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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 (SIRWMD) sponsors !
Johns River

a program, with the South :
! Water Management District

Florida Water Management
District (SFWMD) and

local entities, to quantify
the resulting changes to
the chemical and microbial
quality of groundwater.

Monitoring these systems

=i will provide insight about the

A potential of aquifer storage and

recovery (ASR) for surface water

management. SURWMD seeks

~ beneficial ways to augment

the groundwater resource after

. "=¢ concluding that the groundwater

s ~__ resources of the Floridan aquifer
\ﬂ 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.
|dentify 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 findings, take one of the following steps:

® |[ncrease recharge without unacceptably affecting groundwater
quality. Recharge more water into the aquifer to safely offset the
projected groundwater supply deficit, or

® |[ncrease 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.

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

chronic flooding 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.

FIGURE 1. PROJECT LOCATIONS

Figure 1. Project Locations
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HIGURE 3. LOCATION OF RECHARGE WELLS AND PROPOSED MONITORING WELLS AT LAKE ORIENTA
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SEVEN PHASES OF THE PROJECT
TABLE 1. PROJECT LOCATIONS AND TASKS

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 N/A Ongoing Fall/Winter
Characterization 2004/2005
Enhanced Treatment Site N/A Future Future
Characterization (2004) (2004/2005)
Reporting and Documentation N/A Future Future
(2005/2006) (2005/2006)

/% 1).8558 B 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.

® \/alidate the chemical data using USEPA guidelines for review of
iInorganic and organic chemical data.

® Compare data from the wells to regulatory criteria.

TABLE 2. RESULTS OF THE MICROBIOLOGICAL ANALYSES FROM DRY-PERIOD SAMPLING

I

Location Lake Orienta Lake Orienta Lake Indicator Guidelines for
East West Sherwood Ambient Surface Water
Quality
SamplelD ==> LO-E-R-DP LO-W-R-DP LS-R (Class Il Waters)
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 1800 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 <150 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 <51100 pfu/100 mL
1 Liter Enrichment pfu/100 mL not done not done negative

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 fluoride

TABLE 3. SUMMARY OF RESULTS FROM CHEMICAL ANALYSIS FROM THE DRY-PERIOD SAMPLING

Location:

Lake Orienta

East

Lake Orienta Lake
West Sherwood

iteria and Screening Values

SamplelD :

LO-E-R-DP

LO-W-R-DP LS-R

Brownfields

DateCollected :

8/23/2001

8/23/2001 08/13/2001

Time Collected :

12:45

atrix :| Groundwater

Groundwater | Groundwater

SampleType

Normal

Normal Normal

Florida MCL / SMCI
11:20 15:00 (Chapter 62-550, FAC) '

Florida MCL / SMCL

rida Brownfi
(62-785) °
GCTL

Regional USEPARBC * | Regional USEPA RBC *°

EPA Region IV
aaaaaaaa
(HQ=1.0)

[ Parameter Group and Name

Units

Criteria | Units

Criteria | Units

Criteria | Units Criteria | Units

Radionuclides
Alpha, gross
Beta, gross
Genera | Chemistry

Total Dissolved Solids (residue, filterable)

Turbidity

Color

Total Organic Carbon

Dissolved Organic Carbon

Methylene Blue Active Substances
Nutrients

Nitrogen, ammonia (as N)

Nitrogen, Kjeldahl, Total

Phosphorus, Total (as p)

Phosphorus, Total Orthophosphate (as P)

Anions
Chloride (as Cl)
Fluoride
Sulfate (as SO4)
Alkalinity, bicarbonate (as CaCO3)
s

olati rganic Compoun
Methyl thyI k ton (2 butanone)
Methylene chloride

Notes:

pCi/lL
pCi/lL

mg/L
NTU
Color Units
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

ug/L

ug/L

ug/L
Hg/L

55 =
4.7 =

9.8 = 33 = 15 pCi/lL
= |none

o=
oSN
N W
oo
[y

0.46 = 1.2 = 10 mg/L
one

6.36] = 1.09] = 50 ug/L

one
317 J 100 pg/L

= 10900 = 14900 J

924 = 0972 J 15 giL
= [none

6.77 = 23 = 100 pg/L

1780 J 2760 J |none

26.8 = 1.66 J

39 J 160 =

0.55 J 5 pglL

1 NTU

0.36] = 4 mg/L
one

2000 pg/L
4 pg/lL
146 = 5 pg/L

160000 pg/L

15 pCilL

500 mg/L
1 NTU
15 Color Units

10 mg/L

250 mg/L
2 mg/L
250 mg/L

200 pg/L
50 pg/L
2000 pg/L
4 pg/lL

5 pg/L

100 pg/L
1000 pg/L

300 pg/L
15 pg/L

50 pg/L
100 pg/L

100 pg/L

5000 pg/L

"=" Represents a detection at the value shown

"J" Represents an estimated value that is above the method de

Blanks for the chemical data represent nondetection

Blanks for the criteria and screening values represent no establ

500 mg/L 500 mg/L

0.5 mg/L

10 mg/L

250 mg/L
2 mg/L 2 mg/L
250 mg/L 250 mg/L

50 pg/L
50 pg/L
2000 pg/L
4 pg/lL

5 pg/L

100 pg/L
1000 pg/L 1000 pg/L

300 pg/L 300 pg/L
15 pg/L

50 pg/L 50 pg/L
100 pg/L

100 pg/L 100 pg/L

49 ug/L
5000 pg/L 5000 pg/L
4200 pg/L

5 pg/L

tection limit and below the practical quantitation limit.

lished value.

37000 pg/L
0.045 pg/L
2600 pg/L 260 pg/L
0.016 ug/L

2200 pg/L 220 pg/L
130000 pg/L
11000 pg/L

11000 pg/L

1900 pg/L 190 pg/L

580 mg/L 58 mg/L

2.2/ mg/L 0.22 mg/L

3700 pg/L
0.045 pg/L

0.016 ug/L
18 pg/L 1.8 pg/L

13000 pg/L
1100 pg/L

840 pg/L 84 ug/L
730 pg/L 73 pg/L
180 pg/L 18 ug/L

260 pg/L 26 pg/L
1100 pg/L

4.1 pg/lL 4.1 pg/lL

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.

HIpL7EvH 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.

TRACER SAMPlER STRING
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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 fluorescein
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.

HIGURE 4. FLUORESCEIN RECOVERY FROM MW-1
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FIGURE 5. FLUORESCEIN RECOVERY FROM MW-2
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FIGURE 6. INFERRED MOVEMENT OF FLUORESCEIN
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i Ls 24 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 redefined 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 first flush 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

TABLE &. MICROBIOLOGICAL ANALYSES FROM OPERATIONAL SAMPLING
EVENTS - SUMMARY OF RESULTS

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

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

Collected

==>

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 29 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+ | pfu/100 mL +/DNA +/DNA +/DNA +/DNA +/DNA +/DNA +/DNA +/DNA
Enrichment

A\ PROGRESS REPQOI

e

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 influenced by the well
construction process and after time, the groundwater at the monitoring
wells re-equilibrated to the hydrogeologic setting.

TABLE 5. EXCERT OF CHEMICAL ANALYSIS FROM OPERATIONAL
SAMPLING EVENTS SUMMARY OF RESUlTS
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REDUCTION POTENTIAL mV 62 42 8 -185 -47 12 58 -109

TOTAL NITROGEN, ALL mg/L 0.896 = 0.65 = 0.549 = 0.401 = 045 = 0.232 = 0.168 = 0.209 =

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

TOTAL DISSOLVED SOLIDS (RESIDUE, mg/L 100 = 240 = 270 = 230 = 143 = 246 = 295 = 278 =
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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

Volatile Organic Compounds
cis-1,2-DICHLOROETHYLENE
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29809 Enhanced Treatment Site Characterization

This is the phase to evaluate, design, and implement stormwater
treatment.

2L a9 Possible Implementation of Treatment

Treatment systems will be installed and operated if determined
beneficial to the groundwater resource by regulators, local
cooperators, and SJRWMD.

M 1)L 4 Enhanced Treatment Effectiveness Evaluation

The final 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
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