
of decreased bacteria concentrations and chemical data correlations 
between R-143 and MW-1 and MW-2 from the baseline sampling. 
No organic chemical was detected above the maximum contaminant 
level (MCL). Concentrations of arsenic at MW-1 and MW-2 were, with 
one exception, below the new level. This change indicates that data 
from the baseline sampling may have been infl uenced by the well 
construction process and after time, the groundwater at the monitoring 
wells re-equilibrated to the hydrogeologic setting. 

 Enhanced Treatment Site Characterization
This is the phase to evaluate, design, and implement stormwater 
treatment. 

 Possible Implementation of Treatment
Treatment systems will be installed and operated if determined 
benefi cial to the groundwater resource by regulators, local 
cooperators, and SJRWMD.

 Enhanced Treatment Effectiveness Evaluation
The fi nal data evaluation for the program will contrast pre- and post-
treatment data from both sites to identify the effectiveness and value 
treatment had on aquifer water quality, if treatment is added.

Progress Report of Current Results 

Festival Park Site. Monitoring well installation, one set of water sample 
results from baseline sampling, and results of a groundwater tracer test 
indicate the following: 

• Connection between a recharge well and two monitoring wells

• Rapid groundwater transport between these wells

• 3 to 4 orders-of-magnitude reduction of coliform concentrations from the 
recharge well to the monitoring wells

Very few detections of organic chemicals were observed with no 
concentration greater than maximum contaminant levels. However, the 
potential mobilization of arsenic and other trace elements from the aquifer 
matrix was observed. 

Lake Orienta Site. To date, one set of water sample results from dry-
period characterization

 Operational Site Characterization
Results of the tracer test and the baseline sampling correlate to show 
this intra-aquifer connection. Further sampling from R-40 and MW-3 was 
discontinued since sampling data from those locations did not correlate 
with results from other locations at the site. Sampling from MW-4 was 
continued to serve as a site reference location. Furthermore, the timing of 
the samplings was redefi ned to collect four sets of samples at the end of 
the wet season and two more sets of samples after a rainfall event during 
the dry season. This phase includes monitoring and tracking aquifer water 
quality after a triggering recharge event (rainfall of 0.5 inch to 1 inch in 24 
hours). Rains of this magnitude have less potential for contaminants than 
a fi rst fl ush or the overly dilute water quality resulting from a large rainfall 
event. Sampling data are currently being validated by project chemists.
Water samples were collected in October and November 2003 at 1, 2, 4, 
and 8 weeks following a rainfall event and in February 2004 at 2 and 4 
weeks following a rainfall event. Data from the post-wet season samplings 
are available, while data from the dry season sampling of this phase are 
currently not available. The chemical and microbiological analyte lists 
remained unchanged.
Tables 4 and 5 summarize the microbiological and chemical data from 
the four post-wet season samplings. The data indicate continued trends 

chronic fl ooding when runoff from rainfall and direct rainfall exceeds the 
capacity of recharge wells on the southern shore.Three existing recharge 
wells at Lake Orienta have been operating since at least the early 
1970s.The intent is to improve recharge capacity to alleviate the well’s 
stormwater management capacity.

 

Effects on Floridan Aquifer Water Quality in East-Central Florida from Long-Term Stormwater Recharge through Wells — A Progress Report
Alan W. Aikens, P.G., Sr. Project Manager/CH2M HILL, Orlando, FL; Jerry Salsano, P.E., Taurant Consulting, Longwood, FL

 

Since the early 1900s, management of stormwater through recharge 
wells has been an effective practice in the Orlando area to divert 
stormwater to the Upper Floridan aquifer. More than 400 of two types 
of recharge wells were recently inventoried — direct urban runoff wells 
and lake-level control wells. The St. Johns River Water Management 
District (SJRWMD) sponsors 
a program, with the South 
Florida Water Management 
District (SFWMD) and 
local entities, to quantify 
the resulting changes to 
the chemical and microbial 
quality of groundwater. 

Monitoring these systems 
will provide insight about the 
potential of aquifer storage and 
recovery (ASR) for surface water 
management. SJRWMD seeks 
benefi cial ways to augment 
the groundwater resource after 
concluding that the groundwater 
resources of the Floridan aquifer 
will fall short of projected need 
in central Florida by about 200 

million gallons a day. This study applies to proposed ASR of surface 
water in the Floridan aquifer. 
The ongoing project is at two sites:  
1. Festival Park in Orlando – direct urban runoff

2. Lake Orienta in Altamonte Springs – lake-level control

Overview of the Project
• Characterize chemical and microbiological quality of source 

stormwater entering the Floridan aquifer through recharge wells. 
Identify constituents that may be affecting groundwater quality.

• Characterize changes in groundwater quality due to time and 
distance of travel from recharge wells. 

• Develop and implement a treatment plan to improve recharged water 
quality, if necessary.

• Monitor any subsequent improvement in groundwater quality. 

Overall Goals of the Project 
Based on study fi ndings, take one of the following steps:

• Increase recharge without unacceptably affecting groundwater 
quality. Recharge more water into the aquifer to safely offset the 
projected groundwater supply defi cit, or 

• Increase water quality of existing recharge.

 Two Demonstration Sites
• Festival Park — Urban Runoff Capture Facility at Festival Park Near 

Downtown Orlando (Figures 1 and 2, Table 1). This recharge well 
receives direct runoff from the stormwater collection system without an 
interceding surface water body or treatment system. Therefore, when 
rainfall exceeds certain intensities and durations, runoff is collected by 
the system and routed to the recharge well. Two existing recharge 
wells at Festival Park have been operating since the 1940s. Once 
monitoring wells are sampled, current condition performance sampling 
can occur after a triggering recharge event. Four groundwater 
monitoring wells were installed at Festival Park to monitor the Upper 
Floridan aquifer. 

• Lake Orienta — Lake Level Control Wells at Altamonte Springs 
(Figures 1 and 3, Table 1). Properties around the lake are prone to 

Seven Phases of the Project

 Dry-Period Characterization (Table 2) 
The purpose of the dry-period characterization task was to collect water 
quality data from the demonstration sites with drought conditions (late-
1990s to early 2000s). The following procedures were performed at the 
sites:

• Collect water quality samples from the recharge wells and analyze 
the water for broad suite of analytes and indicator microbes to assess 
current condition of aquifer water quality.

• Validate the chemical data using USEPA guidelines for review of 
inorganic and organic chemical data.

• Compare data from the wells to regulatory criteria.

As shown in Table 3, chemical analyses indicated exceedances of:

• Drinking water standards for aluminum, turbidity, and color

• Risk-based concentrations for arsenic, beryllium, iron, and fl uoride

The results of a private well survey for the Festival Park site revealed no 
private water supply wells within one mile of the site. A private well survey 
is underway for the Lake Orienta site; selected residences to 
the west of the lake are not served potable water from a municipal system, 
are likely self-supplied, and are within one mile of the project site.

 Baseline Site Characterization
The purpose of this task is to collect baseline water quality data at the 
demonstration sites. This task was conducted at the Festival Park site 
with baseline water quality samples collected, analyzed and preliminarily 
evaluated.

 Qualitative 
Groundwater Tracer Test

A qualitative groundwater tracer 
test is conducted to demonstrate 
complete pathways in the 
Floridan aquifer between the 
recharge and monitoring wells. 
The test is used to support 
results of groundwater sampling 
and analysis, and to adapt the 
sampling plan for future project 
phases. 
Amounts of fl uorescein 
encountered at MW-1 were two 
orders of magnitude greater 
than the amounts encountered 
at MW-2. MW-1 and MW-2 are 
approximately 250 feet west and 
500 feet south, respectively, of 
R-143. The results of the test 
strongly indicate a hydraulic 
connection between monitoring 
wells MW-1 and MW-2 and 
recharge well R-143. The data 
further indicate that water 
entering recharge well R-40 did 
not appear at any of the four 
monitoring wells within the 12-
week timeframe of the tracer test. 
Results of the tracer recovery 
sampling for MW-1 and MW-2 are 
graphically presented in Figures 
4 and 5, respectively. Figure 6 is 
a map of the inferred movement. 

Location Lake Orienta
East

Lake Orienta
West

Lake
Sherwood

Indicator Guidelines for 
Ambient Surface Water 

Quality
SampleID ==> LO-E-R-DP LO-W-R-DP LS-R (Class III Waters) 1

Date Collected 
==>

08/23/2001 08/23/2001 08/13/2001

Organism Units
Total Coliform cfu/100 mL 250 210 235 1,000 cfu/100 mL - Single 

Sample
400 cfu/100 mL - Average
4 cfu/100 mL - Groundwater 
criteria

Fecal Coliform cfu/100 mL <1 36 7 800 cfu/100 mL - Single 
Sample
200 cfu/100 mL - Geometric 
Mean

E. coli cfu/100 mL 2 1 <1 126 cfu/100 mL - Geometric 
Mean

Enterococci cfu/100 mL <1 4 9 35 cfu/100 mL - Fresh Water
104 cfu/100 mL - Geometric 
Mean

C. perfringens cfu/100 mL <1 <1 <1 50 cfu/100 mL
Cryptosporidium no./100 L <2 <34 <30.5
Giarida no./100 L <2 <34 <30.5
Somatic Coliphage pfu/100 mL <5 <5 <5 100 pfu/100 mL
1 Liter Enrichment pfu/100 mL not done not done negative
F+ Coliphage pfu/100 mL <5 <5 <5 100 pfu/100 mL
1 Liter Enrichment pfu/100 mL not done not done negative

Table 2.  Results of the Microbiological Analyses from Dry-Period Sampling

District (SJRWMD) sponsors 

Location:
SampleID :

DateCollected :
Time Collected :

Matrix :
SampleType :

Parameter Group and Name Units Criteria Units Criteria Units Criteria Units Criteria Units Criteria Units Criteria Units Criteria Units
Radionuclides

Alpha, gross pCi/L 5.5 = 9.8 = 3.3 = 15 pCi/L 15 pCi/L
Beta, gross pCi/L 4.7 = 6.8 = 10.4 = none

General Chemistry
Total Dissolved Solids (residue, filterable) mg/L 240 = 270 = 150 = 500 mg/L 500 mg/L 500 mg/L
Turbidity NTU 0.75 = 12 = 36 J 1 NTU 1 NTU
Color Color Units 10 = 50 = 20 J 15 Color Units
Total Organic Carbon mg/L 1.2 = 2.1 = 22 = none
Dissolved Organic Carbon mg/L 1.2 = 1.4 = 2.5 = none
Methylene Blue Active Substances mg/L 0.095 J 0.5 mg/L

Nutrients
Nitrogen, ammonia (as N) mg/L 0.13 = 0.46 = 1.2 = 10 mg/L 10 mg/L 10 mg/L 580 mg/L 58 mg/L
Nitrogen, Kjeldahl, Total mg/L 0.36 J 2 = 1.4 = none
Phosphorus, Total (as p) mg/L 0.036 = 0.42 = 0.045 = none
Phosphorus, Total Orthophosphate (as P) mg/L 0.09 = 0.045 = 0.009 J none

Anions
Chloride (as Cl) mg/L 17 = 19 = 9.7 = 250 mg/L 250 mg/L
Fluoride mg/L 0.36 = 4 mg/L 2 mg/L 2 mg/L 2 mg/L 2.2 mg/L 0.22 mg/L
Sulfate (as SO4) mg/L 14 = 55 = 16 = 250 mg/L 250 mg/L 250 mg/L
Alkalinity, bicarbonate (as CaCO3) mg/L 140 = 130 = 110 = none

Metals
Aluminum µg/L 1610 = 200 µg/L 50 µg/L 37000 µg/L 3700 µg/L
Arsenic µg/L 6.36 = 1.09 = 50 µg/L 50 µg/L 50 µg/L 0.045 µg/L 0.045 µg/L
Barium µg/L 8.79 J 21 J 14.1 = 2000 µg/L 2000 µg/L 2000 µg/L 2600 µg/L 260 µg/L
Beryllium µg/L 0.041 J 4 µg/L 4 µg/L 4 µg/L 0.016 µg/L 0.016 µg/L
Cadmium µg/L 0.233 J 1.46 = 5 µg/L 5 µg/L 5 µg/L 18 µg/L 1.8 µg/L
Calcium µg/L 60000 = 65900 = 36600 = none
Chromium, total µg/L 3.17 J 100 µg/L 100 µg/L 100 µg/L
Cobalt µg/L 0.142 J 0.37 J 0.434 J 2200 µg/L 220 µg/L
Copper µg/L 16.6 J 1000 µg/L 1000 µg/L 1000 µg/L 130000 µg/L 13000 µg/L
Iron µg/L 292 = 4680 = 6310 = 300 µg/L 300 µg/L 300 µg/L 11000 µg/L 1100 µg/L
Lead µg/L 9.24 = 0.972 J 15 µg/L 15 µg/L 15 µg/L
Magnesium µg/L 2410 = 9260 = 10600 = none
Manganese µg/L 10.8 = 61.4 = 76.5 = 50 µg/L 50 µg/L 50 µg/L 840 µg/L 84 µg/L
Nickel µg/L 5.08 = 6.77 = 23 = 100 µg/L 100 µg/L 100 µg/L 730 µg/L 73 µg/L
Potassium µg/L 1380 J 1780 J 2760 J none
Silver µg/L 0.047 J 100 µg/L 100 µg/L 100 µg/L 180 µg/L 18 µg/L
Sodium µg/L 6630 = 10900 = 14900 J 160000 µg/L
Vanadium µg/L 0.351 J 6.95 J 49 µg/L 260 µg/L 26 µg/L
Zinc µg/L 26.8 = 1.66 J 5000 µg/L 5000 µg/L 5000 µg/L 11000 µg/L 1100 µg/L

Volatile Organic Compounds
Methyl ethyl ketone (2-butanone) µg/L 27 J 3.9 J 160 = 4200 µg/L 1900 µg/L 190 µg/L
Methylene chloride µg/L 0.43 J 0.55 J 5 µg/L 5 µg/L 5 µg/L 4.1 µg/L 4.1 µg/L

Notes: Explanation of Qualifers

Bolded values represent positive detections above promulgated regulatory criteria. "=" Represents a detection at the value shown

Boxed values represent positive detections above Risk-Based Criteria. "J" Represents an estimated value that is above the method detection limit and below the practical quantitation limit.

Bolded and boxed values represent positive detections above promulgated regulatory criteria and Risk-Based Criteria. Blanks for the chemical data represent nondetection

Blanks for the criteria and screening values represent no established value.

Sources:
1 Florida Ground Water Guidance Concentrations , 17-520.400 FAC, June 2, 1994: Primary Drinking Water Standards (17-550.310 FAC), 

Secondary Drinking Water Standards (17-550.320 FAC).
2 Brownfield's Cleanup Criteria Rule , Groundwater Cleanup Target Levels , Draft Chapter 62-785 F.A.C., 1997.
3 Drinking Water Regulations and Health Advisories , Office of Water, USEPA, October 1996.
4 EPA Region III Risk-Based Concentration Table, Tap Water Values, R.L. Smith, October 1997.
5 EPA Region IV Supplemental Guidance to RAGS: Region 4 Bulletins, Human Health Risk Assessment , November 1995; HQ=0.1 applied to noncarcinogens.

Table 3.
Summary of Results from Chemical Analyses from the Dry-Period Sampling

(HQ=0.1)

Risk-based ConcentrationsBrownfields
Federal MCL/SMCL 2

Maximum Contaminant Levels
Florida MCL / SMCL

(Chapter 62-550, FAC) 1

SMCL MCL SMCLGroundwater Groundwater MCL

Criteria and Screening Values

(Chapter 62-550, FAC) 1 EPA Region IV

Regional USEPA RBC 4, 5Regional USEPA RBC 4

(62-785) 3 EPA Region III

8/23/2001 8/23/2001 08/13/2001

Normal Normal Normal

12:45 11:20 15:00
Groundwater

Lake Orienta
East

Lake Orienta
West

Lake
Sherwood

LO-E-R-DP LO-W-R-DP LS-R
Florida MCL / SMCL Federal MCL/SMCL 2 Florida Brownfield

(HQ=1.0)

GCTL Tap Water

Dry Period Detections.xls, Chemical Data & Criteria Printed:  10/27/2003, 11:20 AM

Table 3. Summary of Results from Chemical Analysis from the Dry-Period Sampling

Week 2 Week 8
Location R-143 MW-1 MW-2 MW-4 R-143 MW-1 MW-2 MW-4

Date 
Collected 

==>

10/08/2003 10/08/2003 10/10/2003 10/09/2003 11/21/2003 11/19/2003 11/20/2003 11/21/2003

Organism Units

Total Coliform cfu/100 mL 5,900 7.4 0.3 <0.2 1,000,000 7.4 0.9 5.5

Fecal Coliform cfu/100 mL 3,400 2.9 0.7 <0.2 980,000 5.9 1 5.3

E. coli cfu/100 mL 410 <0.2 <0.2 <0.2 2,400 2.3 <0.2 <0.2
Enterococcus cfu/100 mL 140 9.4 <0.2 13 3,400 23 <0.2 0.7

Cryptosporidium no./100 L <0.01 <0.01 <0.01 <3 <0.01 <0.01 <0.01 <10
Giardia no./100 L <0.01 <0.01 <0.01 <3 <0.01 <0.01 <0.01 <10
Coliphage

Host C3000 Overlay pfu/100 mL > > > > > > > <
Host Famp+ Overlay pfu/100 mL > > > > > > > >

Host Famp+ 
Enrichment

pfu/100 mL +/DNA +/DNA +/DNA +/DNA +/DNA +/DNA +/DNA +/DNA

Table 4.  Microbiological Analyses from Operational Sampling 
Events - Summary of Results 

Potentiometric Surface Map (May 2000)
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Figure 3. Location of Recharge Wells and Proposed Monitoring Wells at Lake Orienta
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Figure 2

Recharge Wells and
Monitoring Well Locations
Festival Park Recharge Site

Legend
']Demonstration Recharge Wells

#Monitoring Wells

Public Parcels

Orlando Festival Park

DATE: 10/24/2003

Figure 2. Location of Recharge Well and Monitoring Wells at Festival Park
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Figure 4. Fluorescein Recovery from MW-1
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Figure 5. Fluorescein Recovery from MW-2

Figure 6. Inferred Movement of Fluorescein

Wellhead Setup for Tracer Test

Tracer Sampler String

Tracer Sampler Recovery

Site and Type of 
Recharge Well 
Lake Sherwood Festival Park Lake Orienta

Task Lake-Level Control Direct Runoff Lake-Level Control
Literature Review Completed Completed Completed
Dry-Period Characterization Completed N/A Completed
Baseline Characterization N/A Completed Spring 2004
Groundwater Tracer Test N/A Completed Summer 2004
Operational Site 
Characterization

N/A Ongoing Fall/Winter
2004/2005

Enhanced Treatment Site 
Characterization

N/A Future
(2004)

Future
(2004/2005)

Reporting and Documentation N/A Future
(2005/2006)

Future
(2005/2006)

Table 1.  Project Locations and Tasks

W032004005GNV 

Week 2 Week 8
Location: R-143 MW-1 MW-2 MW-4 R-143 MW-1 MW-2 MW-4

SJRWMD No.: None OR0018 OR0819 OR0141 None OR0018 OR0819 OR0141
SampleID: FP-03-

03-002
FP-03-
03-001

FP-03-
03-007

FP-03-
03-006

FP-03-
05-007

FP-03-
05-001

FP-03-
05-005

FP-03-
05-006

DateCollected: 10/08/
2003

10/08/
2003

10/10/
2003

10/09/
2003

11/20/
2003

11/18/
2003

11/19/
2003

11/20/
2003

Matrix:
SampleType: Normal Normal Normal Normal Normal Normal Normal Normal

Parameter Group and Name Unit Result Qual Result Qual Result Qual Result Qual Result Qual Result Qual Result Qual Result Qual
Field Parameters

pH Std. Units 6.1 7.5 7.4 7.8 6.4 7.4 6.9 7.6
TEMPERATURE  °C 27.4 24.8 24.9 24.8 24.4 25.0 24.5 23.6
CONDUCTANCE µmhos 197 328 455 368 197 319 408 328

TURBIDITY NTU 3.58 4.56 1.02 0.19 6.73 5.61 0.85 0.19
DISSOLVED OXYGEN mg/L 1.29 0.29 0.59 0.54 4.63 0.4 0.35 0.58

OXIDATION/REDUCTION POTENTIAL mV 62 42 8 -185 -47 12 58 -109
Radiologicals

ALPHA, GROSS pCi/l 3.3 = 1.6 U 1.3 = 2.5 = 1.2 = 1.7 U 1.4 U 2.1 =
BETA, GROSS pCi/l 3.5 = 2.8 = 4.5 = 2.6 = 3.5 = 4 = 2.6 = 2.4 =

Anions
ALKALINITY, BICARBONATE (AS CACO3) mg/L 65 = 157 = 203 = 197 = 81 = 151 = 192 = 189 =
CHLORIDE (AS CL) mg/L 16.2 = 7.51 = 9.52 = 5.07 = 13.8 = 8.66 = 9.96 = 5.19 =
SULFATE (AS SO4) mg/L 11.2 = 41.7 = 34.7 = 0.785 J 11.2 = 31.2 = 30.6 = 1.18 =

Nutrients
TOTAL NITROGEN, ALL 
FORMS,CALCULATED

mg/L 0.896 = 0.65 = 0.549 = 0.401 = 0.45 = 0.232 = 0.168 = 0.209 =

NITROGEN, AMMONIA (AS N) mg/L 0.368 J 0.107 U 0.257 J 0.28 J 0.183 J 0.107 U 0.174 J 0.225 J
NITROGEN, KJELDAHL, TOTAL mg/L 0.83 = 0.65 = 0.549 = 0.401 = 0.385 = 0.154 J 0.168 J 0.209 J
NITROGEN, NITRITE mg/L 0.0147 J 0.0118 U 0.0118 U 0.0118 U 0.0243 U 0.0118 U 0.021 U 0.0119 U
NITROGEN, NITRATE-NITRITE mg/L 0.0656 J 0.0201 U 0.0201 U 0.0201 U 0.0637 J 0.108 = 0.0604 J 0.0201 U
PHOSPHORUS, TOTAL (AS =P) mg/L 0.062 = 0.086 = 0.109 = 0.04 = 0.089 = 0.102 = 0.123 = 0.093 =
PHOSPHORUS, TOTAL ORTHOPHOSPHATE 
(AS P)

mg/L 0.024 = 0.077 = 0.091 = 0.03 = 0.033 = 0.069 = 0.15 = 0.021 =

PHOSPHORUS, TOTAL ORGANIC (AS P) mg/L 0.067 = 0.095 = 0.113 = 0.035 = 0.149 = 0.078 = 0.122 = 0.154 =
General Chemistry

TOTAL DISSOLVED SOLIDS (RESIDUE, 
FILTERABLE)

mg/L 100 = 240 = 270 = 230 = 143 = 246 = 295 = 278 =

TURBIDITY NTU 1 = 1 = 0.3 = 0.5 = 2.2 = 0.3 = 0.12 U 0.12 U
pH PH UNITS 6.42 = 7.46 = 7.63 = 7.89 = 6.9 = 7.42 = 7.28 = 7.87 =
COLOR COLOR UNIT 20 = 10 = 15 = 10 = 25 = 10 = 10 = 10 =
BIOLOGIC OXYGEN DEMAND, FIVE DAY mg/L 2 = 2 = 2 UJ 2 U 3.4 = 2 U 2 = 2 U
TOTAL ORGANIC CARBON mg/L 6.15 = 3.47 = 4.15 = 3.9 = 3.95 = 0.54 J 0.368 U 2.2 =
DISSOLVED ORGANIC CARBON mg/L 5.67 = 2.94 = 3.99 = 3.43 = 5.11 = 2.55 U 3.07 U 2.46 U

Metals
ALUMINUM µg/L 71.7 U 95.5 U 35 U 220 U 121 = 41 J 35 U 35 U
ANTIMONY µg/L 2.75 J 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U 2.5 U
ARSENIC µg/L 2.04 U 9.18 = 10.6 = 2.04 U 2.04 U 6 = 7.05 = 2.04 U
BARIUM µg/L 13.4 = 16.9 = 23.9 = 4.52 = 13.7 = 20.9 = 16.9 = 4.45 =
BERYLLIUM µg/L 0.304 U 0.108 U 0.0945 U 0.0945 U 0.0945 U 0.219 U 0.0945 U 0.0945 U
CADMIUM µg/L 0.356 U 0.356 U 0.356 U 0.356 U 0.356 U 0.358 J 0.356 U 0.356 U
CALCIUM µg/L 26700 = 70100 = 77100 = 69500 = 32400 = 62800 = 68800 = 66700 =
CHROMIUM, TOTAL µg/L 0.8 J 0.57 U 0.57 U 0.57 U 1.01 J 0.826 J 0.812 J 0.57 U
COBALT µg/L 0.569 U 0.569 U 0.569 U 0.569 U 0.569 U 0.569 U 0.569 U 0.569 U
COPPER µg/L 5.82 = 1.17 U 1.17 U 1.17 U 2.33 J 1.27 J 1.17 U 1.52 J
IRON µg/L 355 = 89.5 U 40.4 U 16.7 U 310 = 81.6 U 18.5 U 16.7 U
LEAD µg/L 1.76 U 1.76 U 1.76 U 1.76 U 4.32 J 1.76 U 1.76 U 1.76 U
MAGNESIUM µg/L 2610 = 7090 = 8930 = 3210 = 2360 = 7330 = 8030 = 3060 =
MANGANESE µg/L 8.53 = 18.8 = 11.8 = 0.327 J 8.09 = 12.9 = 9.73 = 0.278 U
MERCURY µg/L 0.0162 U 0.0162 U 0.0162 U 0.0162 U 0.183 U 0.0162 U 0.0162 U 0.16 U
NICKEL µg/L 0.997 U 4.85 J 4.35 J 0.997 U 0.997 U 5.07 = 3.94 J 0.997 U
POTASSIUM µg/L 1870 = 2420 = 5020 = 1230 = 1920 = 3160 = 3350 = 1100 =
SELENIUM µg/L 3.09 U 2.1 U 2.1 U 2.1 U 2.1 U 3.24 U 2.1 U 2.1 U
SILVER µg/L 0.472 U 0.472 U 0.472 U 0.472 U 0.472 U 0.472 U 0.504 J 0.526 J
SODIUM µg/L 10500 J 7150 J 10300 J 11700 J 8380 = 8390 = 8990 = 11400 =
THALLIUM µg/L 2.54 U 2.54 U 2.54 U 2.54 U 2.54 U 2.54 U 2.54 U 2.54 U
VANADIUM µg/L 1.84 J 1.52 J 2.08 J 0.447 U 1.89 J 1.07 J 1.89 J 0.447 U
ZINC µg/L 8.6 J 17.5 = 5.57 J 67.6 = 14.5 = 3.67 J 1.23 U 0.694 U

Total Petroleum Hydrocarbons
PETROLEUM HYDROCARBONS mg/L 0.82 = 0.34 U 0.34 U 0.34 U 0.82 = 0.34 U 0.35 U 0.34 U

Volatile Organic Compounds
cis-1,2-DICHLOROETHYLENE µg/L 0.88 J 1 UJ 4.4 = 1 U 1.1 = 1 U 4 = 1 U
1,1-DICHLOROETHANE µg/L 1 U 1 U 2.5 = 1 U 1 U 1 U 2.2 = 1 U
1,1-DICHLOROETHENE µg/L 1 U 1 U 0.53 J 1 U 0.38 J 1 U 0.44 J 1 U
1,2-DICHLOROBENZENE µg/L 0.52 J 1 U 1 U 1 U 1 U 1 U 1 U 1 U
TETRACHLOROETHYLENE(PCE) µg/L 1.1 = 1 U 1 U 1 U 1 U 1 U 1 U 1 U
TOLUENE µg/L 0.67 J 1 U 1 U 1 U 0.24 J 1 U 1 U 1 U
TRICHLOROETHYLENE (TCE) µg/L 0.32 J 1 U 1 U 1 U 1 U 1 U 1 U 1 U
1,1,2,2-TETRACHLOROETHANE µg/L 1 U 1 U 1 UJ 1 U 1 U 1 U 1 U 1 U

Semi-volatile Organic Compound
No Compound Positvely Detected

Organochlorine Pesticides
No Compound Positvely Detected

Organophosphorous Pesticides
No Compound Positvely Detected

Polychlorinated biphenols (PCBs)
No Compound Positvely Detected

Herbicides
No Compound Positvely Detected

Table 5.  Excert of Chemical Analysis from Operational 
Sampling Events- Summary of Results 
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