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1 . 0  INTRODUCT ION 

A stormwater management plan was developed by SCS Engineers (SCS) on behalf of Florida 
Power & Light (FPL) for the expansion of the St. Lucie Substation Switchyard, located within 
the St. Lucie Nuclear Power Plant property in St. Lucie County. Figure 1 (attached) provides the 
site location on the USGS quad map and Figure 2 (attached) provides the site location on an 
aerial.  The total yard expansion area is approximately 0.729 acres.  The expansion will be done 
in one phase which consists of expanding the substation 95 feet to the south side of the yard.  
The stormwater management system has been designed to accommodate the expansion.   
 
The purpose of this report is to present calculations and analysis of the proposed drainage system 
to support the proposed design. 
 
2 .0  DES IGN CR I TER IA  

The following is the design criteria for the project: 
 

• The stormwater drainage system (swales, catch basins, piping and outfalls) for the project 
shall discharge to the proposed dry retention area located south of the switchyard where 
water quality treatment shall take place. 

• The effects on dry retention area from the collected runoff shall be evaluated for the 25-
year/3-day storm event. 

• The storm drainage sewer system shall be designed for the 25-year/3-day storm event.  
 
3 .0  EX IS T ING/PRE-DEVELOPMENT  CONDIT IONS  

Plans and reports for the existing drainage for the switchyard and the surrounding areas were not 
available.  The following conditions have been assumed based on a review of the topographic 
survey and a site visit to the area: 
 

• The existing switchyard currently drains via sheet flow to the north and south of the 
substation switchyard pad.   

• Runoff that flows off the northern 50% of the switchyard enters a dry detention pond 
located directly north of the switchyard.  Stormwater collected in this detention area 
ultimately discharges to the Big Mud Creek Basin approximately 300 feet north via 
control structures. 

• Runoff that flows off the southern 50% of the switchyard is captured through catch basins 
and routed to an outfall that discharges into a grassed area south of the switchyard. 
 

4 .0  POST-DEVELOPMENT  CONDIT IONS  

Runoff from the proposed switchyard expansion to the south is to be collected through inlet 
structures and piped to a dry retention area to provide water quality treatment.  There is no 
overflow to an adjacent waterway as runoff is retained within the dry retention area.  The 
expansion area will take up areas currently acting as banks for the existing switchyard and 
discharge area.  Because existing drainage features in the area will be removed, valley swales 
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will be constructed in the expansion area routing runoff to two new catch basins located on the 
northern edge of the proposed paved access.  The proposed catch basins will route runoff to the 
proposed dry retention area. 

 
The drainage area for the proposed expansion includes the expansion area, the proposed dry 
retention area, and contributing areas and totals approximately 3.461 acres. 
 
5 .0  S I T E  DATA  

The stormwater management design for the site is based on data either researched or calculated 
from onsite testing.  The following sections summarize the data used in the design, and the 
methods employed to collect the data.   
 
5 . 1  WA T ER  L EV E L  
 
Per the Subsurface Soil Exploration and Geotechnical Engineering Evaluation provided by 
Ardaman & Associates provided in Appendix A, the seasonal high water table at the site is 
approximately 1 to 1 ½ ft above the groundwater level in boreholes AB-1, AB-2 and Exfil-1in 
the subject area.  The average water table elevation for these boreholes located in the dry 
retention area was 1.57 ft NAVD.  Therefore, the seasonal high water table was determined to be 
3.07 ft NAVD.  The bottom of the existing dry detention area to the northwest of the substation 
switchyard pad has a bottom elevation of approximately 2.0 ft NAVD and is dry.  The proposed 
dry retention located south of the substation switchyard pad has a bottom elevation of 7.5 ft 
NAVD. 
 
5 . 2  R A I N FA L L  A MOU N T  

The rainfall amount used for the design was determined through the design aids presented in 
Volume IV of the South Florida Water Management District’s (SFWMD) Environmental 
Resource Permit Information Manual (Volume IV).  The 25-year/3-day storm event rainfall total 
was determined to be approximately 10.0 inches.   
 
 
5 . 3  S O I L  S T OR A G E  

Soil storage was determined through the design aids presented in Volume IV of the South 
Florida Water Management District’s (SFWMD) Environmental Resource Permit Information 
Manual (Volume IV).  The total amount of water which can be stored in the soil profile is 
expressed as a function of the depth to the water table.  The average depth from the bottom of the 
dry retention to the water table is greater than 4.0 ft; therefore, compacted water storage of 8.18 
inches was used.      
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6 . 0  CULVERT  S IZ ING/HYDRAUL IC  ANALYS IS  

Culvert sizing was based on the 25-year/3-day storm event.  The runoff area contributing to each 
drainage structure is shown on Figure 3 (attached). The time of concentration for each 
subcatchment was assumed to be 5 minutes. The culvert sizes were calculated using the 
subcatchment areas, time of concentration and setting the proposed grade as the flood elevation.  
A minimum culvert size of 15” was used in accordance with FPL design standards. 
 
7 .0  STORMWATER  QUANT I TY   

The overall stormwater management system area is 3.461 acres and the rainfall data for a 25-yr 
3-day storm event is 10 inches resulting in 34.61 acre-in (125,624 ft3) of required storage in the 
dry retention system. The stormwater water quantity calculations for the substation switchyard 
expansion are provided in Appendix B.  The calculated peak stage for the 25-year/3-day storm 
event is 10.70 ft NGVD, below the proposed berm elevation of 12.5 ft NGVD.  The total storage 
provided by the dry retention basin to elevation 12.5 ft NGVD is 207,906 ft3. 

 
8 .0  STORMWATER  QUAL I TY  

Dry retention is proposed to provide water quality treatment.  The water quality calculations and 
stage-storage table can be found in the stormwater quality calculations provided in Appendix B.  
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Subsurface Soil Exploration and Geotechnical Engineering Evaluation 

  





460 NW Concourse Place, Unit 1, Port St. Lucie, Florida 34986   Phone (772) 878-0072   Fax (772) 878-0097 

Florida: Bartow, Cocoa, Fort Myers, Miami, Orlando, Port St. Lucie, Sarasota, Tallahassee, Tampa, West Palm Beach 
Louisiana: Alexandria, Baton Rouge, Monroe, New Orleans, Shreveport 

 

AAI File No. 13-5449 
October 3, 2013 

 
 
 
 
 
 
Florida Power & Light Company 
Switchyard and Substation Siting Group 
700 Universe Boulevard TS4/JW 
Juno Beach, Florida 33408-0420 
 
Attention: Mr. Jose S. Rodriguez 
 
Subject: Subsurface Soil Exploration and  

Geotechnical Engineering Evaluation 
St. Lucie Switchyard Expansion 
FPL St. Lucie Nuclear Power Plant 
St. Lucie County, Florida 

 
Mr. Rodriguez: 
 

INTRODUCTION 
 
In accordance with your request and authorization, Ardaman & Associates, Inc. has completed a 
subsurface soil exploration and geotechnical engineering evaluation for the above referenced 
project.  We explored the general subsurface conditions in order to evaluate their suitability for 
supporting the proposed construction, to obtain a measure of pertinent engineering properties of 
subsurface materials, and to provide recommendations for site preparation and foundation 
design.  Our work included Standard Penetration Test (SPT) borings, auger borings, 
permeability testing and engineering analyses.  This report describes our explorations and tests, 
reports their findings, and summarizes our conclusions and recommendations. 
 

SITE LOCATION AND PROJECT DESCRIPTION 
 
The existing FPL St. Lucie Switchyard is located on the western portion of the FPL St. Lucie 

Nuclear Power Plant in eastern St. Lucie County, Florida.  The subject site is situated in Section 

16, Township 36 South and Range 41 East.  The site location is shown superimposed on a 

composite of the 1948 Fort Pierce and Eden, Florida USGS Quadrangle Maps (photorevised 

1983) presented as Figure 1.  It is our understanding that the switchyard facility will be expanded 

to the south.  At the time our field explorations were performed, the area south of the switchyard 

was grassed with the exception of an asphalt access road that is located along the southern 

border of the existing switchyard facility.   

 
PROJECT DESCRIPTION 

 
We have examined a Soil Boring Plan prepared by FPL Power Systems and dated July 23, 2013.  
Details of this plan have been reproduced as our Boring Location Plan, Figure 2.  It is our 
understanding that the electrical equipment to be installed as part of the switchyard expansion will 
be supported on deep foundations.  The expanded switchyard will be covered with a thin layer of 
gravel underlain by a layer of base material, and will be enclosed by a perimeter chain-link fence.   
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FIELD EXPLORATION 
 
Standard Penetration Test (SPT) Borings 
 
To explore the subsurface conditions within the proposed switchyard expansion area, three 
Standard Penetration Test (SPT) borings were performed at the locations shown on Figure 2.  
The borings were performed at the closest safely accessible locations for our truck-mounted 
drilling equipment that were selected based on the proximity of identified underground utilities and 
from discussions with representatives of FPL.  The SPT borings were terminated at depths of 40 
and 50 feet below the existing ground surface.   
 
Auger Borings 

 

Two auger borings were also performed within the existing stormwater retention area to the south 

of the proposed switchyard expansion area at the approximate locations shown on Figure 2.  The 

auger borings were completed at a depth of 10 feet below the existing ground surface using a 

truck-mounted, 4-inch diameter continuous flight auger.   

 

The groundwater level at each of the boring locations was measured on the date drilled.  The 
boreholes were then backfilled with accumulated soil cuttings. The soil boring logs and a 
description of our drilling procedures are attached. 
 

Field Exfiltration Test  

 

In order to estimate the hydraulic conductivity of the shallow soils, a constant-head exfiltration test 

(Exfil-1) was performed at a location within the existing stormwater retention pond, as shown on 

Figure 2.  The test was performed in general accordance with the methods described in the 

South Florida Water Management District (SFWMD) Permit Information Manual, Volume IV.  

Descriptions of the soils observed in the exfiltration test borehole and the test result are presented 

in the Appendix.  The result of the exfiltration test indicated a hydraulic conductivity (K) value of 

1.5 x 10-4 cfs/ft2-ft head. 

 

Double-Ring Infiltration Test 

 

A double-ring infiltration test (DRI-1) was performed within the retention pond area in general 
accordance with ASTM D3385 at the approximate location shown on Figure 2.  The near surface 
soils consisted of brown fine sand (Unified Soil Classification SP) with trace amounts of shell 
fragments to a depth of at least 5 feet.  The groundwater table level was encountered at 
approximately 6.5 feet below the ground surface on the date of the test.  The results of the 
double-ring infiltration test indicated a soil infiltration rate of 8 inches/hour.   
 
Test Locations 

 
The boring and test locations were laid out in the field in reference to existing site features and by 
referencing a hand-held GPS device using the latitude and longitude coordinates provided by FPL 
staff.  We estimate that the actual boring locations are within approximately 10 feet of the 
locations shown in Figure 2.  The soil samples recovered from our explorations will be kept in our 
laboratory for 60 days, then discarded unless you request otherwise. 
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LABORATORY TESTING 
 
Our drillers examined the soil recovered from the SPT sampler or auger, placed the recovered soil 
samples in moisture proof containers, and maintained a log for each boring.  The field soil boring 
logs and recovered soil samples were transported to our soils laboratory from the project site.  
Each soil sample was then examined by a geotechnical engineer and visually classified in general 
accordance with the Unified Soil Classification System (USCS).  Percent fines content and 
moisture content tests were performed on select samples to aid in the classifications.  The 
resulting soil classifications and other pertinent data obtained from our explorations and 
laboratory examinations and tests are reported on the attached soil boring logs. 
 

GENERAL SUBSURFACE CONDITIONS 
 
The boring logs present a detailed description of the soils encountered at the locations and the 
depths explored.  The soil stratification shown on the boring logs is based on examination of 
recovered soil samples and interpretation of the driller's field logs.  It indicates only the 
approximate boundaries between soil types. The actual transitions between adjacent soil strata 
may be gradual and indistinct. 
 
As shown by the soil boring logs, the soils at the SPT boring locations consist generally of very 
loose to medium dense fine sand (Unified Soil Classification SP), slightly silty fine sand (SP-SM) 
and silty fine sand (SM) with varying amounts of shell fragments and partially cemented sand and 
shell extending to the termination depth of the deepest borings at 50 feet.  We note that hard 
drilling due to intermittent layers of cemented sand and shell was noted in the drilling logs below a 
depth of 35 feet.  The auger borings generally encountered brown and gray to greenish gray fine 
sand (SP), slightly silty fine sand (SP-SM) and silty fine sand (SM) to a depth of 10 feet.  We note 
that very clayey fine sand (SC) was also encountered between depths of 4.5 and 6 feet below 
existing ground surface in the auger borings conducted within the existing dry retention pond 
area.      
                           

GROUNDWATER CONDITIONS 
 
Our drillers observed groundwater in the boreholes at depths ranging from 6.5 to 8.1 feet below 
the existing ground surface, as noted on the attached boring logs.  We note that the ground 
surface elevations at the locations of Borings B-1 and B-2 were approximately 2.5 to 3 feet higher 
than the rest of the borings since they were performed adjacent to the elevated access roadway 
on the south side of the existing switchyard.  Fluctuations in groundwater levels on this site 
should be anticipated throughout the year due to a variety of factors, the most important of which 
is recharge from rainfall.  Groundwater levels somewhat above the present levels should be 
expected after periods of heavy rains.  Groundwater may also temporarily “perch” atop the 
shallow very clayey and silty soils encountered below depths of 4.5 and 5 feet at the auger boring 
locations.    
 

NORMAL SEASONAL HIGH GROUNDWATER LEVEL 

 

The normal seasonal high groundwater level each year is the level in the August-September 

period at the end of the rainy season during a year of normal (average) rainfall.  The water table 

elevations associated with a flood would be much higher than the normal seasonal high 

groundwater level.  The normal high water levels would more approximate the normal seasonal 

high groundwater levels. 
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The seasonal high groundwater level is affected by a number of factors.  The drainage 

characteristics of the soils, the land surface elevation, relief points such as drainage ditches, 

lakes, rivers, swamp areas, etc., and distance to relief points are some of the more important 

factors influencing the seasonal high groundwater level.  

 

Based on our interpretation of the site conditions using the soil borings and the Soil Survey, we 

preliminarily estimate the normal seasonal high groundwater level at the site to be approximately 

1 to 1½ feet above the groundwater level measured in the boreholes at the time of our field 

exploration.  Additional explorations including borings to deeper depths and monitoring wells 

could be conducted prior to final design in order to further explore the normal seasonal high 

groundwater table estimate.  

 

The project drainage engineer should take into consideration that, after periods of heavy and/or 

prolonged rainfall, water may perch at shallower depths atop the near-surface hardpan-type and 

clayey soils at the site. This also indicates that the water table may temporarily rise above the 

ground surface at some areas on the site following periods of heavy or prolonged rainfall.   

 
DISCUSSIONS AND RECOMMENDATIONS 

 
General 
 
Based on the findings of our field exploration and our evaluation of the encountered subsurface 
conditions, it is our opinion that the soils underlying this site are generally satisfactory to support 
the proposed construction on deep foundations consisting of drilled piers as presently 
contemplated.  Following are our recommendations for site preparation procedures and for the 
design and construction of the foundation systems. 
 
Please note that pending the load configurations acting upon the appurtenances and the amount 
of overturning moments and uplift loads; it may be possible to support the structures on shallow 
foundations.  An allowable bearing capacity of 3,000 pounds per square foot may be feasible for 
such foundations.  We remain available for consultations if such foundations need to be 
considered.   
 
Site Preparation Procedures 
 
The proposed switchyard expansion area should be stripped of all surface vegetation, stumps, 
debris, organic topsoil or other deleterious materials as encountered.  We recommend 
proof-rolling the cleared surface to locate any unforeseen soft areas or unsuitable surface or 
near-surface soils, to increase the density of the upper soils, and to prepare the existing surface 
for the addition of fill soils (as required).   
 
Fill material, if needed, should consist of clean sands, free of organics and other deleterious 
materials, with less than 12 percent by dry weight passing the U.S. No. 200 sieve and no particle 
larger than 3 inches in diameter.  It should be placed in uniform layers, not exceeding 12 inches 
in loose thickness, individually compacted with a heavy (10 to 12 ton) vibratory roller so as to 
produce minimum dry densities of 98 percent of the Modified Proctor (ASTM D-1557) maximum 
dry density value of the fill material.  We understand that the base course to be placed 
throughout the substation yard will have a thickness of 6 to 8 inches.  It can be placed in a single 
lift, compacted with a heavy vibratory roller to the above specified minimum dry density level. 
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Foundation Design and Construction Recommendations 
 
We understand that the proposed structures will be supported on a deep foundation system.  We 
have not been provided with any specific information concerning foundation loadings and/or 
configuration.  Following we offer a generalized subsurface profile based on the findings of our 
subsurface exploration, including our conservative estimate of pertinent engineering parameters 
of the subsurface materials, for others to use in the design of the proposed deep foundation 
system. 
Table 1: Generalized Profile and Estimated Soils Parameters for the Design of Deep Foundations  

Depth 
(ft) 

Description 

Unit Weight* 


(lb/ft

3
) 

Internal 
Friction 
Angle 


(degrees) 

Cohesion 
C 

(lb/ft
2
) 

Lateral  

Soil 
Reaction  
Modulus 

KH 
(lb/in

3
) Moist Saturated 

0-13 
Very loose to medium dense fine  

sand with trace rock and shell 
105 115 30 0 20 

13-28 
Very loose to medium dense 
slightly silty to silty fine sand  

105 115 30 0 20 

28-50 
Loose to medium dense fine sand 
with varying amounts of shell and 
partially cemented sand and shell 

110 120 33 0 35 

 * The effective unit weight can be obtained using the following equations: 

 Above groundwater level:    EFFECTIVE = MOIST 

 Below groundwater level:    EFFECTIVE = SATURATED - WATER 

  
Stormwater Pond 

 

Based on the results of the auger borings performed in the existing retention pond area, the near 

surface fine sand (SP) soils encountered in the upper 4 to 5 feet are considered to be relatively 

permeable.  The underlying very clayey fine sand (SC) and silty fine sand (SM) soils are 

significantly less permeable and should be considered aquitards with lower permeabilities for 

retention pond analysis.   

 

For dry bottom ponds, pond performance will be significantly influenced by the soil permeability, 

the presence of aquitards or confining layers and the vertical separation between the pond bottom 

and the seasonal high groundwater level.  Depending on the final design elevations and staging 

levels, underdrains may be necessary to prevent growth of aquatic vegetation and for pond 

volume recovery.  An outfall (i.e., stormwater drain, ditch, canal, natural low areas, etc.) will be 

necessary to utilize underdrains. 

 

Ardaman & Associates, Inc. would be pleased to assist in evaluating the design exfiltration rates, 

underdrains and/or groundwater baseflow as final pond geometry and stormwater volume 

requirements become available. 
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CLOSURE 
 
Our report has been prepared specifically for this project.  It is intended for the exclusive use of 
Florida Power & Light Company and its representatives.  Our work has used methods and 
procedures consistent with local foundation engineering practices.  No other warranty, 
expressed or implied, is made.  We do not guarantee project performance in any respect, only 
that our work meets normal standards of professional care.  The recommendations submitted in 
this report are based on the data obtained from our field exploration and our understanding of the 
proposed construction as described herein.  This report may not account for all the possible 
variations that may exist between conditions observed in the borings and conditions at locations 
that were not explored. The nature and extent of any such variations may not become evident 
until construction is underway.  If variations are then observed, we recommend that Ardaman & 
Associates, Inc. be requested to inspect the actual site conditions and, if necessary, re-evaluate 
the recommendations of this report. 
 
It has been a pleasure to assist you on this phase of your project.  Please contact us whenever 
we may be of service to you, and please call if you have any questions concerning this report. 
 
Best regards, 
 
ARDAMAN & ASSOCIATES, INC. 
Florida Certificate of Authorization No. 5950 
 
 
 
 
Dan J. Zrallack, P.E. Roberto E. Balbis, P.E. 
Branch Manager Principal Engineer 
Florida License no. 63911 Florida License No. 15832 
 
 
 
Attachments: Figure 1 - Site Vicinity Map  

Figure 2 - Boring Location Plan  
Subsurface Exploration Information 
Soil Boring Logs 
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Stormwater Calculations 
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SITE DATA

1.0 PROJECT

FPL St. Lucie Substation - Yard Expansion

Location: North Hutchinson Island
St. Lucie County, Florida

2.0 PROPOSED BASIN AREA BREAKDOWN (REFER TO FIGURE 3)
ft2 acres Median El.

- -
150,761 3.461
98,874 2.270 14.88
16,120 0.370 14.34
4,835 0.111 15.35
30,920 0.710 10.00

3.0 STORMWATER DATA

Ground Water Table:  1.57 ft (interpolated from attached Geotech Report; Appendix A)

Rainfall Data:

5-yr, 1-hr Storm event (Total Rainfall) 2.9 inches
5-yr, 1-day Storm event (Total Rainfall) 5.2 inches
10-yr, 1-day Storm event (Total Rainfall) 6.2 inches
25-yr, 3-day Storm event (Total Rainfall) 10.0 inches
100-yr, 3-day Storm event (Total Rainfall) 12.1 inches

4.0 STORMWATER BASIN DATA

4.1 BASIN 1

4.1.1 Site Data

Impervious Area 2.751 acres 0.336 acres
Pervious Area 0.710 acres 1.411 acres
Area Subtotal 3.461 acres 1.747 acres 5.207 acres

% Impervious 79.5 % 19.2 %
% Pervious 20.5 % 80.8 %

Finished Grade:  
Average Grade: 13.84 ft 8.81 ft
Retention Area Bottom: 7.50 ft 7.50 ft

Average Water Table Elevation: 1.57 ft <== Per AB-1, AB-2 and Exfil-1
Seasonal High Water Table Elevation: 3.07 <== Avg. + 1.50'
Average Depth to Seasonal High Water Table: 4.43 ft <== 7.50' - 3.07'

Total

Varies 6.84 to 14.70 ftVaries 7.50 to 15.35 ft

Area 1 Area 2

Property Area (not stated)

Green Area (Pervious)

Basin Area (interpolated using glass wall)
Yard Area w/ Expansion (Impervious)

Proposed Pavement Area (Impervious)
Existing Building Area (Impervious)
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4.1.2 Stormwater Management System Design Criteria

Area 1 x 25-yr, 3-day rainfall: 34.61 Ac-in  = 125,624 cf
Max. water height in new retention area 5.00 ft
Retention area: 0.58 Ac      = 25125 sf

4.1.3 Soil Storage (Excerpt from SFWMD Manual)

Depth to 
Water 

Table (ft)

Compacted 
Water Storage 

(Inches)
1 0.45
2 1.88
3 4.95
4 8.18

Soil storage for 4.00+ ft: 8.18 inches

Post Dvlpmt. Soil Storage x % Perv. Area 1.68 inches
Soil Storage Provided 21,077 ft3

4.1.4 Retention Storage

Stage Contour
(ft) Area (ft2) ft3 acre-in
7.50 12,937 - -

8 14,070 13,504 3.720
8.5 15,246 28,162 7.758
9 16,422 43,996 12.120

9.5 17,642 61,028 16.812
10 18,905 79,301 21.846

10.5 20,168 98,838 27.228
11 21,475 119,659 32.964

11.5 22,782 141,788 39.060
12 24,132 165,245 45.522

12.5 25,526 186,829 51.468

Cumulative Storage

Area 1
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Note:
The above stage-storage relations were input into the Cascade 2001 model.  
The output results are attached.
4.1.5 Total Storage

Total Soil Storage (Section 4.1.3): 21,077 ft3

Total Dry Storage (@12.5' stage, Sec. 4.1.4): 186,829 ft3

Total Storage Provided: 207,906 ft3       > 125,624 ft3  of storage required

4.1.6 Bleed Down Time For Retention Systems

V=

Bleed down time requirements:

28.80 ac-in (25 yr/3 day storage less soil storage)
Water Quality Volume 6.88 ac-in
Hydraulic Conductivity (k) 1.05E-04 cfs/ft2-ft h(geotech report attached)

690 ft
9.43 ft (Max stage of 12.5'; min. stage of 3.07')
4.43 ft (Bottom of ret. 4.43' above the water table)

V= 6.25 Ac-in/hr, when the retention area is full
Average V= 3.12 Ac-in/hr

Time to drain retention volume,
Hours Days

9.22 0.38

2.20 0.09

Time (Total Retention Volume)

Time (Water Quality Volume)

Design Volume Head (H2=Du)
Ds

L[K(2H2Du - Du
2
 + 2H2Ds)]

2

Total Retention Volume

Approx. Retention Perimeter

The total storage provided exceeds the stormwater management design criteria for both water quantity and 
water quality.
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