-1 _RADIUS 4" MP FORWLs IDe... EL 

PUMPING RATES ........ 150 j p_ 
HOW Q MEASURED ""' ..... o ... f!~f'1( 'ie' .w... 4"1( 3 "0" ( ,e. 

PUMP ON DATE 1 13 '10 TIME IO/Sa._ 

pl.." PUMP OFF DATE • " QO TIME 1150(: ........ 

HOW WL 5 MEASURED' _...Lt!!.n---"s"'="'-"-'!O-=--______ _ COMMENTS 

DISTANCE FROM PUMPED WELL -
TIME SINCE WATER LEVEL ~fS,tI_ I AJWSTa) 

lii READINGS DEPTH TO DRAW DRAW REMARKS 
S ' .,. 

nPI'E WATER DOWN DOWN 
u REFERENC MEASUR Iftl Iftl Iftl 

0 -;:1, 0 f? ,,' J.,,,,,, l''''''f c!D 115.;1.. 
I oS JJ/ 

I ')'7:1 
IS" J.. 4 6l 

).. IH1<I 
;{5 ;.J.H 

• J J..:(ss· 
..,.. 1,,(1 r<,-

t5 .l I "'0 
.I - 2' ':J-r,. 

55 2 I 'I). 

{.. '),O.v 

~ S- rr 71 

7 1 'f'1:1 

75 l"Il2 

'if If • .., 

'l S" (!.rq 

1- (fo-
'(5 11 u5 

If) - IE. SD , 

• • 

J r 17.7f 

I~ 117 ,. 

1-3 1/1,101 
FORM 36 



PUMPING TEST REPORT PROJECT NO 

PAGE;' OF~ 
.5~FSCt:I" ,AD 

WELL~P~A'~~-~'~~~~~~~~ TYPE ~F OATA ORAWOOWN COVER 

PUMPED WELL NO "\..I,I-! RADIUS _..:40:..."__ M P FOR WL I ___ I""O,-e..;:=:.___ EL -::--:,-__ _ 

PUMPING RATES -- 150 j VI'!" PUMP ON DATE _..li'-lZ'!-'>,3/,,",,0,--_ TIME _-'.!"O-:'!>~.,,_,-__ 
HOW a MEASURED M ..... ""e +t'r ..... -#.. ... ' It 3" or ~(. pis f, PUMP OFF DATE _'-""/'''''1/.0.",0,-- TIME _-,I"-''',,'.2,,-,.~_= __ 
HDWWLSMEASURED_~M~-_S~O~·~f~·<-_________ COMMENTS ________________ __ 

DISTANCE FROM PUMPED WELL -
TIME SINCE WATER LEVEL R 4 .... 1 AnLSm) 

PUMPING 
STARTI .f< READINGS ID.ePTH TO DRAW DRAW REMARKS 

STOPPED 
REFERENCI MEASURI 

WATER DOWN DOWN 
(MINUTES Iftl 1ft' Iftl 

Ii{ Ii 11.1 - II!. ttl I J 

J7 ! Ie t\1' 

Iq ilt 10 

:J..I ,; ." 

_;)3 IS q~- i-

,;;., 
27 H'!? 

:10 VI " .. ,/ /LIJ.. Y 

12 .lq 13./,~ 

(2' 30 I J '<> 
1/2 'r7 13S6 

I, 06 /I 7i 

r 20 I /J '") 

I '! t.( 10 GO 60 I"" '- .. .. c._ ~.2 .. ZJi) 

3 W ~,6' I~"" n.,...., .... , A--T 3 OD 

-

FOAM 36 

• 

• 

• 



PAGe-LOF-;J...:=---

t£~~~UEsr_R;EPOFIT __________________ PROJECT NO-~'::3DCI" p:D 

• WELL~!2~O~~~-~'~~~~P~U~M~P~'NfS~~~ER~V~A~T~'O~N~W~E~L:9L 
TYPE OF DATA ORAWDOWN ECOVEAY 

PUMPED WELL NO I~ W- J RAOIUS _-.:"",-'_' __ M P FOR WL i _T<LO",,,,~=-___ _ EL _____ _ 

PUMPING RATES ..... 15Q ",.... PUMP ON DATE _-:----:---=:-- TIME ______ _ 

HOWOMEASUREO 11" ... 0 .... &+ .... 1J:',+c.. +~;<3" Cr,r; ••• f, ... fe. PUMP OFF DATE '( ... ,&-,.,0 TIME ______ _ 

HOWWL iMEASUREO_~S''-'''-Co:·-"o.-,--,,.,..::C"--;''''-_______ COMMENTS --,,-J!!."-,£..~ ___________ _ 
40' DLSTANCE FROM PUMPED WELL 

TIME SINCE WATER LEVEL ""'-""" PUMPING 
READINGS DEPTH TO DRAW DRAW REMARKS 

START! ,', WATER OOWN DOWN STOPPED 
REFERENCE MEASURE (It) tft! IHI IMINUTES 

/I '/3 30 I )0 J.B 7. P--"'''''u .... !. 1~7) ~,.., 

1/. y:> ]0 137 J.~ (J 

II It. J{/ /}:J l'if 7. 

II '17 )0 1.;2 't ~T 7( 

/I '~ )~ 1 :20 2 i so 

0 - - 5..-0' 1~,...?1 J ...., 1'4-1' .. 0 

• .1>- :2 ;$'1 27 ,:( 

! '/"7" ~ > 0/ 

/ ,i' {<J7 ~J qs 

.l- C17 .2 J oJ 

/> '( 17::-1 :22'11 

;, Z'> >.27 21 7> 

'I J> ;q; 1-/ 07 

S- 2> '1 (;1 20 l' 

b :J, S» I' .) 

7 2,- S72 ,,, l<;' 

Y ~ /fc I r 'i'l 
'/ 2C' /~> I q '1)-

10 20 / '10 I'> I' 

II ).:; ;}..), 17 7'1 

• r~ ~O ; 5"' ) 7 "-I' 

" '2D ~7'). '7·;;'<r 

1'1 :Zo JOO 17 '0 

FORM 36 



PAGE 2 DF..2... 

PUMPING TEST REPORT PROJECT NO 5E~;JOG ~ }4" 

Yf>-,/ - I """"" WELL~~~~~~;;;;;:;;~P§U~MPill"~UM.lDSERVATtOPWELL 
TYPE OF DATA DAAWDOWNgCOVEAp 

A , 
PUMPED WELL NO p"",-{ RADIUS _...:"':!.... __ 
PUMPING RATES ,.....! 50 !ifNI 
HOWQMEASUREO r'a ... cmrJ.r ,. -H-rl. ""~)!3"9rr< .. ,\..~e 

HOW WL 5 ME.I\,SURED 'J,J e He.Gl T A fi!!. 
"0 ( .. 

M P FOR WL I __ IcJ....!O:,:G-=.,___ EL _____ _ 

PUMP ON DA TE --~41 tlll-l(.1'""U,-- TIME _--,'..,0,,:',,-5" __ _ 
PUMP OFF DATE $-- It"O TIME __ ,,"-'S .. "-=--__ _ 
COMMENTS -"v'~.=L'--___________ _ 

DISTANCE FROM PUMPED WELL - ,"' 

• 
TIME SINCE WATER LEVEL ADLSTB> PUMPING 

STARTI ." READINGS OEPTH TO DRAW DRAW REMARKS 

I (~TOPPED WATER DOWN DOWN 

MINUTES REFERENO MEASUR (ft' Iftl Iftl 

W .20 32'-1 16 7( -
If, 20 ) '/5 It ;, 

17 ;20 36( It 3"1 

;q 1'0 17J{, ,t ''1 

11 I?; I 0 >- IS~'; 

::>'" 1'3 210 1$"1P 

22- Jg 750 I!, >? 

:;>., 1'0 .J 78 /) 2 J • }. 1'6 3,05 1'1 "I[ 

" .. !C6 3 '! ,'-t 7:/. 

70 If)' :? 5" I 1'1 &./"T 

;2 ,(. I/O l't l , 

:>1 If, /. 92. /'{ og 

;s I( ::; 0 I /3 ." 

'10 It ;2 '1£ 13 SO./ 

'I) IS j, "'6~1 
" !( 

~) I':i ,2 "/0 1210 

75" /) ;) 32- /I C'l 

90 12- o ,"0 II '0 
• - /t } ') /''12 /OSS 

2 '-If) - - .. 6, ,0/1 5~ 'v~ 

2.." - - r; 7>- • 
J2-7 - - 70;5" 

FORM 362 



• 

/I 51 ..... , 

• 

• 

PUMPING TEST REPORT -. 
WELL. POW -;L PUMPING.6JSERVATIOf!1NE~ 

PRo .. eCTNQ 

"AQE~ OF-2-

s.e; F.ro"1.40 

Tvpe OF DATA QRAWDawN~ 
PUMPEQWEL.L.NO fl}l-f RADIUS .qw MP FOAWL. ___ IOT-";>C"-__ EL ____ _ 

PUMPING RATES -150 jtflrt PUMPON DATE _-"+'&"'-1-/'1'0<-_ TIME _...J'~Q!GIS~.!.!~,,--__ 
HOW Q MEASURED t14 .. o .... :fe' .... ,7; 4",( 3 o~ ~ 'to p!.~e. PUMP OFF DATE ,p:jto TlME _--'.!":l!!i"",",-"'~'-__ 
HOWWl. I MEASURED lJJct+ed. 1'.::1 P' COMMENTS ______________ _ 

DISTANCE FROM PUMPED WELL. '" ~ oC t 

TIME SINCE WATER L.EVEL. 
PUMPING 

AEAOING$ EPTHTO DRAW DRAW AEMARKS STAATI '" § STOPPED 
REFEAENCI 

WATER DOWN 'OWN 
IMINUTES MEASUA Iftl Iftl Iftl 

~ 

~ C}o,17 IH3 sf-<r+,,-~ 

J I) tv Idt2 d,D_'<i -
I ;5 4V ",.Ii!' ':0 00 

,J., to ~~,F) I~ 70 

3 tv IdQ.IIS 14 35 

4 '\-0 ;?I.oU 11 DO 

- 40' 81.35 17<05 " 
"' 4-0 :U.l.7 

I g "" 
7 40 ",I.?!) Ii qo I 
8 40 12.1 JS 7 7~ 

A(J W·51 
~I q 174~ I 

/D ~" J. 7" 1727 I 
II "-0 ~,&S 17 15 I 
1;1. 40 ~.n I" 1; I 
11 'to &l3.?fp 

, I I •• + -
It to ;i}.r.t 

, 

I~ " 
, 

1> 40 1.1} '7~ ILl;)" , 

17 40 1~4.0. 
I 

.5Q4 , 

1'1 +0 ,+ ,7 I, ." 

"I +0- .;It H IS /t.. 
, 

J, Q'H~ l'ld-
, 

+0 

;),5 4.1 ;J; I .. 1+ !~ . 
.21 40 " ~" 33 1+ .7 '> ~ I 

~ 

h "', 
FOAM 36 -- - - " -



PAGE~OF....a....... 
PUMPING TEST REPORT PAOJECTNO S€:F30,",,1 ArJ 

pow -;2. 
WELL PUMPING/Q!!SERVAT10N)ELL 

TYPE OF DATA ORAWOOWN<F!fCOVERV 

PUMPeo WELL NO "VI -( RADIUS 4" 
PUMPING flATES ....... ISO :i, ..... 

ME SURED M~NO t. ~ tt.. 4~x 3" , \ ~ Howe A "' • ~, ttl ICC P a!! PUMP OFF DATE ~ 

HOW WL s MEASURED W.tf.J "''''~f COMMENTS 

DISTANCE FADM PUMPED WELL ... 00 rt 

• M P FOR WL • 1"0 c... EL -:::-:--;;-__ _ 

PUMP ON DATE _.:!~:L'~3!J.i~!.!O!...._ TIME 10 IS __ _ 
,,",0 TIME 115";;1. ... 

TIME SINCE WATER LEVEL ADASTED PUMPING 
START! ." READINGS DEPTH TO DRAW DRAW REMARKS 

STOPPED 
",,""'ENO 

WATER DOWN DOWN 
(MINUTeS MEASUR !h) !h) !h) 

3L 4-6 ;Z5.7J 14:".'/ 
-1, to :l5W 1+ 17-

~ 40 d6 I~ 139,<. 

41 to ~ 4, 1351 . 
45 40 ;;J.{, 7~ 13.~? - -
..:~ 40 In.43 

4 

I~ 57 -
~~5 

... 
15 40 

'10 40 .:li'5o 1/ SO " • 
liS 40 df 04 10 j r. 

.;.aO - - q'l • M- S'o~~ (~M' M,~ ;.. ,N' AI ~ Cl<l 
.J .- <-.I 

;00 - - ~,71 

-
- - • .# • 

. , 

• • 

-
FORM 36 



• 

• 

• 

POW-1 RECOVERY 
SE1000B 

EnV1ronmental Logger 
08/20 11.16 

Un~t# 00490 Test# 1 

INPUT 1: Level (F) 

Reference 
scale factor 
Offset 

0.00 
29 92 
o 00 

08/16 11 45 

Elapsed T1me Value 

o 0000 
0.0033 
0.0066 
o 0099 
o 0133 
0.0166 
0.0200 
0.0233 
0.0266 
0.0300 
0.0333 
0.0500 
0.0666 
0.0833 
0.1000 
o 1166 
o 1333 
o 1500 
o 1666 
o 1833 
o 2000 
0.2166 
o 2333 
o 2500 
o 2666 
o 2833 
o 3000 
0.3166 
0.3333 
0.4167 
0.5000 
o 5833 
0.6667 
o 7500 
0.8333 
0.9167 
1. 0000 

- 22.23 
- 22.23 
- 22.23 
- 22.23 
- 22.23 
- 22.23 
- 22.22 
- 22.22 
- 22.22 
- 22.22 
- 22.22 
- 22.20 
- 22.17 
- 22.13 
- 22.08 
- 22 03 
- 21 96 
- 21 90 
- 21 83 
- 21 75 
- 21. 68 
- 21.59 
- 21.51 
- 21.44 
- 21.33 
- 21 26 
- 21 18 
- 21 09 
- 21. 04 
- 20.64 
- 20.25 
- 19.91 
- 19.59 
- 19 30 

- - 19 04 
- 18 77 
- 18.54 



1 0833 - 18 34 • 1 1667 - 18 13 
1 2500 -17 94 
1 3333 - 17.76 
1 4166 - 17.58 
1.5000 - 17 41 
1.5833 - 17 29 
1. 6667 - 17 12 
1. 7500 - 16 99 
1.8333 - 16.86 
1 9167 - 16.72 
2 0000 - 16 59 
2 5000 - 15 98 
3.0000 - 15 40 
3.5000 - 14.94 
4 0000 - 14.53 
4 5000 - 14 17 
5 0000 - 13 85 
5 5000 - 13 52 
6 0000 - 13 25 
6 5000 - 13 01 
7 0000 - 12 76 
7.5000 - 12 54 
8 0000 - 12 33 
8 5000 - 12.11 
9 0000 - 11. 96 
9 5000 - 11. 78 • 10 0000 - 11. 61 

12 0000 - 11. 02 
14.0000 - 10.51 
16 0000 - 10.06 
18.0000 9.64 
20.0000 9.34 
22 0000 9 04 
24 0000 8.71 
26 0000 8.52 
28 0000 8.28 
30 0000 7.97 
32 0000 7 76 
34 0000 7 56 
36.0000 7 40 
38.0000 7 24 
40.0000 7 08 
42.0000 6.93 
44 0000 6.79 
46.0000 6.66 
48.0000 6.53 
50. DaDo 6.41 
52 0000 6 34 
54.0000 6.21 
56.0000 6.07 
58.0000 -- 5 96 
60 0000 5 86 • 62 0000 5.77 



-
---

• 64 0000 5.68 
66 0000 5.60 
68 0000 5 52 
70.0000 5.44 
72.0000 5.36 
74.0000 5.29 
76.0000 5 21 
78.0000 5 14 
80.0000 5 07 
82.0000 5 01 
84.0000 4 95 
86.0000 4 88 
88 0000 4 85 
90.0000 4 76 
92 0000 471 
94 0000 4.65 
96 0000 4.59 
98.0000 4.50 
100.000 4.49 
110.000 4.21 
120 000 4.01 
130.000 3.82 
140.000 3 64 
150.000 3 43 
160 000 3.27 
170.000 3 12 • 180 000 2.98 
190 000 2.82 
200 000 2 70 
210 000 2 57 
220 000 2.45 
230 000 2 32 
240.000 2 20 
250.000 2 10 
260.000 2.00 
270 000 1.91 
280 000 1.82 
290.000 1.74 
300.000 1.67 
310.000 1.59 
320.000 1.52 
330.000 1.45 
340.000 1.39 
350.000 1.33 
360.000 1.26 
370 000 1.19 
380.000 1.14 
390 000 1 08 
400 000 1.02 
410 000 0.98 
420 000 0 92 
430 000 - 0 87 

• 440 000 0 82 
450 000 0 78 



460 000 o 73 • 470 000 0.68 
480 000 o 65 
490.000 o 60 
500.000 0.56 
510.000 o 51 
520.000 o 48 
530.000 o 44 
540 000 o 40 
550.000 o 36 
560.000 o 33 
570.000 o 30 
580.000 o 27 
590.000 o 23 
600 000 o 19 
610.000 o 16 
620 000 o 14 
630 000 0.11 
640 000 o 08 
650.000 o 05 
660 000 o 01 
670 000 o 00 
680 000 o 02 
690 000 o 05 
700.000 o 08 
710 000 0.11 
720 000 0.14 • 730.000 o 16 
740 000 0.18 
750 000 o 20 
760 000 o 23 
770 000 o 25 
780 000 0.28 
790 000 o 30 
800 000 o 32 
810 000 o 33 
820 000 0.36 
830 000 0.38 
840 000 o 40 
850 000 o 42 
860 000 o 44 
870 000 o 46 
880 000 o 48 
890 000 0.50 
900 000 0.51 
910 000 0.53 
920.000 0.55 
930 000 o 57 
940 000 o 58 
950 000 o 60 
960 000 0.62 
970 000 6.63 
980.000 o 65 
990.000 o 66 • 



• 

• 

• 

____ ------------------------1 
POW-2 RECOVERY 

SE1000B 
Env~ronmental Logger 

08/20 11:20 

Unitt 00490 Test# 1 

INPUT 2 Level (F) 

Reference 
scale factor 
Offset 

0.00 
10 01 

0.01 

step# 1 08/16 11:45 

Elapsed T1me Value 

o 0000 
0.0033 
o 0066 
o 0099 
0.0133 
0.0166 
o 0200 
0.0233 
o 0266 
o 0300 
a 0333 
o 0500 
o 0666 
0.0833 
o 1000 
0.1166 
0.1333 
o 1500 
o 1666 
o 1833 
0.2000 
o 2166 
o 2333 
0.2500 
o 2666 
o 2833 
o 3000 
o 3166 
0.3333 
0.4167 
o 5000 
o 5833 
0.6667 
o 7500 
o 8333 
0.9167 
1 0000 

- 13 14 
- 13.14 
- 13 14 
- 13 14 
- 13.14 
- 13 15 
- 13 15 
- 13.15 
- 13 15 
- 13 15 
- 13.15 
- 13 14 
- 13 14 
- 13 14 
- 13.14 
- 13.14 
- 13 14 
- 13.14 
- 13.14 
- 13 15 
- 13 15 
- 13.15 
- 13.15 
- 13.14 
- 13 05 
- 13 15 
- 13 13 
- 13.14 
- 13.14 
- 13 15 
- 13 14 
- 13.13 
- 13.12 
- 13 10 
- 1"3 09 
- 13.07 
- 13.05 



1. 0833 - 13.03 • 1.1667 - 13.01 
1 2500 - 12.99 
1 3333 - 12.96 
1.4166 - 12 95 
1.5000 - 12.92 
1.5833 - 12.88 
1.6667 - 12.86 
1. 7500 - 12 83 
1 8333 - 12 80 
1 9167 - 12.77 
2.0000 - 12.74 
2.5000 - 12.56 
3.0000 - 12.38 
3.5000 - 12.19 
4 0000 - 12.01 
4 5000 - 11. 84 
5.0000 - 11. 66 
5.5000 - 11.51 
6.0000 - 11.35 
6 5000 - 11 20 
7 0000 - 11 05 
7.5000 - 10.91 
8 0000 - 10.77 
8 5000 - 10.64 
9 0000 - 10 51 
9 5000 - 10 39 • 10 0000 - 10 26 

12 0000 9 80 
14 0000 9 42 
16.0000 9 05 
18.0000 8.75 
20.0000 8.46 
22.0000 8.20 
24.0000 7 96 
26.0000 7.74 
28.0000 7 53 
30 0000 7.33 
32.0000 7 15 
34 0000 6.98 
36 0000 6.83 
38.0000 6.68 
40.0000 6.54 
42.0000 641 
44.0000 6.28 
46.0000 6 14 
48.0000 6 05 
50.000D 5.94 
52.0000 5.84 
54.0000 5.75 
56.0000 5.65 
58 0000 5 55 
60.0000 5 47 • 62.0000 5 38 



• 64 0000 5.30 
66 0000 5 22 
68.0000 5 15 
70.0000 5 08 
72.0000 5.01 
74 0000 4.94 
76.0000 4.88 
78.0000 4.81 
80 0000 4 75 
82.0000 4.69 
84.0000 4.63 
86.0000 4.58 
88.0000 4.53 
90 0000 4.47 
92.0000 4.42 
94.0000 4.36 
96 0000 4.32 
98 0000 4.27 
100.000 4.22 
110.000 3.98 
120 000 3 79 
130.000 3 61 
140 000 3.44 
150.000 3.27 
160.000 3.13 
170 000 2 99 

• 180 000 2.86 
190.000 2.74 
200.000 2.62, 
210.000 2.52 
220.000 2.40 
230 000 7 86 
240 000 7.87 
250 000 7 91 
260 000 7 87 
270.000 7 91 
280.000 7.91 
290.000 7 90 
300 000 7.89 
310.000 7.91 
320 000 7.90 
330 000 7.90 
340.000 7.90 
350 000 7 89 
360 000 7.91 
370.000 7.90 
380.000 7.92 
390 000 7 90 
400.000 7 90 
410.000 7 91 
420 000 7 92 
430.000 - -7.91 

• 440.000 7.93 
450.000 7.91 



II 5;1. 

PUMPING TEST REPORT 

WELL --;;;;;-:,;fv\~W~-~5~;;;~PU;;"'m'N;;G~~ERVATlOtQvELL 
TYPE OF DATA ORAWDOWNJlfECOVERVJ 

PUMPEO WELL NO Pw - r RADIUS 4/1 

PAGE....L OF.....i­

PAOJECT NO StF30" ('~A! 

M P FOR WI.. __ -',-..:;0"-<:.';=-___ EL -:,;-,:::-__ _ 

PUMPINGAAT£S ..... 150.£!P"" 
HOWOMEASUAEO Me.Nc",,;1t'I" "",,+k 4-x 3 If Qt'~ <L 

PUMP ON DATE __ .'!i!(!.'~O!...._ TIME __ (~O,,::,tS~'~.!:... __ 
t {.~C' PUMP OFF OA TE f TIME __ ~It~S:~;;Z~ • ..,,-,-__ 

HOW WI. I MEASURED W H cl. .,.; f! , • • !1, COMMENTS 

DISTANce FROM PUMPED WELL .70Q £" 
TIME SINCE WATER LEVEL ........... PUMPING 

STAATI ," READINGS DEPTH TO DRAW DRAW REMARKS 

STOPPED """'ENe 
WATER COWN COWN 

IMINUTES MEASUR "" ,., ,., 
0 (n ~ I~ I~if 
?4 ;lJ.. '" "-I Ii"" I~ 

;;1 .;13 17 Kl) 5;;'0 

~'" as IUD 5.:10 

,,40 - - 5 /I /'\- SCo~ (~h"' _ ~ b ........ !:oo. , 
J 

300 4 ~4 

-

• 

• 

• 



• 

.) Iv 

) I 

• 

• 

PUMPING TEST REPORT 

WELL fw- I ~asERVAT10NWELL 
TYPE OF DATA @WDOW¥eCOVERV 

PUMPEOWELl.ND 1'1.v-! RADIUS 4'( 
PUMPING RATES '1 'lOll: 1'5"07'''' 
HOW 0 MEASURED MAN''''''''' IH,*,4"x3" Cflr" .. pl .. fc. 
HOW WL I MEASURED M· S~ ~ '_ We. t±eA. ""'Cl. Fe 
DISTANCE FROM PUMPED WELL 

TIMESINeE WATER LEVEl. 
PUMPING 

READINGS EPTH TO DRAW ~ '1< 
STOPPED ...... .,., WATER DOWN 
MINUTES MEASUA I"' It" 

0 (IJ..O, 0 

I "'I,;). ;;'5 1/ 

I 50~ 33 • .$ 174( 

rJ. I~r. <+,( ~R " 

J.,z; 1. q .1, J( 

" !Ik,c ,(, '7 30 II ;; 

• lo~!c 37 II;;' 3153 

5~_ 3~,o.s ;/ 11# 

'" 
131 75 3:i.1k 

7 yr. v, ,. A 

1 1~ R~ I ~l 74 

~ 4040 3<\ ,1 

I~ 40.' 1 3+ i:.! 

18- 1+1.0.5 ,5 I. 

ii ~.25 3r.,/1. 

f'> ~l,5o 3~ 41 

;10 4;1 to 310. 71 

3:1 #,,.,0 31,11 

?,~ 44 >0 38.5"1 

40 - ~4-, ~5 38 5"" 
:'0 % ill ~0.1;l 

""/0 4.,0; 4o.4~ 

104- 'l-H, "II. "0 

'AGE-LOF~ 
PROJECT NO S £1= 3% ,If. A" 

M P FOR WL. ___ .,.i-"'0~f!.~__ EL ____ _ 

PUMP ON OATE ',P"J,I','o TIME Jg 15' ... 
PUMPDFF DATE ~_~_ TIME f/ S'-_ 
COMMENTS ______________ _ 

........., 
DRAW REMARKS 
DOWN I", 

S+ .. -I,~ 

113 II _(6/"'o,.,J., 

11-.5 ., ."..._# "" 

,- " 4 5 mQ,.lVo,.",(.f~ ... 

14 S" 4 I'0IO "" .. } .... 

, 

FORM 382 



PUMPING TEST REPORT 

WELL EW - , ~OBSERVATION WELL 

PROJECT NO 

PAOE.-a.OF~ 
$"F"304 I' .4; 

TYPE OF DATA .pRA~WNtRECOVeRY 
PUMPED WELL NO &-1 RADIUS 4" M.P FOAWLI __ T.Ll.!').....,~ ___ EL _--=-__ _ 
PUMPING RATES - 150 ~ p'" PUMP ON DATE i I~ 0:00 TIME ~!t:L) ...J../~"--'4"'~'-_ 
1040WQMEASURED M .. _ ... c.R .. w,.ff... 4 'I( 3· fr. ("' .. r.JIPUMPOF" DATE f,,, "0 TIME ~(i'-' >.< .. 2 ... ,. .... "'-__ 

H Sc w.'" L To - • Afe HOWWl.MEASUAED -fe, 
ptSrANCE FROM PUMftED WELL -
TIME SINCE WATER LEVEL 
P~G 
STOPP'ED 

I IMINUTES 

HSrM 

9"'r 
1 4, f'" 
< •• 

, 00 A,... 

~ 

...... a"" 

~ 

-• 
~< 

II? 

I ell 

J.Oa. 

.73';< 

;;J.~ 

3~ 

39;1. 

44,;(, 

53'1 

(P?;{) 

iP1"1' 

3051 

815 
'/45 

1005 

10", 

1/ ;),5 

1I~5 

1.145 

1'05 

14DI 

i47n 
IIoOJ-

-------

,I< I READINGS EPTH TO 
WATER 

REFER""" MEASUR Ihl 

4-1 ~5 

4'r 0 3-

I 'i~ 3 

'iQ.1 

'1~ 13 

5~ >. 

Sb.l.O 

5o.I1 
50.41 

51.15 

ISLI7 

"i~ ~3 

SI ~ll' 

Sl oc 

SIb8 

SI,y 

SI 7:: 

~OO 

'$2 "3 

- S/. '7~ 

.,OJJJ) I/h~ .rr q'l/ 

! 70 At> I,V ",., IK". 
051 7~-

COMMENTS 

.......... 
DRAW DRAW REMARKS 
DOWN DOWN 

Ihl 'hl -

~I. '" 
4.H4 

43.~1 

40.1 

+17+ 

44. " 

4'!.51 , '1;-

~~ 44 

4" ,- -

45.010 

4~.o~ f.1au ..... ~ __ ~ 14" 

4,.Q4 

" 4'>" s, r<-1,1\No,...~-n:1L " 1'1 S 

~5 ~I 

±i5' .-. , .. ~' 
45 <.5 -

-
+5.-.+ ~ 1"1 0" 

4-5 ~I 1'1 S" 

of5 ,4 

4<;.70 -~~6' ''1.D'' 
-

458'1 
... . 

I~' b" 

4~.51 • ~ If '1'/ Ii . -- '.I!'" N F""~ I q 'Ii' • +5 l.(, '<. alr_ 11 ... -
-

FOAM 382 

• 

• 

• 
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; .001'''' 

19ft • 

4 51!," 

7 d.2r-
"':~ f~ 
11.30 f'" 
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'I 51 •• 

1;' ,!7 ''''' 

14 It. r'" 

SSS 

1'10 I 

no.., 
{'tic 100 ...... 

'40i' 
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DH'-

• 

-~~~~ ______________________________ -=~~==-~AGE~op3------1 
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WELL ?W-I ~08S£RVATION WELL 

TYPE OF DATA ¢RAwDowi'DFtecovERV 
=. 4" PUMPED WELL NO Dt...I-\ RADIUS 

PUMPING RATES ...., ISOt"'" 
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3" ,,0 53 11 4701 
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-
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PUMP ON DATE --"'t/\'/'~'t7't/O"--- TIME (O/24m 
PUMP OF' DATE 'i./14!tlO TIME /(~3. ..... 
COMMENn ________________ _ 
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OOWN 
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G.rr .. : ~.~l r, '~A·N 
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POW-l DRAWDOWN 
SE1000B 

Env1ronmental Logger 
08/20 10.50 

Un1t# 00490 Test# 1. 

INPUT 1 Level (F) 

Reference 
Scale factor 
Offset 

0.00 
29 92 
o 00 

Step# 0 08/13 10.07 

Elapsed T1me Value 
------------ ---------

o 0000 
o 0033 
o 0066 
0.0099 
o 01.33 
o 0166 
o 0200 
o 0233 
0.0266 
o 0300 
o 0333 
o 0500 
0.0666 
o 0833 
o 1000 
o 1166 
o 1333 
o 1500 
o 1666 
o 1833 
o 2000 
o 2166 
o 2333 
o 2500 
o 2666 
o 2833 
o 3000 
o 3166 
0.3333 
o 4167 
o 5000 
a 5833 
o 6667 
o 7500 
o 8333 
o 9167 
1 0000 

0.00 
o 00 
o 01 
o 02 
o 03 
0.03 
0.04 
o 06 
o 07 
o 09 
o 10 
0.16 
0.22 
o 29 
0.35 
o 43 
o 50 
o 59 
0.68 
0.78 
o 87 
0.97 
1 06 
1 15 
1 24 
1 33 
1 42 
1.50 
1 60 
2.00 
2 37 
2.69 
3 03 
3 33 
; 57 
3 83 
4 04 

• 

• 

• 



--- -
- - --

- -----

• 1. 0833 4 26 
1 1667 4 48 
1.2500 4.66 
1 3333 4 83 
1.4166 5 01 
1 5000 5.17 
1 5833 5 31 
1 6667 5 47 
1. 7500 5 62 
1.8333 5 76 
1 9167 5.88 
2.0000 6.02 
2.5000 6.68 
3 0000 7.24 
3.5000 772 
4 0000 8 10 
4.5000 8 44 
5 0000 8.76 
5 5000 9 05 
6 0000 9.35 
6 5000 9 60 
7 0000 9 85 
7 5000 - 10 07 
8 0000 - 10 28 
8 5000 - 10 49 
9 0000 - 10.68 
9 5000 - 10.85 • 10 0000 - 11 02 

12.0000 - 11.62 
14.0000 - 12.11 
16 0000 - 12.54 
18.0000 - 12.91 
20 OOCD - 13.21 
22 0000 - 13 53 
24 0000 - 13.78 
26.0000 - 14 04 
28 0000 - 14 28 
30.0000 - 14 47 
32.0000 - 14 68 
34 0000 - 14 85 
36.0000 - 15 04 
38.0000 - 15.20 
40 0000 - 15.32 
42.0000 - 15 48 
44 0000 - 15 62 
46 0000 - 15.75 
48 0000 - 15 87 
50 0000 - 16 00 
52 0000 - 16.15 
54 0000 - 16.30 
56 0000 - 16.42 
58.0000 - 16.52 
60 0000 - 16.61 

• 62.0000 - 16 70 



64 0000 - 16.81 • 66 0000 - 16 92 
68 0000 - 16 96 
70.0000 - 17.04 
72 0000 - 17.09 
74 0000 - 17.18 
76 0000 - 17 27 
78 0000 - 17 32 
80 0000 - 17 38 
82 0000 - 17.45 
84 0000 - 17 50 
86 0000 - 17 .57 
88.0000 - 17 63 
90 0000 - 17 72 
92 0000 - 17.78 
94 0000 - 17.84 
96 0000 - 17 88 
98.0000 - 17.94 
100 000 - 17 99 
110 000 - 18 24 
120.000 - 18 46 
130 000 - 18 65 
140.000 - 18 85 
150.000 - 18.93 
160 000 - 19 16 
170 000 - 19.32 
180.000 - 19.50 
190 000 - 19 61 • 200.000 - 19 72 
210 000 - 19.84 
220 000 - 19 90 
230.000 - 20.02 
240 000 - 20 15 
250 000 - 20 21 
260 000 - 20 26 
270 000 - 20 38 
280 000 - 20.42 
290 000 - 20.47 
300 000 - 20.57 
310 000 - 20 66 
320.000 - 20.74 
330 000 - 20.79 
340 000 - 20 83 
350.000 - 20.87 
360.000 - 20.92 
370 000 - 21 01 
380.00Q - 21.05 
390 000 - 21.11 
400 000 - 21.17 
410.000 - 21.21 
420 000 - 21 21 
430.000 - 21 20 
440 000 - 21 24 
450.000 - 21 20 • 



• 460 000 - 21.27 
470.000 - 21 28 
480.000 - 21 26 
490 000 - 21..35 
500 000 - 21.37 
510 000 - 21 39 
520.000 - 21.41 
530 000 - 21 42 
540 000 - 21.43 
550.000 - 21.43 
560 000 - 21 46 
570 000 - 21.51 
580.000 - 21 60 
590 000 - 21.59 
600 000 - 21.60 
610.000 - 21 69 
620 000 - 21 80 
630.000 - 21.81 
640 000 - 21 84 
650 000 - 21.81 
660 000 - 21 80 
670.000 - 21.78 
680 000 - 21.85 
690 000 - 21 90 
700 000 - 21.93 
710.000 - 21.94 

• 720 000 - 21 92 
730 000 - 21 86 
740.000 - 22.08 
750 000 - 22.21 
760.000 - 22.26 
770.000 - 22.29 
780 000 - 22.30 
790 000 - 22 33 
800 000 - 22 31 
810.QOO - 22.35 
820 000 - 22 37 
830 000 - 22.36 
840 000 - 22 36 
850.000 - 22 37 
860 000 - 22 39 
870 000 - 22.37 
880 000 - 22.38 
890.000 - 22 38 
900 000 - 22 36 
910 000 - 22 38 
920 000 - 22.42 
930.000 - 22.42 
940.000 - 22.42 
950 000 - 22 42 
960 000 - 22.38 
970.000 - 22.38 
980 000 - 22.35 

• 990 000 - 22 37 



1000.00 - 22 32 • 1100.00 - 22.38 
1200 00 - 22.44 
1300 00 - 22.38 
1400.00 - 22.33 
1500.00 - 22.32 
1600 00 - 22.39 
1700.00 - 22.37 
1800 00 - 22.34 
1900.00 - 22.22 
2000 00 - 22 18 
2100 00 - 22 75 
2200 00 - 22.88 
2300 00 - 22.93 
2400 00 - 23 00 
2500 00 - 22.95 
2600 00 - 22 86 
2700 00 - 22.97 
2800.00 - 23 04 
2900 00 - 22.87 
3000.00 - 22 82 
3100 00 - 22 87 
3200.00 - 22 96 
3300 00 - 22 94 
3400.00 - 22.87 
3500.00 - 22.67 
3600 00 - 22.81 
3700.00 - 22.80 • 3800.00 - 22.73 
3900.00 - 22.73 
4000 00 - 22.74 
4100 00 - 22 82 
4200 00 - 22.22 
4300 00 - 22 18 
4400 00 - 22 17 

END 

• 



• 

• 

• 

POW-2 DRAWDOWN 
SE1000B 

Env1ronmental Logger 
08/20 10:59 

Un1t# 00490 Test# 1 

INPUT 2. Level (F) 

Reference 
Scale factor 
Offset 

o 00 
10.01 
o 01 

Step# 0 08/13 10:07 

Elapsed T1me Value 

o 0000 
o 0033 
0.0066 
o 0099 
o 0133 
0.0166 
o 0200 
o 0233 
0.0266 
0.0300 
o 0333 
o 0500 
o 0666 
0.0833 
o 1000 
o 1166 
o 1333 
o 1500 
0.1666 
o 1833 
o 2000 
o 2166 
o 2333 
0.2500 
o 2666 
o 2833 
o 3000 
o 3166 
o 3333 
0.4167 
o 5000 
o 5833 
o 6667 
0.7500 
0.8333 
o 9167 
1 0000 

o 00 
o 00 
0.00 
o 00 
o 00 
o 00 
o 00 
o 00 
o 00 
0.00 
0.00 
o 00 
0.00 
0.00 
o 00 
0.00 
o 00 
o 00 
o 00 
o 00 
o 00 
0.00 
0.00 
0.00 
o 00 
o 00 
o 00 
o 00 
0.00 
0.00 
o 00 
o 01 
o 02 
Q 03 
o 05 
o 06 
0.09 



1 0833 0.11 • 1 1667 o 13 
1 2500 o 16 
1 3333 0.18 
1.4166 0.21 
1.5000 o 24 
1.5833 o 27 
1 6667 o 30 
1 7500 o 33 
1 8333 0.36 
1 9167 o 39 
2.0000 o 42 
2 5000 o 61 
3.0000 0.80 
3 5000 o 99 
4 0000 1.18 
4 5000 1. 36 
5.0000 1 53 
5.5000 1 70 
6 OODO 1 86 
6.5000 2 02 
7 0000 2.17 
7.5000 2.32 
8 0000 2 46 
8.5000 2 60 
9 0000 2 73 
9 5000 2.87 

10 0000 2.99 • 12 0000 3 47 
14 0000 3 88 
16 0000 4.25 
18.0000 4 58 
20.0000 4 89 
22.0000 5 17 
24 0000 5 42 
26 0000 5 65 
28.0000 5 87 
30 0000 6.07 
32.0000 6.25 
34 0000 6.42 
36.0000 6.58 
38 0000 6 74 
40 0000 6 88 
42.0000 7 01 
44 0000 7 14 
46 0000 7 25 
48 0000 7 38 
50 0000 7 49 
52 0000 7 60 
54 0000 7.70 
56.0000 7 81 
58.0000 1 91 
60.0000 8 00 
62.0000 8 09 • 



• 64 0000 
66.0000 
68.0000 
70.0000 
72.0000 
74.0000 
76.0000 
78 0000 
80 0000 
82.0000 
84.0000 
86.0000 
88.0000 
90.0000 
92.0000 
94 0000 
96.0000 
98.0000 
100 000 
110 000 
120.000 
130 000 
140 000 
150 000 
160 000 
170 000 
180.000 

• 1.90.000 
200.000 
210 000 
220.000 
230 000 
240 000 
250 000 
260 000 
270 000 
280 000 
290 000 
300 000 
310 000 
320.000 
330 000 
340 000 
350 000 
360 000 
370 000 
380 000 
390.000 
400 000 
410 000 
420 000 
430 000 
440 000 
450.000 • 

8 18 
8 25 
8 33 
8 41 
8 47 
8 55 
8 63 
8.68 
8.75 
881 
8.86 
8.92 
8.97 
9.03 
9.09 
9.14 
9.20 
9.24 
9 29 
9 52 
9 72 
9 91 

- 10 08 
- 10 22 
- 10.38 
- 10.50 
- 10.67 
- 10.80 
- 10.91 
- 11. 01 
- 11. 09 
- 11.19 
- 11.29 
- 11.37 
- 11.43 
- 11.51 
- 11 58 
- 11 63 
-1171 
- 11 78 
- 11 85 
- 11 91 
- 11. 96 
- 12.00 
- 12.05 
- 12.11 
- 12 16 
- 12 20 
- 12.26 
- 12 31 
- 12 34 
- 1~.36 
- 12 39 
- 12 40 

-I 
_------1 ----



460 000 - 12.43 • 470 000 - 12.46 
480 000 - 12 49 
490 000 - 12 51 
500.000 - 12 56 
510.000 - 12.58 
520 000 - 12.60 
530.000 - 12.62 
540.000 - 12 63 
550 000 - 12 65 
560 000 - 12 67 
570 000 - 12.70 
580 000 - 12.74 
590.000 - 12.76 
600.000 - 12 78 
610.000 - 12 81 
620 000 - 12.87 
630.000 - 12.90 
640 000 - 12.93 
650 000 - 12 94 
660 000 - 12.95 
670 000 - 12.95 
680 000 - 12 97 
690 000 - 13 00 
700 000 - 13 03 
710.000 - 13 05 
720 000 - 13.07 
730 000 - 13.06 • 740 000 - 13.12 
750 000 - 13.15 
760 000 - 13.21 
770 000 - 13 23 
780 000 - 13 25 
790 000 - 13.28 
800 000 - 13 28 
810.000 - 13 29 
820.000 - 13.34 
830.000 - 13.32 
840.000 - 13 33 
850 000 - 13.33 
860.000 - 13.35 
870.000 - 13 35 
880.000 - 13.36 
890.000 - 13.36 
900 000 - 13.36 
910.000 - 13 37 
920.000 - 13.39 
930 000 - 13.40 
940.000 - 13 40 
950 000 - 13 41 
960 000 - 1..3 40 
970.000 - 13 40 
980.000 - 13 39 
990.000 - 13 39 • 



- -- - -- -

1000.00 - 13 .39 • 1100 00 - 13 .38 
1200 00 - 13.43 
1300 00 - 13.39 
1400.00 - 13.37 
1500.00 - 13 34 
1600.00 - 13 34 
1700.00 - 13 33 
1800 00 - 13.31 
1900.00 - 13.24 
2000.00 - 13 .21 
2100.00 - 13.46 
2200 00 - 13 55 
2300 00 - 13 59 
2400 00 - 13.62 
2500 00 - 13 .60 
2600.00 - 13.54 
2700.00 - 13 60 
2800 00 - 13 65 
2900 00 - 13 57 
3000.00 - 13.53 
3100 00 - 13.56 
3200 00 - 13.57 
3300.00 - 13 58 
3400 00 - 13 56 
3500 00 - 13 47 
3600 00 - 13 53 

• 3700 00 - 13.51 
3800 00 - 13.48 
3900.00 - 13.47 
4000.00 - 13.48 -
4100.00 - 13 50 
4200.00 - 13 25 
4300.00 - 13 18 
4400.00 - 13.16 

END 

• 



--------------------

PUMPING TEST REPORT 

WELL fo w - ;t PUMPING@ERVAT~EI.L 
TYPE OF DATA g5RAWDOW)IRECOVERY 

PUMPED WELL NO fw _ I RADIUS 4 H 

PUMPING RATES "'6" ,50., p .... 
HOWQMEASUAED MgN" ... ~t_ w,-H-.,4"x?>~or j::,u l""'~ 

M 5 we#.J.1O HOWWLsMEASURED - CO?; .. ~ 

DISTANCEFROMPUMPEQWELL A- ~o{J fcrf 
TLMESINCE WATER LEVEL 

PUMPING 
READINGS DRAW STARTI ",..- EPTH TO 

SToPPED WATER DOWN 
MINUTES ""~ REFER"'" MEASUR ,., ,., 

0 0 7,04- 0 

IS !4- 0' 14 10 ~, ~ q, 

f0 I. 1/ 2'5 4- ;2\ 

-, ;;.,,- J 17 513 " 
:4- ,,4 '".43 , 3~ 

)'5 .. 5 /:104 'i 50 

~1. Ol~ ,,, ·3 5.'i~ 

;7 ;;1.7 t::l.77 'i 13 

,n Oll IAn Si3 

.J'l J.~ (;).,1 ::JH 

;0 30 I) '"l • o"!o 

4-~ 410 14)0 7 :Ie. 

11 <!-7 1434- 730 

,1) 50 1451 741 

'-'1 5"1 14, c. i 7 ~3 

:;:; 55 /477 773 

57 '7 14 Z7 7i3 

I • I," 73 15". '>4- Z 50 

1 '. 1~ 15H ~ ~ I 

1 ~I '01 I~ 7, 'i "r,1 

1 :\'\ 154 I ~ l /0 5"~ 

"' ,.1 "<01 \~ ~ II " 
3 '$'I ;)37 IS \1 II +3 

PAOJECTNa 

PAoe...1..oF~ 
Senor.t<' A-e 

MP FORWLs __ T.!..,O;0~C.-~ ___ EL ,...---:::-:::-_ 

PUMPON DATE ? I? fo TIME !t)~ff IF 
PUMP OFF DATE t:? 'fo TIME 115;"'" 
COMMENTS 

AD.UmiD 
DRAW REMARKS 
DOWN ,., 

s -1,,4 ~ 

-

-
-

• 

• 

• 



• 

1 l'i 

Z '. 

TEST REPORT 

WELL~~P~9\)J~~-~;"'~~~~P~U~"~P~IN~GlOBSERVATlO~ELL 
TVPE OF DATA 41RAWDOWNJRECOVERY 

l' 1 A" PUMPED WELL NO I),.}- RADIUS __ ''-__ 

PROJECT NO 

PAGE4-0F~ 
{" 

M P FOR WL I ! 0<:' EL -:-:-:-;: ___ _ 

PUMPING RATES ....... \50 a pO! 
HOW 0 MEASURED M4M!Wt'+;'" v",±".. 4'/ x3 II c'" ('Ct 

HOW WL J MEASURED H· S\?Q ,II" I W, fW fa, re. 
PUMP ON DATE _"Z+,/!-,r:'l-if7",-_TIME IO/Sa,," 

~I. ~t! PUMP OfF DATE a/((p fm TIME 115~~ ..... 
COMMENTS ______________ _ 

DISTANCE FROM PUMPED WELL ;;1"", { + .. 
TIME SINCE WATER LEVEL AQU;TEO 

PUMPING 
READINGS EPTH TO DRAW DRAW REMARKS START! >'<' STC:J,ED (~,~\ 

WATER DOWN DOWN 

MIN TES REFERe'ICE MEASUR (ft) Iftl IHI , N 

4 ~7 aiD 7 1~ ~, /I ~:l. 

457 ",Q7 IHI 'I 15 

Sn 3~1 I~ 05 1;/ 01 

~ 57 ,57 11 ,,0 I .. " 

r.n ;$7 l'i ~'7 I~ 3' 

~ <;'1 417 \~ S3 1;/ +~ 

'7 30 450 Iq 00 I .. ~" 
1 at 544 I'! 7~ la ~r -
."'-~) ... , .... . 

f'" ID~t7 io4i 1'1 ~! I; '1~ 

F" II 4" 70~ ,10 Vi !) 04 

~ ~I'! .. 0% 13 3), 
.~ !qq ~o 4~ 1331 
A_ 

H3 .:o?4~ 13.4;;1. 

,,- /010 «0 •• :1 ~ 3~ 

A~ 1070 .lIH I, ,'I 

"" W,O 010 'I" 1340 

" .. II q"- oRO 4fct 13 '15 

., 
1~49 ;J() 4' 1344 

." I~D~ .lI.4' W;~ 

~ ... 
14/0 ~~ ;:;;', .. 16 3l{ 1,34 , 

':\ 14/~ '-I D •• ,~. ~\ J.l7.'l'1 13 3~ 
,~ 

" I~IO J.P q. I, :;(, 
J'tI ... 

: ,3. 1.-_ " ,,- s 

'S- IPO ~O31 13,3 ,sfq,Tt,! r<"r.H1H'I oJ<. II rLI- ~ 
~ -

FORM 3€ 
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~ 10 p ... 
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t • 
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I '" I'"' 

4 00 r ~ 
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,0 09 v­
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PUMPING TEST REPORT 
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Economists 
SCientists 

August 31, 1990 

SEF30619 AD MD241 

!lE: FG&E/Bechtel labozato:ty saop1es 

Dear Jeff Iehnen/QI\T: 

(kJ August 17, 1990 the 0I2M H1.l1 Giu.nesvllle I<lborato<y 
recel.ved. 7 wa.ter, grab sarrples Wl.th a request for 
analysl.S of selected paraneters 

']be analytJ.cal results are en::losed It> unusual dLfhculties 
were encounteJ:ed in the analyses 
If you shJuld have any questl.ons OCOflOllC"'''''''''n1:11u.ng the .results, please 
call Don Hash or 'I\:rn Fm:mIu.ser 

Don /laSh 
Cl1.ent Servl.CeS 

Enclosure(s) • 

cc: Pete K~tlcowsJu/DF 

CH2MHIU Gamesville 
EnVIronmental Laboratory 

7201 N W 11thPlac9 
GainesVIlle Fionda 32605 

904 3312442 
FAX904 3315320 
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_41 

~& Econom,,'s 
E P 0 R T o F A-H A l Y SIS 00I31/!Xl 

Page 1 of 6 
ScrentlSts Flonda CertlflcatHX'I 82112, E82124 Saqlle Nos 83679 - 83685 

PG&E/Bechtel CH2M H ~ 11 

Atterltlim: Jeff Lehnen Project No: SEF30619_AD 
J\ddress: GNI1 Rece~ved· 08/17/90 

Copies to: Pete K>natkowskl./DFB Reported: 08/31/90 

Collected: 08/16/90 by Pete KW1.atkowskl. 
Type: water, grab 

Locauon: Irrl1arrtt:7.om Cogetera:uon Proj 

_LE NIJ&R 83679 83680 83681 83682 83683 
I , 

101-3 101-4 101-1 "'-2 1'11-1 
SPWL£ DESCRIPTIOfS CIlI17/'YJ 08/17/'YJ 08/17/'YJ CIl/17/'YJ 08/16/'YJ 

950 1050 1100 1330 1100 
I I I , 

_RAl 
pH (Umts) 695 5 45 640 485 715 

08/ZO/'YJ 08/20/'YJ 08/20/'YJ 08/20/'YJ 08/20/'YJ 
Alkalmity. Total (as taC03) 280 <10 880 <10 280 

08/27/'YJ 08/271'YJ 08/2J/'YJ fE/27/g;) 08/27/'YJ 
Color (APHA) 50 50 60 'YJ 10 

08/20/'YJ 08/20/'YJ 08/20/'YJ CIl/20/'YJ 08/20/'YJ 
ConductlVlty (1IIflos/0ll) 783 141 370 125 567 

CIl/281'YJ 08/28/'YJ 08/28/'YJ 08/281'YJ 08/28/'YJ 
Hardness, Total (as Ca(03) 336 30 122 38 340 

CIl/30/'YJ 08/30/'YJ 08/30/'YJ 08/30/'YJ 08/30/'YJ 
Turtndlty (HTU) 12 6 5 7 6 I 16 3 ..,2 

08/20/'YJ 08/20/'YJ 08/20/'YJ 08/20/'YJ 08/20/'YJ 
5OUOS 

Total DlSsolved Solids I 562 CIl/23/'YJ I \86 08/23/'YJ I 334 I 168 I 392 08/23/'YJ 08/23/'YJ 08/23/'YJ 
I'ETALS 

Antlnmy - fl ..,2 ..,2 ..,2 ..,2 ..,2 
CIl/23/'YJ 08/23/'YJ 08/23/'YJ CIlI23/'YJ 08/23/'YJ 

Arsernc • ru <1)005 <1)005 <1)005 <1)005 <1)005 

lilT[ Valll@S are ag/I as substllllCe mless oth!rwlse stated 

-
~4:4lZ 
_ C _iser~.,._er 

n/r • not n.!qUe5ted 
IIlTE ThlS report contams tl!St data n:I no lntell)f'etatlC1l 15 mten:led or ,.,hed 

CH2MHILL GainesVille 
environmental Labora/ory 

1NW 11/MI"iace 720 
GainesVIlle Flof/da32605 FAX904 331 5320 

I-
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Planners REPORT o F ANALYSIS 1E/31/90 
: ~ : Economists Page 2 of 6 

ScientiSts Florllia CertTflcatll:r1 82112. E82124 ~le Nos 83619 - 83685 

, 
SWIll NltllER 83619 836IIl 83681 83682 83683 

I I , , 
"'-3 111-4 ..... 1 "'-2 1'11-1 

SNf'LE DESCRIPTIlJ4S rB/17/90 08/17190 rB/1719O rB/17/90 08/16/90 
950 1050 1100 1330 1100 

fIl/2319O 08123190 08123/90 fIl/23l9O rB/23I9O 
Bar1l111 - Fl 4)2 4)2 4)2 4)2 4)2 

fJlI22/90 08/22/90 08/22190 rBI22I9O fIll22/90 
tadnntlll-FU 4) 0002 4) 0002 4) 0002 4) 0002 4) 0002 

fJl/21/90 08/21190 08/21/90 fIl/2119O 08121/90 
Ca lenm - Fl 124 1 9 350 23 850 

rB/27190 08/27190 08/VI90 fIll27l9O 08/27190 
ChraDlt111, Tot - AI 4)002 4)002 4)002 4)002 4){)(2 

fIl/22/90 08/22190 08/22190 fIll22l9O 08/22190 

""""" - FL 
002 003 4)02 4)02 4)02 

fIll27/90 08/27190 08/V/90 08127/90 08/27190 
Iron, Total - Fl 27 1 6 096 20 4)02 

fIl/21l90 08/21190 fIl121/90 fIl/2119O 08/21/90 

"'" - AI 4)002 0003 4)002 4) 002 4){)(2 
fIll27l9O 08/VI9O 08/27190 fIll27l9O 08/V/90 

ttlIqne$lt111 - FL 29 24 37 23 30 
fIll27/90 08/VI9O 08/27190 fIll27/90 08127/90 

ftslganese - Fl 002 4) 01 4) 01 4) 01 4)01 
08/22190 08/22190 08/22/90 fIl/22I9O 08/22190 

Mercury-tv 4) 0002 o 00Il4 4) 0002 4) 0002 4) 0002 
fJl/21/90 08/21190 08/21/90 fJl/21/90 08/21190 

I'kllybdefU11 - FL 4)2 4)2 4)2 4)2 4)2 
fIll29/90 08/21190 08/21190 fJl/21/90 08/21190 

Potasshlll 079 o 31 130 049 166 
fJlI29/90 08/29190 08/29/90 08/29190 08/29/90 

SelenUIII 4)005 4)005 4)005 4)005 4)005 
fIll29/90 08/29190 08/29190 fIll29/90 08/29/90 

Slhca, React 106 82 89 9 1 17 2 
fJl/27190 08/27/90 08/V/90 fIll27/90 08/27/90 

Silver - RJ 00012 00008 o 00Il6 4) 00Il6 00014 
08/30/90 08/30/90 08/30/90 08/30/90 08/30190 

o.m Values are IIg/l as substll'lCe unless othennse stated 

"'~Y7ZLL 
-

""""'C 
n/r • not requested 
tmE this report contalns test data .n:I no lnterpretatiOrt 1$ mtenied or llllphed 

CH2MHILL GaInesville 
Environmental Laboratory 

720tNW 11th lace 
GalflB$VI/le Florida 32605 

Eillentnser, '" -..-
FAX904 3315320 

• 

• 



[~:-.iiliii~~~;';~~~~~~-~~~~~~~~~;;::::::::::::::~::~~~~~~41~·f-=-=-==-1I - - 0 E P 0 R T 0 FAN A Cy SIS CB/31/!K) 

--1-- . ~: Sc,ent,sts '-1. ~ 836
Poge

)g 3. 01836856 Flonda Certlflcatlon 82112, [82124 _.. _ .. 

• 

SNIU HltllER 

SPWLE DESCAIPTICltS 

Sodll111 - Fl 

$tra1tlUR - FL 

Valadlln - Fl 

Zmc - Fl 

"HONS 
80rcn 

Chlonde 

F1uonde 

Sulfate 

IImuEHTS 
IImIana (as N) 

Nitrate & Hltnte (as N) 

Total Plmphorus (as P) 

I , 
83679 

"'·3 
<1B/17/'¥! 

950 

28 7 
<1B/28/'¥J 

046 
<1B/30/'¥! 

<05 
<1B/30/'¥! 

<001 
<1B/27/'¥! 

0039 
(JIl12./'¥! 

no 
(JIl/29/'¥! 

034 
(JIl/23/'¥! 

1 2 
(JIl/29/'¥J 

189 
(JIl/22/'¥! 

<002 
(JIl/23/'¥! 1 18 
(JIl/29/'¥! 

I 

",-4 

08/17/'¥J 
1050 

16 9 
oar<B/'¥J 

009 
08/3O/'¥J 

<05 
08/3O/'¥J 

<001 
08/'lJ/'¥J 

0028 
08/24/'¥J 

321 
08/2!J/'¥J 

003 
08/23/'¥J 

44 
08/2!J/'¥J 

o 19 
08/22/'¥J 

<002 
08/23/'¥J 

010 
08127/'¥! 

II1TE Values are IIg/l as substatCe WIles other'W1se stated 

n/r • rot ~ted 

83681 

..... 1 
08/17/'¥! 
noo 

23' 
08/"lB/'¥! 

o .7 
08/3O/'¥! 

<05 
08/30/'¥! 

<001 
08/27/'¥! 

0025 
08/24/'¥! 

47 1 
08/2!J/'¥! 

004 
08/23/'¥! 

39 
08/2!J/'¥! 

086 
08/221'¥! 

<002 
08/23/'¥! 

009 
08/27/'¥! 

I 
83682 

"'·2 
<1B/17/'¥! 
1330 

158 
<1BI"lB/'¥! 

o I. 
<1B/30/'¥! 

<05 
08/30/'¥! 

<001 
(JIlm/'¥! 

0029 
08/2./'¥! 

2!Jl 
<1B/2!J/'¥! 

005 
<1B/23/'¥! 

53 
<1BI2!J/'¥! 

032 
<1B/22i'¥! 

<002 
(JIl/23/'¥! 018 
(JIlm/'¥! 

83683 

PW·l 
<1B/16/'¥! 
noo 

n9 
08/28/'¥J 

055 
08/3O/'¥! 

<05 
08/3O/'¥J 

o 01 
08/27/'¥J 

0025 
08/24/'¥! 

183 
08/2!J/'¥J 

012 
08/23/'¥J 

<10 
<1B/2!J/'¥J 

052 
<1B/22/'¥J 

<002 
08/23/'¥J 

035 
08/27/'¥J 

• ,-_ICl_" __ llI_"_,..".,-t __ cm_ta_'_",_tes_,_,::-"_,_""-::-",,_,,,_',,,,_neta __ '_,,,,_,_s -"'-tend'720;;";;;I,,:,,~.iT~;;;:n"'''''IB;;'';-------'''eAX''''904'''''33''l'' .. :=_J 
HILL GaInesville <NC.V 

CH2M GainesVille Florida 32605 Environmental LabOratory 
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_41 

111/31/90 
Page 4 of 6 

~ Ie Nos 83619 - 8368S Florida CertifIcatl<lrl 82112, E82124 

FG&ElBechtel 

AttentJ.an: Jeff Iehnen 
J\ddJ:ess. GNV' 

Copu!s to: Pete KWl.AtkrMskJ./DFB 

Collected: 08/16/90 by Pete KWultkrMskJ. 
Type .... ter, grab 

I<x:atJ.an: Indiantown CogeneratJ.an Proj 

SAffll£ NlJ6ER 

SNl'I.£ DESCRIPTIQfS 

GENERAL 
pH (U"'ts) 

AlkalInIty, Total (a. taCIl3) 

Color (APHA) 

CondUctW1ty (tII'hos/an) 

liardness, Total (as Carol) 

TUrb1dIty (HTU) 

SOLIDS 
Total DlSsolved 5011ds 

1 
!£TAtS 
Ant~ - R. 

Arsernc - FU 

I()T£ Values are .,1 as substa1Ce unless ot~se stated 

n/r • not rtquested 

83684 

Travel Blank 
111/17/90 

n/. 
n/. 
n/. 
n/. 
n/. 
n/. 
n/. 
n/. 
n/. 
n/. 
n/. 
n/. 

n/. 
n/. 

<1)2 
08/23190 

<1)005 

CH2M H>ll 

Project No: 5EF306l9.M 
Rece>ved: 08/17/90 
Reported: 08/31/90 

836aS 

Laboratory 
HetOOd Blank 

, 

Not Awhcable 
1II/2!J/90 

<10 
1II/'lJ/90 

0 
1II/2!J/90 

<10 
111/28/90 

<10 
OO/YJ/90 

<1)2 
00/2!J/90 

1<10 
08/23/90 

<1)2 
08/23/90 

<1)005 

Thcnas C flDenh1ser, ~ 

I()T£ lh15 report mntalns test data ftI no lRter'pretatICJn 15 intended or TIllpHed 

, 

CH2MHILL GamesVllle 
EnVlfonmental Laboratory 

7201 N W j lth lace 
Gamesvllle Flonc1a3260S FAX904 3315320 

• 

• 
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",PORT OF ANALYSIS 

FlorlCla Certiflcat,on 82112 E82124 

83684 83685 
I 

Travel Blank l>borato., 
5AK'LE DESCRIPTICWS C1l/17/gJ ftethod B1alk 

C1l/'l3/gJ C1l/'l3/gJ 
Barn .. - Fl <>2 <>2 

C1l/221gJ 08/221gJ 
CCllmB - FU <> 0002 <> 0002 

C1l/2l/gJ C1l/21/gJ 
Ca lelllll - FL <10 <10 

OBI27/gJ 08/27/gJ 
ChT'OII1U11, Tot - FU <>002 <> 002 

C1l/22IgJ C1l/22/gJ 
Copper - Fl <>02 <>02 

OBI27/gJ 08/27/gJ 
Iron, Total - Fl <>02 <>02 

OB/21/gJ C1l/21/gJ 
lead - flI 0011 <> 002 

OBI27/gJ OBI27/gJ 
Magneslun - Fl <>2S <> 25 

OBI27/gJ C1l/27/gJ 
l'IMganese - FL <> 01 <> 01 

OBl22IgJ C1l/22/gJ 
<> 0002 <> 0002 

OBI2i/gJ C1l/21/gJ • I1I!ra.Iry-CV 

Holyfxlerun - Fl <>2 <>2 
OBi29/gJ 08/'l!J/gJ 

PotasslIn <> IS <> 15 
OBi29/gJ C1l/'l!J/gJ 

Selerl1l.lll <>005 <> 005 
rxV2.9/t.XJ 08/'l!J/gJ 

S111ca, React nlr <> 01 
nlr C1l/27/gJ 

S,lver - FU 00011 <> 0005 
OB/3OIgJ 08/3OIgJ 

lUTE Values are tg/l lIS subst5lCe unless otherwue stated 

Thanas C fJlenhlSer. 
nil" • not requested 

OB;;'~ 
Page 5 of 6 

S!lq)le Nos 83679· 83685 

.,-_""" __ 1h_,_s_,.."..., ___ con_ta_,_ns_te_s_t-:::-~_,:_e~_'-:llle:-""_'_"t_..,,_re_ta_t_'-"'-"-'"-t-7"2;;;:"'N"~V'W"mIi'>h",<d"""'-______ ~FAX04:'904~33~'':5::320=' 
CH2MHILL Gamesvllle Florlda32605 EnVifonmenlai Labora/ory 

! 
; 
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REPORT Of ANALYSIS 

F10nda Cert1flcatlon 82112. EB2124 

SWlLE HUllER 83684 83685 

Travel Blank Laboratory 
SWlLE DESCRIPTIIJfS fB/17I'¥J ttethod Blfrlk 

SodlU11 - A. <1)5 <1)5 
08128/'¥J 08/2B/'YJ 

Strmt111D - fL <1)05 <1)05 
fB/lOI'¥J 08I?JJ/'¥J 

VlII'UldlllD - Fl <1)5 <1)5 
08/3O/'YJ fB/?JJ/'YJ 

Zmc - Fl <I) 01 <I) 01 
08!271'¥J OB/27/'YJ 

ANIOIIS 

"1'<1> 4) 015 4) 015 
08124/'YJ 08!24/'YJ 

Chlonde ntr <10 
ntr OB/29/'YJ 

Fluor1de ntr <I) 01 
ntr fB/23/'YJ 

Sulfate ntr <10 
ntr OB/29/'YJ 

"'TTUEIIlS 
AmDna (as N) ntr Not App l1Cab Ie 

ntr fB/22/'YJ 
N1trate & Nltnte (as N) ntr <1)02 

n/r OB/23/'YJ 
Total Phosphorus (as P) ntr <1)01 

ntr OB/27/'YJ 

frl)TE Values are ag/1 as sli:JstoYa unless othennse stated 

n/r .. oot ~ested 
MJT£ nns report CQ'ttams test data and 00 lnterpretatu:n 1S mtended or t",hed 

CH2MHILL GalneSllille 
Eflwunmental Laboratory 

7201 ae 
GalneSllllle FJonda 32605 

AA0241 
08l31m 

Page 6 of 6 
Saqtle fbs 83679 - 8368S 

FAX904 3315320 

• 

• 
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Economists 
SCientrsts 

August 30, 1990 

5£11'30619 AD 

Mr. Don Hash 
CH2M HILL/LGH 
7201 N W 11th Plaos 
Gainesville, FL 32605 

- ------- -- - -

RE Analytlcal Data for PG & E/&echtel, Laboratory NO 15619 

Dear Mr Bash: 

on August 21, 1990. the CH2K Bill Montgomery Laboratory received five 
samples with a request for analysis of selected organic parameters 

The analyt1cal results and associated quality control data are enclosed 
No unusual difficultiea were encountered during the analysis of theae sample. 

If you should have any questions concerning the data, please inqu~re 

Sincerely, 

Ward Dl.ckena 
Organl.cs Division Manager 

Enclosures 

cc Mr Craig Vinson 

CH2MHILL Montgomery 
Envlronmenlal Labors/ory 

2567FSIrianeOfIVe PO 80)(230548 
MOn/game!) Alabama36116 

205211 1444 
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Engineers ----------- - --

DBLB 01' c:xm±BiifS 

CB2H lULL Laboratory Ro~ 16619 

List of organic Analytical Methods . . .. ...... ...... .. . . . 
List of Org&nl.C BPA-defined QUalifiers . . ... 
List of Organic sample ID Qu&lif iars • .. 
Sample CrosB-reference ........ ........ . . 
SDWA PESTICIDE DATA (EPA Method 608) 

Analytical Results of Pield Samples 
MW-3 (LHG '16619001) 
HW-4 (LNG '16619002) 
MW-l (LNG '16619003) ...... .... .. .... 
MW-2 (LNG '16619004) .. 
PW-l (LNG '16619005) . .. 

Quality Control Data 
Results of Method Blank (WOS210Bl) 

SDMA HERBICIDE DATA (SW846 - Method 8150) 
Analytical Results of Pield Samples 

MW-3 (LNG 116619001) 
HW-4 (LNG '16619002) 
MW-l (LMG 116619003) ... 
MW-2 (LNG '16619004) 
PW-l (LNG '16619005) 

Quality control Data 
Results of Method Blank (W08210Bl) 

Copy of Chal.n_of_custody 

CH2MHILL Montgomery 
Enwonmental Labora/ory 

2567FaifianeOflve PO 80;(230548 
Montgomery Alabama 361 16 

---~-

Page 
..!!!l.. .. . .. i 

.. ..... ii 

. .. iii 

.. iv 

.... .. .. 1 
2 
3 
4 
5 . .. 

.... .. .... 6 

7 

• 
9 

... 10 
11 

12 

13 

205 271 1444 
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priority Pollutants: Water, soil and waste samples are analyzed in accordance 
w~th procedures described in Methods 608, 624, and 625, BPA_600/4_82_057 
(1982), Methods SOSO, S240, and 8270, Test Methods for Evaluating SOlid 
Waste, 1986, 5W-846, Third Bdition} and methods outlined in the USBPA 
Contract Laboratory Program Statement of Work for organics Analysis, 
February, 1988 

Volatile Analysis (Safe Drinking Water Act): 
accordance with procedures described in 
(SO FR 46902), November 13, 1985. 

Water samples 
Method 524.2, 

are analyzed in 
Federal Register 

Chlorinated Phenoxyacid Herbicides 
deecribed in Method 81S0, Test 
5W-S46, Third Edition 

Samples 
Methods 

are 
for 

analyzed with procedures 
Bvaluat~ng Solid Waste, 1986, 

organophosphate Pesticides: Samples are analyzed ~n accordance with 
procedures described in Methods 614 and 622, BPA-600/4-79_019 (1979) and 
in Method 8140, Test Methods for Evaluating Solid Waste, 1986, SW-846, 
Third Edition. 

Phenol Analysis by GO Samples are analyzed in accordance with procedures 
outlined in Method 604, Federal Register, 40 CPR, Part 136 
(July 1, 1987) and in Method S040, Teat Methods for Evaluating Solid 
Waate, 1986, 5W-846, Third Edition. 

Polynuclear Aromatic Hydrocarbons (GC analysis) Samples are analyzed with 
procedures described in Method 610, Federal Register, 40 CFR, Part 136 
(July 1, 1987) and in Method 8100, Test Methods for Bvaluating Solid 
Waste, 19S6, 8W-S46, Third Edition 

Ethylene Dibromide I Water samples are analyzed in accordance with 
procedures outlined in Method 504, Pederal Reg~ster (SO FR 46902), 
November 13, 1985 

Tr~halomethanes, Water samples are analyzed with 
Method 501 2, Pederal Regiater, Vol. 44, No 
November 29, 1979 

i 

procedures 
231, Part 

CH2MHILL Montgomery 
fnVlfonmental Labora/ory 

2S67FarianeDFIve PO 80)(230548 
Montgomery Alabama36116 

described ~n 
II, 

2052711444 

• 

• 

• 
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• 
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Economists 
SCientIsts 

BPA - DD'DBD QUALIl'mRS 

Definitions for the EPA-defined qualifiera: 

CH2MHILL 

U -- Indicates the compound was analyzed for but not detected The 
number adjacent to the ·u· qualifier indicates the quantlt&tlon 
l~it for that compound. The detection lLmit can vary from 
sample to sample depending on dilution factors or percent moisture 
adjustment when indicated. 

J -- Indicates an estimated value. This flag is used when the mass 
spectral data indicatea the presence of • compound below the 
stated quantitation lim1t. The RJR qualifier is not used with 
pesticide results 

C -- This flag applies to pesticide results only. The ·e· flag 
indicatea the presence of this compound has been confirmed by 
GC/NS analysis 

B -- This flag is used when the ana1yta is found in the associated 
blank as well &8 the sample. This notation indicates possible 
blank contamination and suggests the data user evaluate these 
compounds and the~ amounts carefully 

E -- This flag applies to GC/HS only The "E" qualifier indicates a 
compound may be above or below the linear range of the instrument. 
If the particular compound level is deemed above the linear 
calibration range, then the sample should be reanalyzed at an 
appropriate d~lution. Therefore, the "E" qualified &mOunt i. an 
estimated concentration The results for the d1lution will be 
reported on a separate Form I and will be flagged with a "D" if 
the dilution brings the concentration within proper calibration. 

D -- Th1S flag identifies compounds which have been run at a dilution 
to bring the concentration of that compound within the linear 

range of the instrument "D" qualifiers are only used for 
samples that have been run initially with results above acceptable 
ranges For secondary dilutions the -DL" suffix is appended to 
the sample number on the Form I 

A -- Indicates the Tentatively Identified COmpound (TIC) is a suspected 
aldol_condensation product 

x -- Indicates the compound concentration has been manually modified or 
the EPA qualifier has been manually modified or added 

JX -- The compound was detected and quantitated below the COntract 
Required Quantitation Limit 

Montgomery 
Emllfonmental LaOora/ory 

2567FairianeDfive PO 801(230548 
Montgomery Alabama 36 I 16 

205271 1444 



Engineers 
Pionners 
Economists 
SClenflsts 

CLDDI'1' DHPLB ID QUALIl'lKRS 

LBVBL 1 

The qualifiers that GO/HS uses with the client sample ID are defined below; 

DL Dilution Run 

R Rerun (may be followed by a d1qit to indicate multiple reruns) 

RD Diluted Rerun 

ax Re-extraction Analysis 

HS Matrix Spike (may be followed by a digit to indicate multiple 
matrix spikes within a sample set) 

KSD Matrix Spike Duplicate (may be followed by a digit to indicate 
multiple matrix spike duplicates within a sample set) 

Method Blank (may be followed by an S for soils run at a low 
level, W for waters, or SK for soils run at a medium level) 
(letters may be followed by a digit to indicate multiple blanks 
of that type, if there are no letters the digit indicates 
multiple blanks). 

These qualifiers allow GO/HS to have unique client sample ID's 80 that the 
client can get more accurate information from the data reported 

CH2MHILL Montgomery 
EnVIronmental LaboralOry 

iii 

2567FairianeDrive PO 80)(230548 
Montgomery Alabama36116 

205 271 1444 

• 

• 

• 
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• 
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Economists 
SCIentIsts 

LKG 
sample No. 

16619001 
16619002 
16619003 
16619004 
16619005 

CH2MHILL 

CB2H ULL Laboratozy 110. 16619 

LGN 
Sample No. sample Descript;on 

83679 SAMPLE MW-3 08/17/'0 
83680 SAMPLE MW-4 08/17/90 
83681 SAKPLE MW-l 08/17/'0 
83682 SAMPLE MW-2 08/17/90 
83683 SAMPLE PW-l 08/16/'0 

iv 

Montgomery 
EnVITonmenfaJ Lacora/ory 

256'1Fa,rlaneDfive PO Box230548 
Montgomery AlabafTl836116 

0950 GRAB 
1050 GRAB 
1100 GRAB 
1330 GRAB 
1100 GRAB 

2052711444 



Engineers 
P/onners 
Economists 

ORGANICS ANALYSIS DATA SHEET 

Laboratory Name: 
Lab Sample ID 
Cl~ent Sample ID: 

CH2M HILL/MGH 
16619001 
MW-3 

Concentration· 
Sample Matrix 
Percent Moisture. 

LOW 
HATER 

SDWA PESTICIDE COMPOUNDS 

CAS Number 
58-89-9 
72-20-8 
72-43-5 
8001-35-2 

gamma-SHC (L~ndane) 

End.r~n 

Methoxychlor 
Toxaphene 

uqa 
0.01 
0.02 
o 04 
o 5 

D1butylchlorendate - SS 106 

U - Analyzed for but not detected 
B - Detected in QC blank 

JX - Detected, concentration estimated. 

CAS Number 
U 
u 
U 
U 

SS - Surrogate standard reported as percent recovery 

Form I 

Date Extracted: 
Date Analyzed: 
Dilution Factor: 

08/21/90 
08/28/90 

1.0 

uq/L 

000001 
CH2MHILL Montgomery 

EnVIronmental Laboratory 
2567 Falrlane Dflve POBox 230548 
Montgomery Alabama36116 

205271 1444 

• 

• 

• 



~ratory Name 
Lab Sample ID 
Client Sample ID 

ORGANICS ANALYSIS DATA SHEET 

CAS Number 
58-89-9 
72-20-8 
72-43-5 
8001-35_2 

CH2M HILL/MGM 
16619002 
MW-4 

gamma-SHe (Lindane) 
Endrl.n 
Methoxychlor 
Toxaphene 

Concentration: LOW 
Sample Hatr1X. WATER 
Percent Moisture: 

SDWA PESTICIDE COMPOUNDS 

uq/L CAS Number 
o 01 0 
o 02 0 
o 00 U 

0.5 0 

Dibutylchlorendate - 55 105 

U - Analyzed for but not detected 
B - Detected in QC blank 

JX - Detected, concentration est1mated 
55 - Surrogate Standard reported as percent recovery 

Form I 

• 

• 

Date Extracted: 
Date Analyzed. 
Dilution Factor. 

08/21/90 
08/28/90 

1.0 

pall. 

000002 
Crl2MHILL 'v10n'90mery 

EmlifonmenttJl Laoorarory 
2567FaifianeDfive PO Box230548 
Montgomery Alabama367 76 

205277 1444 



Engmeers 
Planners 

Economists 

ORGANICS ANALYSIS DATA SHEET 

La.boratory Name· 
Lab sample ID 
client Sample ID: 

CH2M. HILL/M.GM. 
16619003 
MW-l 

Concentration LOW 
Sample Matrix WATER 
Percent MOisture: 

SDWA PESTIcIDE COMPOUNDS 

g§ Number uglL 
58-89-9 gamma-BHC (Lindane) o 01 
72-20-8 BndrJ.n o 02 
72-43-5 Methoxychlor • o 04 
8001-35-2 Toxaphene . . O.S 

Dibutylchlorendate _ SS 110 

U - Analyzed for but not detected 
B - Detected in OC blank 

JX - Detected, concentrat.on estimated 

CAS Number 
0 
0 
0 
0 

SS - Surroqate Standard reported .a percent recovery 

Form I 

Date Extracted 
Date Analyzed· 
Dilution lI'ac::tor 

08l21l90 
08/28l90 

1 0 

uqlL 

000003 
CH2MHILL Montgomery 

EnVIronmental LabOralory 
2567FairianeDrive PO 80)(230548 
MOl'llgomery Alabama 36116 

2052711444 

• 

• 

• 



Economists 
SCientists ORGANICS ANALYSIS DATA SHEET 

~oratory Name: CH2M HILL/MGM Concentration LOW 
Lab Sample ID: 16619004 Sample Matrix WATER 
Client Sample ID t KW-2 Percent MOl.sture 

SDn PESTICIDE 

CAS Number 
58-89-9 
72-20-8 

gamma-SHC (Lindane) 
Endrin 

72-43-5 Methoxychlor . . 
8001-35-2 Toxaphene 

uglL 
0.01 
0.02 
o 04 
o 5 

Dibutylchlorendate - 55 82 

U - Analyzed for but not detected. 
B - Detected in QC blank 

JX - Detected, concentration estimated. 

U 
U 
U 
U 

COMPOUNDS 

CAS Number 

S5 - Surrogate Standard reported as percent recovery. 

Porm I 

• 

Date Extracted. 
Date Analyzed 
Dilution Factort 

08/21/90 
08/28/90 

1:0 

ug/L 

000004-• CH2MHILL Montgomery 
EnVifonmemalLabora/ory 

2567 FSiflane Dwe POBox 230548 
Montgomery Alabama 36176 

205271 7444 



Engineers 
Planners 
Economists 

ORGANICS ANALYSIS DATA SHEET 

Laboratory Name a 
Lab Sample ID 
Client Sample ID: 

CH2M HILL/MGM 
16619005 
PW-1 

CAS Number 
58-89-9 
72-20-8 
72-43-5 
8001-35-2 

gamma-BBC (Lindane) 
Endrin 
Methoxychlor 
'l'oxaphene 

SDWA 

COncentration LOW 
Sample Matrix: WATER 

Percent Moisture. 

PESTICIDE COMPOUNDS 

ug/L CAS Number 
o 01 U 
0.02 U 
0.04 U 
o 5 U 

Dibutylchlorendate - 55 94 

U - Analyzed for but not detected 
B - Detected in QC blank 

JX - Detected, concentrat~on estimated. 
5S - Surrogate Standard reported as percent recovery. 

Porm I 

Date Extracted 
Date Analyzed· 
Dilution Pactort 

08/21/90 
08/28/90 

1a 9 

ug/L 

000005 
CH2MHILL Momgomery 

EnVironmemal Laboratory 
2S67FaifianeOnve PO Box230548 
Montgomery Alabsma36116 

2052711444 

• 

• 

• 



Economists 

SCientists ORGANICS ANALYSIS DATA SHEET 

~ratory Name: 9H2M HILL/MGM Concentration LOW 
Lab Sample ID. W08210Bl Sample Matrix WATER 
Client Sample ID OC BLANK Percent Moisture: __ _ 

SDWA PESTICIDE 

CAS Number 
58-89-9 
72-20-8 
72-43-5 
8001-35-2 

gamma-BBC (Lindane) 
Endr~n 

Methoxychlor 
Toxaphene • 

ug/L 
0.01 
0.02 
o 04 

O.S 

Dibutylchlorendate _ SS 114 

o - Analyzed tor but not detected 
B - Detected in QC blank. 

JX - Detected, concentration estimated 

U 
U 
U 
U 

COHPOIJIIDS 

CAS Number 

SS - Surrogate Standard reported as percent recovery 

Form I 

• 

Date Extracted: 
Date Analyzed 
D~lution Factor: 

08/21190 
08/28/90 

1.0 

ug/L 

000006 • CH2MH/LL Montgomery 
Envlronmemal Laboratory 

2567FarrlaneOrrve PO 80)(230548 
Montgomery A/aosma 36116 

205271 1444 



Engmeers 
Planners 

ORGANICS ANALYSIS DATA SHEET 

Laboratory Name; 
Lab Sample 10: 

CH2M HIU/HGM 
16619001 

COncentration; LOW 
Sample Matrix: WATER 

Client Sample In; MW_3 Percent Moisture; 

SDWA HERBICIDE COMPOtJNI)S 

CAS Humber 
94_75_7 2,4-n 
93-72-1 Silvex 

. . . . . . . . 
-------------------------------

Hg/L 
2 S 
o S 

3,5-Dichlorobenzoic acid - 55 93 

o - Analyzed for but not detected. 
8 - Detected l.n QC blank 

JX - Detected, concentration estimated. 

u 
u 

CAS Number 

SS - Surrogate Standard reported as percent recovery 

Farm I 

Date Extracted 
Date Analyzed 
nilution Pactor: 

08/21/90 
08/29/90 

1 0 

ug/L 

000007 
CH2MHILL Man/game'} 

EnvJronmenral LabOratory 
2567FSlrianeDfI'16 PO Box230548 
Monrgomery Alabama 36116 

205271 7444 

• 

• 

• 



Engineers 
Plonners--

- -------

SCientists ORGANICS ANALYSIS DATA sHEET 

~ratory Name: CH2M HILL/MGM Concentration. LOW 
Lab Sample ID 16619002 Sample Matrl.X WATER 
Client Sample ID KW'_4 Percent Mcu.sture 

SDWA HERBICIDE COMPOUNDS 

CAS Number 
94-75-7 
93-72-1 

2,4-D 
Silvex 

ug/L 
2 5 
o 5 

3,S-Dichlorobenzoic acid - SS 96 

U Analyzed for but not detected 
B Detected ~n QC blank 

JX Detected, concentration estimated 

o 
o 

CAS Nnmber 

SS Surrogate Standard reported as percent recovery 

Form I 

• 

Date Extracted· 
Date Analyzed 
Dilut~on Factor: 

08/21/90 
08/29/90 

1,9 

ua/L 

jl-VO 

OOOOOJ • CH2MHILL Monrgomery 
EnVlfonmenral Laborawry 

2S67FarianeOrive PO Box230S48 
Monrgomery Alabama 3tH 16 

205 271 1444 



Engineers 
Planners 
Economists 

ORGANICS ANALYSIS DATA SHEET 

Laboratory Name 
Lab Sample ID 
Client sample 10 

CH2M BILL/MGM 
16619003 
KW-l 

Concentration: LOW 
Sample Matrix WATER 
Percent Moisture: 

SDWA HERBICIDE COMPOUNDS 

£CA~S~N~umbe~~r~~~ ______________________ -Ju~a~{~L CAS Number 
94-75-7 2,4-D 2 5 0 
93-72-1 S1.1vex 0 5 0 

-------------------------------
3,S-Dichlorobenzoic acid - SS 86 

o - Analyzed for but not detected 
B - Detected 1.n QC blank 

JX - Detected, concentration estimated. 
SS - surrogate standard reported as percent recovery 

Form I 

Date Extracted: 
Date Analyzed 
D1.lution Factor-

oa/21/90 
08/29/90 

1 0 

uq/L 

\}"~) {-

000003 
CH2MHILL Montgomery 

EnVironmental Laboratory 
2567FalrlaneDfive PO B0)(230548 
Montgomery Alabama36116 

205271 1444 

• 

• 

• 



-----

Economists 
SCientists ORGANICS ANALYSIS DATA SHEET 

~ratOry Nama CH2H HILL/MGM Concentration. ~LOW~ __ _ 
Lab Sample ID 16619004 Sample Matr~ WATER 
Client sample ID t MW-2 Percent M.oisture t 

SOMA HERBICIDE COMPOUNDS 

CAS Number ug/L CAS Number 
94-75-7 
93-72-1 

• 

• 

u . -
JX 
SS 

2,4_0 
Silvex 

2 5 
0.5 

3,S-Dichlorobenzol.C acid - SS 93 

Analyzed for but not detected 
Detected 1.n QC blank • 
Detected, concentration estimated 

u 
u 

Surrogate Standard reported as percent recovery 

Form I 

Date Bxtracted: 
Date Analyzed 
Dl.lution 'actor 

CH2MHILL Montgomery 
Env"Dnmenral Laboratory 

2S67FarianeOrIVe PO Box230548 
Montgomery Alabama 36116 

08/21/90 
08/29/90 

1 0 

uglL 



Engineers 
Planners 

ORGANICS ANALYSIS OATA SHEET 

Lahoratory Name: CH2M HILL/MGM 
Lab Sample 10: 16619005 
Client Sample ID: .P~"~-~l~ ____ _ 

Concentration· 
Sample Matrix 
Percent Mo~8ture 

LOW 
WATER 

SOWA HERBICIDE COMPOUNDS 

CAS Number 
94-75-7 2,4-D 
93-72-1 silvex 

uq/L 
2.5 
0.5 

3,5-D~chlorobenzoic aC1d - 55 94 

o - Analyzed for but not detected 
B - Detected in QC blank 

JX - Detected, concentration estimated 

o 
o 

CAS Number 

SS - Surrogate Standard reported as percent recovery 

Porm I 

Date Extracted: 
Date Analyzed 
Dilution Factor: 

08/21/90 
08/29/90 

1.0 

uq/L 

)~0 
000011 

CH2MHILL Mongomery 
Envlronmenlal Laboratory 

2567 Falrlane Dnve PO BOll230548 
Montgomery AIBbBmB36116 

2052711444 

• 

• 

• 



----- - --------

~ SCientists ORGANICS ANALYSIS DATA SHEET 

~aboratory Name: CH2M HILL/NGM COncentration: LOW 
Lab Sample ID: WOS210Bl Sample Matrix WATER 
Client Sample IDs QC BLANK Percent Koisture; 

SDWA HERBICIDE COMPOONDS 

CAS Number 
94-75-7 
93-72-1 

2,4-0 
Si1vex 

. . uglL 
2 5 U 
o 5 U 

3,5-Dichlorobenzoic acid - SS 92 

v _ Analyzed for but not detected 
B - Detected in QC blank 

JX - Oetected, concentration estimated 

CAS Numbar 

SS - surrogate Standard reported as percent recovery 

Form I 

• 

Date Extracted; 
Date Analyzed. 
Dilution Factor 

OS/21/90 
08/29/90 

1,0 

ug/L 

• 000012 
CI-'2MHILL Montgomery 

Enwronmen/a! LabOratory 
2S67FairianeDflve PO Box230548 
Montgomery Alabsma36716 

205271 1444 



Engineers 
Planners 

Economists 
SCientists 

cll.ent: 
Attentl-on 
Address 

sample Number 
Date Received 

Dear Client 

PG & E/BECHTEL/INDIANTOWN COGENERATION pROJ 
JEFF LEHNEN 
CH2M HILL GAINESVILLE OFFICE 

83679-84 
08/17/90 

The Gaineaville Organics Laboratory received your samples with 
• request for analyais of selected parameters 

The analytl-cal results are enclosed No unusual diffl-culties 
were encountered l-n the analyses 

If you should have any questions concerning the results pleaee 
contact us Thank you 

Sincerely, 

Don Hash 
ell-ant Services 

CH2MHILL GaineSVille 
Enwonmen/al Laboratory 

7201NW 11thPiace 
GaineSVIlle FlonOa32605 

904 3312442 
FAX904 3315320 

• 

• 

• 



• 

• 

• 

---~-

SCIentiSts 

CH2M Hill Organics Laboratory 

AnalytiCal Report 

Report contents 

Sample Informat~on 

Defin1tions of Reporting QualifLerB 

Descript10n of Analytlcal Methods 

Sample guantitation Reports including Surrogate Recoveries 

QA/OC Package Includ1ng 

In1t1al Calibration (*) 

Cont1nuing Ca11bration (Daily Standard) (*) 

Quantitat10n Reports for organic-Free Water Blanks 

Matrix Sp1kejMatrix Spike Duplicate (*) 

Surrogate control Charts (*) 

Chromatograms (.) 

Copy of ChaLn-of-custody 

(*) InformatioD provided where appliciable or when requested 

CH2MHILL GamesVil1e 
EnVlfonmentsl Laboratory 

7201 N W nrnPlace 
Gameslfjl/e Florida 32605 

904 331 2442 
FAX904 331 S320 



Engmeers 
Planners 
Economists 
SCientIsts 

Client: 
Attentl.ont 
Address 

Description: 

sample Numbert 
Quantity 
Date Received 
Date Completed I 
Date Reported 
project Number: 
Number of Pages 

SAMPLE INFORMATION 

PG , E/BECHTEL/INDIANTOWN COGENERATION PROJ 
JEFF LEHNEN 
CH2M HILL GAINESVILLE OFFICE 

WATER SAMPLES 
INDIANTOWN COGENERATION PROJ 
601/602 ANALYSIS 

83679-84 
6 
08/17/90 
08/23/90 
08/31/90 
SEP 30619 AO 
15 

The l.nformation shown in this report is test data only 
and no interpretatl.on of this data i. intended or implied. 

State of Alabama Certifl.cation No 40080 

State of Florida Certifl.cation No 82112, 182124 

Respectfully submitted, 

~L __ ... e := L=~ 

CH2MHILL GaIneSVIlle 
EnvIronmental Laboratory 

Tom Etnenhl.ser 
Laboratory Manager 

7201NW l1thPlace 
GaInesvIlle Florrda32605 

9043312442 
FAX 904 331 5320 

• 

• 

• 



• 

• 

• 

----- --- --------

Economists 
SCientists 

Def~nition8 of Reporting QUalif1era 

(0) Indicates the compoQnd was analyzed for but not detected 
The number adjacent to the ftUW qualif1sr indicates the 
Detection L~it for that compound The detection l~it ean 
vary from sample to sample depending on dilution factors 
or percent m01Bture adjustment when indicated 

(M) Matrix interference precludes achieving lower detection limit. 
The detection lim1t is determin.d by the largest peak in the 
sample, and the dilution is adjusted 80 that ne1ther ch$mical 
nor eleetronic overload of the qas chromatography system takes 
place Either condit1on could affect the reliabi11ty of peak 
1dentif1cat10n and quantltat10n 

(F) Presence 1nd1cated but less than stated detection l~it In 
a d~luted sample, a clearly def~ned peak was present at less 
than the stated detect~on 11m~t 

(N) sample conta~ns non-target compounds Many samples, 
espec~ally "fuel" samples, often contain non-target compounds 
Th~s qual~£ier ~s used to alert the client to the presence 
of non-target compounds in samples that may not contain any of the 
l~sted "target" compounds 

Detection Limit s 1 a ugjl for water samples and 1.0 ugjkg for soil 
and sed1ment samples unless noted otherwise 

Note 

CH2MHILL 

the m~n1mum detection limit for methanol extracts of high-level 
soil and sed1m8nt samples is SO ugjkg due to the effect of 
methanol on "purg~ng eff~ciency " 

GaineSVille 
EnVironmental Laboratory 

7201 N W 11th Place 
GaineSVille Flonda 32605 

904 3312442 
FAX904 3315320 



Engineers 
Planners 
Economists 

SCientiSts 

Analytical Methode 

purgeable Halocarbons in Water EPA Method 601 as described in the Title 
40 Code of Federal Regulations, Part 136, Appendix A, July, 1988, 
and CH2M Hill GC Volatiles SOP, october, 1988 

purgeable Aromatics in Water EPA Method 602 as described in the Title 
40 Code of Federal Regulationa, Part 136, Appendix A, July, 1988, 
and CH2M Hill GC Volatiles SOP, october, 1988 

Purqeable Halocarbons in Soil and Sediment EPA Method 8010 a8 described 
~n Test Methods for Evaluating Solid Waste (SW-846) and CH2H Hill 
GC Volat~les SOP, October, 1986 

Purgeable Aromatics in So~l EPA Method 8020 as described in Test Methods 
for Evaluat~ng Solid Waste (SW-846) and CH2M H~ll GC Volatiles SOP, 
October, 1988 

Tr~halomethaneB in Water 
Reg~ster, Vol 44, No 
October, 1988 

EPA Method 501.1 as described in the Federal 
231, Appendix C, and CH2H Hill Volatiles SOP, 

Ethylene Dibromide in Water EPA Method 504 (1,2-dibromomethane and 
1,2-dibromo-3-chloropropane in water by microextraction and gas 
chromatography). 

Fuel Screen1ng Procedure for estimation of concentration and 
~dentification of wfuel~ samples, used to ass~.t in determination of 
required EPA methods for subsequent analysis This methodology 
is not an establ~shed EPA procedure 

State of Alabama Certif1cat1on Number: 40080 

State of Florida Cert~f~cation Number. 82112 and E82124 

CI-12MHILL Gainesville 
EnVIronmental Laboratory 

7201NW 111ttP/ace 
Gainesville FlofldS32605 

904 3312442 
FAX904 3315320 

• 

• 

• 



CltMHIIl 
Report of Analytical Data Purgeable HaLoearbons/Arcnatfcs 

• CL lent PG&E I BECHTEL Lebor'tolY CiAINESVILlE Date saq,led 8/11/90 
Project JNDIANTOWM COGENERATION PROJECT Lab S_le Id "'79 Date Received 8/17/90 
Proj No SEF 30619 AD X lIoature 00 Date Extracted NtA 
Method 601/602 Dilution Factor , 0 Date Analyzed 8/22/90 
Matrix WATER Jnstruaent 10 GC" Analyst SS 
SBq)ler " ColUll"l J'YDB-l Date Reported 8/24190 

Chent SMple tOlOescriptlon 10/' 
CAS Nl.altler 

,_ 
Reporting $~L. Reporting 

Lillnt Result units 
------- ----- ---- - ------ ---- ---------- ----- ----- .---- ----- ---- ----
74-87-3 Chlorcnethene 0 U "OIL 
75-01-4 Vinyl Chloride , 0 U uotL 
14-83-9 8rOlllOlllethane , 0 U "OIL 
75 00 3 ChLoroethane , 0 U "''' 75-69 4 Trlchlorofluoromethane , 0 U "OIL 
75 35 4 1 '-Dlchloroethene , 0 U "OIL 
75 09-2 Dlchloromethane , 0 U "''' 156-60 5 trans '.2 Dlchloroethene , 0 U "''' 75 34-3 1,1 OiettLoroethane , 0 U uotL 
67-66 3 ChlorofoMII , 0 u "''' 107 06 2 1 2 Oichloroethane , 0 U uotL 
71-55-6 1 1 1 Trichloroeth.ne , 0 U ",/L 
.. 23 5 C.rbon Tetr.chlorlde , 0 U "OIL 
78 87 5 1.20lchloropropane 0 U "OIL 

• 79 01~6 Trichloroethene 
75 27 4 IIf'ICI BromochchLor_th.ne , 0 U ",/L 

10061 01 5 cls~1.3 Dlchloropropene , 0 U ",/L 
10061 02 6 trans 1 3 Dlchloropropene , 0 U ",/L 

79 00 5 1 1 2 Trlchloroeth.ne , 0 U ",/L 
124-48 1 Olbromoehloromethane , 0 U ",/L 
127 18 4 Tetrlchloroethene , 0 U ",/L 

108 90 7 Ch lorobenzene , 0 U ",/L 
75-25 2 Bromoform , 0 U ",/L 
79 34-5 1 1 2.2-TetrllChloroeth.ne , 0 U ",/L 
541 73-1 1.3 Dichlorobenzene 0 U ",/L 
106-46 7 , 4 Dichlorobenzene 0 U uotL 
95 50 1 1.2 Dichlorobenzene 0 U ",/L 
1634 04 4 tert Butyl methyL ether 0 U ",/L 

71 43 2 ...,,~ , 0 U uotL 
108 88 3 Toluene , 0 U ",/L 
100 41-4 Ethylbef1zene 0 U uotL 
NtA Xyl_s (Tot.1) , 0 U ",/L 

-- ---- ----- ~- --- ----
74 975 8romoeh loromethane-SS '04 "n. 
98088 ••••• Trlfluorotoluene SS .. "'K 
U • C~ .nalyzed for but not detected 
$$ .. Surrog.te Sd reported .5 percent recovery 

~llC I ' 

'~t Revl~ by /'\AaA~ 

• 



CHMHlll 
Report of Analytical Data - Purgeable HlIlocarbons/Arexaatlca 

CLient 
Project 
ProJ No 
Method 
Matrix 
S~lltr 

PG&E. 1 B£CHTEL 
INDIANT~ c:oaENERATIDN PROJECT 
SEF 30619 AO 
6OT/602 
WATER 
P1( 

CLIent saq,le ID/Descrlptfon .. H. 

CAS NUllber 

74 873 
75 01 4 
7483 9 
75 00 3 
75 .. , 
75 35 4 
75 09 2 
156 60 5 

75 " 3 
67663 
107 06 2 
71 55 6 
56 23-5 
78 87 5 
79 01-6 
75 274 
10061-01 • 
10061-02 6 
79 00 5 
124 48 1 
127 18 4 
108 90 7 
75 25 2 
79 34-5 
541 73 1 
106 46 7 
95 50 , 

'634-04 4 
71 43 2 
108 88 3 
100 41-4 

MI' 

74 97 5 
9B 08-8 

Chloromethane 
Vinyl Chlorux 
BrClllOll'lethlne 
Chloroethane 
Trlch lorof I uorGlllltthene 
',1 Dlchloroethene 
Dlchloraeethane 
trans' ,2 Dichloroethene 
1,1 Dlchloroeth_ 
Chloroform 
',2 Dlchloroethane 
',','-Trlchloroethane 
carbon Tetrachloride 
, ,2 Dlchloropropane 
Trlchlora.thene 

.nd Bromod,chloromethene 
CII ',3 Olchloropropene 
trans-' ,3 D I ch I oropropene 
',',2 Trlchloroethlne 
Dlbro=ochlorDDethene 
Tetrachloroethene 
Ch I orabenzene 
Bromoform 
',1,2,2 Tetradlloroethane 
, 3 Dichlorobenzene 
',4 Dichlorobenzene 
, ,2 Dichlorobenzene 
tert Butyl .ethyl ether .... ~ 
Toluene 
Ethylbenzene 
KyltneS (Total) 

Bromochloromethane-SS 
a,e,a Trlfluorotoluene-SS 

U. CCIq)OU'Id analyzed for but not detected 

Laboratory 
Lab S~le Id 
" MOIsture 
Dilution Factor 
InstrlRent ID 
ColUll't 

GAINESVILLE 
83680 

00 
, 0 

.,'" 
"'YDS-1 

ReportIng 
Llllit 

o 
, 0 
, 0 
, 0 
, 0 
, 0 

o 
, 0 
, 0 

o 
, 0 
, 0 
, 0 
, 0 

, 0 
o 

, 0 
, 0 

o 
, 0 
, 0 
, 0 
, 0 
, 0 

o 
, 0 
, 0 
, 0 
, 0 
, 0 
, 0 

S5 • Surrogate Standard reported a. percent recovery , 
Revletled by _~~'C~~~t"=!.-,-tFA-~\M.""'''~''~''''''''---''4-'::'':f-L 

Dlte San:pled 8/17/90 
Data Received 8/17/90 
Date Extracted 'IA 
Date Analyzed 8/22/90 
Analyst SS 
Date Reported 8/24190 

S~Le Reporting 
Result unft. 

------------
U UO" 
U UO" 
U UOIL 
U UOIL 
U UO" 
U uo" 
U UOIL 
U UOIL 
U UOIL 
U UO" 
U uo" 
U UO" 
U uo" 
U UOIL 

U UO" 
U UOIL 
U UOIL 
U UO" 
U uo" 
U UO" 
U UOIL 
U UO" 
U UO" 
U uglL 

U UO" 
U UOIL 
U UO" 
U uglL 

U uglL 

U uglL 
U UOIL 

----------- --------
'" ,,'"'. 

'00 ..... 

• 

• 

• 



• 

• 

• 

-------
------ ---

CHMHlll 
Report of AnelytlcaL Data PUr-guble ".loearbona/AromaticI 

Client 
Project 
ProJ Mo 
Method 
Matrix 
~ler 

PG&E I BECHTEL 
INDJAHTQWN COGENERATION PROJECT 
SEF 30619 AD 
601/602 
WATER 

" 
CLIent Salrple IDID.scrlption N.H (N) 

CAS N~r 

,_ 
... ---- ---- ------- ---
74-87 3 en t ororrethane 
75-01 4 Vinyl Chloride 
74-83 9 8rCllllDllll!thane 
75 00 3 Chloroethane 

" .. 4 T rt eh lorof L I.ICIromethane 
75 35 4 1 1 Dlchloroethene 

" 09 2 Dlchloromethene 
156 60 5 trans 1,2 DH~hloroethene 

" 343 1 1-0lchloroethane 
67-66 3 Chloroform 
107 06 2 1,2 Dlchloroethane 
71-55 6 1,1,1 TrIchloroethane 
56 23 5 Carbon Tetrachloride 
73 87 5 1,2 OlchloroprQPIne 
79 01 6 Trlchloroethene 
75 27-4 and Bromodlchloromethane 
10061 01 5 CIS 1,3 Olchloropropene 
10061 02 6 trans 1,3 Olchloropropene 
79-00 5 1,1,2 TrIchloroethane 
124 48 1 Dibromochloromethane 
127 18 4 Tetrachloroethene 
108 90 7 Chlorobenzene 
75 25 2 BrOlllOfol'1l 
79 34 5 1,1,22 Tetrachloroethane 
541 73 1 1,3 DIchlorobenzene 
106 46-7 1 4 DIchlorobenzene 
95 50 1 1,2 Dichlorobenzene 
1634 04 4 tert-Butyl _thyl ether 
71 43-2 Benzene 
108 88 3 Toluene 
100 41-4 Ethylbenzene 
'fA Xylene. <Total) 

- ---- - -
74975 Bromochloromethane SS 
98 OS 8 • 1,1 Trlfluorotoluene-SS 

U • Coq:JOU'Id analyzed for bYt not detected 

Labor-story 

Lab S~Le Id 
X Moisture 
DilutIon Fac:tor 
Ins t rl.llleFlt 10 
Co, ..... 

GAINESVILLE 
83681 

00 
1 0 

GCI2 
J'WD9-' 

ReportIng 
Llaaft 

.------------ --------
1 0 
1 0 
1 0 
1 0 
1 0 

0 
1 0 
1 0 
1 0 
1 0 

0 
1 0 
1 0 
1 0 

1 0 
0 

1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

0 
0 
0 

1 0 
1 0 

-- .- -- - --- ---------

S5 .. SUrroglte Standard reported aa percent recovery 

sh/r~ RevIewed by vt~ -p\aN'-. (1M---

Date Senpled 8/11/90 
Date ReceIved 8/17/90 
Olte Extracted NtA 
Date AnaLyzed 8/22/90 
Analyst SS 
Date Reported 8/24/90 

_I. Reporting 
ResuLt Umts 

U ueI' 
U "OI' 
U "OI' 
U ueI' 
U "''' U "''' U "''' U "''' U "''' U "''' U "''' U "''' U "''' U "''' 
U ueI' 
U "''' U ueI' 
U "''' U "''' U "''' U "''' U ueI' 
U "''' U ueI' 
U ",,, 
U "''' U "''' U "''' U UO/, 
U UO/' 
u "'/, 

10. "'0< .. "'OC 



ClfMHILL 
Report of Analytical Data - P .... rSle.ble M.Loc:arbons/ArOlll8tlcl 

CI lent 

Project 
ProJ No 
Method 
Matru: 
5alrpler 

PG&E , BECHTEL 
UIOIAIiTIloIN COGEMERAT1011 PROJECT 
SEF 30619 AO 
601,602 
WATER 

" 
Client S~le 10IDescription fIIW 2 

CAS IUJlDer 

74873 
75 01 4 
74 83 9 
75 00 '3 
75 69 4 
75 35 4 

" 09 2 
156 60 5 
75-34-3 
67663 
107 06 2 
71 55 6 
56 Z3 5 
78 87 5 
79 01-6 
75 274 
10061 01 5 
10061 02 6 
79 00 5 
124 48 1 
127 18 4 
loa 90 7 
75-25 2 
79 34 5 
541 73-1 
106 46 7 
95-50 1 
1634 04 4 
71 43 2 
108-88-3 
100 41 4 

'IA 

74 97 5 
.. 08. 

Ch(orlCaleth_ 
VinyL Chloride 
BrOlllCllllethane 
ct\loroeth.ne 
Trlchlorofluoromethane 
',101chloroethene 
OichlorOlllethane 
trans 1,2-0 f chi oroethene 
1.t-Olehloroethane 
Chloroform 
1,2 Olchloroethane 
1 1 '-Trlchloroeth.ne 
C.rbon Tetrachloride 
1,2 Olchlor~opane 
Trlchloroethene 

.m Brcn.xilchloromethane 
CIS 1,3 Ofchloropropene 
trans 1,3 Dlchloropropene 
1,1,2 Trichloroethane 
Oibromochlorometh.ne 
Tetraehloroethene 
Ch I oroben:r.ene 
BromofOt'l11 
1,1,2,2 Tetrachloroethane 
1,3 Dichlorobenzene 
1 ,4 D 1 chl oroben:r.ene 
1,2 Dlchloroben:r.ene 
tert-8utyl .ethyl ether 
Ben:r.ene 
ToLuene 
Ethylben:r.ene 
Xylenea (Total) 

8romochloromethane 55 
.,a a Trifluorotoluene-5S 

U. CompoI,I'Id analyzed for but not detected 

laboratory 
Lab S&IIp'e Id 
% Moistllre 
Dilution factor 
InstrUl1ent 10 
ColUll'1 

GAIIIE5Y1LLE 
83682 

00 
1 0 

om 
J'~Da-' 

ReportfrISJ 
Lla1lt 

1 0 
o 

1 0 
1 0 
1 0 
1 0 

o 
o 
o 

1 0 
1 0 
1 0 
1 0 
1 0 

1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

o 
o 

1 0 

S5 • Surrogate Standard reported .. percent rec.overy 

A.v."",,, by cl~K Y-WL.'All-,"-, 

Date $aq)led 8/17/90 
Date Received 8117/90 
Date Extracted 

5anple 
Result 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 
u 

Date Analyzed 
Analyst 
Date Reported 

.. 
'2 

ReportfrISJ 
lkIlts 

UOIL 
UOIL 
UOIL 
UOIL 
UOIL 
uoIL 
UOIL 
uoIL 
UOIL 
UOIL 
UOIL 
UOIL 
UOIL 
UOIL 

uoIL 
UOIL 
UOIL 
".IL 
UOIL 
UOIL 
UOIL 
.,.IL 
UOIL 
"OIL 
UOIL 
UOIL 
UOIL 
UOIL 
UOIL 
UOIL 
UOIL 

". 
8/22/90 

SS 
8/24/90 

• 

• 

• 



• 

• 

• 

ClfMHILL 
Report of Analytical Data· Purgeeble MBlocarbons,Aranatics 

Cl lent 
PrOject 
ProJ 110 
Method. 
Matrue 
S~lel'" 

PG&E I BECHTEL 
INOIANTOWN COGENERATIDM PROJECT 
SEF 30619 AO 
6011602 
WATER 
PI( 

Chent seq:ole IDtt>escription PW-' 

CAS NlIIt»r '------ --------- ----------------------------
74-87-3 Chloranethene 
75 01-4 Vinyl ChlorlOe 
74 83 9 Bra.nomethene 
75-00 3 Chloroethene 
75 69-4 TrlchLorofluorOlethane 
75 35-4 ',1-Dlch(oroethene 
75 09 2 Dlchloromethane 
156-60-5 trans , 2 DH:tIloroethene 
75 34 3 1,'-Dichloroethane 
67-66-3 Chlorofol'll 
11-55 6 t,1 1 Trichloroeth.ne 
56 23-5 C.rbon Tetr.chloride 
107 06 2 1.2-Oic:hloroethane 
79-01-6 Trlchloroethene 
78-87 5 1.2-Dichloropr~ 

15 27-4 8rcmodl chtorameth.ne 
10061-01 , cis 1.3 Olchloropropene 
10061 02 6 trans-l.3DlchLoropropene 
79-00 5 1.1 2 Trlchloroeth.ne 
127 18 4 Tetr.chloroethene 
124 48 1 01 brOllll)Ch I oramethane 
108 90 7 Chtorobenzene 
75 25 2 Bromoform 
79-34 5 1.12.2-TetreehLoroethane 
541 73 1 1.3 DichLorobenzene 
106 46-7 1.4 DichlorobenZene 
95 50 1 1.2 Dichlorobenzene 
1634 04 4 tart-ButyL .ethyl ether 
71-43 2 Benzene 
108 88 3 ToLuene 
100 41 4 EthyLben2:ene 
NtA XyLenes (Tot.L) 

-------- -- ---
14915 BrOllll)Chloramethane 55 
.. 08 8 ••••• Trlfluorotoluene-SS 

u. C~ .nIIlyz.ed for but not detected 

Laboratory 
Lab saq,le Id 
X MOisture 
Oi (utlC1n Factor 
InstrUlleflt 10 
Col\,llrl 

GAINESVILLE 
83683 

00 
I 0 

GCt1 
J&WDB624 

Reportil"llil 
Lllllit 

----------- ----------------
I 0 
I 0 
I 0 

0 
0 

I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 

0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 
I 0 

-- -- -- --- -- ----~-

SS • Surrogate 5tanaard fef)Ortecl liS percent recovery 

.w ..... by cJ~ :f,,\/t<M-l\AA-

Date Seq:oled 8/16/90 
Date Received 8/17/90 
Date Extracted N/A 
Date AnaLyzed 8/22/90 
AnaLyst SS 
Date Reported 8/24/90 

-" Reporting 
Rnult units 

---------------- -------------
U WL 
U WL 
U ",/L 
U WL 
U ",/L 
U WL 
U WL 
U WL 
U WL 
U ",/L 
U ",/L 
U WL 
U ..,/L 
U ",/L 
U ",/L 
u ",/L 
U ",/L 
U WL 
U ",/L 
U ",/L 
U ",/L 
U ",/L 
U ",/L 
U ",/L 
U ",/L 
U ",/L 
U ",/L 
U WL 
U WL 
U ",/L 
U UOIL 
u ",/L 

100 x.-K 
94 x.-K 



ClfMHILl 
Report of Analytical Dati Purgeable Haloc:arbons/ArOIMtlcs 

CLient 
Project 
ProJ No 
Method 
llatrlx 
SlIIIJIler 

PG & E/BECHTEL 
INDIANTOWN COGENERATlCll' PflOJ 
SEF 30619 AO 
6011602 
WATER 
OW 

Cl1ent SMple 10/tlescription TRAVEL BLANK 

CAS N...ar 

74873 
75 01-4 
74 83-9 
75 00 3 
75 69 , 
75 35 4 
75-09 2 
156 60 5 
75 34 3 
67 66-3 
107 06 2 
71 55 6 
5623 5 
78 87 5 
79 01 6 
75 27-4 
10061-01 5 
10061-02 6 
79 00-5 
124 48 1 
127 18 4 
lOS 90 7 
75 25-2 
79 34 5 
541 73-1 
106 46 7 
95 50-1 
1634 04 4 
71 43 2 
lOS 58 3 
100-41-4 
Nt. 

74-97 5 
98 08-8 

thlor_thlne 
vinyl Chloride 
BrOl'llOlllethane 
Ch I oroethene 
Trlc:hlorofluoromethane 
1 • 1 0 I ch loroethene 
OlchLoronethane 
trlns 1 2 Olchloroethene 

'.' Olc:hloroethane 
Chlorofonll 
l,2-Didlloroethane 
1.1.1 Trichloroethane 
t.rbon Tetrachloride 
, 2-Dlchloropropane 
Trichloroethane 

and Bromod,chloromethene 
cis '.3-Dlchloropropene 
tr_ 1,3 DIChloropf"opene 
1 1.2 Trlchloroeth.ne 
Dlbromoc:hlor_thane 
Tetr.chloroethane 
Chlorobe!'1zene 
BrOll1Ofol'1l 
1.1,2,2 Tetrachloroethane 
',3-Dichlorobenzene 
1,4 Dichlorobenzene 
',2-Dichlorobenzene 
tert Butyl I1I!thyl etber 

.~-
Toluene 
Ethylbenzene 
Xylenes (Total) 

8ra.oc:hlorOlltthane-SS 
••••• -Trlfluorotoiuene SS 

u. C~ anal y.r:ed for but not detected 

Laboratory 
Lab hrlple Id 
X Moisture 
Dilution Factor 
InstrUllllf'lt 10 
Collml 

SS • SUrrog.te Standard reported •• percent recovery 

... , .... by d-,:--L.. g-o.'W\Afr"'-

GAINESVILLE 
83684 

GO 
1 0 

GC12 
J'WOB1 

Reporting 
lll1lt 

1 0 
1 0 
1 0 
1 0 
1 0 
1 0 
1 0 

0 
1 0 
1 0 
1 0 
1 0 
1 0 
, 0 

0 
0 
0 

, 0 
0 
0 , 0 

, 0 

1 0 
, 0 
, 0 
, 0 

0 
, 0 
, 0 
, 0 
, 0 

D.te SIq)I«l 8/17/90 
O.te Received 8/17/90 
D.te Extr.cted Nt. 
O.te AnalYZIId 8/23/90 
Analyst CJ 
D.te Report«l 8131/90 

S~le Reporting 
Result Units 

---------- --------------
U uoIL 
U uoIL 
U ug/L 
U uoIL 
U uoIL 
U uoIL 
U ug/L 
U ug/L 
U uoIL 
U ug/L 
U uoIL 
U ug/L 
U uoIL 
U uoIL 

U uoIL 
U ug/L 
U uoIL 
U ug/L 
U uoIL 
U uoIL 
U ug/L 
U uoIL 
U ug/L 
U ug/L 
U ug/L 
U uoIL 
U ug/L 
U uoIL 
U uoIL 
U ug/L 
U uoIL 

------------- ----------

'08 Inc 
93 "'K 

• 

• 

• 



• 

• 

• 

CNMHlll 
Report of AnalytIcal Data - Purgeable NalOCllrbons/Arautu:s 

Client PG &: E{BECHTEL 

ProJe<:t fNDIANTaoIN COGENERATION PROJ 

ProJ No SEf 30619 AO 
Method 601/6Q2 
Matrix WATER 
5l111f11er NtA 

CLient S~le 

CAS N..m:.er 

.-.-----
74-87 3 
75 01-4 
74 83 9 
75 00 3 

" .. 4 
75 35-4 

" 09 2 
156-60 5 
75 34-3 
67 66-] 
107 06 2 
71 55 6 
56235 
78 87 5 
79 01-6 
75 27 4 
10061-01 5 
10061 02-6 
79 00-5 
124 48 1 
127 18 4 
108 90 7 
15 25 Z 
7'9 ]4-5 
541 73-' 
106 46-7 
95 50-' 
1634 G4 4 
71 43 2 
108 18-3 
100-41-4 
NtA 

74 97 5 
.. 08. 

ID/D •• crlptlon OFW BLANK 

Chloromethane 
VInyl Chloride 
8r~th_ 

Chtoroethane 
TrlchLorofluoromethane 
, '-DlchLoroathene 
Dlchloromethone 
trans ',2 Dlchloroethene 
l,lDlchloroethane 
Chlorofo ...... 
, ,2-01Ch loroethene 
1,1,t TrIchloroethane 
Carbon TetrachtorlCx 
1,20lch(oropropane 
Trichloroethane 

and Bromodichloromethane 
CII 1.3-0ichloroprapene 
trans 1 3 Olchloropropene 
1,1,2 TrIchloroethane 
Oibromochloromethane 
Tetrachloroethene 
Chlorobenzene 
BrOlDOfoMII 
1 ',2,2-Tetrachloroethane 
1,l-Olchlorobenzene 
1,4-01chlorobenzene 
1,2 DIchlorobenzene 
tert-Butyl Methyl ether 
Benzene 
Toluene 
Ethylber1zene 
Xylenes (Total) 

Bromoc:hloranethane 5S 
a I,' Trlfluorotoluene 5S 

u. C~ analyzed for but not detected 

Laboratory 
Lab S~le Id 
X MoIsture 
DIlutIon Factor 
Instnnent 10 
ColUln 

5S • Surroglte Standard reported as percent recowry 

.~ ..... by (A'-t4 -6="'''--'''''''-

GAINESVILLE 
ZVB08Z1BN 

•• , . 
"" J&WDB' 

ReportIng 
Lillnt 

, 0 

• • • • , . , . 
• , . , . , . , . , . 
o 

, . , . , . , . 
, 0 , . 
, 0 , . , . 
• , . 

, 0 , . , . 
, 0 
, 0 
, 0 

Date sanpLecI 8/21/90 
Date Received NtA 
Date ExtrKted NtA 
Date Analyzed 8/21/90 
AnlIlyst OJ 
Date Reported 8/31/90 

Slq)le Reporting 
Relult Units 

--------- ----------------
U ... " 
U ... " 
U uoIL 
U uoIL 
U ... " 
U uoIL 
U uoIL 
U ... " 
U uoIL 
U ... " U ... " 
U ... " 
U ... " 
U ... " 
U uoIL 
U ... " 
U uoIL 
U ... " 
U uoIL 
U ... " 
U ... " 
U ... " 
U uoIL 
U uoIL 
U ... " 
U uoIL 
U uoIL 
U ... " 
U uoIL 
U ... " 
U ... " 

--------
11. ,,~ .. "K 



ClfMHIIl 
Repo~t of AnalytIcal Data ~ Purge_ble Halocarbons/Aromatlca • Client PG&E I BECHTEL Laboratory GAINESV1LlE Date Salpled 8/22/90 

PrOject INDIANTOWN COGENERATION PROJECT Lab Sanple Id 1VB0822,\ Date Received 'fA 
ProJ No SfF 30619 AD " Moisture 00 Date Extracted Nt. 
llethod 6011602 Dllutlort Fac:tor 1 0 Date Analyzed 8/22/90 
Matrix WATER Instr...."t 10 GC., Analyst SS 

SMPL ... Nt. Catum J , W 08·624 Date Reported 8/24/90 

CLIent SaapLe ID/Dnc:rlptlon OF" BlANK 

CAS N~r < ........ ReportIng _I. Reporting 
Lillit Result unite 

.-- ------ ... - .-. ---- . .. -. ---- --- - -------------. 
74 87-3 ttllorCllllltthane 1 0 u ... /L 
15-01-4 VInyl Chloride 1 0 u ... /L 
74-83-9 BrOllllClleth_ 1 0 U ... /L 
75-00 ): Chloroethane 1 0 u UOI' 
75 69 4 Trlchlorofluoramethane 1 0 U ... /L 
15 35 4 ',1-Dlchloroethene 1 0 U ... /L 
75-09 2 Dlchlor_thane 1 0 U UOI' 
156 60 5 trans 1,2 DIC:hloroethene 1 0 U UOI' 
75 " 3 ',1Dlchloroethane 1 0 u UOI' 
67663 ChlorofoMII 1 0 u UOI' 
71 55 6 1.1,1 TrIchloroethane 1 0 u ... /L 
56235 Carbon Tetrachloride 1 0 u ... /L 
107 06 2 1,2DlchLoroethane 1 0 u UOI' 
79-01 6 Trlchloroethene 1 0 U UOI' 
78 87 5 1 2-0ichloropropene 0 U UOI' • 75-27 4 Bromodich IDromethane , 0 U UOI' 
10061-01 5 CIS 1,3 Dichloropropene 1 0 U UOI' 
10061 02-6 trans 1,3 DlchlDropropene 0 U ... /' 
79 00 5 1 1,2 TrlchlDroethane 1 0 u ... /' 
127 18 4 TetrachlDroethene 1 0 u UOI' 
124 48 1 Dlbramochtoro.tthane 1 0 U UOI' 
108 90-7 Chtorobenzene 1 0 U 

... " 75 25 2 BrDlllDfDnIl 1 0 u 

... " 79" 5 1,1,2,2 TetrachlDroethane 1 0 u UOI' 
541 T.5 1 1 3 Dichlorobenzene 1 0 U UOI' 
106 46 7 ',4-DlchlDrobenzene 1 0 U 

... " 95 50-' 1 2 OlchlDrobenzene 0 U 

... " 1634 04-4 tert-Butyl methyl ether 1 0 U UOI' 
71 43 2 Benzene 1 0 u UOI' 
108 88 3 TDLuene 1 0 u 

... " 100 41-4 Ethylbenzene 1 0 U UOI' 
MI' Xylenea (Total) 1 0 u UOI' 

-- ------------ ----- ------- --- - ------- .. - --- ------------
74 97-5 IromochlDrometh.ne SS 103 ","" 

98 08-8 ••••• TrifluorotDLuene SS .. "'" .. 
u • ~ enelyzed fDr but I'IDt detected 
SS • SUrroglte Standerd reported IS percent recovery 

.~, .... by @",J", -8=o.'u1t>.ikH-< ¢/t~ 

• 



• 

• 

• 

ClfMHIIl 
Report of AnalytIcal Data Purgeable Helocarbons/Aromatlcs 

CL,ent PG&E I BECHTEL 

ProJec:t INDIANTOWN COGENERATION PROJECT 

ProJ No SEF 30619 AO 

Method 601/602 
MatrIX WATER 
Sartpler N/A 

CL,ent $Mple 

CAS NUJtJer 

74·81 3 
75 01-4 
7483 9 
75-00-3 
75 69 4 
75 35-4 
75-09 2 
156 60 5 
75343 
67-66 3 
107 06 2 
71 55 6 
56 23 5 
78 87 5 
79 01-6 
75 274 
10061 01 5 
10061 02 6 
79 00 5 
124 48 1 
127 18-4 
108 90 7 
75 25 2 
79-34 5 
541 T3 1 
106 46 7 
95 50-1 
1634 04 4 
71 43 2 
108 88 3 
100-41 4 
N/A 

IO/Oescrlptlon OFW BLANK 

thlorOlllethone 
VInyl Chloride 
BrallClllethane 
Chloroethane 
TrfehlorofLuoromethane 
1 1 01 chi oroethene 
Olchloromethane 
trans 1 2 Dlchloroethene 
1,1 01C:hloroetnaM 
ChlorofoMfl 
1 2 Dlchloroethlne 
, ',1-Trlchloroethane 
carbon TetrachlorIde 
" 2-D I chloropropene 
Trlchloroethene 

Ind Bromod,chloromethlne 
CIS ',3 Dlchloropropene 
trlns 1 3 Dlchloropropene 
, ',2 Trlchloroethlne 
DlbromoehLoromethane 
Tetrlchloroethene 
Chlorobenzene 
BrOftlfol"lll 
" '.2 2-Tetrachloroethane 
'3D 1 ch l orobenzene 
',4 DIchlorobenzene 
1 2 D 1 ch l oroberlzene 
tert Butyl lethyl ether 
...,,~ 

Toluene 
Ethylbet'lzene 
Xylenes (Totll) 

Bromochloromethlne SS 
• I,I-Trlfluorotoluene SS 

u. C~ _lyzed for but not detected 

Laboratory 
Lab S8q)le Id 
I MOIsture 
oi lutlon factor 
Instrunent '0 
talum 

.. ... 

SS ., Surroglte SUncilrd reported IS percent recovery 

••• , .... by ~<,J,u ffcti'-'lN'''-''''-

GAINESVILLE 
2VB082ZAII 

00 
, 0 

Get2 
J'WDBl 

, 0 
, 0 
, 0 
, 0 
, 0 
, 0 
, 0 

0 
0 

, 0 
, 0 
, 0 
, 0 

0 

, 0 
, 0 
, 0 , 0 
, 0 
, 0 
, 0 
, 0 
, 0 
, 0 
, 0 , 0 
, 0 
, 0 , 0 
, 0 
, 0 

--------

Date Sellpled 8/22/90 
Date Received MIA 
Date Extracted N/A 
Date ANiI yzed 8/22/90 
AnaLyst SS 
Date Reported 8/24/90 

Saq:ole Reporting 
Result 

U 

U 
U 
u 
U 
u 
U 

U 
u 
U 
U 

U 

u 
U 

U 

U 

U 

U 
U 

U 

U 
U 

u 
u 
u 
U 
U 

U 

U 
U 

U 

" 94 

Un'ta 
.--------

... /L 

"01' 
UO/' 
UO/' 
UO/' 
UO/' 
"01' 
UO/' 
UO/' 
UO/' 
"01' 
UO/' 
UO/' 
uo/L 

UO/L 
UO/L 

UO/' 
ua/L 

UO/' 
"01' 
UO/' 
UO/' 
UO/' 
UO/' 
UO/' 
"01' 
"01' 
UO/' 
uo/L 

"01' 
UO/' 



• 

• 

• 

EngIneers 

ell.ant 
Attention 
Address. 

Sample Number 
Date Received 

Dear ell.ent 

----

PG " E/BECHTEL/INDIANTOWN COGENERATION PROJ 
JEFF LEHNEN 
CB2M HILL GAINESVILLE OFFICE 

83679-84 
08/17/90 

The Gal.nesvl.lle Organl.cs Laboratory recBl.ved your samples with 
a request for analysl.s of selected parameters 

The analytl.cal results are enclosed No unusual dl.fficulties 
were encountered in the analyses 

If you should have any questions concerning the results please 
contact us Thank you 

Sincerely, 

4-f/L 
Don Hash 
ell.ent Services 

CH2MHILL Gamesville 
!nVlfonmentsl Laboratory 

7201NW l11hPlsCB 
Gainesville F/orrda 32605 

904 3312442 
FAX 904 331 5320 



• 

• 

• 

---- ------- ------
- ----- -------

CH2M H~ll Organics Laboratory 

Analytical Report 

Report Contents 

Sample Information 

Def1nitions of Reporting Qualif1ers 

Descr1ption of Analytical Methods 

Sample Quant1tation Reports including surrogate Recoveries 

QA/QC Package Includ1ng 

Initial Ca11bration (*) 

Continuing Calibrat10n (Da11y Standard) (*) 

Quantitation Reports for Organ1c-Frae Water Blanks 

Matrix sp1ke/Matr~ sp1ke Dup11cate (*) 

Surrogate Control Charts (*) 

Chromatograms (*) 

Copy of Chain-af-CUstody 

(*) Information prov1ded where app11c1able or when requested 

CH2MHILL GSlnesvllle 
Envlronmentsl Laboratory 

7201 N W 11th Place 
GaInesville FIorrds 32605 

904 3312442 
FAX904 331 5320 



Engineers 
Planners 

Economists 
SCientiSts 

Client: 
Attention: 
Addresa 

Deacr1.ption: 

Sample Number 
Quant1.ty 
Date Received 
Date completed 
Date Reported 
ProJect Number 
Number of Pagea 

SAMPLE INFORMATION 

PG & Z/BECHTEL/INDIANTOWN COGENERATION PROJ 
JEFF LEHNEN 
CH2M HILL GAINESVILLE OFFICE 

WATER SAMPLES 
INDIANTOWN COGENERATION PROJ 
504 (EDB) ANALYSIS 

83679-84 
6 
08/17/90 
08/21/90 
09/07/90 
SEF 30619 AO 
12 

The information shown in thi8 report 1.8 test data only 
and no l.nterpretat1.on of th1.8 data i8 intended or implied. 

State of Alabama Certification No. 40080 

state of Florida Certification No 

CH2MHILL GainesvIlle 
enwonmenla/ Laboratory 

82112, E82124 

Respectfully aubmitted, 

Tom Emenh~1' 
Laboratory Manager 

7201 N W llttJPfsce 
Galnasllllle Floflda 32605 

904 3312442 
FAX904 3315320 

• 

• 

• 
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• 
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Definitions of Reporting Qualifiers 

(0) Ind1catea the compound was analyzed for but not detected 
The number adjacent to the "U" qualifier indicates the 
Detection Limit for that compound The detection limit can 
vary from sample to sample depending on dilution factors 
or percent moisture adjustment when indicated 

(M) Matr1x interference precludes achieving lower detection limit 
The detection l~it is determined by the largest peak in the 
sample, and the d11ut1on i8 adjusted BO that na1ther chemical 
nor electronic overload of the gas chromatography system takes 
place E1ther condition could affect the reliability of peak 
identif1cation and quantitat10n 

(F) Presence 1nd1cated but leB8 than stated detection l~t In 
• diluted sample, a clearly defined peak was present at less 
than the stated detect~on 1im~t 

eN} Sample contains non-target compounds Many samples, 
especially "fuel- samples, often contain non-target compounds 
Th~s qua1~fier is used to alert the client to the presence 
of non-target compounds in samples that may not contain any of the 
listed -target" compounds. 

Detection Limit - 1 0 ug/1 for water samples and 1 0 ug/kg for so~l 
and sediment samples unless noted otharw~se 

Note 

CH2MHILL 

the minimum detect1.on limit for methanol extracts of high-level 
80i1 and e.dimant samples ia 50 ug/k9 due to the effect of 
methanol on "purging efficiency • 

Gamesville 
EnVIronmental Lstx>ratory 

7201NW 11thPlaCfl 
Gamesville Flonda32605 

904 3312442 
FAX904 331 5320 



Engmeers 
Planners 
EconomIsts 
SCientists 

Analytical Methods 

Purgeable Halocarbons in Water; EPA Method 601 as described in the Title 
40 COde of Federal Regulations, Part 136, Appendix A, July, 1988, 
and CH2M Hill CC Volatiles SOP, October, 1988. 

Purgeable Aromatics in Water EPA Method 602 as described in the Title 
40 Code of Federal Regulations, Part 136, Appendix A, July, 1988, 
and CH2M H~ll GC Volatiles SOP, October, 1988 

Purgeable Halocarbons ~n So~l and Sediment; EPA Method 8010 as described 
in Teat Methods for Evaluating Solid Waste (SW-846) and CH2H Hill 
GC Volatilea SOP, OCtober, 1988 

Purgeable Aromatics in Soil EPA Method 8020 aa described in Teat Methods 
for Eva1uat1ng Solid Waate (SW-846) and CB2H Hill GC Volatile. SOP, 
October, 1988 

Tr~ha1omethanes in 
Reg~ster, Vol 
October, 1988 

Water; 
44, No 

EPA Method 501 1 
231, Appendix C, 

aa described in the Federal 
and CH2M Hill Volatiles SOP, 

Ethylene Dibrom~de in Water EPA Method 504 (1,2-dibromomethane and 
1,2-d~bromo-3-chloropropane in water by microextraction and gas 
chromatography) • 

Fuel Screening Procedure for e.t~tion of concentration and 
ident~ficat~on of -fuel- samples; used to assist in determination of 
required EPA methode for subsequent analYSis This methodology 
is not an established EPA procedure 

State of Alabama certificat~on Number; 40080 

State of Florida Certification Numbers 82112 and E82124 

CH2MHILL. GamesVilie 
EnVl/'onmentsl Leoorstory 

7201 N W 11th Place 
GatMsvllIs RonrJa 32605 

9043312442 
FAX 904 331 S320 

• 

• 

• 
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Report of AnalytIcal Data· EDB and DBCP 

CI1ent 
Project 
ProJ No 
Method 
MatrIx 
s~ter 

PG , E/BECHTEL 
INDIANTOWN COGENERATION PROJECT 
SEF 30619 AD 

504 
WATER 
Nt. 

CLient S~l. ID/Descrlptlon IN-3 

laboratory 
ub Saa:ple lei 
% Moisture 
01 Lutlon Factor 
Instrunent 10 
Cotlolln 

IOAINESVJLlE 
83679£ 

000 
, 00 -J&WDB624 

CAS N~r """"'" Reportl", 

---- ----- ---- ----- -- ------ --- ----- -----
t06 93 4 1,2 Dibrcaoethane .. 12-8 1,2-Dlbromo-3 chlo~~ 

79 " 5 1,1,2,2 TetrachLoroethane 5S 

u. C~ analyzed for but not detected 
55 • Surrogate Standard reported as perCent recovery 

'~i"'" by '-' k .. l., )-.cl.\MAt\.M",/ :; 

L ilDi t 

---------- ----
002 
002 

Date ~led 
Date Received 
Date Extracted 
Date Analyzed 
Analyst 
Date Reported 

S~le Reporting 
RHuit Urn ta 

-------------
U ",/L 
U uoI' 

", "',. 

8/17/90 
8/17/90 
8/20/90 
8/21/90 

JEH 
8/28/90 



Report of Anelytlcil Dltl * EOB Ind OSCP 

Client PG , E/SECMTEl laborltory GAINESVillE 
Project IMDIANTOWN COGENERATION PROJECT lib Slqlle Id 83680. 
ProJ No SEF 30619 AO " Nolsture 000 
Method '04 Dllutlon Factor , 00 
Mltnx WATER Instrunent 10 GCf3 
Slq)ler NI' Coll.III'I J , W 08*624 

CI 111M ~le JOlDescrlptlon MW 4 

CAS NiMltJer - Report,..'111 _Ie 
Lillit Result 

** ----- - -- --- -- -
1,2-0ibraDoeth_ 002 U 
1,2 0 i brOfllO 3 ch loroprop.ne 002 U 

79 34 5 1,1,2,2 Tetrlchloroethlne-SS 

u"' C~ Il'IIIIlyzed for but not detected 
55 "' Surrogate Standerd reported I. percent recovery 

.~, .... by C:,J"4.{,' -g'L'\.""hV 

ClfMHIIl 

Olte Slapled 
Olte RecelVed 
Olte Extracted 
Olte Analyzed 
Analyst 
Olte Reported 

Reportll''III 
unit. 

--- ----
ugIL 
ugIL 

'09 

8/11/90 
8/11/90 
8/20/90 
8/21/90 

JEN 
8/28/90 

• 

• 

• 
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CNMHILL 
Report of AnalytIcal Data EDB and DBCP 

CL lent 
Project 
ProJ No 
Method 
"ltI"1:II; 

SalJPler 

PG & E/BECHTEL 
INDIANTOWN COGENERATION PROJECT 
SEF 30619 AD 
504 
WATER 

N/' 

Client S~Le ID/Oelcr,ptlon MW 1 

CAS MurDer 
C_ 

laboratory 
lab S8q)le Id 
% Moisture 
DIlut,on Factor 
Instruaent 10 
CO\.lIIn 

- ---- -- ----- --- -.-.-.-.--------- --- --- -
106 93 4 2 Dlbromoethane .. "8 ',2 DlbrOlllD 3-cMorGpropane 

79 34 5 1,',2,2 Tetrlchloroethane $S 

u. C~ anal '(Zed for but not detected 
5S • Surrogate Stlll'lderd reported IS percent recovery 

.. " ..... by C.f,,<.<1u .fZ,~a-1<V 

GAINESVILLE .... " 000 

'00 
GCIB 

J&WOB624 

Reporting 
Lilll1t 

002 
002 

Date S8IIpLed 8/17/90 
Dlte Ieee, ved 8/17/90 
Date Extracted 8/20/90 
Date Analyzed 8/21190 
Analyst JEN 
Date Reported B{ZS/90 

SBq)le Reporting 
Result unit. 

---------- ----------------
U .. IL 
u "01' 

110 



ClfMHILl 
Report of Analytical Data £DB and OBCP 

Cl lent 
PrOject 
PrOJ No 
Method 
Matrh; 
S.-.pLer 

PG , E/BECHTEL 
INDIANTOWN COGENERATION PROJECT 
Sff 30619 AD 

'04 
WATER 
NtA 

Cl lent SarrpLe 10/Oncrlptlon ",·2 

Laboratory 
Lab SqIle Id 
% MOlsture 
01 lutlon Factor 
Instrr.aent 10 
Cot....., 

IOAINESVILLE 
83682E 

000 
1 00 

"" J'~OB624 

CAS Nud)er '- ReportillSl 
L Hilt 

--- .... --- ----- --- --- --- --- -------
106 93 4 , ,2 D 1 brOlllOeth_ 002 .. 128 1,2 Olbromo-3 chloropropene 002 

79 34 , 1,1,2,2 Tetrachloroethane-SS 

u.. C~ anaLyzed for but not detected 
SS .. Surrogate Standard reported as percent recovery 

.. " .... by C!lVJ.Li, , >1:tt-VI<A"*Y 
I; 

'1 b /crt-, , 

Date S_Led 
Date Reeewed 
Date Extracted 
Date AnaLyzed 
AnaLyst 
Date Reported 

S_Le Report IIlSI 
Result Umts 

.._-.. _--------

u ... IL 
u uoIL 

113 

8/17/90 
8/17/90 
8/20/90 
8/21/90 

JEH 
8/28/90 

• 

• 

• 



• 

• 

• 

----
CHMHlll 

Report of AnaLytIcal Date EDB and DacP 

CLient PG , E/IECMTEl 
PrOject INDIANTCMl COGENERATION PROJECT 

ProJ No SEF 30619 AD 
Method 504 
Matrix WATER 
SarpLer MIA 

Cl lent S8q)le ID/Delcrlptfon PW 1 

106 93-4 
96-12 8 

, .2-0IbrCllllOeth_ 
',2 Dlbrcno 3 c:hloroproplN'le: 

1,',2,2 Tetrachloroethane 55 

u. C~ analyzed for but not Detected 

laboratory 
lab Saq:ole ld 

" Mo,sture 
DIlutIon Factor 
Inst~t 10 
Coll.III'I 

55 "' Surrogate Stardard reported as percent recovery 

R~""" by Cit"Ju f):-a-%/A lU<..-

GAINESVILLE 
83683. 

0 .. 
, 00 

,eI' 
.J&WDB624 

00, 
00, 

Oatlt IMpL ttcI 8116/90 
Date Received 8117190 
Date Extracted 8/20/90 
Date Analyzed &/21/90 
Analyst JO. 
Data Reported 8/28/90 

San:ple 
ResuLt 

Report lr'li 
tku ts 

u 
u 

,., 

uo" UO" 



ClfMHIll. 
Report of Analytical Data· EDB and DICP 

r::l lent PG' E/BECHTEl 
Project INDIAIiTOIoIrI r::oGEliEIATIDN PROJECT 
ProJ No SEf 30619 AD 
Method 504 
MIItrlll. \lATER 
saq,Ler II/A 

r::llent S...,le 10/Descrlption OfW 8l.A1i11( 

Laboratory 
Lab Smple Id 
X Moisture 
Dilution factor 
Instrlllllnt 10 
r::ol~ 

GAINESVILLE 
3VB0/J21E 

000 
, 00 

GCIl 
J , W 08·624 

CAS "~r " •• '0 .... Reportlng 
LimIt 

- - .... --- .............. ... - --- --- --- ---
106 93·4 1,2Dlbromoethane 002 .. 12·8 1,2 Dlbromo 3-chlor~apane 002 

79 " 5 " 1,2.2-Tetrachloroethene SS 

u.. r::~ analyzed for but not detected 
SS .. Surrogate Standard reported a. percent recovery 

Reviewed by Mi~ y-.:t.kkl..l (LA.1"..:: 

Date ~led NI' 
Date Racewed NI' 
Date Extracm 8/21/90 
Date Analyzed 8/21/90 
Analyst JEH 
Date Reported 8/28/90 

_I. Reporting 
Result Urnts ._-----_ .. _-- ------_ .. _--_ .. -

U ....,L 
U ....,L 

11. 

• 

• 

• 
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CHM HILL QUAliTY ANAlYTlCS 
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• 
C1fMHILL QUALITYANALYrlCS 

CHAIN OF CUSTODY RECORD 

~.3£)c.lq Ad T. ., "{'m',(" .L ,1l.' 
"NAM' " 

fG ... E/P. _h~~1 
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------. ~~ =----,=~~=~=----- ---- - 10513 Groundwater Impacts (43) 

• 

• 

• 

• Calibration of PLASM Groundwater Flow Simulalions with the Onsrte 

Aquifer Performance Test 

• Dewatering at the Coal Unloading Excavallon Site Scenario 1 

Dewatering for 180 Days DUring the Wet Season 

• Dewatering at the Coal Unloading Excavation Site Scenario 2 

Dewatering for 1 SO Days DUring the Dry Season 

• Dewatering at the Coal Unloading Excavation Srte Scenario 3 

Dewatering for 90 Days Under Drought Conditions 

• TheiS Analytical Model of Dewatering the Circulation Line Excavation for 

45 Days 

20524 C16\lndlantn SCA 



• 

• 

• 

CALIBRATION OF PLASM GROUNDWATER FLOW SIMULATIONS 
WITH THE ONSITE AQUIFER PERFORMANCE TEST (WIth Computer 

Printout for t = 02 Days as example) 
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PWSE NOTE THE OmGINW DOtllMENTS 
FOR REton WERE OF POOR 

QIJALm. 
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ComparlS0n of drawdowns observed 1n Layer 3 durlng the onSlte 

aqulfer performance test and slmulated drawdowns using PLASM 

• Drawdown predl.cted by model slmulatlon 



MULTILAYER AQUIFER, VARIABLE PROPERTIES, MULTIPLE WELLS 

NO OF ROWS= 21 
NO OF LAYERS= 3 
NO. OF TIME STEPS= 5 
INITIAL TIME STEP (DAY)= 2.0E-02 
ERROR TOLERANCE (FT)= 5 
WATER BALANCE TOLERANCE (PERCENT)= 5 
DELTA FACTOR= 2 

LAYER: 1 
TT= 3300 
S1= 1 
HH= 0 
QQ= 0 
RR= 3.0E-02 

LAYER. 2 
TT= 1500 
S1= 4 OE-04 
HH=O 
QQ= 0 
RR= .002 

LAYER: 3 
TT= 5600 
81= 1.OE-04 
HH=O 
QQ= 0 
RR= .002 
UNIFORM GRID SPACING= 200 FT. 

NODE DATA 

Tl,T2= 
1 1 1 3300 3300 
1 2 1 3300 3300 
1 3 1 3300 3300 
1 4 1 3300 3300 
1 5 1 3300 3300 
1 6 1 3300 3300 
1 7 1 3300 3300 
1 8 1 3300 3300 
1 9 1 3300 3300 
1 10 1 3300 3300 
1 11 1 3300 3300 
1 12 1 3300 3300 
1 13 1 3300 3300 
1 14 1 3300 3300 
1 15 1 3300 3300 
1 16 1 3300 3300 
1 17 1 3300 3300 
1 18 1 3300 3300 
1 19 1 3300 3300 
1 20 1 3300 3300 
1 21 1 0 3300 
2 1 1 3300 3300 
2 2 1 3300 3300 

Sl,Q= 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 
29920 

LEAKAGE= 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 
0 1200 

1 

• 

• 

• 



-2- 3 1 3300 3300 29920 0 12~OO 
2 

2-4-1--3300-3300 -29920-0 1200 
2 5 1 3300 3300 29920 0 1200 

• 2 6 1 3300 3300 29920 0 1200 
2 7 1 3300 3300 29920 0 1200 
2 8 1 3300 3300 29920 0 1200 
2 9 1 3300 3300 29920 0 1200 
2 10 1 3300 3300 29920 0 1200 
2 11 1 3300 3300 29920 0 1200 
2 12 1 3300 3300 29920 0 1200 
2 13 1 3300 3300 29920 0 1200 
2 14 1 3300 3300 29920 0 1200 
2 15 1 3300 3300 29920 0 1200 
2 16 1 3300 3300 29920 0 1200 
2 17 1 3300 3300 29920 0 1200 
2 18 1 3300 3300 29920 0 1200 
2 19 1 3300 3300 29920 0 1200 
2 20 1 3300 3300 29920 0 1200 
2 21 1 0 3300 29920 0 1200 
3 1 1 3300 3300 29920 0 1200 
3 2 1 3300 3300 29920 0 1200 
3 3 1 3300 3300 29920 0 1200 
3 4 1 3300 3300 29920 0 1200 
3 5 1 3300 3300 29920 0 1200 
3 6 1 3300 3300 29920 0 1200 
3 7 1 3300 3300 29920 0 1200 
3 8 1 3300 3300 29920 0 1200 
3 9 1 3300 3300 29920 0 1200 
3 10 1 3300 3300 29920 0 1200 
3 11 1 3300 3300 29920 0 1200 

• 3 12 1 3300 3300 29920 0 1200 
3 13 1 3300 3300 29920 0 1200 
3 14 1 3300 3300 29920 0 1200 
3 15 1 3300 3300 29920 0 1200 
3 16 1 3300 3300 29920 0 1200 
3 17 1 3300 3300 29920 0 1200 
3 18 1 3300 3300 29920 0 1200 
3 19 1 3300 3300 29920 0 1200 
3 20 1 3300 3300 29920 0 1200 
3 21 1 0 3300 29920 0 1200 
4 1 1 3300 3300 29920 0 1200 
4 2 1 3300 3300 29920 0 1200 
4 3 1 3300 3300 29920 0 1200 
4 4 1 3300 3300 29920 0 1200 
4 5 1 3300 3300 29920 0 1200 
4 6 1 3300 3300 29920 0 1200 
4 7 1 3300 3300 29920 0 1200 
4 8 1 3300 3300 29920 0 1200 
4 9 1 3300 3300 29920 0 1200 
4 10 1 3300 3300 29920 0 1200 
4 11 1 3300 3300 29920 0 1200 
4 12 1 3300 3300 29920 0 1200 
4 13 1 3300 3300 29920 0 1200 
4 14 1 3300 3300 29920 0 1200 
4 15 1 3300 3300 29920 0 1200 
4 16 1 3300 3300 29920 0 1200 
4 17 1 3300 3300 29920 0 1200 

• 4 18 1 3300 3300 29920 0 1200 
4 19 1 3300 3300 29920 0 1200 
4 20 1 3300 3300 29920 0 1200 



4 21 1 0 3300 29920 0 1200 3 

5 1 1 3300 3300 29920 0 1200 
5 2 1 3300 3300 29920 0 1200 
5 3 1 3300 3300 29920 0 1200 • 5 4 1 3300 3300 29920 0 1200 
5 5 1 3300 3300 29920 0 1200 
5 6 1 3300 3300 29920 0 1200 
5 7 1 3300 3300 29920 0 1200 
5 8 1 3300 3300 29920 0 1200 
5 9 1 3300 3300 29920 0 1200 
5 10 1 3300 3300 29920 0 1200 
5 11 1 3300 3300 29920 0 1200 
5 12 1 3300 3300 29920 0 1200 
5 13 1 3300 3300 29920 0 1200 
5 14 1 3300 3300 29920 0 1200 
5 15 1 3300 3300 29920 0 1200 
5 16 1 3300 3300 29920 0 1200 
5 17 1 3300 3300 29920 0 1200 
5 18 1 3300 3300 29920 0 1200 
5 19 1 3300 3300 29920 0 1200 
5 20 1 3300 3300 29920 0 1200 
5 21 1 0 3300 29920 0 1200 
6 1 1 3300 3300 29920 0 1200 
6 2 1 3300 3300 29920 0 1200 
6 3 1 3300 3300 29920 0 1200 
6 4 1 3300 3300 29920 0 1200 
6 5 1 3300 3300 29920 0 1200 
6 6 1 3300 3300 29920 0 1200 
6 7 1 3300 3300 29920 0 1200 
6 8 1 3300 3300 29920 0 1200 
6 9 1 3300 3300 29920 0 1200 • 6 10 1 3300 3300 29920 0 1200 
6 11 1 3300 3300 29920 0 1200 
6 12 1 3300 3300 29920 0 1200 
6 13 1 3300 3300 29920 0 1200 
6 14 1 3300 3300 29920 0 1200 
6 15 1 3300 3300 29920 0 1200 
6 16 1 3300 3300 29920 0 1200 
6 17 1 3300 3300 29920 0 1200 
6 18 1 3300 3300 29920 0 1200 
6 19 1 3300 3300 29920 0 1200 
6 20 1 3300 3300 29920 0 1200 
6 21 1 0 3300 29920 0 1200 
7 1 1 3300 3300 29920 0 1200 
7 2 1 3300 3300 29920 0 1200 
7 3 1 3300 3300 29920 0 1200 
7 4 1 3300 3300 29920 0 1200 
7 5 1 3300 3300 29920 0 1200 
7 6 1 3300 3300 29920 0 1200 
7 7 1 3300 3300 29920 0 1200 
7 8 1 3300 3300 29920 0 1200 
7 9 1 3300 3300 29920 0 1200 
7 10 1 3300 3300 29920 0 1200 
7 11 1 3300 3300 29920 0 1200 
7 12 1 3300 3300 29920 0 1200 
7 13 1 3300 3300 29920 0 1200 
7 14 1 3300 3300 29920 0 1200 
7 15 1 3300 3300 29920 0 1200 • 7 16 1 3300 3300 29920 0 1200 
7 17 1 3300 3300 29920 0 1200 



7 18 1 3300- 3300 - 29920-- 0 1200 4 

7 19 1 3300_3300 --29920-0- 1200 
7-20-1 3300 3300 29920 0 1200 

• 7 21 1 0 3300 29920 0 1200 
8 1 1 3300 3300 29920 0 1200 
8 2 1 3300 3300 29920 0 1200 
8 3 1 3300 3300 29920 0 1200 
8 4 1 3300 3300 29920 0 1200 
8 5 1 3300 3300 29920 0 1200 
8 6 1 3300 3300 29920 0 1200 
8 7 1 3300 3300 29920 0 1200 
8 8 1 3300 3300 29920 0 1200 
8 9 1 3300 3300 29920 0 1200 
8 10 1 3300 3300 29920 0 1200 
8 11 1 3300 3300 29920 0 1200 
8 12 1 3300 3300 29920 0 1200 
8 13 1 3300 3300 29920 0 1200 
8 14 1 3300 3300 29920 0 1200 
8 15 1 3300 3300 29920 0 1200 
8 16 1 3300 3300 29920 0 1200 
8 17 1 3300 3300 29920 0 1200 
8 18 1 3300 3300 29920 0 1200 
8 19 1 3300 3300 29920 0 1200 
8 20 1 3300 3300 29920 0 1200 
8 21 1 0 3300 29920 0 1200 
9 1 1 3300 3300 29920 0 1200 
9 2 1 3300 3300 29920 0 1200 
9 3 1 3300 3300 29920 0 1200 
9 4 1 3300 3300 29920 0 1200 
9 5 1 3300 3300 29920 0 1200 

• 9 6 1 3300 3300 29920 0 1200 
9 7 1 3300 3300 29920 0 1200 
9 8 1 3300 3300 29920 0 1200 
9 9 1 3300 3300 29920 0 1200 
9 10 1 3300 3300 29920 0 1200 
9 11 1 3300 3300 29920 0 1200 
9 12 1 3300 3300 29920 0 1200 
9 13 1 3300 3300 29920 0 1200 
9 14 1 3300 3300 29920 0 1200 
9 15 1 3300 3300 29920 0 1200 
9 16 1 3300 3300 29920 0 1200 
9 17 1 3300 3300 29920 0 1200 
9 18 1 3300 3300 29920 0 1200 
9 19 1 3300 3300 29920 0 1200 
9 20 1 3300 3300 29920 0 1200 
9 21 1 0 3300 29920 0 1200 
10 1 1 3300 3300 29920 0 1200 
10 2 1 3300 3300 29920 0 1200 
10 3 1 3300 3300 29920 0 1200 
10 4 1 3300 3300 29920 0 1200 
10 5 1 3300 3300 29920 0 1200 
10 6 1 3300 3300 29920 0 1200 
10 7 1 3300 3300 29920 0 1200 
10 8 1 3300 3300 29920 0 1200 
10 9 1 3300 3300 29920 0 1200 
10 10 1 3300 3300 29920 0 1200 
10 11 1 3300 3300 29920 0 1200 • 10 12 1 3300 3300 29920 0 1200 
10 13 1 3300 3300 29920 0 1200 
10 14 1 3300 3300 29920 0 1200 



10 15 1 3300 3300 29920 0 1200 5 

10 16 1 3300 3300 29920 0 1200 
10 17 1 3300 3300 29920 0 1200 
10 18 1 3300 3300 29920 0 1200 • 10 19 1 3300 3300 29920 0 1200 
10 20 1 3300 3300 29920 0 1200 
10 21 1 0 3300 29920 0 1200 
11 1 1 3300 3300 29920 0 1200 
11 2 1 3300 3300 29920 0 1200 
11 3 1 3300 3300 29920 0 1200 
11 4 1 3300 3300 29920 0 1200 
11 5 1 3300 3300 29920 0 1200 
11 6 1 3300 3300 29920 0 1200 
11 7 1 3300 3300 29920 0 1200 
11 8 1 3300 3300 29920 0 1200 
11 9 1 3300 3300 29920 0 1200 
11 10 1 3300 3300 29920 0 1200 
11 11 1 3300 3300 29920 0 1200 
11 12 1 3300 3300 29920 0 1200 
11 13 1 3300 3300 29920 0 1200 
11 14 1 3300 3300 29920 0 1200 
11 15 1 3300 3300 29920 0 1200 
11 16 1 3300 3300 29920 0 1200 
11 17 1 3300 3300 29920 0 1200 
11 18 1 3300 3300 29920 0 1200 
11 19 1 3300 3300 29920 0 1200 
11 20 1 3300 3300 29920 0 1200 
11 21 1 0 3300 29920 0 1200 
12 1 1 3300 3300 29920 0 1200 
12 2 1 3300 3300 29920 0 1200 
12 3 1 3300 3300 29920 0 1200 • 12 4 1 3300 3300 29920 0 1200 
12 5 1 3300 3300 29920 0 1200 
12 6 1 3300 3300 29920 0 1200 
12 7 1 3300 3300 29920 0 1200 
12 8 1 3300 3300 29920 0 1200 
12 9 1 3300 3300 29920 0 1200 
12 10 1 3300 3300 29920 0 1200 
12 11 1 3300 3300 29920 0 1200 
12 12 1 3300 3300 29920 0 1200 
12 13 1 3300 3300 29920 0 1200 
12 14 1 3300 3300 29920 0 1200 
12 15 1 3300 3300 29920 0 1200 
12 16 1 3300 3300 29920 0 1200 
12 17 1 3300 3300 29920 0 1200 
12 18 1 3300 3300 29920 0 1200 
12 19 1 3300 3300 29920 0 1200 
12 20 1 3300 3300 29920 0 1200 
12 21 1 0 3300 29920 0 1200 
13 1 1 3300 3300 29920 0 1200 
13 2 1 3300 3300 29920 0 1200 
13 3 1 3300 3300 29920 0 1200 
13 4 1 3300 3300 29920 0 1200 
13 5 1 3300 3300 29920 0 1200 
13 6 1 3300 3300 29920 0 1200 
13 7 1 3300 3300 29920 0 1200 
13 8 1 3300 3300 29920 0 1200 
13 9 1 3300 3300 29920 0 1200 • 13 10 1 3300 3300 29920 0 1200 
13 11 1 3300 3300 29920 0 1200 





7 
16 9 1 3300 3300 29920 0 1200 
16 10 1 3300 3300 29920 0 1200 
16 11 1 3300 3300 29920 0 1200 
16 12 1 3300 3300 29920 0 1200 
16 13 1 3300 3300 29920 0 1200 • 16 14 1 3300 3300 29920 0 1200 
16 15 1 3300 3300 29920 0 1200 
16 16 1 3300 3300 29920 0 1200 
16 17 1 3300 3300 29920 0 1200 
16 18 1 3300 3300 29920 0 1200 
16 19 1 3300 3300 29920 0 1200 
16 20 1 3300 3300 29920 0 1200 
16 21 1 0 3300 29920 0 1200 
17 1 1 3300 3300 29920 0 1200 
17 2 1 3300 3300 29920 0 1200 
17 3 1 3300 3300 29920 0 1200 
17 4 1 3300 3300 29920 0 1200 
17 5 1 3300 3300 29920 0 1200 
17 6 1 3300 3300 29920 0 1200 
17 7 1 3300 3300 29920 0 1200 
17 8 1 3300 3300 29920 0 1200 
17 9 1 3300 3300 29920 0 1200 
17 10 1 3300 3300 29920 0 1200 
17 11 1 3300 3300 29920 0 1200 
17 12 1 3300 3300 29920 0 1200 
17 13 1 3300 3300 29920 0 1200 
17 14 1 3300 3300 29920 0 1200 
17 15 1 3300 3300 29920 0 1200 
17 16 1 3300 3300 29920 0 1200 
17 17 1 3300 3300 29920 0 1200 
17 18 1 3300 3300 29920 0 1200 • 17 19 1 3300 3300 29920 0 1200 
17 20 1 3300 3300 29920 0 1200 
17 21 1 0 3300 29920 0 1200 
18 1 1 3300 3300 29920 0 1200 
18 2 1 3300 3300 29920 0 1200 
18 3 1 3300 3300 29920 0 1200 
18 4 1 3300 3300 29920 0 1200 
18 5 1 3300 3300 29920 0 1200 
18 6 1 3300 3300 29920 0 1200 
18 7 1 3300 3300 29920 0 1200 
18 8 1 3300 3300 29920 0 1200 
18 9 1 3300 3300 29920 0 1200 
18 10 1 3300 3300 29920 0 1200 
18 11 1 3300 3300 29920 0 1200 
18 12 1 3300 3300 29920 0 1200 
18 13 1 3300 3300 29920 0 1200 
18 14 1 3300 3300 29920 0 1200 
18 15 1 3300 3300 29920 0 1200 
18 16 1 3300 3300 29920 0 1200 
18 17 1 3300 3300 29920 0 1200 
18 18 1 3300 3300 29920 0 1200 
18 19 1 3300 3300 29920 0 1200 
18 20 1 3300 3300 29920 0 1200 
18 21 1 0 3300 29920 0 1200 
19 1 1 3300 3300 29920 0 1200 
19 2 1 3300 3300 29920 0 1200 
19 3 1 3300 3300 29920 0 1200 • 19 4 1 3300 3300 29920 0 1200 
19 5 1 3300 3300 29920 0 1200 



19 6 1 3300 3300-
---- ---- 8--

29920 0 1200 
19-7-1--3300-3300-- 29920-0- - 1200 
19 8 1 3300 3300 29920 0 1200 

• 19 9 1 3300 3300 29920 0 1200 
19 10 1 3300 3300 29920 0 1200 
19 11 1 3300 3300 29920 0 1200 
19 12 1 3300 3300 29920 0 1200 
19 13 1 3300 3300 29920 0 1200 
19 14 1 3300 3300 29920 0 1200 
19 15 1 3300 3300 29920 0 1200 
19 16 1 3300 3300 29920 0 1200 
19 17 1 3300 3300 29920 0 1200 
19 18 1 3300 3300 29920 0 1200 
19 19 1 3300 3300 29920 0 1200 
19 20 1 3300 3300 29920 0 1200 
19 21 1 0 3300 29920 0 1200 
20 1 1 3300 3300 29920 0 1200 
20 2 1 3300 3300 29920 0 1200 
20 3 1 3300 3300 29920 0 1200 
20 4 1 3300 3300 29920 0 1200 
20 5 1 3300 3300 29920 0 1200 
20 6 1 3300 3300 29920 0 1200 
20 7 1 3300 3300 29920 0 1200 
20 8 1 3300 3300 29920 0 1200 
20 9 1 3300 3300 29920 0 1200 
20 10 1 3300 3300 29920 0 1200 
20 11 1 3300 3300 29920 0 1200 
20 12 1 3300 3300 29920 0 1200 
20 13 1 3300 3300 29920 0 1200 
20 14 1 3300 3300 29920 0 1200 

• 20 15 1 3300 3300 29920 0 1200 
20 16 1 3300 3300 29920 0 1200 
20 17 1 3300 3300 29920 0 1200 
20 18 1 3300 3300 29920 0 1200 
20 19 1 3300 3300 29920 0 1200 
20 20 1 3300 3300 29920 0 1200 
20 21 1 0 3300 29920 0 1200 
21 1 1 3300 0 29920 0 1200 
21 2 1 3300 0 29920 0 1200 
21 3 1 3300 0 29920 0 1200 
21 4 1 3300 0 29920 0 1200 
21 5 1 3300 0 29920 0 1200 
21 6 1 3300 0 29920 0 1200 
21 7 1 3300 0 29920 0 1200 
21 8 1 3300 0 29920 0 1200 
21 9 1 3300 0 29920 0 1200 
21 10 1 3300 0 29920 0 1200 
21 11 1 3300 0 29920 0 1200 
21 12 1 3300 0 29920 0 1200 
21 13 1 3300 0 29920 0 1200 
21 14 1 3300 0 29920 0 1200 
21 15 1 3300 0 29920 0 1200 
21 16 1 3300 0 29920 0 1200 
21 17 1 3300 0 29920 0 1200 
21 18 1 3300 0 29920 0 1200 
21 19 1 3300 0 29920 0 1200 
21 20 1 3300 0 29920 0 1200 

• 21 21 1 0 0 29920 0 1200 
1 1 2 1500 1500 119 68 0 80 
1 2 2 1500 1500 119.68 0 80 



1 3 2 1500 1500 119.68 0 80 
9 

1 4 2 1500 1500 119.68 0 80 
1 5 2 1500 1500 119.68 0 80 
1 6 2 1500 1500 119.68 0 80 
1 7 2 1500 1500 119.68 0 80 • 1 8 2 1500 1500 119.68 0 80 
1 9 2 1500 1500 119.68 0 80 
1 10 2 1500 1500 119.68 0 80 
1 11 2 1500 1500 119.68 0 80 
1 12 2 1500 1500 119 68 0 80 
1 13 2 1500 1500 119.68 0 80 
1 14 2 1500 1500 119.68 0 80 
1 15 2 1500 1500 119.68 0 80 
1 16 2 1500 1500 119 68 0 80 
1 17 2 1500 1500 119 68 0 80 
1 18 2 1500 1500 119.68 0 80 
1 19 2 1500 1500 119.68 0 80 
1 20 2 1500 1500 119.68 0 80 
1 21 2 0 1500 119.68 0 80 
2 1 2 1500 1500 119 68 0 80 
2 2 2 1500 1500 119.68 0 80 
2 3 2 1500 1500 119 68 0 80 
2 4 2 1500 1500 119.68 0 80 
2 5 2 1500 1500 119.68 0 80 
2 6 2 1500 1500 119.68 0 80 
2 7 2 1500 1500 119 68 0 80 
2 8 2 1500 1500 119 68 0 80 
2 9 2 1500 1500 119 68 0 80 
2 10 2 1500 1500 119 68 0 80 
2 11 2 1500 1500 119 68 0 80 
2 12 2 1500 1500 119 68 0 80 • 2 13 2 1500 1500 119.68 0 80 
2 14 2 1500 1500 119 68 0 80 
2 15 2 1500 1500 119.68 0 80 
2 16 2 1500 1500 119.68 0 80 
2 17 2 1500 1500 119 68 0 80 
2 18 2 1500 1500 119 68 0 80 
2 19 2 1500 1500 119 68 0 80 
2 20 2 1500 1500 119.68 0 80 
2 21 2 0 1500 119.68 0 80 
3 1 2 1500 1500 119 68 0 80 
3 2 2 1500 1500 119 68 0 80 
3 3 2 1500 1500 119 68 0 80 
3 4 2 1500 1500 119.68 0 80 
3 5 2 1500 1500 119.68 0 80 
3 6 2 1500 1500 119 68 0 80 
3 7 2 1500 1500 119 68 0 80 
3 8 2 1500 1500 119 68 0 80 
3 9 2 1500 1500 119 68 0 80 
3 10 2 1500 1500 119.68 0 80 
3 11 2 1500 1500 119.68 0 80 
3 12 2 1500 1500 119 68 0 80 
3 13 2 1500 1500 119 68 0 80 
3 14 2 1500 1500 119 68 0 80 
3 15 2 1500 1500 119 68 0 80 
3 16 2 1500 1500 1.19 68 0 80 
3 17 2 1500 1500 119.68 0 80 
3 18 2 1500 1500 119.68 0 80 • 3 19 2 1500 1500 119 68 0 80 
3 20 2 1500 1500 119 68 0 80 



-- 10 ---- --~ - -

3 21 2 0 1500 119.68 0 80 
-- -4-1-2- 1500-1500 - 119.68 0 80 

4 2 2 1500 1500 119.68 0 80 

• 4 3 2 1500 1500 119.68 0 80 
4 4 2 1500 1500 119 68 0 80 
4 5 2 1500 1500 119 68 0 80 
4 6 2 1500 1500 119.68 0 80 
4 7 2 1500 1500 119.68 0 80 
4 8 2 1500 1500 119.68 0 80 
4 9 2 1500 1500 119 68 0 80 
4 10 2 1500 1500 119.68 0 80 
4 11 2 1500 1500 119.68 0 80 
4 12 2 1500 1500 119.68 0 80 
4 13 2 1500 1500 119.68 0 80 
4 14 2 1500 1500 119.68 0 80 
4 15 2 1500 1500 119.68 0 80 
4 16 2 1500 1500 119 68 0 80 
4 17 2 1500 1500 119.68 0 80 
4 18 2 1500 1500 119.68 0 80 
4 19 2 1500 1500 119 68 0 80 
4 20 2 1500 1500 119 68 0 80 
4 21 2 0 1500 119.68 0 80 
5 1 2 1500 1500 119.68 0 80 
5 2 2 1500 1500 119.68 0 80 
5 3 2 1500 1500 119.68 0 80 
5 4 2 1500 1500 119.68 0 80 
5 5 2 1500 1500 119.68 0 80 
5 6 2 1500 1500 119 68 0 80 
5 7 2 1500 1500 119 68 0 80 
5 8 2 1500 1500 1.19.68 0 80 

• 5 9 2 1500 1500 119 68 0 80 
5 10 2 1500 1500 119 68 0 80 
5 11 2 1500 1500 119.68 0 80 
5 12 2 1500 1500 119.68 0 80 
5 13 2 1500 1500 119.68 0 80 
5 14 2 1500 1500 119.68 0 80 
5 15 2 1500 1500 119 68 0 80 
5 16 2 1500 1500 119.68 0 80 
5 17 2 1500 1500 119.68 0 80 
5 18 2 1500 1500 119.68 0 80 
5 19 2 1500 1500 119.68 0 80 
5 20 2 1500 1500 119.68 0 80 
5 21 2 0 1500 119.68 0 80 
6 1 2 1500 1500 119 68 0 80 
6 2 2 1500 1500 119 68 0 80 
6 3 2 1500 1500 119.68 0 80 
6 4 2 1500 1500 119.68 0 80 
6 5 2 1500 1500 119.68 0 80 
6 6 2 1500 1500 119.68 0 80 
6 7 2 1500 1500 119.68 0 80 
6 8 2 1500 1500 119 68 0 80 
6 9 2 1500 1.500 119 68 0 80 
6 10 2 1500 1500 119.68 0 80 
6 11 2 1500 1500 119.68 0 80 
6 12 2 1500 1500 119.68 0 80 
6 13 2 1500 1500 119 68 0 80 
6 14 2 1500 1500 119.68 0 80 

• 6 15 2 1500 1500 119 68 0 80 
6 16 2 1500 1500 119.68 0 80 
6 17 2 1500 1500 119.68 0 80 



6 18 2 1500 1500 119.68 0 80 
11 

6 19 2 1500 1500 119.68 0 80 
6 20 2 1500 1500 119.68 0 80 
6 21 2 0 1500 119.68 0 80 
7 1 2 1500 1500 119 68 0 80 • 7 2 2 1500 1500 119 68 0 80 
7 3 2 1500 1500 119.68 0 80 
7 4 2 1500 1500 119 68 0 80 
7 5 2 1500 1500 119 68 0 80 
7 6 2 1500 1500 119.68 0 80 
7 7 2 1500 1500 119.68 0 80 
7 8 2 1500 1500 119.68 0 80 
7 9 2 1500 1500 119.68 0 80 
7 10 2 1500 1500 119.68 0 80 
7 11 2 1500 1500 119.68 0 80 
7 12 2 1500 1500 119 68 0 80 
7 13 2 1500 1500 119.68 0 80 
7 14 2 1500 1500 119.68 0 80 
7 15 2 1500 1500 119 68 0 80 
7 16 2 1500 1500 119.68 0 80 
7 17 2 1500 1500 119.68 0 80 
7 18 2 1500 1500 119.68 0 80 
7 19 2 1500 1500 119.68 0 80 
7 20 2 1500 1500 119.68 0 80 
7 21 2 0 1500 119.68 0 80 
8 1 2 1500 1500 119 68 0 80 
8 2 2 1500 1500 119 68 0 80 
8 3 2 1500 1500 119 68 0 80 
8 4 2 1500 1500 119.68 0 80 
8 5 2 1500 1500 119 68 0 80 
8 6 2 1500 1500 119 68 0 80 
B 7 2 1500 1500 119 68 0 80 • 8 8 2 1500 1500 119 68 0 80 
8 9 2 1500 1500 119 68 0 80 
8 10 2 1500 1500 119.68 0 80 
8 11 2 1500 1500 119.68 0 80 
8 12 2 1500 1500 119 68 0 80 
8 13 2 1500 1500 119 68 0 80 
8 14 2 1500 1500 119 68 0 80 
8 15 2 1500 1500 119 68 0 80 
8 16 2 1500 1500 119.68 0 80 
8 17 2 1500 1500 119.68 0 80 
8 18 2 1500 1500 119.68 0 80 
8 19 2 1500 1500 119.68 0 80 
B 20 2 1500 1500 119 68 0 80 
8 21 2 0 1500 119 68 0 80 
9 1 2 1500 1500 119 68 0 80 
9 2 2 1500 1500 119.68 0 80 
9 3 2 1500 1500 119.68 0 80 
9 4 2 1500 1500 119 68 0 80 
9 5 2 1500 1500 119.68 0 80 
9 6 2 1500 1500 119.68 0 80 
9 7 2 1500 1500 119 68 0 80 
9 8 2 1500 1500 119.68 0 80 
9 9 2 1500 1500 119 68 0 80 
9 10 2 1500 1500 119.68 0 80 
9 11 2 1500 1500 119.68 0 80 
9 12 2 1500 1500 119 68 0 80 
9 13 2 1500 1500 119 68 0 80 • 9 14 2 1500 1500 119 68 0 80 



-9- 15- 2- 1500_ 1500 119.68 0 80 
12 

9_16_2_ 1500 1500 T19-68- 0 80-
9 17 2 1500 1500 119~68-0 80_ 
9 18 2 1500 1500 119.68 0 80 

• 9 19 2 1500 1500 119.68 0 80 
9 20 2 1500 1500 119.68 0 80 
9 21 2 0 1500 119.68 0 80 
10 1 2 1500 1500 119 68 0 80 
10 2 2 1500 1500 119.68 0 80 
10 3 2 1500 1500 119.68 0 80 
10 4 2 1500 1500 119.68 0 80 
10 5 2 1500 1500 119.68 0 80 
10 6 2 1500 1500 119 68 0 80 
10 7 2 1500 1500 119.68 0 80 
10 8 2 1500 1500 119 68 0 80 
10 9 2 1500 1500 119.68 0 80 
10 10 2 1500 1500 119.68 0 80 
10 11 2 1500 1500 119.68 0 80 
10 12 2 1500 1500 119 68 0 80 
10 13 2 1500 1500 119 68 0 80 
10 14 2 1500 1500 119 68 0 80 
10 15 2 1500 1500 119 68 0 80 
10 16 2 1500 1500 119.68 0 80 
10 17 2 1500 1500 119.68 0 80 
10 18 2 1500 1500 119.68 0 80 
10 19 2 1500 1500 119.68 0 80 
10 20 2 1500 1500 119.68 0 80 
10 21 2 0 1500 119.68 0 80 
11 1 2 1500 1500 119.68 0 80 
11 2 2 1500 1500 119.68 0 80 
11 3 2 1500 1500 119.68 0 80 • 11 4 2 1500 1500 119.68 0 80 
11 5 2 1500 1500 119.68 0 80 
11 6 2 1500 1500 119 68 0 80 
11 7 2 1500 1500 119.68 0 80 
11 8 2 1500 1500 119 68 0 80 
11 9 2 1500 1500 119 68 0 80 
11 10 2 1500 1500 119 68 0 80 
11 11 2 1500 1500 119 68 0 80 
11 12 2 1500 1500 119.68 0 80 
11 13 2 1500 1500 119.68 0 80 
11 14 2 1500 1500 119.68 0 80 
11 15 2 1500 1500 119.68 0 80 
11 16 2 1500 1500 119.68 0 80 
11 17 2 1500 1500 119 68 0 80 
11 18 2 1500 1500 119 68 0 80 
11 19 2 1500 1500 119.68 0 80 
11 20 2 1500 1500 119.68 0 80 
11 21 2 0 1500 119.68 0 80 
12 1 2 1500 1500 119.68 0 80 
12 2 2 1500 1500 119.68 0 80 
12 3 2 1500 1500 119.68 0 80 
12 4 2 1500 1500 119.68 0 80 
12 5 2 1500 1500 119.68 0 80 
12 6 2 1500 1500 119.68 0 80 
12 7 2 1500 1500 119.68 0 80 
12 8 2 1500 1500 119.68 0 80 

• 12 9 2 1500 1500 119.68 0 80 
12 10 2 1500 1500 119.68 0 80 
12 11 2 1500 1500 119.68 0 80 



12 12 2 1500 1500 119 68 0 80 13 

12 13 2 1500 1500 119 68 0 80 
12 14 2 1500 1500 119.68 0 80 
12 15 2 1500 1500 119.68 0 80 • 12 16 2 1500 1500 119.68 0 80 
12 17 2 1500 1500 119 68 0 80 
12 18 2 1500 1500 119 68 0 80 
12 19 2 1500 1500 119.68 0 80 
12 20 2 1500 1500 119.68 0 80 
12 21 2 0 1500 119.68 0 80 
13 1 2 1500 1500 119 68 0 80 
13 2 2 1500 1500 119 68 0 80 
13 3 2 1500 1500 119.68 0 80 
13 4 2 1500 1500 119 68 0 80 
13 5 2 1500 1500 119.68 0 80 
13 6 2 1500 1500 119.68 0 80 
13 7 2 1500 1500 119 68 0 80 
13 8 2 1500 1500 119 68 0 80 
13 9 2 1500 1500 119 68 0 80 
13 10 2 1500 1500 119.68 0 80 
13 11 2 1500 1500 119.68 0 80 
13 12 2 1500 1500 119.68 0 80 
13 13 2 1500 1500 119 68 0 80 
13 14 2 1500 1500 119.68 0 80 
13 15 2 1500 1500 119 68 0 80 
13 16 2 1500 1500 119.68 0 80 
13 17 2 1500 1500 119.68 0 80 
13 18 2 1500 1500 119.68 0 80 
13 19 2 1500 1500 119 68 0 80 
13 20 2 1500 1500 119 68 0 80 
13 21 2 0 1500 119 68 0 80 • 14 1 2 1500 1500 119.68 0 80 
14 2 2 1500 1500 119 68 0 80 
14 3 2 1500 1500 119 68 0 80 
14 4 2 1500 1500 119.68 0 80 
14 5 2 1500 1500 119 68 0 80 
14 6 2 1500 1500 119.68 0 80 
14 7 2 1500 1500 119.68 0 80 
14 8 2 1500 1500 119 68 0 80 
14 9 2 1500 1500 119 68 0 80 
14 10 2 1500 1500 119.68 0 80 
14 11 2 1500 1500 119 68 0 80 
14 12 2 1500 1500 119.68 0 80 
14 13 2 1500 1500 119.68 0 80 
14 14 2 1500 1500 119 68 0 80 
14 15 2 1500 1500 119 68 0 80 
14 16 2 1500 1500 119.68 0 80 
14 17 2 1500 1500 119.68 0 80 
14 18 2 1500 1500 119.68 0 80 
14 19 2 1500 1500 119.68 0 80 
14 20 2 1500 1500 119.68 0 80 
14 21 2 0 1500 119 68 0 80 
15 1 2 1500 1500 119 68 0 80 
15 2 2 1500 1500 119.68 0 80 
15 3 2 1500 1500 119.68 0 80 
15 4 2 1500 1500 119 68 0 80 
15 5 2 1500 1500 119 68 0 80 
15 6 2 1500 1500 119.68 0 80 • 15 7 2 1500 1500 119 68 0 80 
15 8 2 1500 1500 119 68 0 80 



--------
_15 _ 9-2- 1500 1500 -- --119 -68 0 80 14 

15 10 __ 2 __ 1500--1500-- 119-;-68--0 80 
15 11 2 1500 1500 119.68 0 80 

• 15 12 2 1500 1500 119.68 0 80 
15 13 2 1500 1500 119 68 0 80 
15 14 2 1500 1500 119.68 0 80 
15 15 2 1500 1500 119.68 0 80 
15 16 2 1500 1500 119 68 0 80 
15 17 2 1500 1500 119 68 0 80 
15 18 2 1500 1500 119.68 0 80 
15 19 2 1500 1500 119.68 0 80 
15 20 2 1500 1500 119.68 0 80 
15 21 2 0 1500 119.68 0 80 
16 1 2 1500 1500 119.68 0 80 
16 2 2 1500 1500 119.68 0 80 
16 3 2 1500 1500 119.68 0 80 
16 4 2 1500 1500 119.68 0 80 
16 5 2 1500 1500 119 68 0 80 
16 6 2 1500 1500 119.68 0 80 
16 7 2 1500 1500 119.68 0 80 
16 8 2 1500 1500 119 68 0 80 
16 9 2 1500 1500 119.68 0 80 
16 10 2 1500 1500 119 68 0 80 
16 11 2 1500 1500 119 68 0 80 
16 12 2 1500 1500 119 68 0 80 
16 13 2 1500 1500 119.68 0 80 
16 14 2 1500 1500 119 68 0 80 
16 15 2 1500 1500 119 68 0 80 
16 16 2 1500 1500 119.68 0 80 
16 17 2 1500 1500 119 68 0 80 

• 16 18 2 1500 1500 119 68 0 80 
16 19 2 1.500 1500 119 68 0 80 
16 20 2 1500 1500 119.68 0 80 
16 21 2 0 1500 119.68 0 80 
17 1 2 1500 1500 119.68 0 80 
17 2 2 1500 1500 119 68 0 80 
17 3 2 1500 1500 119 68 0 80 
17 4 2 1500 1500 119 68 0 80 
17 5 2 1500 1500 119.68 0 80 
17 6 2 1500 1500 119.68 0 80 
17 7 2 1500 1500 119 68 0 80 
17 8 2 1500 1500 119 68 0 80 
17 9 2 1500 1500 119.68 0 80 
17 10 2 1500 1500 119.68 0 80 
17 11 2 1500 1500 119.68 0 80 
17 12 2 1500 1500 119 68 0 80 
17 13 2 1500 1500 119 68 0 80 
17 14 2 1500 1500 119.68 0 80 
17 15 2 1500 1500 119.68 0 80 
17 16 2 1500 1500 119.68 0 80 
17 17 2 1500 1500 119.68 0 80 
17 18 2 1500 1500 119 68 0 80 
17 19 2 1500 1500 119.68 0 80 
17 20 2 1500 1500 119.68 0 80 
17 21 2 0 1500 119.68 0 80 
18 1 2 1500 1500 11.9 68 0 80 
18 2 2 1500 1500 119 68 0 80 • 18 3 2 1500 1500 119.68 0 80 
18 4 2 1500 1500 119.68 0 80 
18 5 2 1500 1500 119 68 0 80 



15 
18 6 2 1500 1500 119.68 0 80 
18 7 2 1500 1500 119.68 0 80 
18 8 2 1500 1500 119.68 0 80 
18 9 2 1500 1500 119.68 0 80 • 18 10 2 1500 1500 119.68 0 80 
18 11 2 1500 1500 119.68 0 80 
18 12 2 1500 1500 119.68 0 80 
18 13 2 1500 1500 119 68 0 80 
18 14 2 1500 1500 119.68 0 80 
18 15 2 1500 1500 119.68 0 80 
18 16 2 1500 1500 119.68 0 80 
18 17 2 1500 1500 119.68 0 80 
18 18 2 1500 1500 119.68 0 80 
18 19 2 1500 1500 119.68 0 80 
18 20 2 1500 1500 119 68 0 80 
18 21 2 0 1500 119.68 0 80 
19 1 2 1500 1500 119.68 0 80 
19 2 2 1500 1500 119 68 0 80 
19 3 2 1500 1500 119 68 0 80 
19 4 2 1500 1500 119.68 0 80 
19 5 2 1500 1500 119.68 0 80 
19 6 2 1500 1500 119.68 0 80 
19 7 2 1500 1500 119.68 0 80 
19 8 2 1500 1500 119.68 0 80 
19 9 2 1500 1500 119.68 0 80 
19 10 2 1500 1500 119.68 0 80 
19 11 2 1500 1500 119 68 0 80 
19 12 2 1500 1500 119.68 0 80 
19 13 2 1500 1500 119 68 0 80 
19 14 2 1500 1500 119 68 0 80 
19 15 2 1500 1500 119 68 0 80 • 19 16 2 1500 1500 119 68 0 80 
19 17 2 1500 1500 119 68 0 80 
19 18 2 1500 1500 119.68 0 80 
19 19 2 1500 1500 119.68 0 80 
19 20 2 1500 1500 119.68 0 80 
19 21 2 0 1500 119 68 0 80 
20 1 2 1500 1500 119 68 0 80 
20 2 2 1500 1500 119.68 0 80 
20 3 2 1500 1500 119.68 0 80 
20 4 2 1500 1500 119.68 0 80 
20 5 2 1500 1500 119 68 0 80 
20 6 2 1500 1500 119 68 0 80 
20 7 2 1500 1500 119.68 0 80 
20 8 2 1500 1500 119 68 0 80 
20 9 2 1500 1500 119 68 0 80 
20 10 2 1500 1500 119 68 0 80 
20 11 2 1500 1500 119 68 0 80 
20 12 2 1500 1500 119.68 0 80 
20 13 2 1500 1500 119.68 0 80 
20 14 2 1500 1500 119 68 0 80 
20 15 2 1500 1500 119 68 0 80 
20 16 2 1500 1500 119 68 0 80 
20 17 2 1500 1500 119 68 0 80 
20 18 2 1500 1500 119 68 0 80 
20 19 2 1500 1500 119.68 0 80 
20 20 2 1500 1500 119.68 0 80 
20 21 2 0 1500 119.68 0 80 • 21 1 2 1500 0 119 68 0 80 
21 2 2 1500 0 119 68 0 80 



16 
21 3 __ 2_ 1500 0 119.68 0 80 
21 4 2 1500 

0 ___ 
1.19 68-0 80--

21-5-2 1500 0 119 68 0 80 

• 21 6 2 1500 0 119.68 0 80 
21 7 2 1500 0 119.68 0 80 
21 8 2 1500 0 119 68 0 80 
21 9 2 1500 0 119.68 0 80 
21 10 2 1500 0 119 68 0 80 
21 11 2 1500 0 119.68 0 80 
21 12 2 1500 0 119.68 0 80 
21 13 2 1500 0 119 68 0 80 
21 14 2 1500 0 119.68 0 80 
21 15 2 1500 0 119 68 0 80 
21 16 2 1500 0 119 68 0 80 
21 17 2 1500 0 119.68 0 80 
21 18 2 1500 0 119 68 0 80 
21 19 2 1500 0 119 68 0 80 
21 20 2 1500 0 119.68 0 80 
21 21 2 0 0 119 68 0 80 
1 1 3 5600 5600 29.92 0 80 
1 2 3 5600 5600 29.92 0 80 
1 3 3 5600 5600 29.92 0 80 
1 4 3 5600 5600 29 92 0 80 
1 5 3 5600 5600 29.92 0 80 
1 6 3 5600 5600 29.92 0 80 
1 7 3 5600 5600 29.92 0 80 
1 8 3 5600 5600 29.92 0 80 
1 9 3 5600 5600 29 92 0 80 
1 10 3 5600 5600 29.92 0 80 
1 11 3 5600 5600 29.92 0 80 

• 1 12 3 5600 5600 29 92 0 80 
1 13 3 5600 5600 29.92 0 80 
1 14 3 5600 5600 29.92 0 80 
1 15 3 5600 5600 29.92 0 80 
1 16 3 5600 5600 29.92 0 80 
1 17 3 5600 5600 29.92 0 80 
1 18 3 5600 5600 29.92 0 80 
1 19 3 5600 5600 29 92 0 80 
1 20 3 5600 5600 29 92 0 80 
1 21 3 0 5600 29 92 0 80 
2 1 3 5600 5600 29.92 0 80 
2 2 3 5600 5600 29 92 0 80 
2 3 3 5600 5600 29 92 0 80 
2 4 3 5600 5600 29 92 0 80 
2 5 3 5600 5600 29.92 0 80 
2 6 3 5600 5600 29.92 0 80 
2 7 3 5600 5600 29.92 0 80 
2 8 3 5600 5600 29 92 0 80 
2 9 3 5600 5600 29 92 0 80 
2 10 3 5600 5600 29.92 0 80 
2 11 3 5600 5600 29 92 0 80 
2 12 3 5600 5600 29 92 0 80 
2 13 3 5600 5600 29.92 0 80 
2 14 3 5600 5600 29.92 0 80 
2 15 3 5600 5600 29.92 0 80 
2 16 3 5600 5600 29 92 0 80 
2 17 3 5600 5600 29 92 0 80 • 2 18 3 5600 5600 29.92 0 80 
2 19 3 5600 5600 29.92 0 80 
2 20 3 5600 5600 29 92 0 80 



17 
2 21 3 0 5600 29.92 0 80 
3 1 3 5600 5600 29.92 0 80 
3 2 3 5600 5600 29.92 0 80 
3 3 3 5600 5600 29 92 0 80 • 3 • 3 5600 5600 29 92 0 80 
3 5 3 5600 5600 29 92 0 80 
3 6 3 5600 5600 29.92 0 80 
3 7 3 5600 5600 29 92 0 80 
3 8 3 5600 5600 29 92 0 80 
3 9 3 5600 5600 29 92 0 80 
3 10 3 5600 5600 29 92 0 80 
3 11 3 5600 5600 29 92 0 80 
3 12 3 5600 5600 29 92 0 80 
3 13 3 5600 5600 29.92 0 80 
3 14 3 5600 5600 29.92 0 80 
3 15 3 5600 5600 29 92 0 80 
3 16 3 5600 5600 29.92 0 80 
3 17 3 5600 5600 29.92 0 80 
3 18 3 5600 5600 29.92 0 80 
3 19 3 5600 5600 29.92 0 80 
3 20 3 5600 5600 29 92 0 80 
3 21 3 0 5600 29 92 0 80 • 1 3 5600 5600 29 92 0 80 • 2 3 5600 5600 29.92 0 80 • 3 3 5600 5600 29.92 0 80 • • 3 5600 5600 29 92 0 80 • 5 3 5600 5600 29 92 0 80 • 6 3 5600 5600 29 92 0 80 • 7 3 5600 5600 29 92 0 80 • 8 3 5600 5600 29 92 0 80 • 9 3 5600 5600 29 92 0 80 • • 10 3 5600 5600 29 92 0 80 • 11 3 5600 5600 29 92 0 80 • 12 3 5600 5600 29.92 0 80 • 13 3 5600 5600 29 92 0 80 • 1. 3 5600 5600 29 92 0 80 • 15 3 5600 5600 29 92 0 80 • 16 3 5600 5600 29 92 0 80 • 17 3 5600 5600 29 92 0 80 • 18 3 5600 5600 29.92 0 80 • 19 3 5600 5600 29.92 0 80 • 20 3 5600 5600 29 92 0 80 • 21 3 0 5600 29 92 0 80 
5 1 3 5600 5600 29 92 0 80 
5 2 3 5600 5600 29.92 0 80 
5 3 3 5600 5600 29.92 0 80 
5 • 3 5600 5600 29.92 0 80 
5 5 3 5600 5600 29 92 0 80 
5 6 3 5600 5600 29 92 0 80 
5 7 3 5600 5600 29 92 0 80 
5 8 3 5600 5600 29 92 0 80 
5 9 3 5600 5600 29 92 0 80 
5 10 3 5600 5600 29.92 0 80 
5 11 3 5600 5600 29.92 0 80 
5 12 3 5600 5600 29.92 0 80 
5 13 3 5600 5600 29.92 0 80 
5 1. 3 5600 5600 29.92 0 80 
5 15 3 5600 5600 29.92 0 80 • 5 16 3 5600 5600 29 92 0 80 
5 17 3 5600 5600 29 92 0 80 



5 18 3 5600- 5600 
- -- -

--29 92 0 80 18 
5 19 3 5600_5600_ - 29-;92--0-- 80 
5-20 3 5600 5600 29 92 0 80 

• 5 21 3 0 5600 29.92 0 80 
6 1 3 5600 5600 29.92 0 80 
6 2 3 5600 5600 29.92 0 80 
6 3 3 5600 5600 29.92 0 80 
6 4 3 5600 5600 29.92 0 80 
6 5 3 5600 5600 29.92 0 80 
6 6 3 5600 5600 29.92 0 80 
6 7 3 5600 5600 29.92 0 80 
6 8 3 5600 5600 29 92 0 80 
6 9 3 5600 5600 29.92 0 80 
6 10 3 5600 5600 29.92 0 80 
6 11 3 5600 5600 29 92 0 80 
6 12 3 5600 5600 29.92 0 80 
6 13 3 5600 5600 29.92 0 80 
6 14 3 5600 5600 29.92 0 80 
6 15 3 5600 5600 29.92 0 80 
6 16 3 5600 5600 29.92 0 80 
6 17 3 5600 5600 29.92 0 80 
6 18 3 5600 5600 29 92 0 80 
6 19 3 5600 5600 29.92 0 80 
6 20 3 5600 5600 29 92 0 80 
6 21 3 0 5600 29.92 0 80 
7 1 3 5600 5600 29 92 0 80 
7 2 3 5600 5600 29 92 0 80 
7 3 3 5600 5600 29.92 0 80 
7 4 3 5600 5600 29 92 0 80 
7 5 3 5600 5600 29 92 0 80 • 7 6 3 5600 5600 29.92 0 80 
7 7 3 5600 5600 29.92 0 80 
7 8 3 5600 5600 29.92 0 80 
7 9 3 5600 5600 29 92 0 80 
7 10 3 5600 5600 29.92 0 80 
7 11 3 5600 5600 29.92 0 80 
7 12 3 5600 5600 29.92 0 80 
7 13 3 5600 5600 29 92 0 80 
7 14 3 5600 5600 29 92 0 80 
7 15 3 5600 5600 29.92 0 80 
7 16 3 5600 5600 29.92 0 80 
7 17 3 5600 5600 29.92 0 80 
7 18 3 5600 5600 29.92 0 80 
7 19 3 5600 5600 29.92 0 80 
7 20 3 5600 5600 29.92 0 80 
7 21 3 0 5600 29 92 0 80 
8 1 3 5600 5600 29.92 0 80 
8 2 3 5600 5600 29.92 0 80 
8 3 3 5600 5600 29 92 0 80 
8 4 3 5600 5600 29 92 0 80 
8 5 3 5600 5600 29.92 0 80 
8 6 3 5600 5600 29.92 0 80 
8 7 3 5600 5600 29.92 0 80 
8 8 3 5600 5600 29 92 0 80 
8 9 3 5600 5600 29.92 0 80 
8 10 3 5600 5600 29 92 0 80 

• 8 11 3 5600 5600 29.92 0 80 
8 12 3 5600 5600 29.92 0 80 
8 13 3 5600 5600 29 92 0 80 
8 14 3 5600 5600 29.92 0 80 



8 15 3 5600 5600 29 92 0 80 19 
8 16 3 5600 5600 29.92 0 80 
8 17 3 5600 5600 29 92 0 80 
8 18 3 5600 5600 29.92 0 80 • 8 19 3 5600 5600 29.92 0 80 
8 20 3 5600 5600 29.92 0 80 
8 21 3 0 5600 29.92 0 80 
9 1 3 5600 5600 29 92 0 80 
9 2 3 5600 5600 29.92 0 80 
9 3 3 5600 5600 29 92 0 80 
9 4 3 5600 5600 29 92 0 80 
9 5 3 5600 5600 29 92 0 80 
9 6 3 5600 5600 29.92 0 80 
9 7 3 5600 5600 29 92 0 80 
9 8 3 5600 5600 29.92 0 80 
9 9 3 5600 5600 29.92 0 80 
9 10 3 5600 5600 29 92 0 80 
9 11 3 5600 5600 29 92 0 80 
9 12 3 5600 5600 29 92 0 80 
9 13 3 5600 5600 29 92 0 80 
9 14 3 5600 5600 29 92 0 80 
9 15 3 5600 5600 29 92 0 80 
9 16 3 5600 5600 29 92 0 80 
9 17 3 5600 5600 29 92 0 80 
9 18 3 5600 5600 29.92 0 80 
9 19 3 5600 5600 29.92 0 80 
9 20 3 5600 5600 29 92 0 80 
9 21 3 0 5600 29.92 0 80 
10 1 3 5600 5600 29.92 0 80 
10 2 3 5600 5600 29.92 0 80 
10 3 3 5600 5600 29 92 0 80 • 10 4 3 5600 5600 29 92 0 80 
10 5 3 5600 5600 29 92 0 80 
10 6 3 5600 5600 29 92 0 80 
10 7 3 5600 5600 29.92 0 80 
10 8 3 5600 5600 29.92 0 80 
10 9 3 5600 5600 29 92 0 80 
10 10 3 5600 5600 29 92 0 80 
10 11 3 5600 5600 29 92 0 80 
10 12 3 5600 5600 29.92 0 80 
10 13 3 5600 5600 29.92 0 80 
10 14 3 5600 5600 29 92 0 80 
10 15 3 5600 5600 29 92 0 80 
10 16 3 5600 5600 29 92 0 80 
10 17 3 5600 5600 29.92 0 80 
10 18 3 5600 5600 29.92 0 80 
10 19 3 5600 5600 29 92 0 80 
10 20 3 5600 5600 29 92 0 80 
10 21 3 0 5600 29.92 0 80 
11 1 3 5600 5600 29.92 0 80 
11 2 3 5600 5600 29.92 0 80 
11 3 3 5600 5600 29 92 0 80 
11 4 3 5600 5600 29 92 0 80 
11 5 3 5600 5600 29 92 0 80 
11 6 3 5600 5600 29 92 0 80 
11 7 3 5600 5600 29 92 0 80 
11 8 3 5600 5600 29.92 0 80 
11 9 3 5600 5600 29.92 0 80 • 11 10 3 5600 5600 29 92 0 80 
11 11 3 5600 5600 29 92 216000 80 



11 12 3 5600 5600_ - - 29 92 -0 -80 20 
---11 13 3 5600 5600 29 92_0 80 

11-14-3-5600-5600 29.92 0 80 

• 11 15 3 5600 5600 29.92 0 80 
11 16 3 5600 5600 29 92 0 80 
11 17 3 5600 5600 29.92 0 80 
11 18 3 5600 5600 29.92 0 80 
11 19 3 5600 5600 29.92 0 80 
11 20 3 5600 5600 29.92 0 80 
11 21 3 0 5600 29.92 0 80 
12 1 3 5600 5600 29.92 0 80 
12 2 3 5600 5600 29.92 0 80 
12 3 3 5600 5600 29.92 0 80 
12 4 3 5600 5600 29.92 0 80 
12 5 3 5600 5600 29.92 0 80 
12 6 3 5600 5600 29 92 0 80 
12 7 3 5600 5600 29.92 0 80 
12 8 3 5600 5600 29.92 0 80 
12 9 3 5600 5600 29.92 0 80 
12 10 3 5600 5600 29 92 0 80 
12 11 3 5600 5600 29.92 0 80 
12 12 3 5600 5600 29 92 0 80 
12 13 3 5600 5600 29 92 0 80 
12 14 3 5600 5600 29.92 0 80 
12 15 3 5600 5600 29.92 0 80 
12 16 3 5600 5600 29 92 0 80 
12 17 3 5600 5600 29 92 0 80 
12 18 3 5600 5600 29.92 0 80 
12 19 3 5600 5600 29.92 0 80 
12 20 3 5600 5600 29.92 0 80 

• 12 21 3 0 5600 29 92 0 80 
13 1 3 5600 5600 29.92 0 80 
13 2 3 5600 5600 29 92 0 80 
13 3 3 5600 5600 29 92 0 80 
13 4 3 5600 5600 29 92 0 80 
13 5 3 5600 5600 29 92 0 80 
13 6 3 5600 5600 29 92 0 80 
13 7 3 5600 5600 29 92 0 80 
13 8 3 5600 5600 29.92 0 80 
13 9 3 5600 5600 29.92 0 80 
13 10 3 5600 5600 29 92 0 80 
13 11 3 5600 5600 29 92 0 80 
13 12 3 5600 5600 29 92 0 80 
13 13 3 5600 5600 29.92 0 80 
13 14 3 5600 5600 29.92 0 80 
13 15 3 5600 5600 29.92 0 80 
13 16 3 5600 5600 29.92 0 80 
13 17 3 5600 5600 29 92 0 80 
13 18 3 5600 5600 29 92 0 80 
13 19 3 5600 5600 29 92 0 80 
13 20 3 5600 5600 29 92 0 80 
13 21 3 0 5600 29 92 0 80 
14 1 3 5600 5600 29.92 0 80 
14 2 3 5600 5600 29.92 0 80 
14 3 3 5600 5600 29.92 0 80 
14 4 3 5600 5600 29 92 0 80 
14 5 3 5600 5600 29.92 0 80 • 14 6 3 5600 5600 29.92 0 80 
14 7 3 5600 5600 29.92 0 80 
14 8 3 5600 5600 29 92 0 80 



14 9 3 5600 5600 29 92 0 80 21 
14 10 3 5600 5600 29.92 0 80 
14 11 3 5600 5600 29.92 0 80 
14 12 3 5600 5600 29 92 0 80 • 14 13 3 5600 5600 29 92 0 80 
14 14 3 5600 5600 29 92 0 80 
14 15 3 5600 5600 29.92 0 80 
14 16 3 5600 5600 29.92 0 80 
14 17 3 5600 5600 29.92 0 80 
14 18 3 5600 5600 29.92 0 80 
14 19 3 5600 5600 29 92 0 80 
14 20 3 5600 5600 29 92 0 80 
14 21 3 0 5600 29 92 0 80 
15 1 3 5600 5600 29.92 0 80 
15 2 3 5600 5600 29.92 0 80 
15 3 3 5600 5600 29.92 0 80 
15 4 3 5600 5600 29.92 0 80 
15 5 3 5600 5600 29.92 0 80 
15 6 3 5600 5600 29.92 0 80 
15 7 3 5600 5600 29 92 0 80 
15 8 3 5600 5600 29 92 0 80 
15 9 3 5600 5600 29 92 0 80 
15 10 3 5600 5600 29.92 0 80 
15 11 3 5600 5600 29 92 0 80 
15 12 3 5600 5600 29 92 0 80 
15 13 3 5600 5600 29 92 0 80 
15 14 3 5600 5600 29 92 0 80 
15 15 3 5600 5600 29.92 0 80 
15 16 3 5600 5600 29.92 0 80 
15 17 3 5600 5600 29 92 0 80 
15 18 3 5600 5600 29 92 0 80 • 15 19 3 5600 5600 29 92 0 80 
15 20 3 5600 5600 29.92 0 80 
15 21 3 0 5600 29.92 0 80 
16 1 3 5600 5600 29 92 0 80 
16 2 3 5600 5600 29 92 0 80 
16 3 3 5600 5600 29.92 0 80 
16 4 3 5600 5600 29 92 0 80 
16 5 3 5600 5600 29.92 0 80 
16 6 3 5600 5600 29.92 0 80 
16 7 3 5600 5600 29 92 0 80 
16 8 3 5600 5600 29.92 0 80 
16 9 3 5600 5600 29.92 0 80 
16 10 3 5600 5600 29 92 0 80 
16 11 3 5600 5600 29.92 0 80 
16 12 3 5600 5600 29.92 0 80 
16 13 3 5600 5600 29 92 0 80 
16 14 3 5600 5600 29 92 0 80 
16 15 3 5600 5600 29.92 0 80 
16 16 3 5600 5600 29 92 0 80 
16 17 3 5600 5600 29 92 0 80 
16 18 3 5600 5600 29 92 0 80 
16 19 3 5600 5600 29.92 0 80 
16 20 3 5600 5600 29 92 0 80 
16 21 3 0 5600 29 92 0 80 
17 1 3 5600 5600 29 92 0 80 
17 2 3 5600 5600 29.92 0 80 
17 3 3 5600 5600 29.92 0 80 • 17 4 3 5600 5600 29 92 0 80 
17 5 3 5600 5600 29 92 0 80 



17 6 3 5600 5600 29 92 0 80 ~ __ 22_ 

17 7 3 5600-5600-- 29-92-0- 80 
17 8 3 5600 5600 29 92 0 80 
17 9 3 5600 5600 29 92 0 80 • 17 10 3 5600 5600 29 92 0 80 
17 11 3 5600 5600 29.92 0 80 
17 12 3 5600 5600 29.92 0 80 
17 13 3 5600 5600 29.92 0 80 
17 14 3 5600 5600 29.92 0 80 
17 15 3 5600 5600 29.92 0 80 
17 16 3 5600 5600 29.92 0 80 
17 17 3 5600 5600 29.92 0 80 
17 18 3 5600 5600 29.92 0 80 
17 19 3 5600 5600 29.92 0 80 
17 20 3 5600 5600 29.92 0 80 
17 21 3 0 5600 29.92 0 80 
18 1 3 5600 5600 29.92 0 80 
18 2 3 5600 5600 29.92 0 80 
18 3 3 5600 5600 29.92 0 80 
18 4 3 5600 5600 29 92 0 80 
18 5 3 5600 5600 29 92 0 80 
18 6 3 5600 5600 29 92 0 80 
18 7 3 5600 5600 29 92 0 80 
18 8 3 5600 5600 29 92 0 80 
18 9 3 5600 5600 29.92 0 80 
18 10 3 5600 5600 29.92 0 80 
18 11 3 5600 5600 29 92 0 80 
18 12 3 5600 5600 29.92 0 80 
18 13 3 5600 5600 29 92 0 80 
18 14 3 5600 5600 29.92 0 80 

• 18 15 3 5600 5600 29 92 0 80 
18 16 3 5600 5600 29.92 0 80 
18 17 3 5600 5600 29 92 0 80 
18 18 3 5600 5600 29 92 0 80 
18 19 3 5600 5600 29.92 0 80 
18 20 3 5600 5600 29.92 0 80 
18 21 3 0 5600 29.92 0 80 
19 1 3 5600 5600 29 92 0 80 
19 2 3 5600 5600 29 92 0 80 
19 3 3 5600 5600 29 92 0 80 
19 4 3 5600 5600 29 92 0 80 
19 5 3 5600 5600 29.92 0 80 
19 6 3 5600 5600 29.92 0 80 
19 7 3 5600 5600 29.92 0 80 
19 8 3 5600 5600 29.92 0 80 
19 9 3 5600 5600 29.92 0 80 
19 10 3 5600 5600 29.92 0 80 
19 11 3 5600 5600 29.92 0 80 
19 12 3 5600 5600 29.92 0 80 
19 13 3 5600 5600 29 92 0 80 
19 14 3 5600 5600 29.92 0 80 
19 15 3 5600 5600 29.92 0 80 
19 16 3 5600 5600 29.92 0 80 
19 17 3 5600 5600 29.92 0 80 
19 18 3 5600 5600 29 92 0 80 
19 19 3 5600 5600 29.92 0 80 
19 20 3 5600 5600 29.92 0 80 

• 19 21 3 0 5600 29.92 0 80 
20 1 3 5600 5600 29 92 0 80 
20 2 3 5600 5600 29.92 0 80 



20 3 3 5600 5600 29 92 0 80 
20 4 3 5600 5600 29 92 0 80 23 
20 5 3 5600 5600 29 92 0 80 
20 6 3 5600 5600 29.92 0 80 
20 7 3 5600 5600 29.92 0 80 • 20 8 3 5600 5600 29.92 0 80 
20 9 3 5600 5600 29 92 0 80 
20 10 3 5600 5600 29 92 0 80 
20 11 3 5600 5600 29 92 0 80 
20 12 3 5600 5600 29.92 0 80 
20 13 3 5600 5600 29.92 0 80 
20 14 3 5600 5600 29.92 0 80 
20 15 3 5600 5600 29.92 0 80 
20 16 3 5600 5600 29.92 0 80 
20 17 3 5600 5600 29.92 0 80 
20 18 3 5600 5600 29 92 0 80 
20 19 3 5600 5600 29.92 0 80 
20 20 3 5600 5600 29.92 0 80 
20 21 3 0 5600 29 92 0 80 
21 1 3 5600 0 29 92 0 80 
21 2 3 5600 0 29 92 0 80 
21 3 3 5600 0 29.92 0 80 
21 4 3 5600 0 29.92 0 80 
21 5 3 5600 0 29.92 0 80 
21 6 3 5600 0 29 92 0 80 
21 7 3 5600 0 29 92 0 80 
21 8 3 5600 0 29 92 0 80 
21 9 3 5600 0 29 92 0 80 
21 10 3 5600 0 29.92 0 80 
21 11 3 5600 0 29.92 0 80 
21 12 3 5600 0 29.92 0 80 • 21 13 3 5600 0 29 92 0 80 
21 14 3 5600 0 29 92 0 80 
21 15 3 5600 0 29.92 0 80 
21 16 3 5600 0 29 92 0 80 
21 17 3 5600 0 29 92 0 80 
21 18 3 5600 0 29 92 0 80 
21 19 3 5600 0 29.92 0 80 
21 20 3 5600 0 29 92 0 80 
21 21 3 0 0 29.92 0 80 

NO. OF ITERATIONS= 4 
TIME= 1. OE-02 DAY 

WATER BALANCE RESULTS FOR LAYER. 1 
CONVERGENCE ERROR= 0 PERCENT 
TOTAL TEST ERROR= 3 007139 FT 
PUMPAGE FROM THIS LAYER= 0 GPO 
CHANGE IN AQUIFER STORAGE=-34.2066 GPD 
NET UPWARD LEAKAGE= 0 GPD 
NET DOWNWARD LEAKAGE= 35 24517 GPD 

WATER BALANCE RESULTS FOR LAYER· 2 
CONVERGENCE ERROR= 0 PERCENT 
TOTAL TEST ERROR= 3 007139 FT 
PUMPAGE FROM THIS LAYER= 0 GPO 
CHANGE IN AQUIFER STORAGE=-5272 814 GPO 
NET UPWARD LEAKAGE=-35.24517 GPO 
NET DOWNWARD LEAKAGE= 5420 6 GPD • WATER BALANCE RESULTS FOR LAYER 3 



CONVERGENCE ERROR= 3.117764 P'EER~C:EN~T~ ______________________________ --__ :24--------1 
---TOTAL TEST-ERROR= 3 007139 __ FT-

_____ PUMPAGE-FROM-THIS~ER= 216000 GPO 

• 

CHANGE IN AQUIFER STORAGE=-204048.6 GPO 
NET UPWARD LEAKAGE=-5420 6 GPO 
NET ~OWNWARD LEAKAGE= 0 GPO 

HEADS FOR LAYER: 1 

.-

• 

0.00- 0 00- 0 00- 0.00- 0.00- 0.00- 0 00- 0 00- 0.00- 0.00- 0.00 
o 00- 0.00- 0 00- 0.00- 0.00- 0 00- 0.00- 0 00- 0 00- 0.00 

0.00- 0.00- 0 00- 0.00- 0.00- 0 00- 0 00- 0.00- 0.00- 0.00- 0.00 
0.00- 0.00- 0.00- 0 00- 0 00- 0.00- 0 00- 0.00- 0 00- 0.00 

o 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0.00- 0.00- 0.00- 0.00- 0 00 
o 00- 0.00- 0.00- 0.00- 0 00- 0.00- 0 00- 0.00- 0.00- 0 00 

o 00- 0 00- 0.00- 0 00- 0.00- 0 00- 0.00- 0 00- 0.00- 0 00- 0 00 
o 00- 0 00- 0.00- 0 00- 0.00- 0 00- 0.00- 0.00- 0.00- 0 00 

o 00-
o 00-

o 00-
0.00-

o 00-
o 00-

0.00-
o 00-

o 00-
o 00-

o 00-
o 00-

o 00-
0.00-

o 00-
0.00-

0.00-
o 00-

0.00-
o 00 

o 00 

o 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0 00- 0 00- 0 00- 0.00- 0 00 
o 00- 0 00- 0.00- 0 00- 0.00- 0.00- 0.00- 0.00- 0 00- 0 00 

0.00- 0 00- 0.00- 0.00- 0.00- 0 00- 0 00- 0 00- 0 00- 0 00- 0 00 
0.00- 0 00- 0.00- 0.00- 0.00- 0.00- 0 00- 0.00- 0 00- 0.00 

0.00- 0.00- 0.00- 0 00- 0.00- 0 00- 0 00- 0 00- 0.00- 0 00- 0 00 
o 00- 0 00- 0 00- 0.00- 0.00- 0.00- 0 00- 0.00- 0 00- 0 00 

0.00- 0 00- 0.00- 0 00- 0 00- 0.00- 0 00- 0.00- 0 00- 0 00- 0 00 
o 00- 0 00- 0.00- 0 00- 0 00- 0.00- 0 00- 0.00- 0 00- 0 00 

o 00- 0.00- 0 00- 0 00- 0 00- 0.00- 0.00- 0 00- 0 00- 0 00- 0 00 
0.00- 0 00- 0.00- 0.00- 0.00- 0 00- 0.00- 0 00- 0 00- 0 00 



·00 0 

00 0 

00 0 

00 0 

.000 
00 0 

00 0 

00 0 

00 0 

• 00·0 

00·0 
SZ 

00 0 
-00·0 

00 0 
-00·0 

00 0 
-00 0 

00 0 
-00 0 

00 0 
-00 0 

00 0 
-00 a 

00 0 
-00 0 

00 0 
-00·0 

00·0 
-00·0 

00·0 
-00 0 

00 0 
-00 0 

00·0 
-00·0 

-00 0 
-00 0 

-00 0 
-00 0 

-00·0 
-00 0 

-00·0 
-00 0 

-00·0 
-00·0 

-00 0 
-00·0 

-00 0 
-00·0 

-00·0 
-00·0 

-00 0 
-00 0 

-00 0 
-00·0 

-00 0 
-00 0 

-00·0 
-00 0 

-00·0 -00 0 
-00·0 -00 0 

-00 0 -00 0 
-00·0 -00·0 

-00·0 -00 0 
-00·0 -00·0 

-00·0 -00·0 
-00 0 -00·0 

-00 0 -00 0 
-00 0 -00 0 

-00·0 -00 0 
-00 0 -00 0 

-00 0 -00 0 
-00 0 -00 0 

-00 0 -00·0 
-00 0 -00 0 

-00·0 -00·0 
-00 0 -00 0 

-00 0 -00 0 
-00 0 -00 0 

-00 0 -00 0 
-00·0 -00·0 

-00 0 -00 0 
-00 0 -00·0 

-00 0 -00·0 -00·0 -00·0 -00·0 -00·0 
-00 0 -00 0 -00 0 -00 0 -00·0 -00 0 

Z ·liaA'l'I liOoi SaWH 

-00 0 -00 0 -00 0 -00 0 -00 0 -00 0 
-00 0 -00 0 -00 0 -00·0 -00 0 -00 0 

-00 0 -00 0 -00 0 -00 0 -00 0 -00 0 
-00·0 -00 0 -00 0 -00·0 -00 0 -00 0 

-00·0 -00·0 -00 0 -00 0 -00·0 -00·0 
-00 0 -00·0 -00 0 -00·0 -00 0 -00·0 

-00 0 -00 0 -00 0 -00 0 -00 0 -00 0 
-00 0 -00 0 -00 0 -00·0 -00·0 -00·0 

-00 0 -00·0 -00·0 -00 0 -00 0 -00 0 
-00·0 -00·0 -00 0 -00 0 -00 0 -00 0 

-00 0 -00·0 -00·0 -00 0 -00·0 -00 0 
-00 0 -00 0 -00 0 -00 0 -00·0 -00·0 

-00 0 -00 0 -00·0 -00 0 -00 0 -00 0 
-00 0 -00·0 -00 0 -00 0 -00 0 -00·0 

-00 0 -00 0 -00·0 -00·0 -00 0 -00·0 
-00 0 -00·0 -00·0 -00 0 -00 0 -00·0 

-00 0 -00 0 -00·0 -00·0 -00·0 -00 0 
-00 0 -00 0 -00·0 -00 0 -00 0 -00 0 

-00·0 -00·0 -00 0 -00 0 -00·0 -00·0 
-00·0 -00 0 -00 0 -00·0 -00·0 -00 0 

-00 0 -00·0 -00 0 -00 0 -00 0 -00 0 
-00·0 -00 0 -00·0 -00·0 -00 0 -00 0 



• 

• 

• 
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0.00-_0 OO--O-OO---O-OO~ 0 00- 0.00- 0 00- 0.00- 0.00- 0.00- 0 00 
0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0 OD- D 00- 0 00 

0.00- 0.00- 0 00- 0 00- 0 00- 0.00- 0.00- 0 00- 0 00- 0.00- 0.00 
0.00- 0.00- 0 00- 0.00- 0.00- 0.00- 0 00- 0 00- 0.00- 0 00 

o 00- 0 00- 0.00- 0.00- 0.00- 0.00- 0 00- 0 00- 0.00- 0.00- 0.00 
o 00- 0.00- 0 00- 0 00- 0 00- 0 00- 0.00- 0.00- 0 00- 0 00 

o 00- 0 00- 0.00- 0.00- 0.00- 0.00- 0.00- 0 00- 0 00- 0 00- 0.00 
o 00- 0.00- 0.00- 0 00- 0 00- 0 00- 0 00- 0.00- 0.00- 0.00 

o 00- 0.00- 0.00- 0 00- 0 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0 00 
o 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0 00- 0 00- 0 00- 0 00 

0 00- 0 00- 0 00- 0.00- 0 00- 0 00- 0 00- 0.00- 0.00- 0 00- 0 00 
0 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0 00- 0 00- 0.00- 0 00 

0 00- 0 00- 0.00- 0 00- 0.00- 0.00- 0.00- 0.00- 0 00- 0.00- 0 00 
0 00- 0 00- 0 00- 0.00- 0 00- 0 00- 0.00- 0 00- 0 00- 0.00 

o 00- 0 00- 0 00- 0 00- 0 00- 0 00- 0 00- 0 00- 0 00- 0.00- 0 00 
o 00- 0 00- 0 00- 0 00- 0.00- 0.00- 0.00- 0 00- 0 00- 0 00 

o 00- 0.00- 0 00- 0 00- 0.00- 0.00- 0.00- 0.00- 0 00- 0 01- 0 03 
o 01- 0.00- 0.00- 0 00- 0 00- 0.00- 0.00- 0.00- 0 00- 0.00 

0.00- 0 00- 0.00- 0 00- 0 00- 0.00- 0 00- 0.00- 0.00- 0.03- 0 06 
0.03- 0 00- 0.00- 0 00- 0 00- 0.00- 0.00- 0.00- 0 00- 0 00 

o 00- 0.00- 0.00- 0 00- 0 00- 0.00- 0 00- 0 00- 0 00- 0 01- 0.02 
o 01- 0 00- 0 00- 0.00- 0 00- 0 00- 0.00- 0.00- 0 00- 0 00 

o 00- 0 00- 0.00- 0.00- 0 00- 0 00- 0.00- 0 00- 0 00- 0 00- 0 00 
o 00- 0.00- 0 00- 0 00- 0 00- 0 00- 0 00- 0.00- 0.00- 0.00 



·zo 00 a -00·0 -00'0 -00·0 -00 a -00 a -00'0 -00·0 -to a -zo'o 
a -'Zo·o -to'o -00'0 -00'0 -00'0 -00 a -00 0 -00 0 -00 0 -00'0 

00'0 -00 0 -00 0 -00'0 -00'0 -00 0 -00 0 -00 0 -00·0 -00 0 
00'0 -00 0 -00 0 -00'0 -00'0 -00 0 -00 0 -00 0 -00 0 -00 0 -00 0 

00·0 -00·0 -00·0 -00·0 -00 0 -00 0 -00·0 -00 0 -00 0 -00 0 
00 0 -00·0 -00 0 -00 0 -00 0 -00 0 -00 0 -00 a -00 0 -00·0 -00·0 

00 0 -00'0 -00 a -00 0 -00 0 -00 0 -00'0 -00'0 -00'0 -00 0 
00·0 -00'0 -00 0 -00'0 -00'0 -00 0 -00 0 -00'0 -00'0 -00'0 -00'0 

-

t ·lI:U1rl lIo,i saWH 

00 0 -00 0 -00'0 -00'0 -00 0 -00'0 -00'0 -00 0 -00 0 -00 0 
00 a -00 0 -00'0 -00'0 -00'0 -00'0 -00 0 -00 0 -00 a -00'0 -00 0 

00'0 -00 0 -00 0 -00'0 -00'0 -00 0 -00 a -00'0 -00·0 -00'0 .00 a -00 a -00 a -00'0 -00 a -00 0 -00 0 -00'0 -00 0 -00 a -00 0 

• 

00 0 -00'0 -00 0 -00 0 -00'0 -00 0 -00 0 -00'0 -00·0 -00 a 
00 0 -00 0 -00'0 -00 0 -00 0 -00'0 -00 0 -00'0 -00 0 -00'0 -00 0 

00 0 -00'0 -00 0 -00 0 -00 0 -00 0 -00 0 -00'0 -00'0 -00'0 
00'0 -00 0 -00 0 -00 0 -00 a -00 0 -00 0 -00 0 -00 0 -00 0 -00 a 

00'0 -00 0 -00 0 -00'0 -00'0 -00 0 -00 0 -00'0 -00'0 -00 0 
00 0 -00'0 -00'0 -00'0 -00'0 -00'0 -00 0 -00 0 -00 0 -00 0 -00 0 

00 0 -00 a -00'0 -00'0 -00'0 -00 0 -00 0 -00 0 -00 0 -00'0 
00 0 -00'0 -00'0 -00 a -00'0 -00'0 -00 0 -00'0 -00 0 -00 0 -00 a 

00 0 -00'0 -00'0 -00 0 -00'0 -00'0 -00 0 -00 0 -00'0 -00'0 
00'0 -00'0 -00'0 -00'0 -00 0 -00'0 -00'0 -00'0 -00'0 -00 0 -00'0 

00'0 -00'0 -00 0 -00 0 -00'0 -00'0 -00 0 -00'0 -00'0 -00 0 
00 0 -00'0 -00'0 -00'0 -00'0 -00'0 -00'0 -00'0 -00'0 -00 0 -00'0 

Ll 



.-

• 

• -
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0 00- 0.00- 0.00- 0.00- 0.00- 0 00- 0.01- 0 02- 0 03- 0.04- 0 04 
0.04- 0.03- 0.02- 0.01- 0 00- 0.00- 0 00- 0.00- 0 00- 0.00 

0.00- 0.00- 0.00- 0.00- 0.00- 0.01- 0 02- 0.04- 0.06- O.OS- 0 09 
O.OS- 0 06- 0 04- 0.02- 0.01- 0.00- 0.00- 0.00- 0.00- 0.00 

o 00- 0.00- 0.00- 0.00- 0.01- 0.02- 0.05- O.OS- 0.13- 0 19- 0 22 
0.19- 0.13- O.OS- 0 05- 0.02- 0.01- 0.00- 0.00- 0.00- 0.00 

0.00- 0.00- 0 00- 0 00- 0.02- 0.04- O.OS- 0.16- 0 2S- 0.44- 0 54 
o 44- 0 2S- 0 16- O.OS- 0.04- 0 02- 0.00- 0.00- 0 00- 0.00 

o 00- 0 00- 0 00- 0 01- 0.03- 0.06- 0.13- 0.2S- 0 55- 0.99- 1.39 
o 99- 0 55- 0.2S- 0 13- 0.06- 0.03- 0 01- 0 00- 0.00- 0 00 

0.00- 0 00- 0.00- 0.02- 0 04- 0 OS- 0 19- 0.44- 0 99- 2.12- 3 S4 
2.12- 0.99- 0 44- 0 19- 0 OS- 0 04- 0.02- 0 00- 0.00- 0 00 

0 OD- D 00- 0.00- 0.02- 0 04- 0 09- 0 22- 0.54- 1 39- 3.S4- 11 S5 
3.S4- 1.39- 0.54- 0 22- 0 09- 0.04- 0 02- 0 00- 0.00- 0 00 

o 00- 0 00- 0.00- 0.02- 0 04- O.OS- 0.19- 0 44- 0 99- 2 12- 3 S4 
2.12- 0.99- 0 44- 0 19- 0 OS- 0 04- 0 02- 0 00- 0 00- 0.00 

0.00- 0 00- 0.00- 0.01- 0.03- 0 06- 0 13- 0.2S- 0.55- 0 99- 1 39 
0.99- 0.55- 0 2S- 0.13- 0.06- 0.03- 0 01- 0.00- 0.00- 0 00 

0.00- 0 00- 0.00- 0 00- 0.02- 0 04- O.OS- 0 16- 0 2S- 0.44- 0.54 
0.44- 0.28- 0 16- 0 08- 0.04- 0 02- 0.00- 0.00- 0.00- 0.00 

0 OD- D OD- D OD- D OD- D Ol- D 02- 0 05- O.Os- 0.13- 0 19- 0.22 
0.19- 0.13- O.OS- 0.05- 0.02- 0 01- 0.00- 0 OD- D OD- D 00 

0.00- 0 OD- D OD- D OD- D 00- 0.01- 0 02- 0.04- 0.06- O.OS- 0 09 
O.OS- 0 06- 0 04- 0 02- 0.01- 0.00- 0.00- 0.00- 0.00- 0 00 



29 

0 00- 0.00- 0.00- 0.00- 0 00- 0 00- 0 01- 0 02- 0.03- 0.04- 0.04 
0 04- 0 03- 0 02- 0 01- 0 00- 0.00- 0 00- 0 00- 0 00- 0.00 

0.00- 0 00- 0 00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.01- 0.02- 0 02 
0 02- 0 01- 0 00- 0.00- 0 00- 0 00- 0 00- 0.00- 0.00- 0.00 

o 00- 0 00- 0 00- 0 00- 0 00- 0.00- 0.00- 0.00- 0 00- 0.00- 0.00 
0.00- 0 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0.00- 0.00- 0.00 

0.00- 0 00- 0.00- 0.00- 0 00- 0.00- 0.00- 0.00- 0.00- 0.00- 0 00 
o 00- 0.00- 0.00- 0.00- 0.00- 0.00- 0.00- 0 00- 0.00- 0 00 

o 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0 00- 0.00- 0 00- 0.00- 0 00 
o 00- 0 00- 0 00- 0 00- 0.00- 0 00- 0 00- 0.00- 0 00- 0 00 

• 

• 

• 
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DEWATERING AT THE COAL UNLOADING EXCAVATION SITE 

Scenano 1 Dewatenng for 180 days dUring the wet season 

• 

• 



• 

• 
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DEWATERING AT THE COAL UNLOADING EXCAVATION SITE 

SIte locatIon and model grld 
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MULTILAY~~QOIFER, VARIABLE PROPERTIES, MULTIPLE WELLS 

-- -------------------------- ------------------- ---- -- - -----------------------

• NO OF ROWS= 17 
NO OF LAYERS= 2 
NO. OF TIME STEPS= 20 
INITIAL TIME STEP (DAY) = 38 33764 
ERROR TOLERANCE (FT)= 5 
WATER BALANCE TOLERANCE (PERCENT) = 5 
DELTA FACTOR= 1.2 

LAYER: 1 
TT= 3300 
Sl= .15 
H1i= 0 
QQ= 0 
RR= .05 

LAYER· 2 
TT= 1500 
Sl= 4.0E-04 
HH= 0 
QQ= 0 
RR= 002 
VARIABLE GRID SPACINGS 

NODE DATA 

Tl,T2= Sl,Q= LEAKAGE= 

• 1 1 1 3300 3300 4488000 0 200000 
1 2 1 3300 3300 4488000 0 200000 
1 3 1 3300 3300 4488000 0 200000 
1 4 1 3300 3300 4488000 0 200000 
1 5 1 13200 2062 5 2805000 0 125000 
1 6 1 66000 495 673200 0 30000 
1 7 1 132000 123 75 168300 0 7500 
1 8 1 132000 82 5 112200 0 5000 
1 9 1 132000 82 5 112200 0 5000 
1 10 1 132000 82 5 112200 0 5000 
1 11 1 66000 123 75 168300 0 7500 
1 12 1 13200 495 673200 0 30000 
1 13 1 3300 2062 5 2805000 0 125000 
1 14 1 3300 3300 4488000 0 200000 
1 15 1 3300 3300 4488000 0 200000 
1 16 1 3300 3300 4488000 0 200000 
1 17 1 0 3300 4488000 0 200000 
2 1 1 3300 3300 4488000 0 200000 
2 2 1 3300 3300 4488000 0 200000 
2 3 1 3300 3300 4488000 0 200000 
2 4 1 3300 3300 4488000 0 200000 
2 5 1 13200 2062 5 2805000 0 125000 
2 6 1 66000 495 673200 0 30000 
2 7 1 132000 123 75 168300 0 7500 
2 8 1 132000 82 5 112200 0 5000 
2 9 1 132000 82.5 112200 0 5000 
2 10 1 132000 82 5 112200 0 5000 

• 2 11 1 66000 123 75 168300 0 7500 
2 12 1 13200 495 673200 0 30000 
2 13 1 3300 2062 5 2805000 0 125000 



2 14 1 3300 3300 4488000 0 200000 
2 15 1 3300 3300 4488000 0 200000 
2 16 1 3300 3300 4488000 0 200000 
2 17 1 0 3300 4488000 0 200000 • 3 1 1 3300 3300 4488000 0 200000 
3 2 1 3300 3300 4488000 0 200000 
3 3 1 3300 3300 4488000 0 200000 
3 4 1 3300 3300 4488000 0 200000 
3 5 1 13200 2062 5 2805000 0 125000 
3 6 1 66000 495 673200 0 30000 
3 7 1 132000 123.75 168300 0 7500 
3 8 1 132000 82 5 112200 0 5000 
3 9 1 132000 82 5 112200 0 5000 
3 10 1 132000 82 5 112200 0 5000 
3 11 1 66000 123.75 168300 0 7500 
3 12 1 13200 495 673200 0 30000 
3 13 1 3300 2062.5 2805000 0 125000 
3 14 1 3300 3300 4488000 0 200000 
3 15 1 3300 3300 4488000 0 200000 
3 16 1 3300 3300 4488000 0 200000 
3 17 1 0 3300 4488000 0 200000 
4 1 1 3300 3300 4488000 0 200000 
4 2 1 3300 3300 4488000 0 200000 
4 3 1 3300 3300 4488000 0 200000 
4 4 1 3300 3300 4488000 0 200000 
4 5 1 13200 2062.5 2805000 0 125000 
4 6 1 66000 495 673200 0 30000 
4 7 1 132000 123.75 168300 0 7500 
4 8 1 132000 82 5 112200 0 5000 
4 9 1 132000 82.5 112200 0 5000 
4 10 1 132000 82 5 112200 0 5000 • 4 11 1 66000 123 75 168300 0 7500 
4 12 1 13200 495 673200 0 30000 
4 13 1 3300 2062 5 2805000 0 125000 
4 14 1 3300 3300 4488000 0 200000 
4 15 1 3300 3300 4488000 0 200000 
4 16 1 3300 3300 4488000 0 200000 
4 17 1 0 3300 4488000 0 200000 
5 1 1 2062.5 13200 2805000 0 125000 
5 2 1 2062.5 13200 2805000 0 125000 
5 3 1 2062.5 13200 2805000 0 125000 
5 4 1 2062 5 13200 2805000 0 125000 
5 5 1 8250 8250 1753125 0 78125 
5 6 1 41250 1980 420750 0 18750 
5 7 1 82500 495 105187.5 0 4687.5 
5 8 1 82500 330 70125 0 3125 
5 9 1 82500 330 70125 0 3125 
5 10 1 82500 330 70125 0 3125 
5 11 1 41250 495 105187.5 0 4687.5 
5 12 1 8250 1980 420750 0 18750 
5 13 1 2062 5 8250 1753125 0 78125 
5 14 1 2062 5 13200 2805000 0 125000 
5 15 1 2062 5 13200 2805000 0 125000 
5 16 1 2062 5 13200 2805000 0 125000 
5 17 1 0 13200 2805000 0 125000 
6 1 1 495 66000 673200 0 30000 
6 2 1 495 66000 673200 0 30000 
6 3 1 495 66000 673200 0 30000 • 6 4 1 495 66000 673200 0 30000 
6 5 1 1980 41250 420750 0 18750 



6 6 1 __ 9900-9900 100980 0 4500 
6 7 1 19.800_2475 25245-0 1125 
6-8-1 19800 1650 16830 0 750 

• 6 9 1 19800 1650 16830 0 750 
6 10 1 19800 1650 16830 0 750 
6 11 1 9900 2475 25245 0 1125 
6 12 1 1980 9900 100980 0 4500 
6 13 1 495 41250 420750 0 18750 
6 14 1 495 66000 673200 0 30000 
6 15 1 495 66000 673200 0 30000 
6 16 1 495 66000 673200 0 30000 
6 17 1 0 66000 673200 0 30000 
7 1 1 123.75 132000 168300 0 7500 
7 2 1 123.75 132000 168300 0 7500 
7 3 1 123.75 132000 168300 0 7500 
7 4 1 123.75 132000 168300 0 7500 
7 5 1 495 82500 105187.5 0 4687.5 
7 6 1 2475 19800 25245 0 1125 
7 7 1 4950 4950 6311 25 0 281.25 
7 8 1 4950 3300 4207 5 0 187.5 
7 9 1 4950 3300 4207 5 0 187.5 
7 10 1 4950 3300 4207.5 0 187 5 
7 11 1 2475 4950 6311.25 0 281 25 
7 12 1 495 19800 25245 0 1125 
7 13 1 123.75 82500 105187 5 0 4687.5 
7 14 1 123.75 132000 168300 0 7500 
7 15 1 123.75 132000 168300 0 7500 
7 16 1 123 75 132000 168300 0 7500 
7 17 1 0 132000 168300 0 7500 
8 1 1 82 5 132000 112200 0 5000 

• 8 2 1 82 5 132000 112200 0 5000 
8 3 1 82 5 132000 112200 0 5000 
8 4 1 82.5 132000 112200 0 5000 
8 5 1 330 82500 70125 0 3125 
8 6 1 1650 19800 16830 0 750 
8 7 1 3300 4950 4207.5 0 187.5 
8 8 1 3300 3300 2805 0 125 
8 9 1 3300 3300 2805 0 125 
8 10 1 3300 3300 2805 0 125 
8 11 1 1650 4950 4207.5 0 187.5 
8 12 1 330 19800 16830 0 750 
8 13 1 82.5 82500 70125 0 3125 
8 14 1 82.5 132000 112200 0 5000 
8 15 1 82.5 132000 112200 0 5000 
8 16 1 82.5 132000 112200 0 5000 
8 17 1 0 132000 112200 0 5000 
9 1 1 82.5 132000 112200 0 5000 
9 2 1 82 5 132000 112200 0 5000 
9 3 1 82 5 132000 112200 0 5000 
9 4 1 82 5 132000 112200 0 5000 
9 5 1 330 82500 70125 0 3125 
9 6 1 1650 19800 _ 16830 0 750 
9 7 1 3300 4950 4207.5 0 187 5 
9 8 1 3300 3300 2805 0 125 
9 9 1 1 1 1. 87E-02 0 0 
9 10 1 3300 3300 2805 0 125 
9 11 1 1650 4950 4207 5 0 187 5 • 9 12 1 330 19800 16830 0 750 
9 13 1 82 5 82500 70125 0 3125 
9 14 1 82.5 132000 112200 0 5000 



9 15 1 82.5 132000 112200 0 5000 
9 16 1 82.5 132000 112200 0 5000 
9 17 1 0 132000 112200 0 5000 
10 1 1 82.5 132000 112200 0 5000 • 10 2 1 82.5 132000 112200 0 5000 
10 3 1 82.5 132000 112200 0 5000 
10 4 1 82.5 132000 112200 0 5000 
10 5 1 330 82500 70125 0 3125 
10 6 1 1650 19800 16830 0 750 
10 7 1 3300 4950 4207.5 0 187.5 
10 8 1 3300 3300 2805 0 125 
10 9 1 3300 3300 2805 0 125 
10 10 1 3300 3300 2805 0 125 
10 11 1 1650 4950 4207.5 0 187.5 
10 12 1 330 19800 16830 0 750 
10 13 1 82 5 82500 70125 0 3125 
10 14 1 82.5 132000 112200 0 5000 
10 15 1 82 5 132000 112200 0 5000 
10 16 1 82 5 132000 112200 0 5000 
10 17 1 0 132000 112200 0 5000 
11 1 1 123.75 66000 168300 0 7500 
11 2 1 123 75 66000 168300 0 7500 
11 3 1 123 75 66000 168300 0 7500 
11 4 1 123 75 66000 168300 0 7500 
11 5 1 495 41250 105187.5 0 4687 5 
11 6 1 2475 9900 25245 0 1125 
11 7 1 4950 2475 6311 25 0 281.25 
11 8 1 4950 1650 4207 5 0 187.5 
11 9 1 4950 1650 4207 5 0 187.5 
11 10 1 4950 1650 4207.5 0 187.5 
11 11 1 2475 2475 6311.25 0 281.25 • 11 12 1 495 9900 25245 0 1125 
11 13 1 123.75 41250 105187 5 0 4687 5 
11 14 1 123.75 66000 168300 0 7500 
11 15 1 123 75 66000 168300 0 7500 
11 16 1 123 75 66000 168300 0 7500 
11 17 1 0 66000 168300 0 7500 
12 1 1 495 13200 673200 0 30000 
12 2 1 495 13200 673200 0 30000 
12 3 1 495 13200 673200 0 30000 
12 4 1 495 13200 673200 0 30000 
12 5 1 1980 8250 420750 0 18750 
12 6 1 9900 1980 100980 0 4500 
12 7 1 19800 495 25245 0 1125 
12 8 1 19800 330 16830 0 750 
12 9 1 19800 330 16830 0 750 
12 10 1 19800 330 16830 0 750 
12 11 1 9900 495 25245 0 1125 
12 12 1 1980 1980 100980 0 4500 
12 13 1 495 8250 420750 0 18750 
12 14 1 495 13200 673200 0 30000 
12 15 1 495 13200 673200 0 30000 
12 16 1 495 13200 673200 0 30000 
12 17 1 0 13200 673200 0 30000 
13 1 1 2062.5 3300 2805000 0 125000 
13 2 1 2062 5 3300 2805000 0 125000 
13 3 1 2062 5 3300 2805000 0 1.25000 
13 4 1 2062 5 3300 2805000 0 125000 • 13 5 1 8250 2062 5 1753125 0 78125 
13 6 1 41250 495 420750 0 18750 



- ~--

13 7 1 82500- 123 75 105187.5 0 _4687 5 
13 8 1 82500_82.5- ---70125 0 3125 
13-9 1 82500 82.5 70125 0 3125 

• 13 10 1 82500 82.5 70125 0 3125 
13 11 1 41250 123.75 105187.5 0 4687.5 
13 12 1 8250 495 420750 0 18750 
13 13 1 2062 5 2062.5 1753125 0 78125 
13 14 1 2062 5 3300 2805000 0 125000 
13 15 1 2062.5 3300 2805000 0 125000 
13 16 1 2062.5 3300 2805000 0 125000 
13 17 1 0 3300 2805000 0 125000 
14 1 1 3300 3300 4488000 0 200000 
14 2 1 3300 3300 4488000 0 200000 
14 3 1 3300 3300 4488000 0 200000 
14 4 1 3300 3300 4488000 0 200000 
14 5 1 13200 2062.5 2805000 0 125000 
14 6 1 66000 495 673200 0 30000 
14 7 1 132000 123 75 168300 0 7500 
14 8 1 132000 82.5 112200 0 5000 
14 9 1 132000 82.5 112200 0 5000 
14 10 1 132000 82.5 112200 0 5000 
14 11 1 66000 123 75 168300 0 7500 
14 12 1 13200 495 673200 0 30000 
14 13 1 3300 2062.5 2805000 0 125000 
14 14 1 3300 3300 4488000 0 200000 
14 15 1 3300 3300 4488000 0 200000 
14 16 1 3300 3300 4488000 0 200000 
14 17 1 0 3300 4488000 0 200000 
15 1 1 3300 3300 4488000 0 200000 
15 2 1 3300 3300 4488000 0 200000 

• 15 3 1 3300 3300 4488000 0 200000 
15 4 1 3300 3300 4488000 0 200000 
15 5 1 13200 2062.5 2805000 0 125000 
15 6 1 66000 495 673200 0 30000 
15 7 1 132000 123.75 168300 0 7500 
15 8 1 132000 82 5 112200 0 5000 
15 9 1 132000 82 5 112200 0 5000 
15 10 1 132000 82 5 112200 0 5000 
15 11 1 66000 123 75 168300 0 7500 
15 12 1 13200 495 673200 0 30000 
15 13 1 3300 2062 5 2805000 0 125000 
15 14 1 3300 3300 4488000 0 200000 
15 15 1 3300 3300 4488000 0 200000 
15 16 1 3300 3300 4488000 0 200000 
15 17 1 0 3300 4488000 0 200000 
16 1 1 3300 3300 4488000 0 200000 
16 2 1 3300 3300 4488000 0 200000 
16 3 1 3300 3300 4488000 0 200000 
16 4 1 3300 3300 4488000 0 200000 
16 5 1 13200 2062.5 2805000 0 125000 
16 6 1 66000 495 673200 0 30000 
16 7 1 132000 123 75 168300 0 7500 
16 8 1 132000 82.5 112200 0 5000 
16 9 1 132000 82.5 112200 0 5000 
16 10 1 132000 82 5 112200 0 5000 
16 11 1 66000 123 75 168300 0 7500 
16 12 1 13200 495 673200 0 30000 • 16 13 1 3300 2062.5 2805000 0 125000 
16 14 1 3300 3300 4488000 0 200000 
16 15 1 3300 3300 4488000 0 200000 



16 16 1 3300 3300 4488000 0 200000 
16 17 1 0 3300 4488000 0 200000 
17 1 1 3300 0 4488000 0 200000 
17 2 1 3300 0 4488000 0 200000 • 17 3 1 3300 0 4488000 0 200000 
17 4 1 3300 0 4488000 0 200000 
17 5 1 13200 0 2805000 0 125000 
17 6 1 66000 0 673200 0 30000 
17 7 1 132000 0 168300 0 7500 
17 8 1 132000 0 112200 0 5000 
17 9 1 132000 0 112200 0 5000 
17 10 1 132000 0 112200 0 5000 
17 11 1 66000 0 168300 0 7500 
17 12 1 13200 0 673200 0 30000 
17 13 1 3300 0 2805000 0 125000 
17 14 1 3300 0 4488000 0 200000 
17 15 1 3300 0 4488000 0 200000 
17 16 1 3300 0 4488000 0 200000 
17 17 1 0 0 4488000 0 200000 
1 1 2 1500 1500 11968 0 8000 
1 2 2 1500 1500 11968 0 8000 
1 3 2 1500 1500 11968 0 8000 
1 4 2 1500 1500 11968 0 8000 
1 5 2 6000 937.5 7480 0 5000 
1 6 2 30000 225 1795 2 0 1200 
1 7 2 60000 56 25 448.8 0 300 
1 8 2 60000 37.5 299.2 0 200 
1 9 2 60000 37.5 299.2 0 200 
1 10 2 60000 37 5 299.2 0 200 
1 11 2 30000 56.25 448 8 0 300 
1 12 2 6000 225 1795.2 0 1200 • 1 13 2 1500 937.5 7480 0 5000 
1 14 2 1500 1500 11968 0 8000 
1 15 2 1500 1500 11968 0 8000 
1 16 2 1500 1500 11968 0 8000 
1 17 2 0 1500 11968 0 8000 
2 1 2 1500 1500 11968 0 8000 
2 2 2 1500 1500 11968 0 8000 
2 3 2 1500 1500 11968 0 8000 
2 4 2 1500 1500 11968 0 8000 
2 5 2 6000 937 5 7480 0 5000 
2 6 2 30000 225 1795 2 0 1200 
2 7 2 60000 56.25 44$ 8 0 300 
2 8 2 60000 37.5 299.2 0 200 
2 9 2 60000 37 5 299.2 0 200 
2 10 2 60000 37 5 299.2 0 200 
2 11 2 30000 56 25 448.8 0 300 
2 12 2 6000 225 1795 2 0 1200 
2 13 2 1500 937.5 7480 0 5000 
2 14 2 1500 1500 11968 0 8000 
2 15 2 1500 1500 11968 0 8000 
2 16 2 1500 1500 11968 0 8000 
2 17 2 0 1500 11968 0 8000 
3 1 2 1500 1500 11968 0 8000 
3 2 2 1500 1500 11968 0 8000 
3 3 2 1500 1500 11968 0 8000 
3 4 2 1500 1500 11968 0 8000 
3 5 2 6000 937.5 7480 0 5000 • 3 6 2 30000 225 1795.2 0 1200 
3 7 2 60000 56 25 448.8 0 300 



_3 8- 2 --60000- 37 5 2992 0 200 
3 9 2 ____ 60000--37.5 299~2--0-- 200 
3 10 2 60000 37.5 299 2 0 200 

• 3 11 2 30000 56.25 448 8 0 300 
3 12 2 6000 225 1795 2 0 1200 
3 13 2 1500 937.5 7480 0 5000 
3 14 2 1500 1500 11968 0 8000 
3 15 2 1500 1500 11968 0 8000 
3 16 2 1500 1500 11968 0 8000 
3 17 2 0 1500 11968 0 8000 
4 1 2 1500 1500 11968 0 8000 
4 2 2 1500 1500 11968 0 8000 
4 3 2 1500 1500 11968 0 8000 
4 4 2 1500 1500 11968 0 8000 
4 5 2 6000 937.5 7480 0 5000 
4 6 2 30000 225 1795.2 0 1200 
4 7 2 60000 56 25 448.8 0 300 
4 8 2 60000 37.5 299.2 0 200 
4 9 2 60000 37.5 299.2 0 200 
4 10 2 60000 37 5 299 2 0 200 
4 11 2 30000 56.25 448 8 0 300 
4 12 2 6000 225 1795 2 0 1200 
4 13 2 1500 937.5 7480 0 5000 
4 14 2 1500 1500 11968 0 8000 
4 15 2 1500 1500 11968 0 8000 
4 16 2 1500 1500 11968 0 8000 
4 17 2 0 1500 11968 0 8000 
5 1 2 937.5 6000 7480 0 5000 
5 2 2 937.5 6000 7480 0 5000 
5 3 2 937.5 6000 7480 0 5000 

• 5 4 2 937.5 6000 7480 0 5000 
5 5 2 3750 3750 4675 0 3125 
5 6 2 18750 900 1122 0 750 
5 7 2 37500 225 280 5 0 187 5 
5 8 2 37500 150 187 0 125 
5 9 2 37500 150 187 0 125 
5 10 2 37500 150 187 0 125 
5 11 2 18750 225 280 5 0 187 5 
5 12 2 3750 900' 1122 0 750 
5 13 2 937.5 3750 4675 0 3125 
5 14 2 937.5 6000 7480 0 5000 
5 15 2 937.5 6000 7480 0 5000 
5 16 2 937.5 6000 7480 0 5000 
5 17 2 0 6000 7480 0 5000 
6 1 2 225 30000 1795.2 0 1200 
6 2 2 225 30000 1795.2 0 1200 
6 3 2 225 30000 1795.2 0 1200 
6 4 2 225 30000 1795 2 0 1200 
6 5 2 900 18750 1122 0 750 
6 6 2 4500 4500 269.28 0 180 
6 7 2 9000 1125 67.32 0 45 
6 8 2 9000 750 44.88 0 30 
6 9 2 9000 750 44.88 0 30 
6 10 2 9000 750 44.88 0 30 
6 11 2 4500 1125 67.32 0 45 
6 12 2 900 4500 269.28 0 180 
6 13 2 225 18750 1122 0 750 

• 6 14 2 225 30000 1795.2 0 1200 
6 15 2 225 30000 1795.2 0 1200 
6 16 2 225 30000 1795.2 0 1200 



6 17 2 0 30aOO 1795.2 0 1200 
7 1 2 56 25 60000 448.8 0 300 
7 2 2 56.25 60000 448.8 0 300 
7 3 2 56 25 60000 448.8 0 300 • 7 4 2 56.25 60000 448.8 0 300 
7 5 2 225 37500 280.5 0 187.5 
7 6 2 1125 9000 67.32 0 45 
7 7 2 2250 2250 16.83 0 11.25 
7 8 2 2250 1500 11.22 0 7.5 
7 9 2 2250 1500 11.22 0 7.5 
7 10 2 2250 1500 11.22 0 7.5 
7 11 2 1125 2250 16.83 0 11.25 
7 12 2 225 9000 67.32 0 45 
7 13 2 56 25 37500 280.5 0 187 5 
7 14 2 56 25 60000 448.8 0 300 
7 15 2 56 25 60000 448.8 0 300 
7 16 2 56.25 60000 448.8 0 300 
7 17 2 0 60000 448 8 0 300 
8 1 2 37.5 60000 299.2 0 200 
8 2 2 37.5 60000 299.2 0 200 
8 3 2 37 5 60000 299.2 0 200 
8 4 2 37.5 60000 299.2 0 200 
8 5 2 150 37500 187 0 125 
8 6 2 750 9000 44.88 0 30 
8 7 2 1500 2250 11.22 0 7.5 
8 8 2 1500 1500 7.48 0 5 
8 9 2 1500 1500 7.48 0 5 
8 10 2 1500 1500 7.48 0 5 
8 11 2 750 2250 11.22 0 7.5 
8 12 2 150 9000 44 88 0 30 
8 13 2 37.5 37500 187 0 125 • 8 14 2 37.5 60000 299.2 0 200 
8 15 2 37 5 60000 299.2 0 200 
8 16 2 37 5 60000 299.2 0 200 
8 17 2 0 60000 299.2 0 200 
9 1 2 37.5 60000 299.2 0 200 
9 2 2 37.5 60000 299.2 0 200 
9 3 2 37.5 60000 299.2 0 200 
9 4 2 37.5 60000 299.2 0 200 
9 5 2 150 37500 187 0 125 
9 6 2 750 9000 44.88 0 30 
9 7 2 1500 2250 11.22 0 7 5 
9 8 2 1500 1500 7 48 0 5 
9 9 2 1500 1500 7 48 93600 0 
9 10 2 1500 1500 7 48 0 5 
9 11 2 750 2250 11.22 0 7 5 
9 12 2 150 9000 44.88 0 30 
9 13 2 37.5 37500 187 0 125 
9 14 2 37.5 60000 299 2 0 200 
9 15 2 37.5 60000 299 2 0 200 
9 16 2 37 5 60000 299 2 0 200 
9 17 2 0 60000 299.2 0 200 
10 1 2 37.5 60000 299.2 0 200 
10 2 2 37 5 60000 299 2 0 200 
10 3 2 37 5 60000 299.2 0 200 
10 4 2 37 5 60000 299 2 0 200 
10 5 2 150 37500 187 0 125 
10 6 2 750 9000 44.88 0 30 • 10 7 2 1500 2250 11.22 0 7.5 
10 8 2 1500 1500 7 48 0 5 

" 



---
10 ~- 2 1500-1500 7.48 0 5 

--10--10 2 1~1500_ 7-48-0 5 
10-11-2-750 2250 11.22 0 7.5 

• 10 12 2 150 9000 44.88 0 30 
10 13 2 37.5 37500 187 0 125 
10 14 2 37.5 60000 299.2 0 200 
10 15 2 37.5 60000 299.2 0 200 
10 16 2 37 5 60000 299.2 0 200 
10 17 2 0 60000 299 2 0 200 
11 1 2 56.25 30000 448.8 0 300 
11 2 2 56 25 30000 448.8 0 300 
11 3 2 56.25 30000 448.8 0 300 
11 4 2 56.25 30000 448.8 0 300 
11 5 2 225 18750 280 5 0 187.5 
11 6 2 1125 4500 67.32 0 45 
11 7 2 2250 1125 16.83 0 11.25 
11 8 2 2250 750 11.22 0 7.5 
11 9 2 2250 750 11.22 0 7.5 
11 10 2 2250 750 11.22 0 7.5 
11 11 2 1125 1125 16 83 0 11.25 
11 12 2 225 4500 67.32 0 45 
11 13 2 56 25 18750 280.5 0 187 5 
11 14 2 56.25 30000 448.8 0 300 
11 15 2 56 25 30000 448 8 0 300 
11 16 2 56.25 30000 448.8 0 300 
11 17 2 0 30000 448.8 0 300 
12 1 2 225 6000 1795.2 0 1200 
12 2 2 225 6000 1795.2 0 1200 
12 3 2 225 6000 1795 2 0 1200 
12 4 2 225 6000 1795.2 0 1200 • 12 5 2 900 3750 1122 0 750 
12 6 2 4500 900 269.28 0 180 
12 7 2 9000 225 67.32 0 45 
12 8 2 9000 150 44.88 0 30 
12 9 2 9000 150 44 88 0 30 
12 10 2 9000 150 44 88 0 30 
12 11 2 4500 225 67.32 0 45 
12 12 2 900 900 269 28 0 180 
12 13 2 225 3750 1122 0 750 
12 14 2 225 6000 1795 2 0 1200 
12 15 2 225 6000 1795.2 0 1200 
12 16 2 225 6000 1795.2 0 1200 
12 17 2 0 6000 1795 2 0 1200 
13 1 2 937.5 1500 7480 0 5000 
13 2 2 937 5 1500 7480 0 5000 
13 3 2 937.5 1500 7480 0 5000 
13 4 2 937.5 1500 7480 0 5000 
13 5 2 3750 937.5 4675 0 3125 
13 6 2 18750 225 1122 0 750 
13 7 2 37500 56 25 280.5 0 187.5 
13 8 2 37500 37 5 187 0 125 
13 9 2 37500 37.5 187 0 125 
13 10 2 37500 37.5 187 0 125 
13 11 2 18750 56 25 280.5 0 187 5 
13 12 2 3750 225 1122 0 750 
13 13 2 937.5 937.5 4675 0 3125 

• 13 14 2 937.5 1500 7480 0 5000 
13 15 2 937.5 1500 7480 0 5000 
13 16 2 937.5 1500 7480 0 5000 
13 17 2 0 1500 7480 0 5000 



14 1 2 1500 1500 11968 0 8000 
14 2 2 1500 1500 11968 0 8000 
14 3 2 1500 1500 11968 0 8000 
14 4 2 1500 1500 11968 0 8000 • 14 5 2 6000 937.5 7480 0 5000 
14 6 2 30000 225 1795.2 0 1200 
14 7 2 60000 56.25 448 8 0 300 
14 8 2 60000 37.5 299 2 0 200 
14 9 2 60000 37.5 299 2 0 200 
14 10 2 60000 37.5 299 2 0 200 
14 11 2 30000 56.25 448 8 0 300 
14 12 2 6000 225 1795.2 0 1200 
14 13 2 1500 937 5 7480 0 5000 
14 14 2 1500 1500 11968 0 8000 
14 15 2 1500 1500 11968 0 8000 
14 16 2 1500 1500 11968 0 8000 
14 17 2 0 1500 11968 0 8000 
15 1 2 1500 1500 11968 0 8000 
15 2 2 1500 1500 11968 0 8000 
15 3 2 1500 1500 11968 0 8000 
15 4 2 1500 1500 11968 0 8000 
15 5 2 6000 937 5 7480 0 5000 
15 6 2 30000 225 1795.2 0 1200 
15 7 2 60000 56 25 448 8 0 300 
15 8 2 60000 37 5 299.2 0 200 
15 9 2 60000 37 5 299.2 0 200 
15 10 2 60000 37.5 299 2 0 200 
15 11 2 30000 56.25 448 8 0 300 
15 12 2 6000 225 1795.2 0 1200 
15 13 2 1500 937.5 7480 0 5000 
15 14 2 1500 1500 11968 0 8000 • 15 15 2 1500 1500 11968 0 8000 
15 16 2 1500 1500 11968 0 8000 
15 17 2 0 1500 11968 0 8000 
16 1 2 1500 1500 11968 0 8000 
16 2 2 1500 1500 11968 0 8000 
16 3 2 1500 1500 11968 0 8000 
16 4 2 1500 1500 11968 0 8000 
16 5 2 6000 937 5 7480 0 5000 
16 6 2 30000 225 1795.2 0 1200 
16 7 2 60000 56.25 448 8 0 300 
16 8 2 60000 37.5 299.2 0 200 
16 9 2 60000 37.5 299.2 0 200 
16 10 2 60000 37.5 299.2 0 200 
16 11 2 30000 56 25 448.8 0 300 
16 12 2 6000 225 1795.2 0 1200 
16 13 2 1500 937.5 7480 0 5000 
16 14 2 1500 1500 11968 0 8000 
16 15 2 1500 1500 11968 0 8000 
16 16 2 1500 1500 11968 0 8000 
16 17 2 0 1500 11968 0 8000 
17 1 2 1500 0 11968 0 8000 
17 2 2 1500 0 11968 0 8000 
17 3 2 1500 0 11968 0 8000 
17 4 2 1500 0 11968 0 8000 
17 5 2 6000 0 7480 0 5000 
17 6 2 30000 0 1795.2 0 1200 
17 7 2 60000 0 448.8 0 300 • 17 8 2 60000 0 299.2 0 200 
17 9 2 60000 0 299.2 0 200 



17 10 2 60000- 0 -299.2 0 200 
17 11 2 3000o_0 _ __ 448-8-0-- 300 
17 12 2 6000 0 1795.2 0 1200 

• 17 13 2 1500 0 7480 0 5000 
17 14 2 1500 0 11968 0 8000 
17 15 2 1500 0 11968 0 8000 
17 16 2 1500 0 11968 0 8000 
17 17 2 0 0 11968 0 8000 

NO OF ITERATIONS= 2 
TIME= 186.6881 DAY 

WATER BALANCE RESULTS FOR LAYER. 1 
CONVERGENCE ERROR= 0 PERCENT 
TOTAL TEST ERROR= .1010838 FT 
PUMPAGE FROM THIS LAYER= 0 GPD 
CHANGE IN AQUIFER STORAGE=-219 9946 GPD 
NET UPWARD LEAKAGE= 0 GPD 
NET DOWNWARD LEAKAGE= 93672 47 GPD 

WATER BALANCE RESULTS FOR LAYER: 2 
CONVERGENCE ERROR= 7.992983E-02 PERCENT 
TOTAL TEST ERROR= .1010838 FT 
PUMPAGE FROM THIS LAYER= 93600 GPD 
CHANGE IN AQUIFER STORAGE=-2 404079 GPD 
NET upwARD LEAKAGE=-93672.47 GPD 
NET DOWNWARD LEAKAGE= 0 GPD 

HEADS FOR LAYER' 1 

• - 0 00- 0.00- 0 00- 0.00- 0.00- o 00- 0 00- 0.00- 0 00- 0.00- 0 00 
0.00- 0 00- 0.00- 0 00- 0 00- 0.00 

0 OD- D 00- 0.00- 0 OD- D 00- 0 OD- D 00- 0.00- 0 00- 0.00- 0 00 
0.00- 0 00- 0.00- 0.00- 0.00- 0.00 

0.00- 0.00- 0.00- 0 00- 0.00- 0.00- 0.00- 0 00- 0.00- 0.00- 0 00 
0.00- 0 00- 0.00- 0.00- 0 00- 0.00 

0 00- 0 OD- D 00- 0.00- 0.01- 0.01- 0.01- 0 Ol- D 01- 0.01- 0 01 
0.01- 0.01- 0.00- 0 00- 0.00- 0 00 

0.00- 0.00- 0.00- 0 01- 0 09- 0.13- 0.14- 0 14- 0.14- 0.14- 0.14 
0 13- 0 09- 0 01- 0.00- 0.00- 0 00 

0 OD- D 00- 0.00- 0 Ol- D 13- 0 32- 0 34- 0 34- 0.35- 0 34- 0 34 
0 32- 0.13- 0.01- 0 OD- D OD- D 00 

o 00- 0.00- 0.00- 0.01- 0 14- 0.34- 0 37- 0 38- 0.39- 0 38- o 37 
0.34- 0.14- 0 Ol- D OD- D OD- D 00 

• 0 00- 0.00- 0 OD- D 01- 0 14- 0 34- 0.38- 0 40- 0.40- 0 40- 0.38 
0 34- 0 14- 0 01- 0.00- 0.00- 0.00 



0 OD- D OD- D OD- D Ol- D 14- 0.35- 0.39- 0.40- 0.40- 0.40- 0 39 
0.35- 0.14- 0 01- 0.00- 0 00- 0.00 • 0 OD- D 00- 0.00- 0 Ol- D 14- 0.34- 0.38- 0 40- 0 40- 0 40- 0 38 
0 34- 0 14- 0.01- 0 00- 0.00- 0 00 

0 OD- D 00- 0.00- 0.01- 0.14- 0 34- 0 37- 0 38- 0.39- 0 38- 0 37 
0 34- 0 14- 0.01- 0.00- 0.00- 0.00 

0.00- 0.00- 0 00- 0.01- 0 13- 0 32- 0 34- 0.34- 0.35- 0 34- 0.34 
0.32- 0.13- 0 01- 0.00- 0 OD- D 00 

0 OD- D OD- D OD- D 01- 0.09- 0.13- 0 14- 0.14- 0.14- 0 14- 0 14 
0 13- 0.09- 0 Ol- D OD- D OD- D 00 

0 oD- D OD- D OD- D OD- D 01- 0.01- 0.01- 0 Ol- D Ol- D Ol- D 01 
0 01- 0.01- 0 OD- D OD- D OD- D 00 

0 00- 0.00- 0.00- 0.00- 0 OD- D OD- D OD- D OD- D OD- D 00- 0.00 
0 00- 0.00- 0.00- 0.00- 0.00- 0.00 

0 OD- D OD- D OD- D 00- 0.00- 0 OD- D 00- 0.00- 0.00- 0 OD- D 00. 
0 OD- D OD- D 00- 0.00- 0 OD- D 00 

0 OD- D OD- D 00- 0.00- 0 00- 0.00- 0.00- 0 OD- D OD- D OD- D 00 
0.00- 0 OD- D 00- 0.00- 0 00- 0.00 

HEADS FOR LAYER: 2 

0 OD- D 00- 0.00- 0 OD- D 00- 0.00- 0.00- 0 OD- D OD- D OD- D 00 
0.00- 0 00- 0.00- 0 OD- D 00- 0.00 

0 00- 0.00- 0 OD- D OD- D OD- D OD- D OD- D OD- D OD- D 00- O.DD 
0 00- 0.00- 0 00- 0.00- 0.00- 0 00 

0 OD- D OD- D OD- D Ol- D 04- 0 04- 0.04- 0 04- 0.04- 0 04- 0.04 
0.04- 0 04- 0.01- 0 00- 0.00- 0 00 

0.00- 0 OD- D Ol- D 07- 0.29- 0.35- 0 35- 0 35- 0.35- 0.35- 0 35 
0 35- 0 29- 0 07- 0 01- 0.00- 0.00 

0 00- 0.00- 0.04- 0 29- 2 07- 3 34- 3.45- 3.48- 3 49- 3 48- 3.45 
3 34- 2.07- 0.29- 0 04- 0 OD- D 00 

• 0 OD- D OD- D 04- 0 35- 3 34- 9.80- 11.28- 11. 76- 11 95- 11 76- 11 28 



9 80- 3-34--0-35- 0 04=-0:-00- 0.00 ---

• 0.00- 0 00- 0.04- 0.35- 3 45- 11.28- 15.34- 17 41- 18.64- 17 41- 15 34 - 11 28- 3 45- 0.35- 0 04- 0.00- 0.00 

0 00- 0 00- 0 04- 0.35- 3 48- 11 76- 17 41- 21.57- 25 76- 21 57- 17.41 - 11.76- 3 48- 0.35- 0.04- 0 00- 0.00 

0.00- 0 00- 0 04- 0 35- 3.49- 11.95- 18.64- 25 76- 41.36- 25.76- 18.64 
- 11 95- 3 49- 0.35- 0.04- 0 00- 0.00 

0.00- 0.00- 0 04- 0.35- 3 48- 11.76- 17.41- 21 57- 25 76- 21 57- 17.41 - 11 76- 3 48- 0.35- 0.04- 0.00- 0.00 

0 00- 0.00- 0 04- 0 35- 3.45- 11.28- 15 34- 17 41- 18.64- 17.41- 15 34 - 11 28- 3 45- 0 35- 0.04- 0 00- 0.00 

0 00- 0 00- 0 04- 0 35- 3 34- 9 80- 11 28- 11 76- 11.95- 11 76- 11 28 
9 80- 3.34- 0.35- 0.04- 0.00- 0 00 

0 00- 0 00- 0 04- a 29- 2.07- 3.34- 3.45- 3 48- 3 49- 3 48- 3 45 
3 34- 2 07- 0.29- 0.04- 0.00- 0 00 

• - 0.00- 0.00- 0 01- 0 07- 0 29- 0.35- 0 35- 0 35- 0 35- 0 35- 0 35 
0.35- 0.29- 0.07- 0 01- 0 00- 0.00 

a 00- 0.00- 0 00- 0 01- 0 04- 0.04- 0 04- 0 04- 0.04- 0.04- 0.04 
0 04- 0.04- 0.01- 0 00- 0 00- 0.00 

0.00- 0 00- 0 00- 0.00- 0 00- 0 00- 0 00- 0 00- 0 00- 0 00- 0.00 
0.00- 0 00- 0 00- 0.00- 0.00- 0 00 

0 00- 0.00- 0.00- 0 00- 0 00- 0 00- 0 00- 0 00- a 00- 0 00- 0 00 
0 00- 0.00- 0.00- a 00- 0.00- 0 00 

• 
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DEWATERING AT THE COAL UNLOADING EXCAVATION SITE 

Scenario 2 Dewatering for 180 days dunng the dry season 
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IMAGE QUALITY 
PLEASE NOTE TDE ORIGINW DOtllMENTS 

SUNNED FOR THIS BEtOn WEBE OF POOR 
QIJALRY. 
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• 
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MULTILAYER AQUIFER, VARIABLE PROPERTIES, MULTIPLE WELLS 
------------------------------------------------------------------~--~--~--~--------

NO. OF ROWS= 17 
NO. OF LAYERS= 2 
NO OF TIME STEPS= 20 
INITIAL TIME STEP (DAY)= 38.33764 
ERROR TOLERANCE (FT) = 5 
WATER BALANCE TOLERANCE (PERCENT)= 5 
DELTA FACTOR= 1.2 

LAYER: 1 
TT= 3300 
Sl= 15 
HH=O 
QQ= 0 
RR= 3.0E-02 

LAYER· 2 
TT= 1500 
Sl= 4.0E-04 
HH= 0 
QQ= 0 
RR= 002 
VARIABLE GRID SPACINGS 

NODE DATA 

T1,T2= 
1 1 1 3300 3300 
1 2 1 3300 3300 
1 3 1 3300 3300 
1 4 1 3300 3300 
1 5 1 13200 2062 5 
1 6 1 66000 495 
1 7 1 132000 123 75 
1 8 1 132000 82.5 
1 9 1 132000 82.5 
1 10 1 132000 82.5 
1 11 1 66000 123 75 
1 12 1 13200 495 
1 13 1 3300 2062 5 
1 14 1 3300 3300 
1 15 1 3300 3300 
1 16 1 3300 3300 
1 17 1 0 3300 
2 1 1 3300 3300 
2 2 1 3300 3300 
2 3 1 3300 3300 
2 4 1 3300 3300 
2 5 1 13200 2062.5 
2 6 1 66000 495 
2 7 1 132000 123.75 
2 8 1 132000 82 5 
2 9 1 132000 82 5 
2 10 1 132000 82 5 
2 11 1 66000 123 75 
2 12 1 13200 495 
2 13 1 3300 2062 5 

S1,Q= 
4488000 
4488000 
4488000 
4488000 
2805000 
673200 
168300 
112200 
112200 
112200 
168300 
673200 
2805000 
4488000 
4488000 
4488000 
4488000 
4488000 
4488000 
4488000 
4488000 
2805000 
673200 
168300 
112200 
112200 
112200 
168300 
673200 
2805000 

LEAKAGE= 
0 120000 
0 120000 
0 120000 
0 120000 
0 75000 

0 18000 
0 4500 
0 3000 
0 3000 
0 3000 
0 4500 
0 18000 

0 75000 
0 120000 
0 120000 
0 120000 
0 120000 
0 120000 
0 120000 
0 120000 
0 120000 
0 75000 

0 18000 
0 4500 
0 3000 
0 3000 
0 3000 
0 4500 
0 18000 

0 75000 



2 14 1 3300 3300 4488000 0 120000 
2 15 1 3300 3300 4488000 0 120000 
2 16 1 3300 3300 4488000 0 120000 
2 17 1 0 3300 4488000 0 120000 • 3 1 1 3300 3300 4488000 0 120000 
3 2 1 3300 3300 4488000 0 120000 
3 3 1 3300 3300 4488000 0 120000 
3 4 1 3300 3300 4488000 0 120000 
3 5 1 13200 2062.5 2805000 0 75000 
3 6 1 66000 495 673200 0 18000 
3 7 1 132000 123 75 168300 0 4500 
3 8 1 132000 82.5 112200 0 3000 
3 9 1 132000 82 5 112200 0 3000 
3 10 1 132000 82.5 112200 0 3000 
3 11 1 66000 123.75 168300 0 4500 
3 12 1 13200 495 673200 0 18000 
3 13 1 3300 2062.5 2805000 0 75000 
3 14 1 3300 3300 4488000 0 120000 
3 15 1 3300 3300 4488000 0 120000 
3 16 1 3300 3300 4488000 0 120000 
3 17 1 0 3300 4488000 0 120000 
4 1 1 3300 3300 4488000 0 120000 
4 2 1 3300 3300 4488000 0 120000 
4 3 1 3300 3300 4488000 0 120000 
4 4 1 3300 3300 4488000 0 120000 
4 5 1 13200 2062 5 2805000 0 75000 
4 6 1 66000 495 673200 0 18000 
4 7 1 132000 123 75 168300 0 4500 
4 8 1 132000 82 5 112200 0 3000 
4 9 1 132000 82 5 112200 0 3000 
4 10 1 132000 82 5 112200 0 3000 • 4 11 1 66000 123.75 168300 0 4500 
4 12 1 13200 495 673200 0 18000 
4 13 1 3300 2062 5 2805000 0 75000 
4 14 1 3300 3300 4488000 0 120000 
4 15 1 3300 3300 4488000 0 120000 
4 16 1 3300 3300 4488000 0 120000 
4 17 1 0 3300 4488000 0 120000 
5 1 1 2062 5 13200 2805000 0 75000 
5 2 1 2062 5 13200 2805000 0 75000 
5 3 1 2062.5 13200 2805000 0 75000 
5 4 1 2062.5 13200 2805000 0 75000 
5 5 1 8250 8250 1753125 0 46875 
5 6 1 41250 1980 420750 0 11250 
5 7 1 82500 495 105187.5 0 2812.5 
5 8 1 82500 330 70125 0 1875 
5 9 1 82500 330 70125 0 1875 
5 10 1 82500 330 70125 0 1875 
5 11 1 41250 495 105187.5 0 2812 5 
5 12 1 8250 1980 420750 0 11250 
5 13 1 2062 5 8250 1753125 0 46875 
5 14 1 2062.5 13200 2805000 0 75000 
5 15 1 2062 5 13200 2805000 0 75000 
5 16 1 2062.5 13200 2805000 0 75000 
5 17 1 0 13200 2805000 0 75000 
6 1 1 495 66000 673200 0 18000 
6 2 1 495 66000 673200 0 18000 
6 3 1 495 66000 673200 0 18000 • 6 4 1 495 66000 673200 0 18000 
6 5 1 1980 41250 420750 0 11250 



6 6 1 9900 9900 100980 -0 2700 
_6_7 1 19800-2475 25245 0 675 

6 8 1 ___ -19800--1650 i6830 0 450 
6 9 1 19800 1650 16830 0 450 

• 6 10 1 19800 1650 16830 0 450 
6 11 1 9900 2475 25245 0 675 
6 12 1 1980 9900 100980 0 2700 
6 13 1 495 41250 420750 0 11250 
6 14 1 495 66000 673200 0 18000 
6 15 1 495 66000 673200 0 18000 
6 16 1 495 66000 673200 0 18000 
6 17 1 0 66000 673200 0 18000 
7 1 1 123.75 132000 168300 0 4500 
7 2 1 123.75 132000 168300 0 4500 
7 3 1 123.75 132000 168300 0 4500 
7 4 1 123.75 132000 168300 0 4500 
7 5 1 495 82500 105187.5 0 2812 5 
7 6 1 2475 19800 25245 0 675 
7 7 1 4950 4950 6311.25 0 168.75 
7 8 1 4950 3300 4207.5 0 112.5 
7 9 1 4950 3300 4207 5 0 112.5 
7 10 1 4950 3300 4207.5 0 112.5 
7 11 1 2475 4950 6311 25 0 168 75 
7 12 1 495 19800 25245 0 675 
7 13 1 123.75 82500 105187 5 0 2812.5 
7 14 1 123.75 132000 168300 0 4500 
7 15 1 123.75 132000 168300 0 4500 
7 16 1 123 75 132000 168300 0 4500 
7 17 1 0 132000 168300 0 4500 
8 1 1 82.5 132000 112200 0 3000 
8 2 1 82 5 132000 112200 0 3000 

• 8 3 1 82.5 132000 112200 0 3000 
8 4 1 82 5 132000 112200 0 3000 
8 5 1 330 82500 70125 0 1875 
8 6 1 1650 19800 16830 0 450 
8 7 1 3300 4950 4207.5 0 112.5 
8 8 1 3300 3300 2805 0 75 
8 9 1 3300 3300 2805 0 75 
8 10 1 3300 3300 2805 0 75 
8 11 1 1650 4950 4207.5 0 112.5 
8 12 1 330 19800 16830 0 450 
8 13 1 82 5 82500 70125 0 1875 
8 14 1 82 5 132000 112200 0 3000 
8 15 1 82.5 132000 112200 0 3000 
8 16 1 82.5 132000 112200 0 3000 
8 17 1 0 132000 112200 0 3000 
9 1 1 82 5 132000 112200 0 3000 
9 2 1 82 5 132000 112200 0 3000 
9 3 1 82.5 132000 112200 0 3000 
9 4 1 82.5 132000 112200 0 3000 
9 5 1 330 82500 70125 0 1875 
9 6 1 1650 19800 16830 0 450 
9 7 1 3300 4950 4207.5 0 112 5 
9 8 1 3300 3300 2805 0 75 
9 9 1 1 1 1 87E-02 0 0 
9 10 1 3300 3300 2805 0 75 
9 11 1 1650 4950 4207.5 0 112.5 
9 12 1 330 19800 16830 0 450 • 9 13 1 82 5 82500 70125 0 1875 
9 14 1 82 5 132000 112200 0 3000 

, 



9 15 1 82.5 132000 112200 0 3000 
9 16 1 82.5 132000 112200 0 3000 
9 17 1 0 132000 112200 0 3000 
10 1 1 82 5 132000 112200 0 3000 
10 2 1 82 5 132000 112200 0 3000 • 10 3 1 82.5 132000 112200 0 3000 
10 4 1 82 5 132000 112200 0 3000 
10 5 1 330 82500 70125 0 1875 
10 6 1 1650 19800 16830 0 450 
10 7 1 3300 4950 4207.5 0 112.5 
10 8 1 3300 3300 2805 0 75 
10 9 1 3300 3300 2805 0 75 
10 10 1 3300 3300 2805 0 75 
10 11 1 1650 4950 4207.5 0 112 5 
10 12 1 330 19800 16830 0 450 
10 13 1 82.5 82500 70125 0 1875 
10 14 1 82 5 132000 112200 0 3000 
10 15 1 82 5 132000 112200 0 3000 
10 16 1 82 5 132000 112200 0 3000 
10 17 1 0 132000 112200 0 3000 
11 1 1 123 75 66000 168300 0 4500 
11 2 1 123 75 66000 168300 0 4500 
11 3 1 123 75 66000 168300 0 4500 
11 4 1 123 75 66000 168300 0 4500 
11 5 1 495 41250 105187 5 0 2812.5 
11 6 1 2475 9900 25245 0 675 
11 7 1 4950 2475 6311.25 0 168 75 
11 8 1 4950 1650 4207.5 0 112.5 
11 9 1 4950 1650 4207 5 0 112.5 
11 10 1 4950 1650 4207.5 0 112.5 
11 11 1 2475 2475 6311.25 0 168.75 
11 12 1 495 9900 25245 0 675 • 11 13 1 123 75 41250 105187.5 0 2812 5 
11 14 1 123 75 66000 168300 0 4500 
11 15 1 123 75 66000 168300 0 4500 
11 16 1 123 75 66000 168300 0 4500 
11 17 1 0 66000 168300 0 4500 
12 1 1 495 13200 673200 0 18000 
12 2 1 495 13200 673200 0 18000 
12 3 1 495 13200 673200 0 18000 
12 4 1 495 13200 673200 0 18000 
12 5 1 1980 8250 420750 0 11250 
12 6 1 9900 1980 100980 0 2700 
12 7 1 19800 495 25245 0 675 
12 8 1 19800 330 16830 0 450 
12 9 1 19800 330 16830 0 450 
12 10 1 19800 330 16830 0 450 
12 11 1 9900 495 25245 0 675 
12 12 1 1980 1980 100980 0 2700 
12 13 1 495 8250 420750 0 11250 
12 14 1 495 13200 673200 0 18000 
12 15 1 495 13200 673200 0 18000 
12 16 1 495 13200 673200 0 18000 
12 17 1 0 13200 673200 0 18000 
13 1 1 2062 5 3300 2805000 0 75000 
13 2 1 2062.5 3300 2805000 0 75000 
13 3 1 2062.5 3300 2805000 0 75000 
13 4 1 2062 5 3300 2805000 0 75000 • 13 5 1 8250 2062 5 1753125 0 46875 
13 6 1 41250 495 420750 0 11250 

" 



13 7 1 82500 123.75 105187.5 0 -2812 5 
__ 13_ 8 1- 82500-82.5 70125 --'!.- -- _ ___ 1875 

13 9_1_82500-82 5 -- --70125 0 1875 
13 10 1 82500 82.5 70125 0 1875 • 13 11 1 41250 123.75 105187 5 0 2812.5 
13 12 1 8250 495 420750 0 11250 
13 13 1 2062 5 2062.5 1753125 0 46875 
13 14 1 2062.5 3300 2805000 0 75000 
13 15 1 2062.5 3300 2805000 0 75000 
13 16 1 2062.5 3300 2805000 0 75000 
13 17 1 0 3300 2805000 0 75000 
14 1 1 3300 3300 4488000 0 120000 
14 2 1 3300 3300 4488000 0 120000 
14 3 1 3300 3300 4488000 0 120000 
14 4 1 3300 3300 4488000 0 120000 
14 5 1 13200 2062.5 2805000 0 75000 
14 6 1 66000 495 673200 0 18000 
14 7 1 132000 123 75 168300 0 4500 
14 8 1 132000 82.5 112200 0 3000 
14 9 1 132000 82 5 112200 0 3000 
14 10 1 132000 82.5 112200 0 3000 
14 11 1 66000 123.75 168300 0 4500 
14 12 1 13200 495 673200 0 18000 
14 13 1 3300 2062.5 2805000 0 75000 
14 14 1 3300 3300 4488000 0 120000 
14 15 1 3300 3300 4488000 0 120000 
14 16 1 3300 3300 4488000 0 120000 
14 17 1 0 3300 4488000 0 120000 
15 1 1 3300 3300 4488000 0 120000 
15 2 1 3300 3300 4488000 0 120000 

• 15 3 1 3300 3300 4488000 0 120000 
15 4 1 3300 3300 4488000 0 120000 
15 5 1 13200 2062.5 2805000 0 75000 
15 6 1 66000 495 673200 0 18000 
15 7 1 132000 123.75 168300 0 4500 
15 8 1 132000 82 5 112200 0 3000 
15 9 1 132000 82 5 112200 0 3000 
15 10 1 132000 82.5 112200 0 3000 
15 11 1 66000 123.75 168300 0 4500 
15 12 1 13200 495 673200 0 18000 
15 13 1 3300 2062 5 2805000 0 75000 
15 14 1 3300 3300 4488000 0 120000 
15 15 1 3300 3300 4488000 0 120000 
15 16 1 3300 3300 4488000 0 120000 
15 17 1 0 3300 4488000 0 120000 
16 1 1 3300 3300 4488000 0 120000 
16 2 1 3300 3300 4488000 0 120000 
16 3 1 3300 3300 4488000 0 120000 
16 4 1 3300 3300 4488000 0 120000 
16 5 1 13200 2062.5 2805000 0 75000 
16 6 1 66000 495 673200 0 18000 
16 7 1 132000 123.75 168300 0 4500 
16 8 1 132000 82 5 112200 0 3000 
16 9 1 132000 82.5 112200 0 3000 
16 10 1 132000 82 5 112200 0 3000 
16 11 1 66000 123.75 168300 0 4500 
16 12 1 13200 495 673200 0 18000 

• 16 13 1 3300 2062.5 2805000 0 75000 
16 14 1 3300 3300 4488000 0 120000 
16 15 1 3300 3300 4488000 0 120000 

,-



16 16 1 3300 3300 4488000 0 120000 
16 17 1 0 3300 4488000 0 120000 
17 1 1 3300 0 4488000 0 120000 
17 2 1 3300 0 4488000 0 120000 
17 3 1 3300 0 4488000 0 120000 • 17 4 1 3300 0 4488000 0 120000 
17 5 1 13200 0 2805000 0 75000 
17 6 1 66000 0 673200 0 18000 
17 7 1 132000 0 168300 0 4500 
17 8 1 132000 0 112200 0 3000 
17 9 1 132000 0 112200 0 3000 
17 10 1 132000 0 112200 0 3000 
17 11 1 66000 0 168300 0 4500 
17 12 1 13200 0 673200 0 18000 
17 13 1 3300 0 2805000 0 75000 
17 14 1 3300 0 4488000 0 120000 
17 15 1 3300 0 4488000 0 120000 
17 16 1 3300 0 4488000 0 120000 
17 17 1 0 0 4488000 0 120000 
1 1 2 1500 1500 11968 0 8000 
1 2 2 1500 1500 11968 0 8000 
1 3 2 1500 1500 11968 0 8000 
1 4 2 1500 1500 11968 0 8000 
1 5 2 6000 937.5 7480 0 5000 
1 6 2 30000 225 1795.2 0 1200 
1 7 2 60000 56 25 448 8 0 300 
1 8 2 60000 37 5 299 2 0 :!OO 
1 9 2 60000 37 5 299 2 0 200 
1 10 2 60000 37 5 299.2 0 200 
1 11 2 30000 56 25 448.8 0 300 
1 12 2 6000 225 1795.2 0 1200 
1 13 2 1500 937.5 7480 0 5000 • 1 14 2 1500 1500 11968 0 8000 
1 15 2 1500 1500 11968 0 8000 
1 16 2 1500 1500 11968 0 8000 
1 17 2 0 1500 11968 0 8000 
2 1 2 1500 1500 11968 0 8000 
2 2 2 1500 1500 11968 0 8000 
2 3 2 1500 1500 11968 0 8000 
2 4 2 1500 1500 11968 0 8000 
2 5 2 6000 937.5 7480 0 5000 
2 6 2 30000 225 1795.2 0 1200 
2 7 2 60000 56.25 448.8 0 300 
2 8 2 60000 37.5 299.2 0 200 
2 9 2 60000 37.5 299.2 0 200 
2 10 2 60000 37.5 299.2 0 200 
2 11 2 30000 56.25 448.8 0 300 
2 12 2 6000 225 1795 2 0 1200 
2 13 2 1500 937.5 7480 0 5000 
2 14 2 1500 1500 11968 0 8000 
2 15 2 1500 1500 11968 0 8000 
2 16 2 1500 1500 11968 0 8000 
2 17 2 0 1500 11968 0 8000 
3 1 2 1500 1500 11968 0 8000 
3 2 2 1500 1500 11968 0 8000 
3 3 2 1500 1500 11968 0 8000 
3 4 2 1500 1500 11968 0 8000 
3 5 2 6000 937.5 7480 0 5000 • 3 6 2 30000 225 1795.2 0 1200 
3 7 2 60000 56.25 448.8 0 300 

• 



3 8 2 - -60000-37.5 _299.2 0 200 
3-9-2-60000_37.5 ___ 299.2 0 -200 
3 10 2 60000 37.5 299.2-0- - -200 

• 3 11 2 30000 56.25 448.8 0 300 
3 12 2 6000 225 1795.2 0 1200 
3 13 2 1500 937.5 7480 0 5000 
3 14 2 1500 1500 11968 0 8000 
3 15 2 1500 1500 11968 0 8000 
3 16 2 1500 1500 11968 0 8000 
3 17 2 0 1500 11968 0 8000 
4 1 2 1500 1500 11968 0 8000 
4 2 2 1500 1500 11968 0 8000 
4 3 2 1500 1500 11968 0 8000 
4 4 2 1500 1500 11968 0 8000 
4 5 2 6000 937 5 7480 0 5000 
4 6 2 30000 225 1795.2 0 1200 
4 7 2 60000 56.25 448.8 0 300 
4 8 2 60000 37.5 299.2 0 200 
4 9 2 60000 37.5 299.2 0 200 
4 10 2 60000 37.5 299 2 0 200 
4 11 2 30000 56.25 448 8 0 300 
4 12 2 6000 225 1795.2 0 1200 
4 13 2 1500 937 5 7480 0 5000 
4 14 2 1500 1500 11968 0 8000 
4 15 2 1500 1500 11968 0 8000 
4 16 2 1500 1500 11968 0 8000 
4 17 2 0 1500 11968 0 8000 
5 1 2 937 5 6000 7480 0 5000 
5 2 2 937 5 6000 7480 0 5000 
5 3 2 937 5 6000 7480 0 5000 

• 5 4 2 937.5 6000 7480 0 5000 
5 5 2 3750 3750 4675 0 3125 
5 6 2 18750 900 1122 0 750 
5 7 2 37500 225 280 5 0 187.5 
5 8 2 37500 150 187 0 125 
5 9 2 37500 150 187 0 125 
5 10 2 37500 150 187 0 125 
5 11 2 18750 225 280.5 0 187.5 
5 12 2 3750 900 1122 0 750 
5 13 2 937.5 3750 4675 0 3125 
5 14 2 937.5 6000 7480 0 5000 
5 15 2 937.5 6000 7480 0 5000 
5 16 2 937.5 6000 7480 0 5000 
5 17 2 0 6000 7480 0 5000 
6 1 2 225 30000 1795 2 0 1200 
6 2 2 225 30000 1795.2 0 1200 
6 3 2 225 30000 1795.2 0 1200 
6 4 2 225 30000 1795.2 0 1200 
6 5 2 900 18750 1122 0 750 
6 6 2 4500 4500 269.28 0 180 
6 7 2 9000 1125 67 32 0 45 
6 8 2 9000 750 44 88 0 30 
6 9 2 9000 750 44.88 0 30 
6 10 2 9000 750 44.88 0 30 
6 11 2 4500 1125 67.32 0 45 
6 12 2 900 4500 269.28 0 180 
6 13 2 225 18750 1122 0 750 

• 6 14 2 225 30000 1795.2 0 1200 
6 15 2 225 30000 1795 2 0 1200 
6 16 2 225 30000 1795 2 0 1200 



6 17 2 0 30000 1795.2 0 1200 
7 1 2 56 25 60000 448.8 0 300 
7 2 2 56 25 60000 448 8 0 300 
7 3 2 56.25 60000 448.8 0 300 
7 4 2 56 25 60000 448.8 0 300 • 7 5 2 n5 37500 280.5 0 187 5 
7 6 2 1125 9000 67.32 0 45 
7 7 2 2250 2250 16.83 0 11 25 
7 8 2 2250 1500 11.22 0 7.5 
7 9 2 2250 1500 11.22 0 7.5 
7 10 2 2250 1500 11.22 0 7.5 
7 11 2 1125 2250 16 83 0 11.25 
7 12 2 225 9000 67.32 0 45 
7 13 2 56 25 37500 280.5 0 187.5 
7 14 2 56.25 60000 448.8 0 300 
7 15 2 56.25 60000 448.8 0 300 
7 16 2 56.25 60000 448 8 0 300 
7 17 2 0 60000 448.8 0 300 
8 1 2 37.5 60000 299.2 0 200 
8 2 2 37 5 60000 299.2 0 200 
8 3 2 37.5 60000 299.2 0 200 
8 4 2 37.5 60000 299 2 0 200 
8 5 2 150 37500 187 0 125 
8 6 2 750 9000 44 88 0 30 
8 7 2 1500 2250 11 22 0 7.5 
8 8 2 1500 1500 7 48 0 5 
8 9 2 1500 1500 7.48 0 5 
8 10 2 1500 1500 7 48 0 5 
8 11 2 750 2250 11.22 0 7.5 
8 12 2 150 9000 44 88 0 30 
8 13 2 37.5 37500 187 0 125 • 8 14 2 37 5 60000 299 2 0 200 
8 15 2 37 5 60000 299.2 0 200 
8 16 2 37.5 60000 299.2 0 200 
8 17 2 0 60000 299.2 0 200 
9 1 2 37.5 60000 299.2 0 200 
9 2 2 37 5 60000 299 2 0 200 
9 3 2 37.5 60000 299.2 0 200 
9 4 2 37 5 60000 299 2 0 200 
9 5 2 150 37500 187 0 125 
9 6 2 750 9000 44.88 0 30 
9 7 2 1500 2250 11.22 0 7.5 
9 8 2 1500 1500 7.48 0 5 
9 9 2 1500 1500 7.48 93600 0 
9 10 2 1500 1500 7 48 0 5 
9 11 2 750 2250 11.22 0 7 5 
9 12 2 150 9000 44 88 0 30 
9 13 2 37.5 37500 187 0 125 
9 14 2 37 5 60000 299 2 0 200 
9 15 2 37.5 60000 299.2 0 200 
9 16 2 37 5 60000 299.2 0 200 
9 17 2 0 60000 299.2 0 200 
10 1 2 37 5 60000 299.2 0 200 
10 2 2 37.5 60000 299.2 0 200 
10 3 2 37 5 60000 299.2 0 200 
10 4 2 37.5 60000 299.2 0 200 
10 5 2 150 37500 187 0 125 
10 6 2 750 9000 44.88 0 30 • 10 7 2 1500 2250 11.22 0 7.5 
10 8 2 1500 1500 7.48 0 5 

~ 



10 9 2 1500_1500 7-48-0 5 ---10- 10 2 1500 1500 _____ 7.48-0---- - --5 
-10-11-2-750 2250 11.22 0 7.5 

• 10 12 2 150 9000 44.88 0 30 
10 13 2 37 5 37500 187 0 125 
10 14 2 37.5 60000 299.2 0 200 
10 15 2 37 5 60000 299.2 0 200 
10 16 2 37.5 60000 299.2 0 200 
10 17 2 0 60000 299.2 0 200 
11 1 2 56 25 30000 448.8 0 300 
11 2 2 56.25 30000 448.8 0 300 
11 3 2 56 25 30000 448.8 0 300 
11 4 2 56.25 30000 448.8 0 300 
11 5 2 225 18750 280.5 0 187.5 
11 6 2 1125 4500 67.32 0 45 
11 7 2 2250 1125 16.83 0 11.25 
11 8 2 2250 750 11.22 0 7.5 
11 9 2 2250 750 11.22 0 7.5 
11 10 2 2250 750 11 22 0 7.5 
11 11 2 1125 1125 16 83 0 11.25 
11 12 2 225 4500 67.32 0 45 
11 13 2 56.25 18750 280.5 0 187 5 
11 14 2 56 25 30000 448 8 0 300 
11 15 2 56.25 30000 448.8 0 300 
11 16 2 56 25 30000 448.8 0 300 
11 17 2 0 30000 448 8 0 300 
12 1 2 225 6000 1795 2 0 1200 
12 2 2 225 6000 1795.2 0 1200 
12 3 2 225 6000 1795.2 0 1200 
12 4 2 225 6000 1795 2 0 1200 

• 12 5 2 900 3750 1122 0 750 
12 6 2 4500 900 269.28 0 180 
12 7 2 9000 225 67.32 0 45 
12 8 2 9000 150 44.88 0 30 
12 9 2 9000 150 44.88 0 30 
12 10 2 9000 150 44.88 0 30 
12 11 2 4500 225 67.32 0 45 
12 12 2 900 900 269 28 0 180 
12 13 2 225 3750 1122 0 750 
12 14 2 225 6000 1795 2 0 1200 
12 15 2 225 6000 1795.2 0 1200 
12 16 2 225 6000 1795.2 0 1200 
12 17 2 0 6000 1795.2 0 1200 
13 1 2 937.5 1500 7480 0 5000 
13 2 2 937.5 1500 7480 0 5000 
13 3 2 937 5 1500 7480 0 5000 
13 4 2 937 5 1500 7480 0 5000 
13 5 2 3750 937 5 4675 0 3125 
13 6 2 18750 225 1122 0 750 
13 7 2 37500 56.25 280.5 0 187.5 
13 8 2 37500 37.5 187 0 125 
13 9 2 37500 37 5 187 0 125 
13 10 2 37500 37 5 187 0 125 
13 11 2 18750 56.25 280.5 0 187 5 
13 12 2 3750 225 1122 0 750 
13 13 2 937 5 937.5 4675 0 3125 
13 14 2 937 5 1500 7480 0 5000 • 13 15 2 937.5 1500 7480 0 5000 
13 16 2 937.5 1500 7480 0 5000 
13 17 2 0 1500 7480 0 5000 



14 1 2 1500 1500 11968 0 8000 
14 2 2 1500 1500 11968 0 8000 
14 3 2 1500 1500 11968 0 8000 
14 4 2 1500 1500 11968 0 8000 • 14 5 2 6000 937.5 7480 0 5000 
14 6 2 30000 225 1795.2 0 1200 
14 7 2 60000 56.25 448.8 0 300 
14 8 2 60000 37.5 299.2 0 200 
14 9 2 60000 37 5 299.2 0 200 
14 10 2 60000 37 5 299.2 0 200 
14 11 2 30000 56 25 448 8 0 300 
14 12 2 6000 225 1795 2 0 1200 
14 13 2 1500 937.5 7480 0 5000 
14 14 2 1500 1500 11968 0 8000 
14 15 2 1500 1500 11968 0 8000 
14 16 2 1500 1500 11968 0 8000 
14 17 2 0 1500 11968 0 8000 
15 1 2 1500 1500 11968 0 8000 
15 2 2 1500 1500 11968 0 8000 
15 3 2 1500 1500 11968 0 8000 
15 4 2 1500 1500 11968 0 8000 
15 5 2 6000 937 5 7480 0 5000 
15 6 2 30000 225 1795 2 0 1200 
15 7 2 60000 56 25 448.8 0 300 
15 8 2 60000 37.5 299.2 0 200 
15 9 2 60000 37 5 299.2 0 200 
15 10 2 60000 37 5 299.2 0 200 
15 11 2 30000 56 25 448 8 0 300 
15 12 2 6000 225 1795.2 0 1200 
15 13 2 1500 937 5 7480 0 5000 
15 14 2 1500 1500 11968 0 8000 • 15 15 2 1500 1500 11968 0 8000 
15 16 2 1500 1500 11968 0 8000 
15 17 2 0 1500 11968 0 8000 
16 1 2 1500 1500 11968 0 8000 
16 2 2 1500 1500 11968 0 8000 
16 3 2 1500 1500 11968 0 8000 
16 4 2 1500 1500 11968 0 8000 
16 5 2 6000 937.5 7480 0 5000 
16 6 2 30000 225 1795.2 0 1200 
16 7 2 60000 56.25 448.8 0 300 
16 8 2 60000 37.5 299 2 0 200 
16 9 2 60000 37 5 299 2 0 200 
16 10 2 60000 37 5 299.2 0 200 
16 11 2 30000 56.25 448.8 0 300 
16 12 2 6000 225 1795.2 0 1200 
16 13 2 1500 937.5 7480 0 5000 
16 14 2 1500 1500 11968 0 8000 
16 15 2 1500 1500 11968 0 8000 
16 16 2 1500 1500 11968 0 8000 
16 17 2 0 1500 11968 0 8000 
17 1 2 1500 0 11968 0 8000 
17 2 2 1500 0 11968 0 8000 
17 3 2 1500 0 11968 0 8000 
17 4 2 1500 0 11968 0 8000 
17 5 2 6000 0 7480 0 5000 
17 6 2 30000 0 1795 2 0 1200 
17 7 2 60000 0 448.8 0 300 • 17 8 2 60000 0 299.2 0 200 
17 9 2 60000 0 299.2 0 200 





0 OD- D OD- D OD- D 03- 0 22- 0 51- 0 55- 0.57- 0 57- 0 57- 0 55 
0 51- 0 22- 0 03- 0 OD- D 00- 0.00 • 0 OD- D OD- D 00- 0.03- 0.22- 0.50- 0.55- 0 56- 0.57- 0.56- 0.55 
0 SO- D 22- 0 03- 0 00- 0.00- 0 00 

0 OD- D OD- D OD- D 03- 0.22- 0 49- 0.54- 0.55- 0 55- 0 55- 0 54 
0 49- 0.22- 0.03- 0 00- 0.00- 0 00 

0 00- 0.00- 0.00- 0 03- 0.22- 0.47- 0.49- 0.50- 0 51- 0.50- 0 49 
0 47- 0 22- 0.03- 0 OD- D OD- D 00 

0.00- 0.00- 0 OD- D 02- 0 14- 0 22- 0 22- 0.22- 0 22- 0 22- 0 22 
0 22- 0 14- 0 02- 0 OD- D 00- 0.00 

0 OD- D OD- D 00- 0.00- 0 02- 0 02- 0.03- 0.03- 0.03- 0 03- 0 03 
0.02- 0.02- 0 00- 0.00- 0 OD- D 00 

0 OD- D OD- D OD- D 00- 0.00- 0 OD- D OD- D OD- D OD- D OD- D 00 
0 OD- D OD- D OD- D OD- D 00- 0.00 

0 OD- D OD- D OD- D OD- D 00- 0.00- 0 OD- D OD- D 00- 0.00- 0.00 _ 
0.00- 0 OD- D OD- D OD- D 00- 0.00 

0 OD- D 00- 0.00- 0.00- 0.00- 0 OD- D OD- D OD- D OD- D OD- D 00 
0 OD- D 00- 0.00- 0 OD- D 00- 0.00 

HEADS FOR LAYER' 2 

0.00- 0.00- 0 OD- D OD- D 00- 0.00- 0.00- 0.00- 0 OD- D OD- D 00 
0 OD- D OD- D OD- D 00- 0.00- 0 00 

0 OD- D 00- 0.00- 0.00- 0 00- 0.00- 0 00- 0.00- 0 OD- D OD- D 00 
0 OD- D 00- 0.00- 0.00- 0 00- 0.00 

0 OD- D OD- D 00- 0.01- 0.04- 0.05- 0.05- 0.05- 0.05- 0 05- 0 05 
0 05- 0 04- 0 Ol- D OD- D 00- 0.00 

0 OD- D OD- D 01- 0.07- 0 31- 0.36- 0.37- 0 37- 0.37- 0 37- 0 37 
0 36- 0 31- 0 07- 0.01- 0.00- 0.00 

0 OD- D 00- 0.04- 0 31- 2 15- 3.44- 3.55- 3 58- 3.59- 3.58- 3 55 
3 44- 2 15- 0.31- 0 04- 0.00- 0 00 

0 OD- D 00- 0.05- 0 37- 3.44- 9.98- 11 47- 11 96- 12 15- 11 96- 11 47-



• 



• 

DEWATERING AT THE COAL UNLOADING EXCAVATION SITE 

Scenario 3 Dewatering for 90 days under drought conditions 

• 

• 



• 

• 

• 

-----
MULTILAYER AQUIFER, VARIABLE PROPERTIES, MULTIPLE WEL~L~S~====~~~~=======:=:=-_E --- ------------ -----------------------------------=-- - ---------- --------- -

NO. OF ROWS~ 17 
NO. OF LAYERS~ 2 
NO. OF TIME STEPS~ 18 
INITIAL TIME STEP (DAY)~ 18 48844 
ERROR TOLERANCE (FT)- 5 
WATER BALANCE TOLERANCE (PERCENT)~ 5 
DELTA FACTOR~ 1 2 

LAYER: 1 
TT~ 3300 
Sl~ .15 
HH~ 0 
Q~ 0 
RR~ 0 

LAYER 2 
TT~ 1500 
Sl~ 4.0E-04 
HH~ 0 
QQ~ 0 
RR~ 002 
VARIABLE GRID SPACINGS 

NODE DATA 

Tl.,T2= 
1 1 1 3300 3300 
1 2 1 3300 3300 
1 3 1 3300 3300 
1 4 1 3300 3300 
1 5 1 13200 2062 5 
1 6 1 66000 495 
1 7 1 132000 123.75 
1 8 1 132000 82.5 
1 9 1 132000 82 5 
1 10 1 132000 82 5 
1 11 1 66000 123.75 
1 12 1 13200 495 
1 13 1 3300 2062.5 
1 14 1 3300 3300 
1 15 1 3300 3300 
1 16 1 3300 3300 
1 17 1 0 3300 
2 1 1 3300 3300 
2 2 1 3300 3300 
2 3 1 3300 3300 
2 4 1 3300 3300 
2 5 1 13200 2062 5 
2 6 1 66000 495 
2 7 1 132000 123.75 
2 8 1 132000 82 5 
2 9 1 132000 82 5 
2 10 1 132000 82.5 
2 11 1 66000 123 75 
2 12 1 13200 495 
2 13 1 3300 2062.5 

Sl,Q= 
4488000 
4488000 
4488000 
4488000 
2805000 
673200 
168300 
112200 
112200 
112200 
168300 
673200 
2805000 
4488000 
4488000 
4488000 
4488000 
4488000 
4488000 
4488000 
4488000 
2805000 
673200 
168300 
112200 
112200 
112200 
168300 
673200 
2805000 

LEAKAGE= 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 



2 14 1 3300 3300 4488000 0 0 
2 15 1 3300 3300 4488000 0 0 
2 16 1 3300 3300 4488000 0 0 
2 17 1 0 3300 4488000 0 0 
3 1 1 3300 3300 4488000 0 0 • 3 2 1 3300 3300 4488000 0 0 
3 3 1 3300 3300 4488000 0 0 
3 4 1 3300 3300 4488000 0 0 
3 5 1 13200 2062.5 2805000 0 0 
3 6 1 66000 495 673200 0 0 
3 7 1 132000 123.75 168300 0 0 
3 8 1 132000 82 5 112200 0 0 
3 9 1 132000 82 5 112200 0 0 
3 10 1 132000 82.5 112200 0 0 
3 11 1 66000 123 75 168300 0 0 
3 12 1 13200 495 673200 0 0 
3 13 1 3300 2062.5 2805000 0 0 
3 14 1 3300 3300 4488000 0 0 
3 15 1 3300 3300 4488000 0 0 
3 16 1 3300 3300 4488000 0 0 
3 17 1 0 3300 4488000 0 0 
4 1 1 3300 3300 4488000 0 0 
4 2 1 3300 3300 4488000 0 0 
4 3 1 3300 3300 4488000 0 0 
4 4 1 3300 3300 4488000 0 0 
4 5 1 13200 2062 5 2805000 0 0 
4 6 1 66000 495 673200 0 0 
4 7 1 132000 123 75 168300 0 0 
4 8 1 132000 82 5 112200 0 0 
4 9 1 132000 82 5 112200 0 0 
4 10 1 132000 82 5 112200 0 0 • 4 11 1 66000 123.75 168300 0 0 
4 12 1 13200 495 673200 0 0 
4 13 1 3300 2062 5 2805000 0 0 
4 14 1 3300 3300 4488000 0 0 
4 15 1 3300 3300 4488000 0 0 
4 16 1 3300 3300 4488000 0 0 
4 17 1 0 3300 4488000 0 0 
5 1 1 2062.5 13200 2805000 0 0 
5 2 1 2062.5 13200 2805000 0 0 
5 3 1 2062 5 13200 2805000 0 0 
5 4 1 2062.5 13200 2805000 0 0 
5 5 1 8250 8250 1753125 0 0 
5 6 1 41250 1980 420750 0 0 
5 7 1 82500 495 105187.5 0 0 
5 8 1 82500 330 70125 0 0 
5 9 1 82500 330 70125 0 0 
5 10 1 82500 330 70125 0 0 
5 11 1 41250 495 105187.5 0 0 
5 12 1 8250 1980 420750 0 0 
5 13 1 2062.5 8250 1753125 0 0 
5 14 1 2062 5 13200 2805000 0 0 
5 15 1 2062 5 13200 2805000 0 0 
5 16 1 2062 5 13200 2805000 0 0 
5 17 1 0 13200 2805000 0 0 
6 1 1 495 66000 673200 0 0 
6 2 1 495 66000 673200 0 0 
6 3 1 495 66000 673200 0 0 • 6 4 1 495 66000 673200 0 0 
6 5 1 1980 41250 420750 0 0 



6 -6 1-- - 100980 0 0 9900_ 9900 
-6-7-1----19800--2475- 25245 -0-- -- --

0 
6 8 1 19800 1650 16830 0 0 

• 6 9 1 19800 1650 16830 0 0 
6 10 1 19800 1650 16830 0 0 
6 11 1 9900 2475 25245 0 0 
6 12 1 1980 9900 100980 0 0 
6 13 1 495 41250 420750 0 0 
6 14 1 495 66000 673200 0 0 
6 15 1 495 66000 673200 0 0 
6 16 1 495 66000 673200 0 0 
6 17 1 0 66000 673200 0 0 
7 1 1 123 75 132000 168300 0 0 
7 2 1 123.75 132000 168300 0 0 
7 3 1 123.75 1.32000 168300 0 0 
7 4 1 123.75 132000 168300 0 0 
7 5 1 495 82500 105187.5 0 0 
7 6 1 2475 19800 25245 0 0 
7 7 1 4950 4950 6311 25 0 0 
7 8 1 4950 3300 4207.5 0 0 
7 9 1 4950 3300 4207.5 0 0 
7 10 1 4950 3300 4207.5 0 0 
7 11 1 2475 4950 6311 25 0 0 
7 12 1 495 19800 25245 0 0 
7 13 1 123 75 82500 105187.5 0 0 
7 14 1 123 75 132000 168300 0 0 
7 15 1 123.75 132000 168300 0 0 
7 16 1 123.75 132000 168300 0 0 
7 17 1 0 132000 168300 0 0 
8 1 1 82.5 132000 112200 0 0 

• 8 2 1 82.5 132000 112200 0 0 
8 3 1 82 5 132000 112200 0 0 
8 4 1 82.5 132000 112200 0 0 
8 5 1 330 82500 70125 0 0 
8 6 1 1650 19800 16830 0 0 
8 7 1 3300 4950 4207 5 0 0 
8 8 1 3300 3300 2805 0 0 
8 9 1 3300 3300 2805 0 0 
8 10 1 3300 3300 2805 0 0 
8 11 1 1650 4950 4207.5 0 0 
8 12 1 330 19800 16830 0 0 
8 13 1 82.5 82500 70125 0 0 
8 14 1 82.5 132000 112200 0 0 
8 15 1 82 5 132000 112200 0 0 
8 16 1 82.5 132000 112200 0 0 
8 17 1 0 132000 112200 0 0 
9 1 1 82.5 132000 112200 0 0 
9 2 1 82.5 132000 112200 0 0 
9 3 1 82.5 132000 112200 0 0 
9 4 1 82.5 132000 112200 0 0 
9 5 1 330 82500 70125 0 0 
9 6 1 1650 19800 16830 0 0 
9 7 1 50000 75000 27769 5 0 3750 
9 8 1 3300 3300 2805 0 0 
9 9 1 1 1 1. 87E-02 0 0 
9 10 1 3300 3300 2805 0 0 
9 11 1 1650 4950 4207.5 0 0 • 9 12 1 330 19800 16830 0 0 
9 13 1 82.5 82500 70125 0 0 
9 14 1 82.5 132000 112200 0 0 



9 15 1 82 5 132000 112200 0 0 
9 16 1 82 5 132000 112200 0 0 
9 17 1 0 132000 112200 0 0 
10 1 1 82.5 132000 112200 0 0 • 10 2 1 82.5 132000 112200 0 0 
10 3 1 82.5 132000 112200 0 0 
10 4 1 82.5 132000 112200 0 0 
10 5 1 330 82500 70125 0 0 
10 6 1 1650 19800 16830 0 0 
10 7 1 3300 4950 4207.5 0 0 
10 8 1 3300 3300 2805 0 0 
10 9 1 3300 3300 2805 0 0 
10 10 1 3300 3300 2805 0 0 
10 11 1 1650 4950 4207.5 0 0 
10 12 1 330 19800 16830 0 0 
10 13 1 82 5 82500 70125 0 0 
10 14 1 82.5 132000 112200 0 0 
10 15 1 82.5 132000 112200 0 0 
10 16 1 82.5 132000 112200 0 0 
10 17 1 0 132000 112200 0 0 
11 1 1 123.75 66000 168300 0 0 
11 2 1 123.75 66000 168300 0 0 
11 3 1 123.75 66000 168300 0 0 
11 4 1 123 75 66000 168300 0 0 
11 5 1 495 41250 105187 5 0 0 
11 6 1 2475 9900 25245 0 0 
11 7 1 4950 2475 6311 25 0 0 
11 8 1 4950 1650 4207 5 0 0 
11 9 1 4950 1650 4207 5 0 0 
11 10 1 4950 1650 4207 5 0 0 
11 11 1 2475 2475 6311.25 0 0 • 11 12 1 495 9900 25245 0 0 
11 13 1 123.75 41250 105187 5 0 0 
11 14 1 123.75 66000 168300 0 0 
11 15 1 123.75 66000 168300 0 0 
11 16 1 123 75 66000 168300 0 0 
11 17 1 0 66000 168300 0 0 
12 1 1 495 13200 673200 0 0 
12 2 1 495 13200 673200 0 0 
12 3 1 495 13200 673200 0 0 
12 4 1 495 13200 673200 0 0 
12 5 1 1980 8250 420750 0 0 
12 6 1 9900 1980 100980 0 0 
12 7 1 19800 495 25245 0 0 
12 8 1 19800 330 16830 0 0 
12 9 1 19800 330 16830 0 0 
12 10 1 19800 330 16830 0 0 
12 11 1 9900 495 25245 0 0 
12 12 1 1980 1980 100980 0 0 
12 13 1 495 8250 420750 0 0 
12 14 1 495 13200 673200 0 0 
12 15 1 495 13200 673200 0 0 
12 16 1 495 13200 673200 0 0 
12 17 1 0 13200 673200 0 0 
13 1 1 2062.5 3300 2805000 0 0 
13 2 1 2062 5 3300 2805000 0 0 
13 3 1 2062.5 3300 2805000 0 0 
13 4 1 2062 5 3300 2805000 0 0 • 13 5 1 8250 2062 5 1753125 0 0 
13 6 1 41250 495 420750 0 0 



13-7 -1 82500-123-75 105187.5 -0 - -0 
- ---13-8-1-82500-82 5--- __ 70125_0_ ----- 0 

13 9 1 82500 82 5 70125 0 0 • 13 10 1 82500 82.5 70125 0 0 
13 11 1 41250 123 75 105187 5 0 0 
13 12 1 8250 495 420750 0 0 
13 13 1 2062.5 2062 5 1753125 0 0 
13 14 1 2062 5 3300 2805000 0 0 
13 15 1 2062 5 3300 2805000 0 0 
13 16 1 2062.5 3300 2805000 0 0 
13 17 1 0 3300 2805000 0 0 
14 1 1 3300 3300 4488000 0 0 
14 2 1 3300 3300 4488000 0 0 
14 3 1 3300 3300 4488000 0 0 
14 4 1 3300 3300 4488000 0 0 
14 5 1 13200 2062.5 2805000 0 0 
14 6 1 66000 495 673200 0 0 
14 7 1 132000 123 75 168300 0 0 
14 8 1 132000 82 5 112200 0 0 
14 9 1 132000 82.5 112200 0 0 
14 10 1 132000 82.5 112200 0 0 
14 11 1 66000 123 75 168300 0 0 
14 12 1 13200 495 673200 0 0 
14 13 1 3300 2062.5 2805000 0 0 
14 14 1 3300 3300 4488000 0 0 
14 15 1 3300 3300 4488000 0 0 
14 16 1 3300 3300 4488000 0 0 
14 17 1 0 3300 4488000 0 0 
15 1 1 3300 3300 4488000 0 0 

• 15 2 1 3300 3300 4488000 0 0 
15 3 1 3300 3300 4488000 0 0 
15 4 1 3300 3300 4488000 0 0 
15 5 1 13200 2062.5 2805000 0 0 
15 6 1 66000 495 673200 0 0 
15 7 1 132000 123 75 168300 0 0 
15 8 1 132000 82.5 112200 0 0 
15 9 1 132000 82 5 112200 0 0 
15 10 1 132000 82 5 112200 0 0 
15 11 1 66000 123.75 168300 0 0 
15 12 1 13200 495 673200 0 0 
15 13 1 3300 2062 5 2805000 0 0 
15 14 1 3300 3300 4488000 0 0 
15 15 1 3300 3300 4488000 0 0 
15 16 1 3300 3300 4488000 0 0 
15 17 1 0 3300 4488000 0 0 
16 1 1 3300 3300 4488000 0 0 
16 2 1 3300 3300 4488000 0 0 
16 3 1 3300 3300 4488000 0 0 
16 4 1 3300 3300 4488000 0 0 
16 5 1 13200 2062 5 2805000 0 0 
16 6 1 66000 495 673200 0 0 
16 7 1 132000 123 75 168300 0 0 
16 8 1 132000 82 5 112200 0 0 
16 9 1 132000 82 5 112200 0 0 
16 10 1 132000 82 5 112200 0 0 
16 11 1 66000 123.75 168300 0 0 

• 16 12 1 13200 495 673200 0 0 
16 13 1 3300 2062 5 2805000 0 0 
16 14 1 3300 3300 4488000 0 0 
16 15 1 3300 3300 4488000 0 0 



16 16 1 3300 3300 4488000 0 0 
16 17 1 0 3300 4488000 0 0 
17 1 1 3300 0 4488000 0 0 
17 2 1 3300 0 4488000 0 0 • 17 3 1 3300 0 4488000 0 0 
17 4 1 3300 0 4488000 0 0 
17 5 1 13200 0 2805000 0 0 
17 6 1 66000 0 673200 0 0 
17 7 1 132000 0 168300 0 0 
17 8 1 132000 0 112200 0 0 
17 9 1 132000 0 112200 0 0 
17 10 1 132000 0 112200 0 0 
17 11 1 66000 0 168300 0 0 
17 12 1 13200 0 673200 0 0 
17 13 1 3300 0 2805000 0 0 
17 14 1 3300 0 4488000 0 0 
17 15 1 3300 0 4488000 0 0 
17 16 1 3300 0 4488000 0 0 
17 17 1 0 0 4488000 0 0 
1 1 2 1500 1500 11968 0 8000 
1 2 2 1500 1500 11968 0 8000 
1 3 2 1500 1500 11968 0 8000 
1 4 2 1500 1500 11968 0 8000 
1 5 2 6000 937 5 7480 0 5000 
1 6 2 30000 225 1795.2 0 1200 
1 7 2 60000 56 25 448.8 0 300 
1 8 2 60000 37.5 299.2 0 200 
1 9 2 60000 37.5 299.2 0 200 
1 10 2 60000 37.5 299.2 0 200 
1 11 2 30000 56.25 448 8 0 300 
1 12 2 6000 225 1795.2 0 1200 • 1 13 2 1500 937 5 7480 0 5000 
1 14 2 1500 1500 11968 0 8000 
1 15 2 1500 1500 11968 0 8000 
1 16 2 1500 1500 11968 0 8000 
1 17 2 0 1500 11968 0 8000 
2 1 2 1500 1500 11968 0 8000 
2 2 2 1500 1500 11968 0 8000 
2 3 2 1500 1500 11968 0 8000 
2 4 2 1500 1500 11968 0 8000 
2 5 2 6000 937.5 7480 0 5000 
2 6 2 30000 225 1795.2 0 1200 
2 7 2 60000 56.25 448.8 0 300 
2 8 2 60000 37.5 299.2 0 200 
2 9 2 60000 37.5 299 2 0 200 
2 10 2 60000 37 5 299 2 0 200 
2 11 2 30000 56.25 448.8 0 300 
2 12 2 6000 225 1795.2 0 1200 
2 13 2 1500 937.5 7480 0 5000 
2 14 2 1500 1500 11968 0 8000 
2 15 2 1500 1500 11968 0 8000 
2 16 2 1500 1500 11968 0 8000 
2 17 2 0 1500 11968 0 8000 
3 1 2 1500 1500 11968 0 8000 
3 2 2 1500 1500 11968 0 BODO 
3 3 2 1500 1500 11968 0 8000 
3 4 2 1500 1500 11968 0 8000 
3 5 2 6000 937.5 7480 0 5000 • 3 6 2 30000 225 1795.2 0 1200 
3 7 2 60000 56.25 448.8 0 300 



----
3 8 2 60000-37 5 -2Jf92 0 200 
3 9_2 __ 60000-37.5 - 299-2-0- - - - 200 
3 10 2 60000 37 5 299.2 0 200 

• 3 11 2 30000 56.25 448 8 0 300 
3 12 2 6000 225 1795 2 0 1200 
3 13 2 1500 937.5 7480 0 5000 
3 14 2 1500 1500 11968 0 8000 
3 15 2 1500 1500 11968 0 8000 
3 16 2 1500 1500 11968 0 8000 
3 17 2 0 1500 11968 0 8000 
4 1 2 1500 1500 11968 0 8000 
4 2 2 1500 1500 11968 0 8000 
4 3 2 1500 1500 11968 0 8000 
4 4 2 1500 1500 11968 0 8000 
4 5 2 6000 937 5 7480 0 5000 
4 6 2 30000 225 1795.2 0 1200 
4 7 2 60000 56 25 448.8 0 300 
4 8 2 60000 37.5 299.2 0 200 
4 9 2 60000 37.5 299 2 0 200 
4 10 2 60000 37.5 299.2 0 200 
4 11 2 30000 56 25 448 8 0 300 
4 12 2 6000 225 1795.2 0 1200 
4 13 2 1500 937.5 7480 0 5000 
4 14 2 1500 1500 11968 0 8000 
4 15 2 1500 1500 11968 0 8000 
4 16 2 1500 1500 11968 0 8000 
4 17 2 0 1500 11968 0 8000 
5 1 2 937.5 6000 7480 0 5000 
5 2 2 937.5 6000 7480 0 5000 
5 3 2 937.5 6000 7480 0 5000 • 5 4 2 937.5 6000 7480 0 5000 
5 5 2 3750 3750 4675 0 3125 
5 6 2 18750 900 1122 0 750 
5 7 2 37500 225 280.5 0 187 5 
5 8 2 37500 150 187 0 125 
5 9 2 37500 150 187 0 125 
5 10 2 37500 150 187 0 125 
5 11 2 18750 225 280 5 0 187.5 
5 12 2 3750 900 1122 0 750 
5 13 2 937.5 3750 4675 0 3125 
5 14 2 937.5 6000 7480 0 5000 
5 15 2 937.5 6000 7480 0 5000 
5 16 2 937 5 6000 7480 0 5000 
5 17 2 0 6000 7480 0 5000 
6 1 2 225 30000 1795.2 0 1200 
6 2 2 225 30000 1795 2 0 1200 
6 3 2 225 30000 1795.2 0 1200 
6 4 2 225 30000 1795.2 0 1200 
6 5 2 900 18750 1122 0 750 
6 6 2 4500 4500 269 28 0 180 
6 7 2 9000 1125 67.32 0 45 
6 8 2 9000 750 44.88 0 30 
6 9 2 9000 750 44.88 0 30 
6 10 2 9000 750 44.88 0 30 
6 11 2 4500 1125 67 32 0 45 
6 12 2 900 4500 269 28 0 180 

• 6 13 2 225 18750 1122 0 750 
6 14 2 225 30000 1795.2 0 1200 
6 15 2 225 30000 1795.2 0 1200 
6 16 2 225 30000 1795 2 0 1200 



6 17 2 0 30000 1795.2 0 1200 
7 1 2 56 25 60000 448.8 0 300 
7 2 2 56 25 60000 448.8 0 300 
7 3 2 56 25 60000 448 8 0 300 
7 4 2 56 25 60000 448 8 0 300 • 7 5 2 225 37500 280 5 0 187.5 
7 6 2 1125 9000 67.32 0 45 
7 7 2 2250 2250 16.83 0 11.25 
7 8 2 2250 1500 11 22 0 7.5 
7 9 2 2250 1500 11 22 0 7.5 
7 10 2 2250 1500 11.22 0 7.5 
7 11 2 1125 2250 16.83 0 11.25 
7 12 2 225 9000 67.32 0 45 
7 13 2 56 25 37500 280.5 0 187.5 
7 14 2 56.25 60000 448.8 0 300 
7 15 2 56.25 60000 448 8 0 300 
7 16 2 56.25 60000 448 8 0 300 
7 17 2 0 60000 448 8 0 300 
8 1 2 37 5 60000 299 2 0 200 
8 2 2 37 5 60000 299.2 0 200 
8 3 2 37.5 60000 299.2 0 200 
8 4 2 37.5 60000 299.2 0 200 
8 5 2 150 37500 187 0 125 
8 6 2 750 9000 44.88 0 30 
8 7 2 1500 2250 11 22 0 7.5 
8 8 2 1500 1500 7.48 0 5 
8 9 2 1500 1500 7.48 0 5 
8 10 2 1500 1500 7 48 0 5 
8 11 2 750 2250 11.22 0 7.5 
8 12 2 150 9000 44.88 0 30 
8 13 2 37.5 37500 187 0 125 • 8 14 2 37.5 60000 299 2 0 200 
8 15 2 37.5 60000 299.2 0 200 
8 16 2 37.5 60000 299.2 0 200 
8 17 2 0 60000 299.2 0 200 
9 1 2 37.5 60000 299.2 0 200 
9 2 2 37 5 60000 299.2 0 200 
9 3 2 37.5 60000 299.2 0 200 
9 4 2 37.5 60000 299 2 0 200 
9 5 2 150 37500 187 0 125 
9 6 2 750 9000 44 88 0 30 
9 7 2 1500 2250 11 22 0 7.5 
9 8 2 1500 1500 7 48 0 5 
9 9 2 1500 1500 7.48 93600 0 
9 10 2 1500 1500 7.48 0 5 
9 11 2 750 2250 11.22 0 7.5 
9 12 2 150 9000 44.88 0 30 
9 13 2 37.5 37500 187 0 125 
9 14 2 37.5 60000 299.2 0 200 
9 15 2 37.5 60000 299.2 0 200 
9 16 2 37 5 60000 299.2 0 200 
9 17 2 0 60000 299.2 0 200 
10 1 2 37 5 60000 299.2 0 200 
10 2 2 37.5 60000 299.2 0 200 
10 3 2 37.5 60000 299.2 0 200 
10 4 2 37.5 60000 299.2 0 200 
10 5 2 150 37500 187 0 125 
10 6 2 750 9000 44.88 0 30 • 10 7 2 1500 2250 11.22 0 7.5 
10 8 2 1500 1500 7 48 0 5 



10-9--2 1500-1500 - 7 48-0 -5 - --
10_10_2_1500_1500 _ 7 48_0_ __ 5 _ 
10 11 2 750 2250 11.22 0 7.5 

• 10 12 2 150 9000 44.88 0 30 
10 13 2 37.5 37500 187 0 125 
10 14 2 37.5 60000 299.2 0 200 
10 15 2 37.5 60000 299.2 0 200 
10 16 2 37.5 60000 299 2 0 200 
10 17 2 0 60000 299 2 0 200 
11 1 2 56 25 30000 448 8 0 300 
11 2 2 56.25 30000 448.8 0 300 
11 3 2 56 25 30000 448.8 0 300 
11 4 2 56 25 30000 448 8 0 300 
11 5 2 225 18750 280.5 0 187 5 
11 6 2 1125 4500 67.32 0 45 
11 7 2 2250 1125 16 83 0 11 25 
11 8 2 2250 750 11.22 0 7.5 
11 9 2 2250 750 11.22 0 7.5 
11 10 2 2250 750 11 22 0 7.5 
11 11 2 1125 1125 16 83 0 11 25 
11 12 2 225 4500 67 32 0 45 
11 13 2 56.25 18750 280.5 0 187.5 
11 14 2 56.25 30000 448.8 0 300 
11 15 2 56 25 30000 448.8 0 300 
11 16 2 56.25 30000 448.8 0 300 
11 17 2 0 30000 448.8 0 300 
12 1 2 225 6000 1795.2 0 1200 
12 2 2 225 6000 1795.2 0 1200 
12 3 2 225 6000 1795.2 0 1200 
12 4 2 225 6000 1795.2 0 1200 

• 12 5 2 900 3750 1122 0 750 
12 6 2 4500 900 269 28 0 180 
12 7 2 9000 225 67.32 0 45 
12 8 2 9000 150 44.88 0 30 
12 9 2 9000 150 44 88 0 30 
12 10 2 9000 150 44 88 0 30 
12 11 2 4500 225 67.32 0 45 
12 12 2 900 900 269 28 0 180 
12 13 2 225 3750 1122 0 750 
12 14 2 225 6000 1795.2 0 1200 
12 15 2 225 6000 1795.2 0 1200 
12 16 2 225 6000 1795.2 0 1200 
12 17 2 0 6000 1795.2 0 1200 
13 1 2 937 5 1500 7480 0 5000 
13 2 2 937.5 1500 7480 0 5000 
13 3 2 937.5 1500 7480 0 5000 
13 4 2 937.5 1500 7480 0 5000 
13 5 2 3750 937.5 4675 0 3125 
13 6 2 18750 225 1122 0 750 
13 7 2 37500 56 25 280.5 0 187.5 
13 8 2 37500 37.5 187 0 125 
13 9 2 37500 37 5 187 0 125 
13 10 2 37500 37.5 187 0 125 
13 11 2 18750 56.25 280 5 0 187.5 
13 12 2 3750 225 1122 0 750 
13 13 2 937 5 937.5 4675 0 3125 
13 14 2 937.5 1500 7480 0 5000 

• 13 15 2 937.5 1500 7480 0 5000 
13 16 2 937.5 1500 7480 0 5000 
13 17 2 0 1500 7480 0 5000 



14 1 2 1500 1500 11968 a 8000 
14 2 2 1500 1500 11968 a 8000 
14 3 2 1500 1500 11968 a 8000 
14 4 2 1500 1500 11968 a 8000 • 14 5 2 6000 937 5 7480 a 5000 
14 6 2 30000 225 1795 2 a 1200 
14 7 2 60000 56 25 448.8 a 300 
14 8 2 60000 37.5 299.2 a 200 
14 9 2 60000 37.5 299.2 a 200 
14 10 2 60000 37.5 299 2 a 200 
14 11 2 30000 56 25 448.8 a 300 
14 12 2 6000 225 1795 2 a 1200 
14 13 2 1500 937.5 7480 a 5000 
14 14 2 1500 1500 11968 a 8000 
14 15 2 1500 1500 11968 a 8000 
14 16 2 1500 1500 11968 a 8000 
14 17 2 a 1500 11968 a 8000 
15 1 2 1500 1500 11968 a 8000 
15 2 2 1500 1500 11968 a 8000 
15 3 2 1500 1500 11968 a 8000 
15 4 2 1500 1500 11968 a 8000 
15 5 2 6000 937.5 7480 a 5000 
15 6 2 30000 225 1795 2 a 1200 
15 7 2 60000 56 25 448 8 a 300 
15 8 2 60000 37 5 299.2 a 200 
15 9 2 60000 37.5 299.2 a 200 
15 10 2 60000 37 5 299 2 a 200 
15 11 2 30000 56.25 448.8 a 300 
15 12 2 6000 225 1795.2 a 1200 
15 13 2 1500 937.5 7480 a 5000 
15 14 2 1500 1500 11968 a 8000 • 15 15 2 1500 1500 11968 a 8000 
15 16 2 1500 1500 11968 a 8000 
15 17 2 a 1500 11968 a 8000 
16 1 2 1500 1500 11968 a 8000 
16 2 2 1500 1500 11968 a 8000 
16 3 2 1500 1500 11968 a 8000 
16 4 2 1500 1500 11968 a 8000 
16 5 2 6000 937.5 7480 a 5000 
16 6 2 30000 225 1795.2 a 1200 
16 7 2 60000 56.25 448.8 a 300 
16 8 2 60000 37 5 299.2 a 200 
16 9 2 60000 37 5 299 2 a 200 
16 10 2 60000 37.5 299 2 a 200 
16 11 2 30000 56 25 448.8 a 300 
16 12 2 6000 225 1795.2 a 1200 
16 13 2 1500 937 5 7480 a 5000 
16 14 2 1500 1500 11968 a 8000 
16 15 2 1500 1500 11968 a 8000 
16 16 2 1500 1500 11968 a 8000 
16 17 2 a 1500 11968 a 8000 
17 1 2 1500 a 11968 a 8000 
17 2 2 1500 a 11968 a 8000 
17 3 2 1500 a 11968 0 8000 
17 4 2 1500 a 11968 a 8000 
17 5 2 6000 a 7480 a 5000 
17 6 2 30000 a 1795.2 a 1200 
17 7 2 60000 a 448 8 a 300 • 17 8 2 60000 a 299.2 a 200 
17 9 2 60000 a 299.2 a 200 



• 

• 

• 

- - 299- 2--0 17 10 2 60000--0 
17 _11 __ 2_ 30000 __ 0 
17 12 2 6000 0 
17 13 2 1500 0 
17 14 2 1500 0 
17 15 2 1500 0 
17 16 2 1500 0 
17 17 2 0 0 

--448.8--0 
1795 2 0 
7480 0 
11968 0 
11968 0 
11968 0 
11968 0 

NO. OF ITERATIONS= 2 
TIME= 87 44217 DAY 

WATER BALANCE RESULTS FOR LAYER: 1 
CONVERGENCE ERROR= 0 PERCENT 
TOTAL TEST ERROR= .6206737 FT 
PUMPAGE FROM THIS LAYER= 0 GPD 
CHANGE IN AQUIFER STORAGE=-90939 2 GPD 
NET UPWARD LEAKAGE= 0 GPD 
NET DOWNWARD LEAKAGE= 93699 58 GPD 

WATER BALANCE RESULTS FOR LAYER 2 
CONVERGENCE ERROR= .4238188 PERCENT 
TOTAL TEST ERROR= 6206737 FT 
PUMPAGE FROM THIS LAYER= 93600 GPD 
CHANGE IN AQUIFER STORAGE=-298 8073 GPD 
NET UPWARD LEAKAGE=-93699 58 GPD 
NET DOWNWARD LEAKAGE= 0 GPD 

HEADS FOR LAYER: 1 

- 0.00- 0.00- 0 00- 0 00- 0 00- 0 00-
0.00- 0 00- 0 00- 0 00- 0 00- 0 00 

0.00- 0.00- 0 00- 0.00- 0 00- 0 00-
o 00- 0.00- 0 00- 0 00- 0 00- 0.00 

0 00- 0.00- 0 00- 0 00- 0 00- 0 00-
0 00- o 00- 0 00- 0 00- 0 00- 0.00 

0.00- 0 00- 0 00- 0 01- 0 05- 0.06-
0.06- 0 05- 0.01- 0 00- 0 00- o 00 

0 00- 0.00- o 00- 0 05- 0 34- o 48-
0 48- 0 34- 0.05- 0 00- 0 00- 0.00 

0 00- 0.00- 0.00- 0 06- 0 48- 0.85-
0.84- o 48- 0 06- 0 00- 0 00- 0.00 

0.00- 0 00- 0 00- 0 06- 0 49- 0.88-
0.87- o 49- 0 06- 0 00- 0 00- 0.00 

- 0 00- o 00- 0 00- 0.06- 0 49- 0.90-
0.89- 0.49- 0.06- 0.00- 0.00- 0 00 

0.00-

0 00-

0 00-

0.06-

o 49-

0.86-

0 87-

0.88-

200 
300 -
1200 
5000 
8000 
8000 
8000 
8000 

0.00- 0 

0.00- 0 

00-

00-

0 00- 0.00-

0.06- 0 06-

0 49- o 49-

0.85- 0.85-

o 81- 0.72-

0.83- 0.73-

-- - - ------'=1 

0 00- 0 00 

0.00- 0 00 

0 00- 0 00 

0.06- 0.06 

0 49- o 49 

0.85- 0.85 

o 73- 0 83 

0.81- 0.86 



0 00- 0.00- 0.00- 0.06- 0.50- 0.91- 0.91- O.SS- 0 Sl- 0.90- 0 90 
0 90- 0 49- 0.06- 0 00- 0.00- 0 00 • 0 OD- D OD- D OD- D 06- 0 SO- D 91- 0 93- 0 94- 0 95- 0 94- 0 93 
0 90- 0.49- 0.06- 0.00- 0 00- 0.00 

0.00- 0 00- 0.00- 0 06- 0.49- 0.91- 0 94- 0 95- 0.96- 0 95- 0 94 
0 90- 0 49- 0 06- 0 OD- D 00- 0.00 

0 OD- D OD- D OD- D 06- 0 4S- 0 SS- 0 92- 0 93- 0 93- 0 93- 0 92 
O.SS- 0 4S- 0.06- 0.00- 0 OD- D 00 

0.00- 0 OD- D 00- 0.05- 0 34- 0 4S- 0.49- 0 SO- D 50- 0.50- 0.49 
0 4S- 0 34- 0.05- 0 OD- D OD- D 00 

0 OD- D OD- D OD- D Ol- D 05- 0 06- 0 06- 0 06- 0 06- 0.06- 0 06 
0 06- 0 05- 0 Ol- D 00- 0.00- 0.00 

0 OD- D OD- D 00- 0.00- 0 00- 0.00- 0 00- 0.00- 0 00- 0.00- 0 00 
0 OD- D OD- D OD- D OD- D OD- D 00 

0.00- 0.00- 0 OD- D OD- D OD- D OD- D OD- D OD- D OD- D OD- D 00. 
0.00- 0 OD- D 00- 0.00- 0.00- 0.00 

0.00- 0.00- 0 OD- D OD- D OD- D OD- D 00- 0.00- 0 .. 00- 0.00- 0 00 
0 OD- D OD- D OD- D OD- D OD- D 00 

HEADS FOR LAYER: 2 

0 OD- D 00- 0.00- 0.00- 0.00- 0.00- 0 00- 0.00- 0 OD- D 00- 0.00 
0.00- 0 OD- D OD- D OD- D OD- D 00 

0 OD- D OD- D OD- D OD- D OD- D OD- D OD- D OD- D OD- D OD- D 00 
0 OD- D 00- 0.00- 0 OD- D 00- 0.00 

0 OD- D 00- 0.00- 0.02- 0 05- 0 05- 0 05- 0 05- 0.05- 0.05- 0 05 
0 05- 0 05- 0 02- 0 OD- D OD- D 00 

0 OD- D 00- 0.02- 0 OS- 0 35- 0 41- 0.41- 0 41- 0 41- 0 41- 0 41 
0 41- 0.35- 0 OS- 0 02- 0.00- 0 00 

0 OD- D 00- 0.05- 0.35- 2.29- 3.60- 3 71- 3 74- 3.75- 3.74- 3 71 
3 60- 2.29- 0 35- 0 05- 0 OD- D 00 • 0 OD- D OD- D 05- 0 41- 3 60- 10 11- 11 60- 12 OS- 12 27- 12 OS- 11 60 



• 



• 

• 

• 

THEIS ANALYTICAL MODEL OF DEWATERING THE 
CIRCULATION LINE EXCAVATION FOR 45 DAYS 



• 

• 
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1-LAYER AQUIFER- UNIFORM PROPERTIES-THEIS ANALYTICAL MODEL 
--------------------------------------------------------------------------------

AQUIFER TRANSMISSIVITY (GPD/FT)= 3300 
AQUIFER STORATIVITY (DIM)= 1 
NO OF COLUMNS= 9 
NO OF ROWS= 10 
GRID SPACING (FT)= 100 
NO OF WELLS= 9 
XWELL (FT)= 500 
YWELL (FT)= 200 
WELL DISCHARGE (GPM)= 15 
TIME(DAY}= 45 
XWELL (FT)= 500 
¥WELL (FT)= 300 
WELL DISCHARGE (GPM)= 15 
TIME(DAY)= 45 
XWELL (FT) = 500 
YWELL (FT)= 400 
WELL DISCHARGE (GPM)= 15 
TIME(DAY)= 45 
XWELL (FT)= 500 
YWELL (FT)= 500 
WELL DISCHARGE (GPM)= 20 
TIME (DAY) = 45 
XWELL (FT) = 400 
YWELL (FT)= 600 
WELL DISCHARGE (GPM}=-10 
TIME(DAY)= 45 
XWELL (FT)= 300 
YWELL (FT)= 600 
WELL DISCHARGE (GPM}=-10 
TIME(DAY)= 45 
XWELL (FT)= 200 
YWELL (FT)= 600 
WELL DISCHARGE (GPM}=-10 
TIME(DAY)= 45 
XWELL (FT)= 200 
YWELL (FT)= 500 
WELL DISCHARGE (GPM)=-5 
TIME(DAY)= 45 
XWELL (FT)= 200 
YWELL (FT)= 400 
WELL DISCHARGE (GPM}=-5 
TIME(DAY)= 45 

• 

• 

• 



---
DRAWDOWNS AT-OB WELLS (FT) ----

• 0 82 1.39 2 19 3 17 3 87 3 50 2 79 2 15 1.62 

0 65 1 32 2 46 4.16 9.73 4.67 3 39 2 48 1 82 

0 20 0 81 2 24 4 46 10 50 5 25 3 69 2 64 1 91 

0 51- 1 61 1 34 3 88 10 22 5 07 3 56 2 55 1 85 

1 19- 2 77- 0 15 2.28 10 18 4.13 2.99 2.22 1 65 

1 54- 4 90- 4 32- 2 61 2 16 2 54 2 18 1 74 1 35 

1 28- 1 57- 1.24- 0 30 o 82 1 37 1 42 1 26 1.04 

o 92- 0.95- 0.71- 0 20 0.36 0 74 0.88 0 85 0.75 

0.65- 0 62- 0.45- 0 16 0 15 0 40 0 53 0 56 0 52 

• - o 46- o 42- o 31- o 14 o 05 o 21 o 31 o 35 o 35 

• 



-10 S-r4 Impacts on Water Supplies - Groundwater (532) 

• • Uppermost Floridan - One 300 gpm Well for 90 Days 

• Lower HOrizon, Floridan Aquifer - Four 1000 gpm Wells for 90 Days 

• 

• 



----------

• 

UPPERMOST FLORIDAN - ONE 300 GPM WELL FOR 90 DAYS 

• 

• 



---

• 

• 

• 

TWO-MUTUALLY-LEAKY-AQUIFERS--MULTIPLE_~E~LL==S~~~==co. 
------------------------------------------------ -------------------------------

T1(GPD/FT)= •••••• 
T2(GPD/FT)= ••• 
P!(GPD/SQFT)= •••• 
MI (FT)= ................. .. 
Sl (DIM.) =.. • ••• 
S2 (DIM.) = •••• 
NO OF COLUMNS= 
NO. OF ROWS=. • 
GRID SPACING(FT)=. 
NWELLS=.... .. .... .. .. 

XWELL(FT)=. ....... 
YWELL(FT)= ... 

Q (GPM) = ••• ............ 
TIME(DAY)= •••• ... 

3000000 
100000 
7 93 
400 
.00075 
.00075 
9 
9 
250 
1 

1250 
1250 
300 
90 

DRAWDOWNS AT OB WELLS IN UPPER AQUIFER (FT) : 

0.07 o 07 0 08 0 08 0.08 0 08 
o 07 0.08 0 08 0 08 0.08 0 08 
o 08 0.08 0 08 0 08 0.08 0 08 
0.08 o 08 0 08 0 08 0.08 0 08 
o 08 0.08 0 OS 0 OS o 08 0 OS 
o OS 0.08 o OS 0 08 o OS 0 OS 
o OS 0.08 0.08 o OS o OS 0 OS 
o 07 o OS 0.08 O.OS o OS o OS 
0.07 o 07 0.08 O.OS o OS O.OS 

DRAWDOWNS AT OB. WELLS IN LOWER AQUIFER (FT) 

0 57 0 64 o 70 0.75 077 0 75 
0 64 0 73 o 83 0.91 o 94 0 91 
0 70 0 83 0.98 1 13 1 20 1 13 
0 75 0 91 1.13 1 43 1.66 1.43 
0 77 0 94 1 20 1 66 5.45 1.66 
0 75 0 91 1 13 1 43 1.66 1.43 
0 70 0 S3 o 98 1.13 1.20 1.13 
o 64 0 73 o 83 o 91 0.94 0.91 
0.57 0 64 0.70 o 75 0.77 0.75 

0 08 0.07 o 07 
0 08 0.08 0.07 
o 08 0.08 0.08 
O.OS O.OS 0.08 
O.OS 0.08 O.OS 
0.08 0.08 O.OS 
0.08 o OS 0.08 
0.08 o 08 0.07 
0.08 o 07 0.07 

o 70 0.64 o 57 
o 83 o 73 o 64 
o 9S o S3 o 70 
1.13 0.91 0.75 
1.20 o 94 0.77 
1.13 o 91 o 75 
0.98 o 83 o 70 
0.S3 0.73 o 64 
0.70 0.64 o 57 



TWO MUTUALLY LEAKY AQUIFERS- MULTIPLE WELLS 
--------------------------------------------------------------------------------

T1(GPD/FT)~ · .. . 3000000 • T2(GPD/FT)~ · ..... 100000 
pI (GPD/SQFT)~ 7 93 
M' (FT)~ •••• · · .. 400 
S1(DIM )~ • · · ... .00075 
S2 (DIM )~ .. · 00075 
NO OF COLUMNS~ • 9 
NO.OF ROWS~ 9 
GRID SPACING(FT)~ 500 
NWELLS~ • . · .. 1 

XWELL(FT)~. 2500 
YWELL(FT)~. 2500 
Q(GPM)~. . 300 
TIME(DAY)~ 90 
DRAWDOWNS AT OB. WELLS IN UPPER AQUIFER (FT) : 

o 07 0 07 0 07 0.07 o 07 0 07 0.07 0 07 0 07 
0.07 0 07 0 07 o 07 o 07 0 07 o 07 0 07 0 07 
o 07 0 07 0 07 o 08 0.08 0 08 o 07 0 07 0 07 
o 07 0 07 0 08 o 08 o 08 o 08 0 08 0 07 0 07 
0.07 0 07 0 08 0.08 o 08 0.08 0 08 0 07 0 07 
0.07 0 07 0 08 o 08 o 08 0.08 0 08 0 07 0 07 
0 07 o 07 0 07 o 08 o 08 0.08 0 07 o 07 0 07 
o 07 o 07 0 07 0.07 o 07 o 07 0.07 0.07 0 07 • o 07 0.07 0 07 o 07 0.07 o 07 0.07 0.07 o 07 

DRAWDoWNS AT OB WELLS IN LOWER AQUIFER (FT): 

0.27 0.31 0 36 0 39 o 40 0 39 0 36 0.31 0 27 
o 31 o 38 0 45 0 52 0.54 0 52 0 45 0.38 0 31 
o 36 o 45 0 57 0 70 o 77 0 70 0 57 0.45 0 36 
o 39 o 52 0 70 0 98 1 20 0 98 0 70 o 52 0 39 
o 40 0 54 0 77 1 20 5 45 1 20 0 77 o 54 0 40 
o 39 0 52 0 70 o 98 1 20 o 98 o 70 o 52 0 39 
0.36 o 45 0 57 0.70 0 77 o 70 0.57 o 45 0 36 
031 0.38 o 45 0.52 0 54 0.52 o 45 0.38 0 31 
0.27 o 31 0.36 o 39 0 40 0.39 o 36 o 31 0 27 

• 



-=~-------------------- -----------------------------------------------------------
• Tl(GPD/FT)= 3000000 

T2(GPD/FT)= 100000 
P'(GPD/SQFT)= ••• · 7.93 
MI (FT)=. . . . . . 400 
Sl(DIM )= ... · 00075 
52 (DIM. )=. 00075 
NO.OF COLUMNS= 9 
NO OF ROWS= • 9 
GRID SPACING(FT)= 1000 
NWELLS=. . .. .. · 1 

XWELL(FT)= ... . 5000 
YWELL(FT)= 5000 

Q(GPM)=. . 300 
TIME(DAY)= • 90 
DRAWDOWNS AT OB WELLS IN UPPER AQUIFER (FT) 

o 06 0 06 o 06 0 06 o 06 0.06 0 06 0.06 o 06 
o 06 0 06 0.07 0 07 0.07 o 07 0 07 o 06 o 06 
0.06 0 07 o 07 0 07 o 07 o 07 0 07 o 07 0.06 
o 06 0 07 o 07 0 07 o 08 o 07 0 07 0.07 o 06 
o 06 0 07 o 07 0 OS 0.08 0.08 0 07 o 07 0.06 
o 06 0 07 0.07 0 07 o 08 o 07 o 07 0.07 o 06 
0.06 0 07 o 07 o 07 o 07 o 07 o 07 0.07 o 06 

• 0.06 0 06 o 07 0.07 o 07 0.07 0.07 o 06 0.06 
0.06 0 06 o 06 o 06 0.06 o 06 o 06 0.06 o 06 

DRAWDoWNS AT OB WELLS IN LOWER AQUIFER (FT) 

0 10 o 12 0.14 0.16 o 16 0 16 014 0.12 0 10 
0 12 o 15 o 19 o 23 o 25 o 23 o 19 0.15 0 12 
0 14 o 19 o 27 o 36 o 40 0.36 0.27 o 19 0 14 
0 16 o 23 0.36 0.57 0.77 o 57 o 36 o 23 0 16 
0 16 0.25 o 40 077 5 45 077 o 40 o 25 o 16 
0 16 o 23 o 36 o 57 o 77 o 57 0.36 0.23 0.16 
0 14 o 19 0 27 0.36 0.40 0.36 o 27 o 19 o 14 
0.12 0.15 0 19 o 23 o 25 o 23 o 19 o 15 o 12 
o 10 o 12 o 14 o 16 o 16 o 16 0.14 o 12 o 10 

• 



TWO MUTUALLY LEAKY AQUIFERS- MULTIPLE WELLS 
--------------------------------------------------------------------------------

T1(GPD/FT)~ • 3000000 • T2(GPD/FT)~ • 100000 
pI (GPD/SQFT) ~ 7.93 
M' (FT)~ 400 
S1(DIM )~ •• . 00075 
S2(DIM )~ • 00075 
NO OF COLUMNS= • 9 
NO OF ROWS:: 9 
GRID SPACING(FT)~. 2000 
NWELLS~ 1 

XWELL(FT)~ •• 10000 
YWELL(FT) ~ 10000 
Q(GPM)~ 300 

TIME(DAY)~. . . 90 
DRAWDOWNS AT OB WELLS IN UPPER AQUIFER (FT) 

0 04 o 05 o 05 o 05 o 05 0 05 o 05 o 05 0 04 
0 05 o 05 o 05 0.06 0.06 0 06 o 05 o 05 0 05 
0 05 o 05 o 06 o 06 o 06 0 06 o 06 o 05 0 05 
0 05 0.06 0.06 0.07 o 07 0 07 0.06 0.06 0 05 
0 05 o 06 o 06 0.07 o 08 0 07 o 06 o 06 0 05 
0 05 o 06 o 06 0.07 0.07 0 07 o 06 o 06 0 05 
0 05 o 05 0.06 o 06 o 06 0 06 0.06 o 05 0 05 
0 05 o 05 o 05 0.06 o 06 0 06 o 05 0.05 0 05 
0 04 o 05 o 05 o 05 o 05 0 05 0.05 o 05 0 04 • DRAWDOWNS AT DB WELLS IN LOWER AQUIFER (FT) 

0 05 o 05 0 06 0 06 o 06 0 06 0 06 0 05 0.05 
0 05 o 06 0 07 0 08 o 09 0 08 0 07 0 06 o 05 
0 06 0.07 0 10 0 14 o 16 0 14 0 10 0 07 0.06 
0 06 o 08 0 14 0 27 0.40 o 27 0 14 0 08 o 06 
0 06 o 09 0 16 0 40 5 45 0.40 0 16 0 09 o 06 
0 06 o 08 o 14 0 27 o 40 o 27 0 14 0 08 o 06 
0 06 o 07 0.10 014 o 16 o 14 o 10 0.07 0 06 
0 05 o 06 o 07 o 08 0.09 0.08 0.07 o 06 0 05 
0 05 0.05 o 06 0.06 o 06 0.06 0.06 0.05 0 05 

• 
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• 
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LOWER HORIZON, FLORIDAN AQUIFER· FOUR 
1000 GPM WELLS FOR 90 DAYS 



__ TWO_MUTUALLY-LEAKY-AQUIFERS~MULTIPLE-WELLS- -
--------------------------------------------------------------------------------

• T1(GPD/FT)= 100000 
T2(GPD/FT)=. 3000000 
PI (GPD/SQFT)= ••• 7 93 
M' (FT)= • 400 
Sl(DIM )=. .. . ... .00075 
S2 (DIM) = .. ... .. .00075 
NO.OF COLUMNS=. .. 10 
NO OF ROWS= ... .. 20 
GRID SPACING(FT)=. 1000 
NWELLS=. . ... 4 

XWELL(FT)=. 4000 
YWELL(FT)= • 8000 

Q(GPM) = .. .. .. . 1000 
TIME (DAY) = .. 90 
XWELL(FT)=. .... • 4000 
YWELL(FT)= • ... 11000 

Q(GPM)= .. .. .. 1000 
TIME(DAY)=. .. .. 90 
XWELL(FT)= • 7000 
YWELL(FT)= 8000 

Q(GPM)= 1000 
TIME(DAY)=. 90 
XWELL(FT)=. 7000 

• YWELL(FT)= 11000 
Q(GPM)=. 1000 

TIME(DAY)= . . 90 
DRAWDOWNS AT OB WELLS IN UPPER AQUIFER (FT) 

o 64 o 65 o 66 0 67 o 67 o 67 o 67 o 66 0 65 0 64 
o 66 o 68 o 69 0 70 o 70 0.70 o 70 o 69 0 68 0 66 
o 69 0.71 072 0 74 074 o 74 0.74 0.72 0 71 0 69 
072 o 74 o 76 077 o 78 o 78 o 77 o 76 0 74 0 72 
0.75 077 0.80 0.81 0.82 0.82 o 81 o 80 0 77 0 75 
o 77 o 81 o 83 o 85 o 87 o 87 o 85 o 83 0 81 0 77 
0.80 o 83 o 87 0.89 o 91 0.91 o 89 o 87 o 83 0 80 
o 81 o 85 0.89 0.92 o 94 0.94 0.92 o 89 0.85 0 81 
o 82 o 87 o 91 o 94 0.95 o 95 o 94 o 91 0.87 0 82 
0.82 o 87 0.91 o 94 0.95 0.95 o 94 o 91 o 87 0 82 
0.81 0 85 o 89 o 92 0.94 0.94 o 92 0.89 o 85 0 81 
o 80 0 83 o 87 o 89 o 91 0.91 o 89 0.87 o 83 0 80 
o 77 o 81 o 83 0 85 0.87 0.87 0.85 0.83 o 81 0 77 
0.75 o 77 o 80 0 81 o 82 o 82 0.81 o 80 o 77 0 75 
0.72 0.74 0.76 077 0.78 0.78 0.77 0.76 o 74 072 
o 69 o 71 0 72 0.74 0.74 o 74 0.74 072 071 0.69 
0.66 0.68 0 69 o 70 o 70 0.70 o 70 0.69 o 68 o 66 
o 64 0.65 0 66 o 67 0.67 o 67 0.67 0.66 0 65 o 64 
0.61 o 62 0 63 o 64 o 64 0.64 0.64 o 63 0 62 0 61 
0.59 0.60 0 60 o 61 0.61 o 61 0.61 o 60 0 60 0 59 

DRAWDOWNS AT OB WELLS IN LOWER AQUIFER (FT)' 

• o 64 o 65 o 66 0 67 o 68 0.68 o 67 0 66 0 65 0 64 
o 67 0.68 0.70 0 71 0.71 071 0.71 0 70 0 68 o 67 



o 70 0.72 o 74 o 75 0.75 0.75 0.75 0.74 0.72 0 70 
073 o 76 o 78 o 79 0.80 0.80 o 79 0.78 o 76 0 73 
o 76 o 80 o 83 0.85 o 86 o 86 o 85 o 83 o 80 0 76 
0.80 0.84 0.88 o 92 0.93 o 93 o 92 o 88 o 84 0 80 • o 83 o 88 o 95 1.01 1.01 1 01 1.01 o 95 o 88 0.83 
o 85 o 92 1.01 1.57 1.08 1 08 1.57 1 01 0.92 0.85 
o 86 o 93 1 01 1.08 1 09 1 09 1. 08 1 01 0.93 o 86 
o 86 o 93 1 01 1 08 1.09 1.09 1 08 1.01 o 93 o 86 
o 85 o 92 1 01 1 57 1.08 1.08 1.57 1 01 o 92 o 85 
o 83 o 88 o 95 1 01 1.01 1.01 1 01 o 95 o 88 o 83 
o 80 o 84 o 88 o 92 0.93 0.93 o 92 o 88 o 84 o 80 
o 76 o 80 0 83 o 85 0.86 o 86 o 85 o 83 o 80 0 76 
o 73 o 76 0 78 o 79 o 80 o 80 0.79 o 78 o 76 0 73 
o 70 0.72 0 74 0.75 o 75 o 75 o 75 o 74 o 72 0 70 
o 67 o 68 o 70 0.71 071 071 o 71 o 70 o 68 0 67 
o 64 o 65 0.66 o 67 o 68 0.68 o 67 o 66 0.65 0 64 
o 61 o 63 o 63 0.64 o 64 0.64 o 64 o 63 o 63 0 61 
o 59 o 60 o 61 o 61 o 61 o 61 o 61 0.61 o 60 0 59 

• 

• 



-----TWD-MUTUALLY-LEAKY_AQUIFERS~ MULTIPLE_~ELLS __ 
---------------------------------------------------------------------------------

• T1(GPD/FT)= ••••• 100000 • 
T2(GPD/FT)= · ..... 3000000 
PI (GPD/SQFT)=. · . 7 93 
MI (FT) = ••••••• · . 400 
Sl(DIM )= · ....... .00075 
S2 (DIM.) = · · ..... .00075 
NO OF COLUMNS=. • 10 
NO.OF ROWS= ••••••• 20 
GRID SPACING(FT)=. 3000 
NWELLS=. · ........ 4 

XWELL(FT)= •••••••• 15000 
YWELL (FT) = •• · . · 27000 

Q(GPM}e ...•...... 1000 
TIME(DAY)= · ... · 90 
XWELL(FT)= •••• · · 15000 
YWELL(FT)=. 30000 

Q(GPM)= · .. · . · 1000 
TIME(DAY)= •• · . · . 90 
XWELL(FT)= ....... 18000 
YWELL(FT)=. · . 27000 

Q(GPM)= · .. 1000 
TIME (DAY) = · ..... 90 
XWELL(FT)= •••••• 18000 

• YWELL(FT)= •••• · 30000 
Q(GPM)=. · · . · 1000 

TIME(DAY)=. · . 90 
DRAWDOWNS AT DB. WELLS IN UPPER AQUIFER (FT) 

0.32 0 34 0 35 0 35 0 36 0 36 
0.35 0 37 0 38 0.39 0 39 0.39 
0.38 o 40 041 0.43 o 43 0.43 
0.41 o 43 o 46 0.47 0.48 0.48 
0.44 0.47 0.50 0.53 o 54 0.54 
0.47 0 51 0.55 0.59 0.61 0 61 
o 50 o 55 0 61 0 66 0.70 0.70 
0.53 0 59 0.66 0.75 o 81 0.81 
o 54 0 61 0.70 0 81 0.92 o 92 
0.54 0 61 0 70 o 81 0 92 0 92 
0.53 o 59 0.66 o 75 0 81 0 81 
0.50 0.55 0 61 0.66 o 70 o 70 
0.47 0.51 0.55 0.59 0 61 0 61 
0.44 0.47 0 50 0.53 0.54 o 54 
0.41 0.43 o 46 0.47 0.48 0.48 
o 38 0.40 o 41 0 43 0 43 0 43 
0.35 0.37 0 38 0 39 0.39 0.39 
0.32 0.34 0 35 0 35 0 36 0 36 
o 30 0.31 0.32 0 32 0 33 0.33 
0 28 0 29 0 29 0 30 0 30 0 30 

DRAWDOWNS AT DB. WELLS IN LOWER AQUIFER (FT) • • o 32 0.34 0 35 o 35 0.36 0.36 
o 35 0 37 0.38 0.39 0.39 o 39 

0 35 0 35 
0.39 o 38 
0 43 0.41 
o 47 0.46 
0 53 0 50 
0.59 0 55 
0.66 0 61 
0.75 0.66 
0.81 0.70 
0 81 0.70 
o 75 0.66 
0.66 0 61 
o 59 0 55 
0.53 o 50 
0.47 0.46 
o 43 0 41 
0 39 0 38 
0 35 0 35 
0.32 0.32 
o 30 0.29 

0 35 0 35 
0 39 0 38 

0 34 
0 37 
0.40 
0.43 
0 47 
0 51 
0 55 
0.59 
0 61 
0.61 
0 59 
0 55 
0.51 
0 47 
0 43 
o 40 
0.37 
0 34 
0 31 
0 29 

0 34 
0 37 

o 32 
o 35 
o 38 
o 41 
o 44 
o 47 
0.50 
0.53 
o 54 
o 54 
o 53 
o 50 
o 47 
o 44 
o 41 
o 38 
0.35 
o 32 
o 30 
o 28 

o 32 
o 35 



o 38 0.40 o 41 0 43 o 43 o 43 o 43 o 41 0 40 o 38 
0.41 o 43 o 46 0 47 o 48 o 48 o 47 o 46 0 43 0.41 
o 44 0.47 o 50 0 53 0.54 o 54 o 53 o 50 0 47 o 44 
0.47 o 51 0.55 0 59 0.61 0.61 0.59 0.55 0 51 0.47 
o 50 o 55 o 61 0 67 0.71 o 71 o 67 0.61 0 55 o 50 • 0.53 0.59 o 67 0 76 0.85 0.85 0.76 0.67 0 59 o 53 
0.54 0.61 0.71 0 85 1.57 1.57 0.85 0.71 o 61 o 54 
o 54 0.61 071 0 85 1.57 1.57 0.85 0.71 0.61 o 54 
o 53 0.59 o 67 o 76 0.85 0.85 o 76 o 67 o 59 o 53 
o 50 o 55 0.61 0.67 o 71 071 o 67 o 61 o 55 o 50 
o 47 o 51 0.55 o 59 o 61 o 61 o 59 o 55 0.51 o 47 
0.44 o 47 0.50 o 53 o 54 o 54 0.53 o 50 o 47 o 44 
o 41 o 43 0.46 0.47 o 48 o 48 0.47 o 46 0.43 o 41 
o 38 o 40 041 o 43 o 43 o 43 o 43 o 41 o 40 o 38 
o 35 o 37 0.38 o 39 o 39 o 39 0.39 0.38 o 37 o 35 
o 32 o 34 o 35 0.35 0.36 o 36 o 35 o 35 o 34 o 32 
o 30 o 31 0.32 0.32 0.33 0.33 0.32 0.32 o 31 0.30 
o 28 o 29 0.29 o 30 o 30 o 30 o 30 0.29 o 29 o 28 

• 

• 
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1.0 INTRODUCTION 

G PGCB 1/8ATHY 1 
10/17/90 

Indlantown Cogeneratlon llmlted Partnershlp (IeL) 15 currently preparlng 
a Slte certlflcatlon appllcatlon (SCA) for ltS 300-megawatt (HW) 
Indlantown cogeneratl0n proJect (Iep) located approxlmately 3 ml1es 
northwest of Indiantown, Flor,da The proJect wll1 wlthdraw water from 
Taylor Creek/Nubbln Slough (TC/NS) for process water and coollng water 
makeup, WhlCh reqUlres that an lntake structure be deslgned and construct~ 
ed on Te/NS To ald in the englneenng deslgn and subsequent lmpact 

analyslS, Envlronmental Consultlng & Technology, Inc (ECT) was contracted 

to complete a bathymetriC survey and water quality and veloclty measure­
ments 10 the Y1Clnlty of the proposed lntake structure EeT was asslsted 
by Llndahl, Brownlng, Ferrarl & Hellstrom, Inc (lBF&H) for the land 
surveYlng portlon of the proJect 

1-1 
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2.0 METHODS AND MATERIALS 

2 1 LAND SURVEYING 
Fourteen transects were establlshed at approxlmately lOa-foot (ft) 
lntervals along TelNS as shown ln FIgure 1 The POSItIons (In state plan 
coordInates) and land elevatlons at the end of each transect were surveyed 
by lBF&H uSlng standard surveYlng technIques Concrete monuments located 
along the raIlroad were used for reference p01nts and elevat,ons were 
establ,shed in nat,onal geodet,c vert, cal datum (NGVD) 1929 LBF&H also 
surveyed 11 bank profIles along the end of the transects located on the 
Intake-SIde of the canal An additIonal seven bank profiles were measured 
on the opposIte slde of the canal Two concrete monuments were also 
establl shed on the S1 te to a 1d 1 n subsequent surveYl ng that m, ght be 
requIred 

2 2 BATHYMETRY SURVEY 
Bathymetr1c surveys were conducted along the estab11shed 14 transects on 
October 3, 1990 A Raytheon Model DE-719 acoustic fathometer was used to 
measure water depth along each transect This Instrument operates at 
200 k1lohertz (KHz) and can record 534 soundlngs per mInute on chart 
paper The fathometer lS accurate to a 5 percent ±1 lnch of the measured 
depth and can be resolved rel,.bly to the nearest 0 2 foot (ft) The 
fathometer was calIbrated three tImes durIng the survey WIth a target on 
a graduated l,ne lowered beneath the transducer 

Nav1 gat 1 on dun ng the survey was accomp 11 shed by strl ng1 ng a taut, 
graduated llne between the end markers on each transect As the survey 
vessel traversed each transect, a f,x mark was recorded on the fathometer 
chart paper at 20-ft Intervals by uSlng marklngs on the taut l,ne as a 
gUIde The navlgatlon flXes were then noted as dlstance from the end 
marker on each transect The transect marker on the east slde of the 
canal was assIgned a dlstance of 0 ft for all transects 

2-1 
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A water level staff was Installed at the slte to monltor water level 
varutlons durIng the survey The staff was surveyed relatlYe to the 

benchmarks at the sIte and lts elevatIon was establIshed In NGVD The 
water level at the sIte was read from the staff during each bathymetry 
transect to assure the measured water depths could be properly adJusted to 
elevatIons 1n NGVD 

The stnp charts from the fathometer were read and dlg1tued by two 
Ind1Vlduals and compared to mlnimlZe errors The dig,t,zed depths for 
each transect were then corrected for water level varIatIons (from the 
staff read,ngs) and adJusted to elevat,ons 'n NGVD The f,nal bathymetry 
database consIsted of data pOInts expressed as dlStance along the transect 
and elevatIon 1n NGVD 

The bathymetry database was then merged Wl th the bank profll e database 
obta 1 ned dun ng the 1 and surveYl ng Slnce the bank proflle surveys 
extended from each transect end marker to a water depth of approxlmately 
3 ft, there was occaslonally some overlap wlth the bathymetry survey In 
cases where there was overlap, the land survey was glven precedent because 
lt was more accurate near the bank, and the bathymetry survey pOlnts near 
the edge of the bank were deleted The flnal database for each transect 
conslSted of both land survey pOlnts and bathymetry survey pOlnts 
expressed as dlstance from the transect marker and elevatlons ln NGVD 

2 3 WATER QUALITY 
Water quallty measurements were made along transects It 6, 11, and 14 on 
October 4. 1990 Statlons along each transect were occupled at 30-ft 
intervals (beglnnlng at the water's edge) Measurements at each statlon 
were made at depths of 1 ft and subsequently at 2- ft 1 nterva 1 s to the 
bottom A taut, graduated llne stretched between the transect markers was 
used to locate the statl0ns The bow of the survey vessel was tled to the 
taut llne and the stern was anchored to mlnlmlze vessel movement durlng 
the survey 

2-3 
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The water quallty data measured durlng the surface water sampllng 
consIsted of pH, conductlvlty, dlssolved oxygen (DO), oXldatlon/reductlon 
potentul, and temperature All field measurements were made uSlng a 
Hydrolab 4041 analytIcal lnstrument 

The Hydrolab 4041 Instrument 1S an 1ntegrated analytlcal un1t contain1ng 
SIX analytlcal electrodes, pressure transducers, and assoclated electron­
leS 

Instrument callbratlon were performed and recorded prl0r to and after the 
survey The pH calibratlon conslsted of testing three pH buffer standards 
(4, 7, and 10) and adJustment to the Hydrolab funetlon to read the 
speclfled pH unlts Three sal1ne (potassIum chlorlde) Solut10ns of known 
conductlvlty (laboratory prepared) were measured uS1ng the conductivlty 
funct I on and adJusted to read the spec1 fl ed conduct 1 VI ty Temperature 
va 1 ues were ca 11 brated (checked) agal nst 1 aboratory thermometers DO 
functIons were checked USIng temperature/DO tables 

In addItIon to water qualIty data, support meteorologIcal data were 
co 11 ected dUrl ng the survey Wet and dry bulb aIr temperatures were 
obtaIned wIth a Taylor slIng psychrometer and windspeed was measured wIth 
a Davls Instruments dIgItal turbometer 
vIsually 

2.4 WATER VELOCITY 

WInd dIrectIon was est1mated 

Water velocIty was measured on October 4, 1990, at the same statIons as 
the water qualIty measurements, descr1bed previously Measurements were 
taken at 2-ft lntervals to a maXlmum depth of 8 ft USIng a Gurley No 625 
Pygmy current meter The current meter contalned SlX 0 75~inch rotor cups 
capable of measurIng currents in the range of 0 05 to 30ft per second 
(ft/sec) The rotor counts at each depth were monItored for approXImately 
30 seconds The rotor counts were then converted to water velocIty In 
ft/sec for fInal presentatIon 
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3.1 LAND SURVEYING 

3.0 RESULTS AND DISCUSSION 

G PGEB 1!IIATHY 5 
10/17/90 

Flgure 2 (an attached overslzed flgure, 34 lnches by 44 lnches) presents 
the results of the land surveYlng completed by LBF&H The flgure lS 
provlded at a scale of 1 lnch equals 50 ft and contalns all the transect 
marker 10cat10ns and monument 10cat10ns on the 51te Flgure 2 also shows 
all state plane coordlnates of the transect markers and monuments, as well 
as the bank proflle data 

3 2 BATHYMETRY SURVEY 
Appendlx A provldes the flnal elevatl0n profl1e database prepared from the 

land survey and the bathymetry survey Appendlx 8 provldes 14 channel 

profl1es plotted from the database AppendlX C provldes caples of the 

orlg1nal fathometer strlp charts used to measure the water depth Table 1 

provldes the water level staff readlngs and the support meteorological 

data collected dur1ng the survey 

The water level durlng the study varled from a hlgh of 19 44 ft NGVD to a 
low of 18 23 ft NGVD for a range of I 21 ft The water level ln the canal 
1S controlled by structure 5-191 located approxlmately One mile downstream 

of the slte Personnel at South Flor1da Water Management Dlstr1ct stated 

that when the water reaches a certa1" level. the gates at 5-191 are 

opened When the water recedes to a certaln level, the gates are closed, 

WhlCh produced the large varut10ns 1n the water level observed at the 

slte The recorded water levels 1n Table 1 were used to adJust the 

bathymetry values 

The f1nal transect elevatlons were plotted on a land surveYlng base map 

(Flgure 2) and the elevatlons were hand contoured 1n I-ft lntervals to 

provlde a topographic map of the slte F1gure 3 presents the results 

3-1 



G PGE8 1/8ATHY K 1 
10/17/90 

Table 1 Water Level and Meteorological Data 

Water Level Dry Bulb Wet Bulb Wlndspeed W,nd 
Date Time (ft NGVD) (OF) (OF) (mph) Direction 

10/02/90 1520 1B 59 90 0 78 8 6 0 NE 
10/02/90 1630 18 23 
10/02/90 1730 18 48 
10/02/90 1800 18 62 85 0 76 0 8 2 E 
10/03/90 0800 19 07 76 2 74 0 1 5 SE 
10/03/90 0845 19 14 
10/03/90 1100 19 30 90 5 79 5 6 5 SE 
10/03/90 1130 19 36 
10/03/90 1242 19 43 
10/03/90 1250 19 44 
10/03/90 1401 19 07 89 2 79 0 7 2 SE 
10/03/90 1410 19 07 
10/03/90 1445 18 86 

w 10/03/90 1457 18 66 , 
'" 10/03/90 1517 18 49 

10/03/90 1532 18 34 
10/03/90 1620 18 33 
10/03/90 1700 18 26 88 8 72 4 7 6 SE 
10/03/90 1720 18 24 
10/03/90 1733 18 33 
10/03/90 1750 18 23 
10/03/90 1810 18 41 
10/04/90 0800 18 73 79 2 770 1 0 NNE 
10/04/90 1100 18 73 
10/04/90 1200 18 72 
10/04/90 1209 18 72 90 8 82 2 4 8 E 
10/04/90 1420 18 70 
10/04/90 1600 18 67 84 1 78 0 7 4 S 
10/04/90 1633 18 72 
10/04/90 1800 18 73 74 2 73 8 5 8 NE 
10/04/90 1835 18 75 
10/04/90 1901 18 75 
10/04/90 1925 18 79 

Source ECT, 1990 
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The deepest pOlnts 1n l-63N occurred approx1mately mld-channel and 

averaged approx1mate1y 1 0 ft-NGVD. the deepest p01nt was 0 5 ft-NGVD 

Canal L-63S was not as deep wlth the mldpolnt depths averaglng approxl­
mate1y 4 0 ft-NGVD Canal C-59 was the deepest w1th values below sea 

level (deepest value -0 7 ft-NGVD) The depth contours are tYP1ca1 of a 

canal wlth the l1nes parallel to the banks The steepest gradlents are 
near the banks wlth relatlvely flat areas near the center of the channel 

3 3 WATER OUALITY 
Table 2 presents the results of the water qual,ty survey for the four 
transects measured The temperature varled from a h19h of 30 21 degrees 
Fahrenhe1t (OF) to a low of 26 78°F The coolest water was found along 

transect 14 1n Canal L-63S The temperature at all statlons decreased 
wlth depth and there was typlcal1y a 1- to 2°F change 1n temperature from 
the surface to the bottom 

The pH measured was relatlvely constant and only var1ed between 6 98 and 
5 62 The conductance was also re1atlvely constant and averaged 
approxlmately 170 I1mhos/cm The OXl dat lon/reduct 1 on potent la 1 van ed 
between 68 and 147 m111lVolts (mV) w1th the h1ghest values near the 

bottom The 00 1 n most 
standard of 5 0 parts per 

cases was below the Cl ass I I I water qua 11 ty 
mIllIon (ppm) As expected, the 00 decreased 

from the surface to the bottom WIth the lowest observed value beIng 
2 60 ppm 

3.4 WATER VELOCITY 
Table 2 presents the water velOCIty measurements WIth the water qualIty 
UnlIke the prevIous day (as observed durIng the bathymetry surveys), there 
was lIttle change 1n the water level durIng the survey Apparently, the 
gates at $-191 must have been closed whIch resulted 1n slow water 
velOCItIes At most pOInts, the measured water velOCIty was less than 
o 3 ft/sec The h1ghest value observed was 0 61 ft/sec Because of the 

relatIvely stable water level on the day of the survey, It 1S probable 

3-3 



Table 2 Water Quality and Water Veloclty from TC/NS on October 4. 1990 

Distance Water Sample Oxidation/ 
from Depth Depth Temperature pH Conductance Reduction 

East Bank (ft) (ft) (OF) (units) (~mhos/cm) (mV) 

TRANSECT 1-IA 
Water level at beginnlng of transect (12 20) • 18 72 ft NGVD 

Water level at completion of transect (14 20) • 18 70 ft NGVD 
10' 5 5 1 0 29 90 6 04 170 090 

3 0 29 31 6 01 170 109 
5 0 28 53 5 97 169 115 

30' 9 0 1 0 30 21 6 34 168 088 
3 0 29 35 6 01 168 110 
5 0 28 33 6 02 169 114 w 
7 0 27 39 5 99 169 119 , .. 
9 0 27 43 6 38 170 106 

60' 15 0 1 0 30 03 6 34 168 087 
3 0 28 47 6 05 169 106 
5 0 28 24 6 02 170 109 
7 0 27 44 6 00 170 113 
9 0 27 36 5 96 170 118 

11 0 27 28 5 94 171 120 
13 0 27 28 5 89 170 124 
15 0 27 31 5 89 170 129 

90' 15 5 1 0 29 00 6 33 169 090 
3 0 28 47 5 95 169 119 
5 0 28 63 5 96 169 120 
7 0 27 72 5 94 169 125 
9 0 27 51 5 92 170 129 

11 0 27 30 5 91 170 134 
13 0 27 30 5 88 170 140 
15 0 27 31 5 88 170 143 

• • 

Dissolved 
Oxygen 
(ppm) 

4 84 
4 42 
3 61 

4 45 
4 16 
4 01 
3 62 
3 50 

4 44 
4 42 
4 40 
4 05 
4 01 
3 60 
3 60 
3 51 

5 72 
5 24 
5 10 
4 06 
3 61 
3 55 
3 52 
3 13 

G PGEB 1/BATHY H 2 
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Water 
Veloclty* 
(ft/sec) 

o 08 
o 09 

o 29 
o 29 
o 24 
o 21 

o 24 
o 22 
o 22 
o 06 

o 26 
o 33 
o 30 
o 34 

• 
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Table 2 Water Quality and Water Velocity from TCINS on October 4, 1990 (Contlnued, Page 2 of 8) 

Distance Water Sample OXidationl Dissolved Water 
from Depth Depth Temperature pH Conductance Reductlon Oxygen Velocity' 

East 8ank (ft) (ft) (OF) (units) (~mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT I-IA (contd.) 

120' 15 0 I 0 28 98 6 34 168 086 6 II o 28 
3 0 28 67 5 91 168 114 5 69 o 22 
5 0 28 32 5 93 170 115 5 68 o 33 
7 0 27 59 5 95 170 117 4 17 o 28 
9 0 27 39 5 96 170 116 4 45 

II 0 27 33 5 93 170 119 3 71 
13 0 27 30 5 91 170 120 4 12 
15 0 

w 27 30 5 85 170 126 3 60 , 
~ 150' 140 I 0 28 31 6 27 169 095 6 03 o 52 

3 0 27 96 6 26 169 098 5 62 o 22 
5 0 28 84 5 88 169 129 4 51 o 22 
7 0 27 61 5 85 168 129 4 43 o 22 
9 0 27 36 5 87 169 132 3 78 

II 0 27 36 5 83 170 139 3 10 
14 0 27 28 5 74 169 147 3 07 

180' 12 0 I 0 29 00 6.02 168 119 7 22 o 09 
3 0 28 60 6 01 168 119 6 19 o II 
5 0 28 20 6 30 167 108 6 17 o 06 
7 0 27 49 6 54 169 094 4 56 o 06 
9 0 27 50 6 48 169 099 4 17 

12 0 27 50 6 40 170 109 3 64 

210' 6 0 I 0 29 40 6 98 168 072 4 17 o 29 
3 0 28 65 6 86 168 073 3 54 o 22 
5 5 28 40 6 74 167 070 3 64 o 29 
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Table 2 Water Quality and Water Velocity from TCINS on October 4, 1990 (Continued, Page 3 of 8) 

Distance Water Sample Oxidationl Dissolved Water 
from Depth Depth Temperature pH Conductance Reductlon Oxygen Veloclty* 

East Bank (ft) ( ft) ('F) (units) (~mhos/cm) (mV) (ppm) (ft/sec) 

IRAHSECI 6-6A 
Water level at beginning of transect (15 00) • 18 69 ft NGVD 

Water level at completion of transect (17 20) • 18 71 ft NGVD 

10' 6 5 1 0 29 75 6 15 169 091 4 53 o 12 
3 0 29 10 6 01 169 100 4 14 o 06 
5 0 28 51 5 93 171 108 3 67 
6 5 28 25 5 89 171 116 3 10 

30' 12 0 1 0 29 15 6 31 169 084 5 61 o 29 
3 0 28 76 6 01 169 106 5 03 o 21 
5 0 28 30 6 01 170 111 5 15 o 18 
7 0 27 59 5 96 170 114 4 14 o 12 
9 0 27 56 5 95 169 120 3 49 

11 0 27 45 5 89 170 126 4 52 
12 0 27 43 5 91 170 129 3 13 

60' 15 0 1 0 29 41 6 48 168 089 4 98 o 24 
3 0 28 61 6 06 168 101 4 91 o 22 
5 0 28 18 6 01 169 104 4 02 o 22 
7 0 27 40 6 00 170 110 4 17 o 19 
9 0 27 36 5 96 170 118 4 11 

11 0 27 32 5 94 170 119 3 96 
13 0 27 30 5 92 170 123 3 32 
15 0 27 30 5 91 171 126 3 15 

90' 18 0 1 0 29 04 6 27 168 092 5 87 o 26 
3 0 28 82 6 11 170 101 6 08 o 33 
5 0 28 71 6 05 169 103 5 12 o 29 
7 0 28 14 6 00 170 104 4 91 o 21 
9 0 27 52 6 01 170 109 4 17 

• • 
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Table 2 Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 4 of 8) 

Distance Water Sample Oxidation/ Oissolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Veloclty* 

East 8ank (ft) (ft) (OF) (units) (Vmhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 6-6A (continued) 

II 0 27 36 5 93 170 109 5 01 
13 0 27 30 5 89 17J 117 4 23 
15 0 27 30 5 91 171 119 3 36 
18 0 27 28 5 85 17J 126 3 70 

120' 19 0 I 0 28 97 6 19 169 076 6 12 o 42 
3 0 28 70 5 94 170 100 5 81 o 35 
5 0 28 52 5 93 169 101 5 53 o 22 
7 0 28.11 5 91 170 105 4 90 o 22 
9 0 27 56 5 92 170 108 4 56 

II 0 27 34 5 91 170 109 4 36 
130 27 31 5 89 170 III 3 81 
15 0 27 30 5 89 170 115 4 06 
17 0 27 29 5 89 I7J 117 4 15 
19 0 27 29 5 88 17J 121 3 32 

150' 17 0 I 0 28 70 6 02 169 081 5 90 o 42 
3 0 28 51 6 00 169 106 4 89 o 26 
5 0 28 36 5 99 168 110 4 57 o 27 
7 0 28 24 5 96 169 110 4 15 o 19 
9 0 27 81 5 94 169 114 3 98 

II 0 27 36 5 95 170 120 4 09 
13 0 27 29 5 92 170 125 3 72 
15 0 27 29 5 90 170 126 3 51 
17 0 27.28 5 91 170 J3l 3 31 

180' 13 0 I 0 28 77 6 10 168 089 5 20 o 16 
3 0 28 65 5 96 169 110 4 55 o 26 
5 0 28 35 5 97 169 118 3 35 o 21 

" a,". 
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Table 2 Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 5 of 8) 

Distance Water Sample OXidation/ Dissolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity' 

East Bank (ft) ( ft) ('F) (units) (~mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 6-6A {continued} 

7 0 28 27 5 95 169 120 4 17 o 16 
9 0 27 88 5 94 170 123 3 96 

11 0 27 33 5 92 170 126 4 70 
13 0 27 30 5 89 171 131 3 09 

210' 7 5 1 0 29 30 6 37 170 073 4 75 o 21 
3 0 28 37 6 10 170 101 4 20 o 24 
5 0 28 01 6 08 170 107 3 57 o 06 
7 0 27 67 6 02 171 115 3 55 

TRANSECT l1-11A 
Water level at beginn1ng of transect (18 00) • 18 73 ft NGVD 

Water level at complet10n of transect (19 25) = 18 79 ft NGVD 

10' 80 1 0 29 30 6 43 168 083 4 08 o 11 
3 0 29 05 6 02 168 099 4 11 o 09 
5 0 28 51 5 94 170 112 3 82 
7 0 28 05 5 91 171 117 3 61 

30' 11 0 1 0 29 33 6 55 168 075 5 01 o 17 
3 0 29 25 6 16 168 100 4 84 o 27 
5 0 28 80 6 09 170 106 4 06 o 19 
7 0 28 17 6 11 169 108 4 10 o 03 
9 0 27 55 6 06 171 114 3 55 

11 0 27 58 6 02 171 091 3 21 

60' 18 0 1 0 29 33 6 58 168 069 6 12 o 35 
3 0 29 18 6 12 169 098 5 61 o 35 
5 0 28 70 6 07 170 103 5 01 o 27 

• • 
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Table 2 Water Qual,ty and Water Velocity from TCINS on October 4, 1990 (Continued, Page 6 of 8) 

Distance Water Sample OXidationl D,ssolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen VeloClty* 

East Bank (ft) (ft) (OF) (un1ts) (~mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT 11-IIA (continued) 

7 0 27 84 6 07 170 107 4 44 o 35 
9 0 27 62 6 06 170 llO 4 57 

II 0 27 41 6 06 171 ll4 3 40 
13 0 27 29 6 05 172 ll8 3 18 
15 0 27 25 6 04 172 122 3 17 
18 0 27 25 6 06 172 125 3 06 

90' 20 0 1 0 28 99 6 24 168 074 6 10 o 32 w 3 0 28 83 6 01 168 099 5 50 o 33 , 
'" 5 0 28 70 6 00 169 099 4 76 o 30 

7 0 28 13 6 09 169 100 5 01 o 30 
9 0 27 55 6 06 171 101 4 15 

II 0 27 36 6 06 171 105 4 II 
13 0 27 27 6 07 172 106 3 57 
15 0 27 26 6 06 172 108 3 71 
170 27 28 6 01 172 112 3 16 
20 0 27 28 6 00 172 ll4 3 06 

120' 20 0 1 0 29 04 6 52 169 068 6 15 o 22 
3 0 28 96 6 00 172 098 6 00 o 31 
5 0 28 75 6 01 172 098 5 14 o 61 
7 0 28 03 6 09 170 099 4 76 o 52 
9 0 27 66 6 07 169 102 4 II 

II 0 27 37 6 06 171 104 3 89 
13 0 27 27 6 06 172 105 3 21 
15 0 27 26 6 02 172 109 3 17 
170 27 28 6 01 172 111 5 10 
19 0 27 28 6 01 172 ll3 3 00 
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Table 2 Water Quality and Water Veloclty from TCINS on October 4, 1990 (Continued, Page 7 of 8) 

Distance Water Sample Oxidation/ Dlssolved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Veloclty* 

East Bank (ft) (ft) (OF) (unlts) (~mhos/cm) (mV) (ppm) (ft/sec) 

TRANSECT II-IIA (continued) 

150' 19 0 I 0 28 94 5 98 175 072 5 01 o 35 
3 0 28 82 5 98 175 100 4 72 o 52 
5 0 28 59 6 01 171 100 4 BI o 35 
7 0 28 33 6 06 169 101 471 o 35 
9 0 27 46 6 06 170 103 4 54 

11 0 27 33 6 04 170 104 4 01 
13 0 27 28 6 02 171 106 3 79 
15 0 27 28 5 98 171 110 3 56 
17 0 27 28 5 97 172 112 4 16 
19 0 27 28 5 96 171 114 3 16 

180' 17 5 I 0 28 77 5 90 175 079 4 97 o 32 
3 0 28 66 5 88 176 106 5 09 o 29 
5 0 28 46 5 93 172 106 4 71 o 19 
7 0 28 31 5 98 170 106 4 33 o 22 
9 0 27 83 5 94 169 108 4 01 

11 0 27 41 5 99 170 110 3 96 
13 0 27 30 6 01 170 III 3 90 
15 0 27 30 5 95 170 114 3 52 
170 27 27 5 93 170 118 3 46 

210' 9 0 I 0 28 69 6 30 175 088 3 57 o 25 
3 0 28 56 5 82 175 118 3 19 o 22 
5 0 28 36 5 84 175 124 3 19 o 27 
7 0 28 05 5 83 173 128 3 17 o 25 
9 0 28 06 5 79 173 134 3 15 

• • 
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Table 2 Water Quality and Water Velocity from TC/NS on October 4, 1990 (Continued, Page 8 of 8) 

Dlstance Water Sample Oxidationl Di sso 1 ved Water 
from Depth Depth Temperature pH Conductance Reduction Oxygen Velocity' 

East Bank (ft) (ft) (OF) (units) (~mhos/cm) (mV) (ppm) (ft/sec) 

IRANSECT 14-14A 
Water level at beglnning of transect (11 00) • 18 73 ft NGVD 

Water level at completion of transect (12 00) • 18 72 ft NGVD 

10' 6 0 3 0 27 01 5 80 169 088 2 60 o 09 
5 0 26 97 6 15 170 109 2 94 o 16 

30' 9 0 3 0 26 99 5 80 171 092 4 67 o 21 
5 0 26 93 5 80 170 088 5 16 o 16 
7 0 26 86 5 79 170 083 3 36 o 06 
9 0 26 87 577 170 078 3 11 

60' 12 5 1 0 27 80 5 88 171 099 5 28 o 44 
3 0 27 01 5 70 171 113 5 19 o 16 
5 0 26 95 5 79 171 115 4 61 o 19 
7 0 26 92 5 74 170 117 4 47 o 16 
9 0 26 90 5 81 170 119 4 13 

11 0 26 89 5 62 171 124 5 02 
12 5 26 78 5 65 172 126 3 51 

90' 5 5 1 0 27 57 6 00 172 103 4 12 o 21 
3 0 27 15 5 93 171 119 4 00 o 09 
5 0 27 02 5 88 171 124 3 52 

110' 3 0 1 0 27 66 6 01 171 100 3 20 o 09 
3 0 27 10 5 95 171 113 3 11 

'Sample depths for water velocities are 1 ft greater than shown 
water velocity was actually measured at 2 ft) 

(e g , for a sample depth shows as 1 ft, thJ 

Source EeT, 1990 

I I 
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that the water velocltles were much hlgher on the preVl0US day when the 
water level dropped more than 1 ft in less than three hours 

3-12 
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(2) A tabulation of data on all wells within the area of review 
which penetrate into the proposed injection zone, confining 
zone, or proposed monitoring zone. Such data shall include 
a description of each well's type, construction, date 
drilled, location, depth, record of plugging and/or 
completion, and any additional information the Department 
may require. 

See the attached Table 1 for the required information on 
those wells within the area of review that penetrate the 
Upper Floridan aquifer monitoring zone. No wells penetrate 
the confining or injection zones within the area of review. 

- --- ------------------- ---------
--- -~--
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Permit/ Well No (I) LocatIon Ref No Owner 

49 NW 1/4 NW 1/4 Sec 36 USGS M-34. Norman 
T39S R38E lIales 

46 NE 1/4 SE 1/4 Sec 36 USGS M-31. Norman 139S R38E 
lIales 

47 NE 1/4 SE 1/4 Sec 26 USGS M-32. Norman 139S R38E 
lIales 

45 NW 1/4 SE 1/4 Sec 26 USGS M-30. Norman 139S R38E 
lIales 

SI NE 1/4 NW 1/4 Sec 26 USGS M-9IS. Mr Qumn T39S R38E 

, 
23 SW 1/4 SW 1/4 Sec 26 43-00362 

T39S R38E 

, 69 SW 1/4, NW 1/4, NW 1/4, MF-37 ** 
Sec 3S T39S, R38W 

(1)See FIgure 2 3 3- I for locatIOn of corresponding number 
I 

tu S GeologIcal Survey Well Number 

.. , SFWMO Well Number 

I 

,Note Information not available where not IndICated 

Source CH2M HIli. 1990 

2052. 01SV ..... ntn seA 

Caulkms 
Cttrus 

Caulkms 
CItrus 

• • 1able I 
I-MILl: RADIUS WELL INVI:NIORY 

Casing Casing Well Casing ProductIon Use DIameter Depth Depth Matenal Rate Acltve Comments 
Agncultural 6" 1,100' 400 gpm No AcceSli. propcny 

being sold to Indian Wood 
ReSldenlial & Golf (.ourse 

Development 

AgrIcultural 6" 1,100' 200 gpm No AcceSli. propcny 
being sold to Indian Wood 
Residential & Golf ( ourse 

Devclopmenl 

Agrlcullural 4" 1,100' 70 gpm No AcceSli. propcny 
being sold 10 Imhan Wood 
Resldenllal & Golf Course 

Development 

Agricultural 6" 450' 1,100' 75 gpm 
No AcceSli. propcny 

berng sold 10 Indian Wood 
Resldenllal & Golf Lourse 

Developmenl 

Agncultural 8" 1,120' 160 gpm Yes 

Industrial 10" 400' 1,000' 300 gpm Yes Caulkms Plant 

MOOltormg 10" 391' 1,260' Steel No SFWMD Well 
MonItOring Well 
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(3) Maps and cross sections indicating the general vertical and 
lateral limits within the area of review of all underground 
sources of drinking water, their position relative to the 
injection formation and the direction of water movement, 
where known, in each underground source of drinking water 
which may be affected by the proposed injection. 

Regionally, the depth to the base of the underground sources 
of drinking water occurs in the interval between 1,600 and 
1,850 feet based on data from injection wells constructed 
for the city of stuart, North Port st. Lucie, Pratt & 
Whitney, and QO Chemicals (see discussion on Depth to Base 
of USDWs in the attached SCA section 3.5.1.5). The base of 
the underground sources of drinking water beneath the 
Indiantown site is expected to be about 900 to 1,000 feet 
above the estimated top of the proposed injection zone. 
Hydrogeologic information on the Surficial and Upper 
Floridan aquifers is presented in SCA Section 2.3.2.1. 

-- --- ----- -- - - ---
----~-- -~--- -----------
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(4) Haps and cross sections detailinq the hydroloqy and qeoloqic 
structures of the local area. 

For a discussion of the geology and hydrogeology of the site 
area, including appropriate maps and cross sections, see the 
discussion presented in seA section 2.3.2.1. 

-- -----
------
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(5) Generalized maps and cross sections illustrating the 
regional geologic settiDq~ 

For a discussion of the regional geology, see seA section 
2.3.1.1 and the attached Figure 2.3.1-16. Also see Figures 
3.5.1-3 and 3.5.1-4 in the attached section 3.5.1.5. 

~-~- - --------
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(6) Proposed operating data. 

a. 

b. 
c. 

Average and maximum daily rate and volume of the fluid 
to be injected; 
Average and maximum injection pressure; and, 
Source and an analysis of the chemical, physical, 
radiological and biological characteristics of 
injection fluids. 

The following preliminary operating data have been 
determined for design of the proposed injection well system: 

a. For Taylor Creek/Nubbin Slough as the primary plant 
cooling water supply source these values are: 

Average daily injection rate = 0.375 mgd 
Maximum daily injection rate = 0.426 mgd 
Average daily volume of injected fluid = 0.375 

million gallons (50,130 cu. ft.) 
Maximum daily volume of injected fluid = 0.426 

million gallons (56,950 cu. ft.) 

For the Floridan aquifer as the alternate plant cooling 
water supply source these values are: 

Average daily injection rate = 1.65 mgd 
Maximum daily injection rate = 1.84 mgd 
Average daily volume of injected fluid = 1.65 

million gallons (220,570 cu. ft.) 
Maximum daily volume of injected fluid = 1.84 

million gallons (245,970 cu. ft.) 

b. The preliminary average and maximum injection pressures 
have been determined to be 25 and 50 psi, respectively. 

c. A brief description of the source and estimated quality 
of the injected wastewater is presented in the attached 
SCA Section 3.5.1.5. A more complete discussion of the 
source and analysis of the injection fluid 
characteristics is presented in Section 3.6 of the SCA. 

Final design data will be provided with the injection well 
engineering design documents to be completed during the SCA 
review period. 
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(7) Proposed formation testinq proqram to obtain an analysis of 
the chemical, physical and radioloqical characteristics of 
and other information on the injection zone. 

Tests will be performed in both the injection and monitor 
wells to determine the depth to the 10,000 mq/l TOS 
interface, the permeability and thickness of the confining 
sequence, and the transmissivity of the injection zone. 
Testing will include the collection of drill cuttings, 
samples for water quality testing, and rock cores, and the 
performance of geophysical logging, packer tests, and 
injection tests. Background water quality samples will be 
sent to a certified laboratory for analysis and will be 
analyzed for parameters specified by the FOER. See the 
attached seA section 3.5.1.5 for a more complete description 
of the proposed testing proqram. 

- ---- - ---- --- ----- --- -----
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. 
Proposed stimulation program. 

No stimulation program is anticipated because the injection 
zone is expected to have a transmissivity sUfficient to 
achieve reasonable well head pressures at the anticipated flows • 
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(9) Proposed injection procedure. 

The proposed injection system will include a main injection 
well, standby injection well, a two-zone monitoring well, 
pumps, surge tank, and instrumentation and controls. The 
wastewater will be collected in a tank and level switches in 
the tank will control the injection pumps. The wastewater 
will normally be pumped to the main injection well. If the 
main injection well is out of service, the standby injection 
well will be used. The injection piping will be connected 
to the hydraulic surge control system. 

The hydraulic surge control system will be designed to 
dissipate hydraulic surges caused by an increase or decrease 
in the flow velocity within the piping system. The surge 
control system will consist of a surge tank, air source, and 
a level control system. The system components will be sized 
based on actual flows and pressures. Figure 3.5.1-7 in the 
attached seA Section 3.5.1.5 contains a conceptual diagram 
of the injection system. 

-----~- -- - - -- ------- ~- -- ~ - -------
------- -----
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(10) Enqineerinq drawinqs of the surface and subsurface 
construction details of the system. 

See the attached SCA section 3.5.1.5 for conceptual design 
drawings. Detailed construction drawings of the system will 
be made available during the SCA review period. 

----------
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(11) contingency plans to cope with all shut-ins or well 
failures, so as to protect the quality of the waters of the 
state as defined in Florida Administrative Code Rule 17-3, 
including alternate or emergency discharge provisions. 

The injection system will have a standby injection well that 
will be used during shut-ins of the main well due to 
maintenance, testing, or emergency situations. Both the 
main and standby wells will be of sufficient size to accept 
the maximum wastewater flow. The standby well will, 
therefore, provide 100 percent redundancy to the injection 
well system. 

----~ ---------
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(12) Plans (including maps) and proposed monitoring data to be 
reported for meeting the monitoring requirements in Florida 
Administrative Code Rule 17-28.25. 

The injection well system includes a two-Zone monitor well 
to permit monitoring of the first permeable zone above the 
injection zone and the base of the USDW. Monitoring of the 
first permeable zone above the injection zone will provide 
an early warning of injected fluid migration in the 
direction of the USDW. Injection system monitoring data 
will be collected to provide a record of system performance 
and to detect any movement of injected fluid into the USDW. 
The injection system monitoring plan consists of monitoring 
the injection well capacity and the injection flow rate and 
pressure, the annular fluid tank levels, the water elevation 
in the upper and lower monitoring zones, and the water 
quality of the two zones. water quality and water level 
data will be reported to the FDER on a monthly basis. For a 
more complete description of the proposed monitoring plan, 
see the attached seA section 3.5.1.5, especially Figure 
3.5.1-6 and Table 3.5.1-8. 

-~..::.----

----------------------



• 

• 

• 

(13) For wells within the area of review which penetrate the 
injection zone but are not properly completed or plugged, 
the corrective action proposed to be taken under Florida 
Administrative Code Rule 17-28.13(5). 

No wells currently penetrate the injection zone within the 
area of review. Therefore, no plugging or other corrective 
action is required. The existing Pratt & Whitney injection 
well, approximately 14 miles from the Indiantown site, is 
the nearest known well which penetrates the proposed 
injection zone. 

--------



• 

• 

• 
-­, 

(14) Construction procedures includinq a cementinq and casinq 
proqram, loqqinq procedures, deviation checks, proposed 
blowout protection (if necessary), and a drillinq, testinq 
and corinq proqram. 

The injection and monitor wells will be constructed by 
drilling a pilot hole, reaming the pilot hole, installing 
casing, and progressing with the pilot hole to install the 
next smaller-sized casing. Testing will occur throughout 
the drilling process. For a complete description of the 
proposed well drilling, geophysical logging, testing, and 
construction procedures, see the attached SCA section 
3.5.1.5. Additional description of these procedures will be 
provided in the injection well design and bid specifications 
to be prepared during the SCA review period. 

-------------------- ~ --------- -----
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(15) A certification that the applicant has ensured, through a 
performance bond or other appropriate means, the resources 
necessary to close, plug or abandon the well as required by 
Florida Administrative Code Rule 17-28.27(9). 

To be provided as part of the seA review process and 
established as a condition of certification. 

--- ----------------
-- ------ ------



~ INDIANTOWN UIC PERMIT ATTACHMENT: Section 3.5.1.5 of the Indiantown 
Cogeneration Projects Site Certification Application, December 1990. 

3.5.1.5 Injection Wells 

Injection wells are proposed for the disposal of cooling system and process 
wastewaters produced at the ICL plant. This section addresses the feasibility 
of injection of such industrial wastewater at the ICL site based on the known 
and expected hydrogeology. Conceptual designs for the injection and monitor 
wells are presented. The construction and testing program is outlined and the 
inJected fluid is characterized. An inject10n system monitoring plan 1S 
presented. 

The inJectlon wells will be designed to comply wlth the requirements for 
underground lnjection control (FAC 17-28). As part of this regulation, a 
Technical Advisory Committee (TAC) is established for each application to 

~ ensure the system is designed properly and will operate according to the 
design. The ICl TAC will consist of agency personnel from the OER's regional 
and main offlces, the SFWMD, EPA Region IV, and the Fish and Wildlife. 

~ 

Background 

The wastewater from the ICL facility is proposed to be injected into Class I 
injectlon wells. Class I wells inject wastewater beneath the lowermost 
formation containing an underground source of drinking water (USOW), defined 
as 10,000 mgtl TOS or less. 

The wastewater from various sources will be collected in a wastewater 
collectlon tank. A portion of this wastewater will be recycled and used in 
the spray dryer dilution system. The remainder will be disposed of in the 
injection well. As discussed in Section 3.6, the wastewater from this 
facility 1S expected to be non-hazardous. 

-----



Maximum dally flow (MDF) to the injectlon wells at the ICL facility lS 4It 
antlcipated to be 1,280 gallons per mlnute (gpm). The proposed locatlon of 
the inJection wells onsite is shown on Figure 3.1.1-1. 

Feasibility of Injection Well Disposal 

The feaslbillty of lnjection well disposal at the ICL site can be assessed 
from the performance of inJection wells in St. Lucie, Martin, and Palm Beach 
Countles. Data were reviewed on the eXlsting injection wells in those 
counties to evaluate the regional hydrogeology and to extrapolate the flndings 
to the Indiantown area. 

Wlthln a 25-mlle radlus of the site, several 1nject1on wells have been 
operational for up to 13 years (North Port St. Lucie, 1988; South Port St. 
Lucle, 1983; City of Stuart, 1982; Pratt and Wh1tney, 1985; QO Chemicals, 
Inc., 1977; Seacoast Ut1lit1es, 1989). All of these wells inJect 1nto the 
lower Oldsmar Formatlon (Boulder Zone) at depths of 2,900 to 3,300 feet below 
land surface (bls). 4It 
In south Florida, sedlmentary rock types such as dolomite and fractured 
limestone are potentially good injection zones. Injection zones must be 
adequate 1n th1ckness and areal extent to receive the proposed volume of 
1njected fluid. Overlying formatlons should be essentially horizontal and 
without faults or fractures. The proposed injection zone also should have 
sufflcient poroslty and permeability to accommodate the proposed flow without 
undue pressure buildup. 

TYPlcal conf1ning strata in Florida include clays and unfractured limestones. 
Because of the potential for fractures or solution channels in the limestones 
and dolom1tes, slte-specific demonstration of the adequacy of the proposed 
confin1ng strata is requ1red by state underground injection control 
regulations. Factors considered in demonstrating this adequacy include litho­
logy, th1ckness, areal extent, structure, porosity, and permeability. The 
overlying rock un1t proposed to prov1de conf1nement must be suff1c1ently thick 
and areally extensive, free of fractures or faults, and of sufficiently low 
poros1ty and permeab1lity to retard the upward migration of 1njected fluids. 4It 



~ Regional Geology 

Data were obtained on the existing inJection and test wells in Martin and 
nelghboring counties to evaluate the regional geology and extrapolate the 
flndings to the Indlantown area. Table 3.5.1-3 is a summary of the well 
locatlons used. Figure 3.5.1-3 is a locatlon map of the referenced wells, and 
Flgure 3.5.1-4 is a cross sectlon from A-A'. A lithologic log of the Amerada 
Cowles Magazlnes Inc. No.1 well was obtained from the Florida Geological 
Survey files (Reference No. W-4086). This well is approximately 12 ml1es 
north-northeast from the site, and was drilled to over 5,000 feet in depth. 
Based on the data obtained from these wells, the Cedar Keys Formatl0n is the 
oldest formation expected to be encountered during drilling of the injection 
wells, at an approximate depth of 3,200 feet. 

Regional Hydrogeology 

Injection Zone 
~ The stratum most commonly used for injectl0n in southeast Florida is the lower 

portion (Boulder Zone) of the Oldsmar Formation. Water quality in this zone 
typically exceeds 30,000 mg/l TDS. The principal overlying conflning unlts 
are the upper Oldsmar Formation and the lower part of the Avon Park limestone. 

The dolomltlc portions of the lower Oldsmar Formation are finely crystalllne 
and sucrosic, with areas that are highly fractured and cavernous. Cavities in 
the lower Oldsmar Formation range in size from small vugs to large caverns. 
The caverns perslst to the base of the formation, where interbedded dolomite 
and anhydrlte of the Paleocene age Cedar Keys Formation are encountered. The 
existence of these formation characteristics in south Florida accounts for the 
success of injection wells there. 

The areal extent of the lower Oldsmar Formation is well documented in the 
11terature and well data. Chen (1965) postulates that during the early 
Tertlary age, Florida existed as a broad carbonate platform, with warm and 

~ shallow marine condltions similar to the present-day Bahamas and Compeche 

--~---~ 
- ----



Table 3.5.1-3 • INJECTION AND TEST WELL LOCATIONS 

Section/ Depth 
Well County Townshl~LRange (feet) 

Amerada Cowles Magazme No 1 St Lucie Sec 19 5.159 
T36S. R40E 

Indiantown Cogeneration Facility Martin Sec 35 3.300 
(proposed) T39S. R37E (est) 

North Port St Lucie St Lucie Sec 20 3324 
T36S. R40E 

South Port St Lucie St Lucie Sec 13 3,418 
T37S. R40E 

Pratt & Whitney Palm Beach Sec 14 3.320 
T41S. R40E 

Flonda Power and Light Martin Sec 25 1.056* 
T39S. R37E 

00 Chemicals Palm Beach Sec 28 3.156 • T43S. R37E 

Alligator Alley Test Well Broward Sec (N/A) 2.811 
T50S. R35E 

Stuart Martin Sec 1 3.305 

Seacoast Palm Beach Sec 4 3.320 
T42S. R42E 

*Test Well 

• 
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Bank. Carbonates were deposited throughout the Florida platform. The Oldsmar 
Format1on 1S present in all of peninsular Florida and exhibits the greatest 
degree of dolomitization along the structural h1gh of the Peninsular arch. 
The thickness of the Oldsmar Formation varies from approximately 400 feet 
along the crest of the Pen1nsular arch to as much as 1,200 feet in south 
Flonda. 

Puri and Winston (1974) identified areas sU1table for injection in south 
Florida in their regional study. The Amerada Cowles Magazine Inc. No.2 well 
adJacent to No. 1 (referenced by Chen, 1965) in St. Lucie County has zones of 
high transmiss1vity in the middle to lower Oldsmar Formation that are 
approximately 2,300 to 3,200 feet in depth. The North Port St. Lucie well has 
inJected successfully 1n the interval between 2,900 and 3,200 feet since 1988, 
wh1le the QO Chemicals wells have successfully used that same interval since 
1977 . 

Depth to Base of USDWs 
The relationship of the location of the interface between fresh water and 
water conta1ning greater than 10,000 mg/l of TOS to the injection and 
confin1ng zones is one factor determining the feasibility of injection at a 
particular slte. Ideally, the base of fresh water should occur near the top 
of the confin1ng sequence. 

Regionally, the 10,000 mg/l TOS interface occurs in the interval between 1,600 
and 1,850 feet 1n depth. At the City of Stuart's injection well, the depth to 
the 1nterface occurs in the 1,600- to 1,700-foot interval, while at the North 
Port St. Lucie well the interface occurs at approximately 1,700 feet in depth. 
At both the Pratt & Whitney and the QO Chemicals wells, the interface occurs 
at approximately 1,800 feet in depth. 

Confining Zone 
Eocene carbonates are the principal stratigraphic units providing confinement 
and have been found 1n every injection well drilled in southeast Florida. The 
structure contour maps and isopach-lithofacies maps Chen (1965) developed 
attest to the regional areal extent of the formations that provide confinement 
to the injection zone. An approximately 1,100-foot-thick confining sequence 

- ------ ------- ----- ---------



found at the North Port St. Lucie site increases to a thickness exceeding ~ 

1,300 feet at the Clty of Stuart. 

Results of core analyses from the North Port St. Lucie well are shown in 
Table 3.5.1-4. The average permeability was found to be about 1.0 X 10-5 cm 

per second. ThlS lS consistent wlth permeability values found in other wells 
in the area. 

These data indlcate that the confinlng beds above the injection zone are of 
sufflcient thlckness and areal extent to retard the upward migration of flulds 
and should be present at the ICL slte. 

Expected Hydrogeology at the Site 

The hydrogeology ln the vlcinity of Indiantown is reasonably well documented 
from lnjectlon wells that have been drilled within a 25-mi1e radius, test 011 
wells that have been drilled in the vlcinity, and from published regional 
studles. The data strongly suggest that the formations used in south Florlda 
for injectlon and confinement will be encountered at the proposed ICL 
facllity. Rock formations that are important to the injection process are 
found throughout the reglon. They dip gently seaward (Mlller, 1986) and lack 
structural features that could affect thelr suitability for injection. It is 
expected that the hydrogeology and formation boundarles beneath the proposed 
site are slmilar to those beneath the Amerada Cowles and QO Chemicals sites. 

In the cross section shown on Figure 3.5.1-4, the injection zone occurs at 
about the same depths from north to south, at approximately 2,900 feet. The 
injection zone at the Pratt & Whitney well also occurs at that depth. 

Flgure 3.5.1-5 shows the anticipated hydrogeology at the ICL site. The top of 
the injection zone is expected to occur at a depth of approximately 2,900 feet 
and extend to a depth of 3,200 feet. The confining sequence is expected to 
extend from a depth of about 1,850 feet to the top of the injection zone. It 
lS antlclpated, based on the location of the 10,000 mgjl TDS interface at the 
Pratt & Whltney, QO Chemicals, Stuart, and Port St. Lucie wells, that the 

~ 

~ 



• 
Depth 
(feet) 

2101.0-2101.8 
2101.0-2101.8 

2108.2-2109.0 
2108.2-2109.0 

2249.0-2250.0 
2249.0-2250.0 

2253.5-2254.0 
2253.5-2254.0 

2425 0-2426.2 
2425.0-2426.2 

• 2430.0-2431.0 
2430.0-2431.0 

2449.0-2450.0 
2449.0-2450.0 

2451. 0-2451. 8 
2451.0-2451.8 

2628 0-2629.0 
2628.0-2629.0 

2632.5-2633.0 
2632.5-2633.0 

Table 3.5.1-4 
CORE ANALYSIS SUMMARY 

NORTH PORT ST. LUCIE INJECTION WELL 

Orientation Coefflclent of 
{Horizontal or Permeablllty 

Vert ical} (cmLsec) 

V 4.5 X 10-5 

H 5.4 x 10-5 

V 4.4 X 10-5 

H 3.3 X 10-5 

V 3.5 X 10-7 

H 1.4 x 10-7 

V 2.8 X 10-3 

H 1. 2 X 10-3 

V 6.7 x 10-4 
H 5.7 x 10-4 

V 1. 6 X 10-5 

H 3.4 x 10-4 

V 3.5 x 10-6 

H 8.9 x 10-5 

V 2.3 X 10-5 

H 1.1 x 10-5 

V 4.1 X 10-5 

H 1. 9 X 10-4 

V 5.0 x 10-4 
H 1. 5 X 10-4 

Porosity 
(%) 

35 
35 

32 
31 

13 
9 

37 
32 

35 
35 

34 
36 

35 
38 

31 
30 

25 
30 

31 
32 

Note: Core analyses performed by Ardaman and Associ ates, Orl ando, 
Flonda . 

• 
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10,000 mg/l TDS interface at the ICL site will occur between 1,750 and 
1,850 feet bls. 

Conceptual Design 

Injection System Plan 
The inJect10n and monitor wells will be located on a reinforced concrete pad, 
tYP1ca1ly 8 to 12 inches thick and approximately 80 x 180 feet in size. The 
pad will protect the Surficial aquifer from spills and supports drilling loads 
dur1ng construct1on and workovers. The proposed location for the injection 
and mon1tor wells lS shown on Figure 3.5.1-6. 

The inJect10n system w111 include a main inject10n well, standby 1nject1on 
well, a two-zone monitoring well, pumps, surge tank, and instrumentat10n and 
controls. The wastewater will be collected in a tank and level switches in 
the tank w111 control the 1njection pumps. The wastewater will normally be 
pumped to the main 1njection well. If the main 1njection well is out of 
serV1ce, the standby inject10n well will be used. The inject10n p1ping w111 
be connected to the hydraulic surge control system. 

The hydraul1c surge control system will be designed to diss1pate hydraulic 
surges caused by an increase or decrease in the flow ve10c1ty with1n the 
pip1ng system. The surge control system will consist of a surge tank, air 
source, and a level control system. The system components will be sized based 
on actual flows and pressures. Figure 3.5.1-7 is a conceptual diagram of the 
inJect10n system. 

Water Supply 
The primary water supply for cooling tower makeup will be Taylor Creek/Nubbin 
Slough, located approximately 19 miles northwest of the site. Occasionally, 
makeup water w11l be required to be withdrawn from the Floridan aquifer. 
Taylor Creek/Nubbin Slough will be used as long as specific hydrau11c 
conditlons are met in the canal system. During periods of extended drought, 
water will be required to be withdrawn from Floridan aqu1fer wells constructed 
at the fac11ity. 

• 

• 

• 
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Figure 3.5.1-6 
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The raw water qual1ty of the two sources w111 result 1n different 
concentrat10n cycles 1n the cooling tower. The resulting wastewater qual1ty 
and quantity w111 be different depending on the raw water source. The 
est1mated peak flow to the inJect10n well when ut111z1ng the canal source is 
250 gallons per minute (gpm). The estimated peak flow to the well when 
ut111z1ng the Floridan aquifer is 1,280 gpm. 

Injection Tubing Size 
The Florida Department of Environmental Regulation (FDER) has developed a 
limitat10n on the flow velocity of inJected flu1ds in the injection cas1ng or 
tubing. The maximum flow velocity allowed 1S 8 feet per second (fps). This 
cr1ter10n is tYP1cally the l1miting factor in determining the capac1ty of an 
inJect10n well. 

The 1njected flow w1ll reach rates up to 1,280 gpm when the Floridan aquifer 
is util1zed for water supply. A 10-inch diameter injection tub1ng will be 
required to accommodate th1s flow. At 8 fps flu1d veloc1ty, the allowable 
flow 1n the la-inch tubing will be about 1,714 gpm. Each injection well will 

• be designed to accept the maX1mum wastewater flow, thereby providing 100 
percent redundancy for the 1nJection well system. 

• 

Material Selection Criteria 
The intermediate casings of the injection wells will be carbon steel as is 
typically used on Class I injection wells. The injection tubing material will 
be selected to provide a reliable mechanical system for injection. The 
inJected flu1d w1ll be slightly brackish when utilizing Taylor Creek/Nubbin 
Slough, and will be moderately brackish when the Floridan aquifer 1s used for 
supply. The tub1ng material will be selected to be compatible with the 
brackish nature of the wastewater. Possible tubing materials include carbon 
steel, internally coated carbon steel, f1berglass reinforced plastic, and 
other specialty metals. 

Final mater1al selection will be based on suitable mechanical properties, 
capital costs, operation and maintenance costs, and corrosion resistance . 



Preliminary Design 
The conceptual deslgn of the injectlon wells is based on providing capaclty 
for maximum dally flow wlthout any storage and on the regulatory llmitatlon on 
flow veloclty of 8 fps. The preliminary design of the lnjectlon wells is 
presented on Flgure 3.5.1-8. ThlS design is based on the assumption that 
fiberglass relnforced plastlc (FRP) tublng will be used for the injection 
tubing. The FRP coupllngs in this Slze have an outside diameter of 
12.625 lnches. If coated steel or alloy steel is used, the casing sizes may 
be reduced because the coupllng dimensions are smaller than for a similar Slze 
FRP tublng. 

A 10-inch-dlameter tubing set wlth a packer wlll be required to accommodate 
the maXlmum 1,280 gpm flow. A 16-inch-dlameter final casing, set to the top 
of the lnJectlon zone, wlll be required to provide adequate clearance for the 
packer and tublng couplings. The rema1ning casing Slzes are proposed to be 26, 
34, and 42 inches 1n diameter. Intermediate cas1ngs are included in injection 
well deslgns to facilltate constructlon and to protect overlYlng aqulfers. 

Construction and Testing Plan 

Drilling Program for Injection Wells 
The 1njection wells will be constructed by advancing the hole w1th a pilot 
hole, reaming the pilot hole, installing casing, and progressing with the 
p1lot hole to install the next smaller-sized casing. Testing will occur 
throughout the drilllng process. The proposed drill1ng and testing program 
for each inJection well 1S descr1bed below. 

1. Install by driving or drilling a minimum 42-inch-diameter surface 
casing to about 25 to 40 feet in depth; cement the annulus back to 
surface lf drilled. Drill a 12-inch-diameter pilot hole through 
the Surficial aquifer and underlying clay into the consolidated 
11mestone at an approximate depth of 500 feet. Run geophysical 
logs. 

2. Ream the 500-foot pilot hole to about 42 inches in diameter; 
install approximately 500 feet of 34-inch-diameter casing and 

• 

• 

• 
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cement the annulus to ground surface. Advance the l2-inch­
diameter pilot hole to approximately 1,850 feet. Run packer tests 
to identify the base of the USDW. Run a suite of geophysical 
logs. 

3. Ream the pilot hole to total depth; install a 26-inch-diameter 
casing to about 1,850 feet and cement the annulus to surface. 
Drill the pilot hole to a depth of 3,300 feet. During pilot hole 
drilling for one of the injection wells, obtain flve 10-foot rock 
cores from the 2,000- to 2,700-foot depth interval, run four 
packer tests in the same interval, and perform a suite of 
geophysical logs. Packer tests will be run to evaluate the 
confinlng beds and to select the lower monitoring zone. 

4. Set a bridge plug in the flnal pllot hole to permit installatlon 
of the flnal l6-inch-diameter casing. The brldge plug will be set 
immedlately below the intended caslng installation depth of 2,750 
feet. Ream the pilot hole to a depth of about 2,760 feet and 
install the l6-inch-diameter casing to an approximate depth of 
2,750 feet. Cement the annulus to the surface in stages. 

5. Run temperature and gamma logs inside the l6-inch-dlameter casing 
after the first stage of cement to pick the top of that stage. 
Run a I-hour pressure test and a cement bond log on the flnal 
caslng. 

6. Drill out the bridge plug and clean out the hole to a total depth 
of approximately 3,300 feet. Run geophysical logs to total depth. 

7. Install the 10-inch-diameter tubing with a packer assembly set 
I 

just above the bottom of the final casing. 

8. Run a suite of geophysical logs, TV survey, and a radloactive 
tracer survey . 

-----



Drilling Program for Monitor Well 
The current regulatory requirements for mon1tor1ng the aquifers above the 
inject10n zone are to mon1tor the first permeable zone above the 1nject1on 
zone and the base of the USDW. The first permeable zone above the inject10n 
zone tYP1cally occurs at a depth of about 2,000 to 2,100 feet and the water in 
th1S interval 1S salty. Because it 1S not a USDW, monitoring in this zone 
provides an early warning of injected fluid m1gration in the direction of the 
USDW. The 10,000 mgjl TDS isochlor 1S expected to occur between approximately 
1,750 and 1,850 feet 1n depth at the ICL facil1ty. 

The monitor well is des1gned to monitor the two zones required by regulations. 
An open annulus between the 6- and 14-inch- diameter casings will be provided 
near the base of the USDW to mon1tor the 1nterval from about 1,600 to 
1,650 feet. The 6-inch d1ameter casing will be set to a depth of 
approximately 2,000 feet and the hole extended to monitor the interval from 
about 2,000 to 2,100 feet. Figure 3.5.1-9 shows the proposed mon1tor well 
des1gn. 

Drilling of the p1lot hole, geophysical logging, and reaming and casing 
1nstallat1on w1ll be performed as follows. 

1. Install an approximately 30-inch-d1ameter surface casing by 
dr1ving or drilling to about 40 feet in depth; cement the annulus 
back to surface 1f dr11led. Drill a 12-inch-diameter pilot hole 
through the Surficial aquifer and underlying clay into competent 
rock at an approximate depth of 500 feet. Run geophysical logs. 

2. Ream the pilot hole to 500 feet in depth; install about 500 feet 
of 20-inch-d1ameter casing and cement the annulus back to surface. 
Cont1nue pilot hole drilling to about 1,200 feet in depth. Run 
geophysical logs. Install a test pump and pump the well for the 
injection tests on the injection wells. 

3. Resume drilling the 12-inch-diameter pilot hole to a depth of 
1,600 feet. Run geophysical logs. 

• 

• 

• 
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Ream the 1,600-foot pilot hole to about 20 inches in diameter; 
install approximately 1,600 feet of 14-inch-diameter casing and 
cement the annulus back to surface. Run geophysical logs. 
Advance the 12-inch-dlameter pilot hole to approximately 
2,000 feet and run a suite of geophysical logs. 

5. Install a 6-inch-diameter casing to about 2,000 feet and cement 
the annulus up to about the 1,650-foot depth. Run a pressure test 
on the 6-1nch diameter casing for 1 hour. Run geophysical logs. 

-
6. Drill out the hole to a depth of 2,100 feet and run geophysical 

logs. Develop the lower zone by airlifting and allow the upper 
zone to flow until background condltions return and background 
water quality samples are taken. 

Casing Grout Program 
After each caslng is set, it will be cemented in place by a multi-staged 
process using ASTM Type II neat cement mixed with 2 to 12 percent bentonlte. 

• A speclflc cementlng program wl11 be developed for each casing and modifled as 
necessary in the field based on data obtained during drilling. The cement 
formulations are tYPlca11y based on the fluid loss properties of the 
formations being cemented. Lighter formulations are used when highly 
permeable formatlons are encountered. 

After each casing is positioned at the setting depth, a grout pipe is lowered 
inslde the caslng to within approximately 25 feet of the casing bottom and a 
header is installed on the casing to seal the grout pipe and casing. The 
first stage of cement is pumped through the grout pipe, out the bottom of the 
casing, and upward into the annulus. 

After the first-stage cement has set, the depth to the top of the cement will 
be determlned by geophysical logging and tagglng. Subsequent cement stages 
containing blends of from 2 to 12 percent bentonite will then be pumped 
through two grout pipes installed in the annulus. The cement will be pumped 
to the ground surface for all injection well casings and intermediate monitor 

• well casings. The 6-inch-diameter casing for the monitor well will be 



cemented only up to a depth of about 1,650 feet to provide for the open 
annulus monitor1ng zone described previously. 

Geophysical Logging Program 
Geophysical logs will be run in each pilot hole before it is reamed. These 
logs will be used to evaluate the hydrogeology of the strata penetrated by the 
exploratory hole. The casing setting depths will be determined and cement 
calculations prepared based on these logs. The proposed 10gglng program for 
both the injection and monitor wells is shown in Table 3.5.1-5. 

Hydrogeologic TestiRg 
Tests w1ll be performed in both the inJection and monitor wells to determ1ne 
the depth to the 10,000 mg/1 TDS interface, the permeab1l1ty and th1ckness of 
the conf1ning sequence, and the transm1ss1vity of the 1njection zone. Testing 
will include taking dr1l1 cutt1ngs, water quality samples, and rock cores, and 
performing geophysical logging, packer tests, and injection tests. Background 
water quality samples will be sent to a certified laboratory for analysis and 
will be analyzed for parameters spec1fied by FDER. 

Drlll Cuttings - A sample of the drill cuttings w1l1 be taken every 10 feet, 
or at a format1on change, during drilling and a lithologic descr1pt1on 
prepared from them. The drill cuttings will be used in conjunction wlth the 
geophysical logs to determine the depths at which each formation 1S 

encountered and to characterize the formations. 

Rock Cores - The confining beds above the inJection zone w1l1 be cored to 
characterize their lithology and hydraulic properties. Five cores will be 
obtained during drilling of the 12-inch-diameter pilot hole for the injection 
well. The cores will be obtained using a 10-foot-long core barrel. 
Representative portions of the cores will be sent to a geotechnical lab for 
determinat10n of the vertical and horizontal coefficients of permeability and 
poroslty. Laboratory results and the lithologic descriptions will be compared 
to the geophysical logs for confirmation of the confining nature of the beds 
overlying the injection zone. 

• 

• 

• 
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Table 3.5.1-5 
GEOPHYSICAL LOGGING PROGRAM 

Interval 
ImectJon Wells (feet) GeophysIcal Logs 

12-mch PIlot Hole +0 to 500 LSN, GR, C4L 

12-mch PIlot Hole +500 to 1,850 CAL, GR, IL, FM-p, TEMP-s, FU1ES-
s,SON 

12-mch PIlot Hole + 1,850 to 3,300 CAL, GR, IL, FMp, TEMP-s, FLRES-s, 
SON 

26-mch Reamed Hole +1,850 to 2,750 CAL 

16-mch Cemented Casmg +0 to 2,750 TEMP, CBL, GR 

16-mch Casmg and Open Hole +0 to 3,300 7Y, TEMP, CAL, RTS 

1(}mch Tubmg +0 to 2,750 7Y,CAL 

Interval 
Monitor Well (feet) GeophysIcal Logs 

12-mch PIlot Hole +0 to 500 LSN, GR, CAL 

12-mch PIlot Hole +500 to 1,200 LSN, GR, CAL 

12-mch Pilot Hole +500 to 1,6(X) LSN, GR, CAL, TEMP, FU1ES 

14-mch Casmg +0 to 1,6(X) CBL 

12-mch PIlot Hole +1,6(X) to 2,000 LSN, GR, CAL, TEMP, FU1ES 

6-mch Cemented Casmg +0 to 2,000 TEMP, CBL 

6-mch Casmg and Open Hole +2,(X)() to 2,100 CAL, GR, ELEC 

Key ELEC ~e-POlnt Electnc and Spontaneous PotentIal 

W- ~R 
LSN Long and 'Short Normal Electric and Spontaneous PotentJal 
TEMP Temperature 
FM Flowmeter 
FU1ES FlUId Res/~ 
IL Induction Log 
SON AcousfJc Ve/QCIly Log 
7V Color Video Survey 
p PumpIng 
s StatIc 
RTS RadIoactIve Tracer Survey 
CBL Cement Bond Log 

Source CH2M HIlI, 1990 



Packer Testing - Straddle packer testing is proposed 1n the lowermost 
confining sequence to 1solate a discrete interval in the confining zone and to 
test ltS hydraullc characteristics. Packer test1ng intervals will be selected 
after revlewing the cores and cutt1ngs, the geophysical logs of the pilot 
hole, and the drilling rate. Dual 1nflatable packers will be set across the 
selected interval to be tested and the interval pumped whlle water levels are 
recorded. Tlme-drawdown curves wlll be prepared and the transmlssivity of the 
tested lnterval will be calculated. Packer tests w1ll also be run in the 
inject10n well to identify the base of the USDW and to help select the lower 
mon1toring zone. 

Injection Test - After install1ng the 16-1nch-d1ameter cas1ng, an injection 
test will be run to evaluate the hydraullc characterist1cs of the injection 
well. Brackish water from the monitor well w1ll be used for the injection 
test. The lnJection rate in the 16-1nch-d1ameter casing wlll be increased 
incrementally from 1,000 gpm to approximately 3,000 gpm, the duration of the 
test be1ng approximately 8 to 12 hours. The maX1mum inject10n pressure and 
statlc head wlll be measured and the lnjection pressure caused by the 
formation will be calculated. 

After install1ng the tubing and packer, a second injection test will be 
performed. The injectlon rate wlll be incrementally increased from 250 to 
1,725 gpm. 

Mechanical Integrity Testing 
Tests to demonstrate the lnitial mechan1cal lntegrlty of the injection wells 
will be run before the wells are placed in operation. The demonstration will 
be in two parts, the first requiring a showing that the casing has no leaks, 
and the second that no injected fluid can leak up around the outslde of the 
casing 1nto a USDW. 

The integrity of the 16-inch-diameter casings will be demonstrated with a 
casing pressure test, WhlCh requires that 1.5 times the injection pressure be 
maintained for 1 hour with less than a 5-percent pressure drop. The absence 
of fluid movement behind the casings will be demonstrated with a radioactive 
tracer survey to satisfy the second part of the mechanical integrity 

• 

• 

• 



• demonstration. The 8-1nch-diameter tubings will be pressure tested after 
installation by an annular pressure test. 

Water Quality Testing 
The water quality proflle at the site wi1l be developed through several means 

-

of data collection. Two primary purposes of water quality testlng are to 
determlne the depth to the 10,000 mg/l TDS interface and the background water 
quallty of the injection and monitoring zones. 

Reverse-air water samples will be collected every 30 feet while drilling the 
pilot hole in the lnjection and monitor wells. These samples will be 
analyzed in the fleld for temperature, speclflc conductance, and chloride 
concentratlon, and the results will be used to help define the 10,000 mg/l TDS 
lnterface. Water quality samples from the pilot hole packer tests also wlll 
be used to ldentlfy the base of the USDW and the water quality ln the 
conflnlng zone. 

Background water qual1ty samples of the injection and monitor zones will be 
• taken. Water quallty samples wlll be taken after the final casing is set and 

the well is developed to determlne the bdckground quallty of the lnJectlon 
zone. 

The mon1torlng zone wlll be allowed to flow for several days upon completion 
of construct10n to flush out all non-native water. To establish the 
background water quallty in the monitoring zones, samples will be collected 
from the zones before injection begins and will be analyzed for the parameters 
shown 1n Table 3.5.1-6. The pre-injection monitoring zone water levels will 
also be measured to establish natural background water levels and fluctuation 
in the monitoring zones. 

Characterization of the Injected Fluid 

Volume 
The volume of fluld to be injected will vary with the source of water used to 
supply the plant. When the Taylor Creek/Nubbin Slough source is used, a 

• maXlmum inJection volume of approximately 250 gpm will be generated. When the 



Table 3.5.1-6 
PARAMETER LIST FOR ESTABLISHING BACKGROUND WATER QUALITY 

N 

Primary Drlnklng Water Standards 

Arsenlc 
Ban urn 
Cadmlum 
Chromlum 
Fluoride 
Lead 
Mercury _ 
Nltrate (as N) 
Sel em urn 
Sllver 
Sodlum 
Endn n 
Llndane 
Methoxychlor 
Toxaphene 
2,4-0 
2,4,5-TP, Sllvex 
Total trlhalomethanes 
Tn ch 1 oroethene 
Tetrachloroethene 
Carbon tetrachlorlde 
Vlnyl chlonde 
1,1,1-trlchlorethane 
1,2-dlchloroethane 
Benzene 
Ethylene dlbromlde 
p-dlchlorobenzene 
1,1-dichloroethene 
Turbidity 
Collform bacterla 

Radlonuclides 

EPA Methods 608, 624, 625 

Source: CH2M Hlll, 1990 
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Secondary Orlnklng Water Standards 

Chlonde 
Color 
Copper 
Corroslvlty 
Fluoride 
Foamlng agents 
Iron 
Manganese 
Odor 
pH 
Sulfate 
Total dlssolved SOllds 
Zlnc 

Others 

Calcium 
Magnesium 
Potasslum 
Ortho phosphate as P 
Total phosphorus as P 
Hardness, total 
Speclflc conductlvlty field 
Total organlc carbon 
Speciflc gravity 
Bicarbonate 
Carbonate 
Nitrite nitrogen as N 
Ammonia nltrogen as N 
Total kjeldahl, nitrogen as 

• 

• 

• 
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F10rldan aquifer source is used, a maximum volume of approximately 1,280 gpm 
wl11 be generated. 

Chemistry 
When uSlng the primary source of water makeup for the plant, the wastewater 
dlsposed of via the injection well is only cooling tower b10wdown. All 
process wastewater from the plant is reused as lime slurry dl1ution water for 
the spray dryer. When uSlng the backup sources of water for the plant, the 
wastewater disposed of via the lnJection well is a mlxture of coo11ng tower 
b10wdown and excesy process wastewater that cannot be reused. As discussed in 
Sectlon 3.6, the wastewater from this faci11ty is expected to be non­
hazardous. Table 3.5.1-7 is a summary of the estimated wastewater qua11ty 
from the raw water sources. The cooling tower b10wdown will also contain some 
sulfuric aCld and ch10rlne because these compounds are injected in the tower 
basin to control scaling, pH, slime, and algae growth. The pH of the 
wastewater will be malntained by adjustment during the treatment process. 

Compatibility 
The proposed fluids to be inJected must be compatible with the injection zone 
rock material and the formation f1ulds contained within the pores of that rock 
material. Injected fluids incompatlb1e with the formation fluids can cause 
plugging or may chemically react with the formation material, causing 
detrlmental effects to the lnJection or confining strata. A fractured and 
cavernous lnJection zone precludes the need to remove suspended SOllds to 
withln the range of 1 to 5 mg/l. Based on other high TOS wastewaters injected 
in south Florlda and the fractured and cavernous nature of the injection lone, 
wastewater from the ICL facility is expected to be compatible with the 
formation and formation fluids. 

Injection System Operation and Monitoring Plan 

Injection system monitoring data will be collected to provide a record of 
system performance and to detect any movement of injected fluid into the USOW. 
The inJection system monltoring plan wlll consist of monltoring the lnjection 
well capacity and the injection flow rate and pressure, the annular fluid tank 



Table 3.5.1-7 
ESTIMATED WASTEWATER EFFLUENT QUALITY 

Coollng Water Source 

Parameter 

pH 
Alkallnity (as CaC03 ) 

Total Dlssolved SOllds 
Slllca 
CalClum 
Magneslum 
Sodlum 
Potasslum 
Iron 
Sulfate 
Chloride 
Fl UOrl de 
Nltrate 
Phosphate 

Taylor Creek/ 
Nubbln Slough 

(mgll ) 

6 - 9 
153 

3240 
25 

103 
26 

994 
61 
0.73 

1095 
832 

3.4 
1.9 

Note: Concentratlons are In mg/l of the lone 

Source: Bechtel, 1990 
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Floridan 
Aquifer 
(mg 11 ) 

6 - 9 
118 

14800 
17 

285 
207 

4820 
96 
<0.06 

1480 
7700 

3.2 

<2.3 

• 

• 

• 



• levels, the water elevation in the upper and lower monitor zone, and the water 
quallty of the two monitoring zones (Table 3.5.1-8). 

Contingency Plan 
Each of the two lnjection wells will have the capacity to accept the maXlmum 
antlclpated wastewater flow. If one of the wells is out of service, the 
second well will be used for injection. This will provlde 100 percent 
redundancy in the inJection well system for reliab,lity, maintenance, and 
testlng. 

Injection Well Operational Monitoring 
InJectlon well operatlooal monitorlng will consist of contlnuous recordlng, 
indlcatlng, and totalizing the injectlon flow rate, and reporting the total 
daily flow, monthly average flow, monthly maximum flow, and monthly minimum 
flow. The lnjection pressure will be recorded, indlcated, and totalized, and 
dally mlnimum and maximum and average pressure (psig) will be reported 
(Table 3.5.1-8). 

• Contlnuous water level monltorlng of the annular fluid between the tubings and 
the flnal casings wlll be provided, with an alarm for low level warning. 
Detection of leaks from the tubing, packer, or casing will be provided with 
thlS monltoring system. 

On a quarterly basis, a specific injectlvity test will be run on the active 
lnjection well. This test will evaluate the injection capacity of the well to 
detect any changes over time caused by plugging or other flow-restricting 
conditions. This test will typically require the well to be out of service 
for less than 15 minutes. 

Monitoring Well Operational Monitoring 
Every month, water quality samples will be collected from the two monitoring 
zones in the monitoring well and tested for comparison with the pre-lnjection 
water quallty to detect changes caused by possible migration of the injected 
effluent. The samples will be collected after flowing a minimum of two casing 
volumes from both zones. The fluid produced from the monitor well will be 

• pumped to the wastewater collection tank, from where it will be pumped lnto 



Monltorlng 
Station 

InJection Well 

MOnltoring Well 

Wastewater 

Table 3.5.1-8 
MONITORING PARAMETERS 

ICL FACILITY 

Parameter 

Flow 
Pressure 

Pressure/water level 
Conductance 
Chlonde 
Standard complete chemlcal 

pH 
TDS 

Source: CH2M Hlll, 1990 
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Frequency 

Continuous 
Contlnuous 

Continuous 
Monthly 
Monthly 
Annual 

Weekly average 
Weekly average 

• 

• 

• 
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the injection well. The expected parameters to be analyzed for on a monthly 
basis are presented in Table 3.5.1-8. 

In add1t1on, cont1nuous water level monitoring of the two mon1toring intervals 
w1ll be provided by recorders. Daily minimum and maximum levels and monthly 
min1mum and maximum levels will be reported, along with the water quality 
data, on a monthly basis to the FDER. 

Conclusions 

Based on the literature and data from several operating injection wells in the 
vic1n1ty of the proposed ICL facil1ty, Class I well inJection is feaS1ble at 
th1S slte. The inJect10n zone used throughout south Flor1da for similar 
systems 1S expected to be encountered at a depth of approximately 2,900 feet. 
Adequate confinement is also expected to be demonstrated. 

The conceptual design of the injection wells is dependent upon the type of 
material used for the tubing, as tubing material dictates tub1ng and 
subsequent cas1ng sizes. Two injection wells w1th 10-inch-diameter FRP 
tubings and 16-inch-diameter final casings are antic1pated at the ICL 
fac1l1ty . 
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