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Executive Summary

The Peace River Manasota Regional Water Supply Authority (Authority) operates a potable water
Aquifer Storage and Recovery {ASR) system which includes ASR Wellfield No. 1 (WF1) and ASR Wellfleld
No. 2 (WF2) at the Peace River Regional Water Supply Facility {(PRF). The Authorlity is committed to
exploring project options which bolster regional water supply system resiliency by increasing water
supply capacity, improving water quality, adding supply diversity, increasing system storage for drought
tolerance or reducing operational costs. Sometimes projects are identiled which can meet several of
these objectives at the same time. Implementing partially treated surface water (PTSW) instead of fully
treated potable water as a recharge water source for the ASR system provides for additional storage
capability, has expected water quality benefits, and offers a significant decrease in overall delivery costs.
Rather than the current ASR operating practice of treating stored river water to potable standards twice
before distributing treated water to the public {once on Injection/recharge to ASR and again after
recovery from ASR), the Authority would only need to treat raw water once through the PRF, Also, ASR
injectlon is currently limited by treatment capacity, and compulsory maintenance can take treatment
trains out of operation which can constrain ASR recharge potential. So, the Authority could also more
opportunistically Inject water when it Is available from the river since the water would not need to be
routed through the PRF first.

The concept of using PTSW at this location was first evaluated in a desk top study {Partiacily Treated
Surface Water ASR Desktop Study, CH2M and ASRus, March 2016). Based on the findings of that study,
a modification to the permit was requested and approved by the Florida Department of Environmental
Protection (FDEP) to allow pilot testing at two of the twelve ASR wells in WF2 using PTSW. PTSW is
surface water from the Peace River that is stored in the Authority’s reservoir system and filtered prior to
recharge into the ASR wells. The objectives of the pilot test included evaluating how water quality
aspects assoclated with PTSW differ from those assoclated with potable water ASR and observation of
overall well performance with respect to production and recharge capacities.

Two cycles, each consisting of a period of recharge, storage, and recovery, were completed at ASR wells
5-4 and S-20 as part of the pilot testing. Cycle Test 1 (CT1) began in February 2017 and included
recharging ASR wells S-4 and S-20 with a total of 59 milllion gallons (MG) of PTSW and storing the water
for approximately two weeks. A total of 25 MG was subsequently recovered from these two wells

before seasonally dry conditions warranted recovery operation from the other wells In the same
wellfield. Although the two pilot wells continued recovery for nearly 2 months along with the remainder
of wells in the wellfield, and theoretically withdrew far more water than the volume of PTSW that had
originally been injected, during this later period they only represented a small fraction of the total
withdrawal from the wellfield.

Cycle Test 2 (CT2) began In July 2017, recharging a total of 178 MG of PTSW, storing the water for
approximately one month in November 2017 and then recovering approximately 57 MG from the same
ASR wells during December 2017 and early January 2018. During the entirety of CT2 recharge, S-4 and
5-20 recharged PTSW while the rest of the WF2 wells were recharging potable water. All WF2 wells
ceased recharge and were in storage mode at the same duration. Unlike CT1, no other wells in the same
wellfield were in recovery mode during the entirety of CT2 recovery. During the pilot test, water quality
data was collected from the extensive monitoring well network surrounding WF2.

Data from the monitor wells showed clear indications of arrival of the PTSW from water quality
Indicators such as color, total organic carbon, and total coliform, each present at relatively high
concentrations in PTSW compared to native ground water or potable water. One of the primary water
quality concerns of PTSW ASR is the fate of total coliform (which Is ubiquitous in surface water) once
recharged into the aquifer. Data showed that while total coliform counts were observed at high levels
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EXECUTIVE SUMMARY

as far away as monitor well M-15 (located approximately 1,100 feet downgradlent of 5-20), they decline
rapidly after the PTSW recharge period Is ceased. The “die-off” or “inactivation” period to reach the
regulatory groundwater standard of 4 colony forming units (CFU) per 100 milliliters {mL) from a too-
humerous-to-count CFU/100mL was between three and four weeks based on the data collected from
the monitor weils.

Arsenic concentrations were also monitored to evaluate potential impacts (positive or negative) from
the use of PTSW. Arsenic concentrations increased In some of the monitor wells near the end of CT2
recharge, including monitor well M-15, a compliance well listed in the Authority’s Water Quality Criteria
Exemption (WQCE) for arsenic assoclated with the ASR permit. However, the increase in arsenic
concentration coincided with an overall increase In the total storage volume at WF2 (the highest since
operations began at this site 18 years ago) as well as the largest recovery event since potable water was
completely recovered from the ground in 2006 due to drought conditions. So, the increases in arsenic
could be attributed to PTSW, or the higher potable water storage volumes (with the assumption that the
large volume of stored water is resulting in geochemical changes further from the center of the wellfield
than previously seen), or a combination of these events.

Arsenlc concentrations at M-15, though above the regulatory limit of 10 micrograms per liter {ug/L), are
relatively low at around 16 pg/L and appear to have stabilized. It Is believed that these higher
concentrations will decrease as the geochemical environment stabilizes in the aquifer as demonstrated
at other monitor wells during past ASR operations. Since M-15 is 1,100 feet from the nearest property
boundary to the southeast and over two miles from the property boundary to the southwest (the
direction of groundwater flow), and other ASR compliance wells have remained below 10 ug/L, the
mobilization of arsenic continues to be effectively managed at this system. Continued increases in ASR
storage volumes and the conversion to PTSW will need to be closely monitored to assure arsenic
mobllization from ASR operations continues to remain within boundaries of property owned or
controlled by the Authority.

Dissalved arsenic and phosphorus exhibit similar geochemical speciation and behavlor in many types of
water-rock reactions, including sorption onto iron oxide solids. Unlike arsenic, phosphorus showed
attenuation during CT2. Phosphorus declined from concentrations greater than 0.2 mg/L to below the
detectlon limit {0.008 mg/L) during late storage and recovery. Because phosphorus was present at
concentrations 10 to 15 times greater than arsenic, it Is belleved that phosphorus preferentially sorbed
onto iron oxide solids.

The PTSW was filtered with either 50-micron mesh bags, 100-micron mesh bags, or a stainless-steel
basket with 1/8” openings at varlous times during the test. The performance of 5-4 and 5-20 showed
some decline during recharge events with $-4 showing more decline than $-20. However, recovery of
PTSW after Cycle 1 and Cycle 2 showed that the wells couid restore lost capacity. While only the
stainless-steel basket was used for filtration late in the test, a back-flush protocol was implemented
during PTSW recharge that involved periodically stopping recharge activities and pumping the wells
{recovery) briefly to remove any solids that had potentially accumulated. The effort was successful In
maintaining capacity in the wells, and no significant plugging of the wells was observed which would
prevent Implementation of PTSW. The calculated specific injectivity (SI) for S-4 during PTSW was similar
to 5l values observed historically. The SI for S-20 during PTSW recharge was within range of historic Sl
values observed at this well,

As stated in the Partially Treated Surface Water ASR Desktop Study (CH2M and ASRus, March 2016), full
conversion of WF2 to a PTSW ASR system was estimated to have a capital cost of approximately $7.5M
assuming construction of a 20 mgd PTSW Pump Station to supply at least 1 mgd of PTSW to the existing
12 WF2 wells and to accommodate future expansion of the wellfield. As an added benefit, the new
pump station would also supplement and back up the aging Reservolr Pump Station feeding the PRF.
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The operational cost difference between PTSW and Potable water ASR would likely range from $500,000
- $1 milllon per year depending on annual recharge needs. However, these savings must be offset by
initlal investment needs and continuing O&M on the new equipment. Considering the capital cost of a
new pump statfon, debt service on a loan of $7.5M for this construction, new pump station
malintenance costs, and reduced ASR operational costs, we estimate direct savings of PTSW ASR would
likely be approximately $334,000 per year.

The Authority has a significant investment in the current ASR system, not just in the capltal cost of the
infrastructure and the cost of the water currently in storage, but also the considerable resources spent
collecting years of data that have led to a regulatory solution ena bling the ASR system to recelve an
operation permit. Conversion of the potable system to a PTSW system would maximize the use of this
valuable resource, allowing the Authority to see a greater return on this investment.

With PTSW ASR Implementation, the Authority can realize measurable benefits both with ASR system
recharge quantities and ASR system recovery volumes. The Authority has a Total Dissolved Solids {TDS)
Yield prediction model to estimate the volume of water that can be recovered from their ASR Wellfields
under normal operating conditions before the TDS concentration of the recovery stream becomes too
great for the water being conveyed to the Peace River Facility to be treated to the secondary drinking
water standard of 500 mg/L. Because the Peace River Facllity adds approximately 75 mg/L TDS to the
treatment stream to provide high quality finished water, PTSW has a lower TDS concentration than
potable water. Therefore, PTSW has a greater recovery volume potential. Utilizing this TDS Yield model
to predict the additional volume from converting WF2 or both wellfields to PTSW ASR, the additional
recovery volumes are estimated to be between 332 MG and 627 MG, respectively. This translates to a
10% to 19% Increase In potential yield of PTSW instead of potable water.

Conclusions of the PTSW pilot testing suggest that water quality Issues can likely be managed through a
regulatory relief mechanism such as a zone of discharge (ZOD) that will allow for temporary
exceedances of total coliform, arsenic, and some secondary drinking water standards on property
owned or controlled by the Authority. Initial discussions with FDEP regarding the permitting of this
facility have indicated that a ZOD would be the preferred mechanism rather than the currently issued
WAQCE issued for arsenic, and it would be like the WQCE in that primary and secondary drinking water
standards would need to be maintained at the Authority’s property boundary. If full scale PTSW ASR Is
implemented, It should be done so in a measured approach with appropriate monitoring and
management strategies In place to Insure compliance with the ZOD order. These strategies will likely
include one or more of the following

s Construction of additional monitoring wells,
» Disinfection of the PTSW prior to recharge,

® Replacement of ASR wells located nearest current property boundarles by new ASR production
wells located further from the property boundarles,

* The addition of ASR wells (ASR expansion)
e  Authority purchase or control of additional property,

* Limits on total water in storage and/or development of alternative wellfield management
(recharge and recovery) strategies.



SECTION 1
Background

The Peace River Manasota Regional Water Supply Authority {Authority} was created to meet the
growing public water supply requirements for Charlotte, DeSoto, Manatee, and Sarasota Counties. The
Peace River Facility (PRF) is located in southwest DeSoto County, Florida and Is owned and operated by
the Authority. The Authority Is an independent, nonprofit, whalesale distributor of potable water
serving Charlotte, DeSoto, and Sarasota Counties, and the City of North Port, and has the future plans to
provide service to Manatee County. The PRF is a conventional alum coagulation surface water treatment
facility. Raw water supply needs are met entirely by withdrawals from the Peace River. The Peace River
flow Is highly seasonal and permit restrictions are in place to protect downstream ecology typically
preventing river withdrawals during the dry season. Therefore, seasonal system storage is a critical
component of the PRF. The Aquifer Storage and Recovery (ASR) system and the two off-stream surface
reservoirs at the PRF are key components of the surface water treatment, storage, and transmission
system. The Authority has successfully developed a reliable and drought tolerant water supply through
the combined use of ASR to store water below ground and off-stream surface water reservoirs. Figure
1-1 presents the map showing the location of the PRF.

The Authority operates a potable water ASR system referred to as ASR Wellfield No. 1 (WF1) and ASR
Wellfield No. 2 (WF2), Figure 1-2 presents a site map showing the PRF, the two off-stream reservoirs,
and both ASR wellfields. WF1 conslst of eight Suwannee Zone ASR wells and a single Tampa Zone ASR
well located on the PRF property {Figure 1-3), WF1 has been in operation since the mid-1980s. A test
ASR well completed into the Avon Park High Permeability Zone is also located within WF1, but has not
been used extensively to date. Each well has the capacity to Inject or recover approximately 1 million
gallons per day (mgd). Figure 1-4 Is a cross section showing the construction details of the ASR wells In
WF1. WF2 was constructed in 2002 and consists of 12 Suwannee Zone ASR wells located immediately
south of the Authorlty’s Reservoir No. 1 and approximately 1 mile southwest of the PRF (Figure 1-5).
Each well has a nominal capacity of approximately 1 mgd. Figure 1-6 is a cross-section of the ASR wells
and shows well construction detalls and the hydrogeologic intervals intercepted by each well,

Permitting of ASR wells is under the oversight of the Florida Department of Environmental Protection’s
(FDEP) Underground Injection Control (UIC) Program. A Class V Operation Permit was issued to the
Authority on April 24, 2013, for operation of the two wellfields under a single permit (FDEP Permit No.
0136595-014-U05Q). The two wellfields are now operated as one ASR system. In conjunction with the
Operation Permit, a water quality criteria exemption (WQCE) was also issued that waived the arsenic
standard in the ASR zone within property under the control of the Authority. The WQLE was Issued
based on the extensive dataset collected at the PRF monitoring wells which showed elevated arsenic
concentrations did not extend far from the ASR wells, arsenic concentrations decreased over time. and
groundwater exceedances of the arsenic standard did not extend beyond the property under control of
the Authority. The two wellfields are now operated as one ASR system. A copy of the Class V Operation
Permit is included in Appendix A.

The potable water ASR system, as currently permitted and operated, requires that the stored water be
fully treated to drinking water standards prior to recharge into the aquifer. Stored water Is then
recovered back to the off-stream reservoir system where it mixes with raw water to eventually be
treated for a second time at the treatment facilities. This second round of treatment Is done out of an
abundance-of-caution to insure a high level of public protection from any arsenic which may have
become mobilized during ASR storage. The alum coagulation process is highly effective at arsenic
removal, but it does come at the economic cost of dual treatment. There are also unavoldable
secondary water quality impacts from dual treatment; each time water passes through the treatment
process, the total dissolved solids (TDS) increases by about 75 milligrams per liter (mg/L), mostly from
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SECTION 1 - BACKGROUND

sulfate but also some chloride and sodium. So, the dual treatment scheme adds up to 150 mg/L of TDS
to the water. This s in addition to any naturally occurring sulfate and calcium found In the aquifer which
tends to mix with the ASR water during storage. TDS is a secondary drinking water parameter, meaning
It is not considered a primary health threat but of aesthetic concern with a maximum contaminant level
{(MCL) of 500 mg/L. Generally, raw water in the reservoir system has a TDS of about 250 mg/L and so
the average finished water TDS varies between 275 mg/L and 325 mg/L, well below the MCL, but during
dry years when there is significant ASR recovery, compliance with the TDS MCL can be challenging. So,
storing potable water in the ASR system is economically less favorable and has other associated
challenges as compared with storing raw surface water in the off-stream reservoirs from which it only
requires treatment once prior to delivery to customers.

The Authority has a Total Dissolved Sollds (TDS) Yield prediction model to estimate the velume of water
that can be recovered from their ASR Wellfields under normal operating condItions before the TDS
concentration of the recovery stream becomes too great for the water being conveyed to the Peace
River Facility to be treated to the secondary drinking water standard of 500 mg/L. This model was run
for a potential scenario of converting the Authority’s ASR System partially (WF2 only) or fully (WF1 and
WF2) to PTSW ASR, and the increase In potential annual average recovery flowrate achlevable per year
is approximately 0.9 ~ 1.7 MGD, or 10% to 19% vield increase, respectively. The summary of this exercise
is located in Appendix A.

Replacement of potable water with Partially Treated Surface Water (PTSW) for the Authority’s ASR
recharge program at WF2 would provide cost savings, improve efficiency, increase rellability and would
enhance resource recovery benefits. The following sections provide an overview of the permitting,
potential measurable benefits, proposed Implementation plan, and budgetary level costs related to the
conversion of WF2 to a PTSW ASR system.

A desktop study was prepared to evaluate PTSW ASR (Partially Treated Surface Water ASR Desktop
Study, CH2ZM and ASRus, March 2016). Based on a recommendatlion in that study to pllot test the PTSW
ASR concept at WF2, the Authority submitted a request for a modification of the ASR permit to allow
limited testing of PTSW ASR to evaluate water quality and operational considerations. The permit major
modification (136595-016-017-UO/M5) was Issued by the FDEP December 14, 2016 and expired on April
23, 2018 (timely renewal of the Authority’s ASR Operating permit was applied for in February 2018).
Appendix B provides the FDEP permit modification to allow PTSW ASR pilot testing.

To successfully permit the ASR system to PTSW, a demonstration was necessary to show that regulatory
water quality requirements could be met at the boundary of property owned or controlled by the
Authority. This included demonstration that coliform bacteria {(which is present in all Florida surface
waters bodies} would be deactivated once in the aquifer, and that the groundwater standard for total
coliform of 4 colony forming units per 100 milllliters (CFU/100 mL) could be met on Authority controlled
property. Coliform samples taken from Reservoir 1 were too numerous to count CFU/100 mL. Water
quality data collected during this pilot study showed that once recharge of PTSW ceased, the coliform
bacteria was below the groundwater standard within 3 to 4 weeks.

To provide the data necessary to support PTSW ASR, a pilot test was designed using two production
wells at WF2; 5-4 and 5-20. PTSW for recharge would be supplied directly from Reservoir No. 1. Cycle
Testing began in February of 2017 and was completed in January of 2018. The following sections of the
report detail the Cycle Test design, water quality results, well performance, and recommendations and
considerations for future development of the PTSW ASR concept ansite.
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SECTION 2

Pilot Test Design
2.1 Pilot Test Overview

The objective of the PTSW ASR pilot testing was to conduct small scale cycle tests using recharge
volumes large enough to arrive in the monitar wells but not so large that it potentlally left the property
under the control of the Authority. The pilot test was implemented at WF2 using wells S-4 and 5-20.
surface water stored in Reservoir No. 1 was pumped through a filtration unit and recharged into the
wells, then later recovered back to the reservolr system. ASR Wells S-4 and 5-20 were chosen as the
pllot test wells for the following reasons:

* They are closest to Reservoir No. 1 requiring the least amount of temporary plping.

* They are some of the furthest wells from the property boundary, maximizing the buffer and the
maximum possible distance to assess water quality prior to leaving Authority-controlled
property.

¢ The clustering of monitor wells near 5-4 and S-20 provides a comprehensive monitoring network
to evaluate water quality at different distances (travel times) from the ASR production wells.

* 5-20 has a relatively high specific injectivity and $-4 has a relatively moderate specific injectivity
that is representative of most of the other ASR wells In WF2. This will allow for the comparison
of well performance regarding the effect of PTSW on a well whose capacity is more dependent
on matrix primary porosity {S-4) with one exhibiting a more secondary porosity (fractured) flow
profile (5-20).

Pliot testing was conducted in conjunction with the Authority’s normal potable water ASR system
operations as this storage is an integral part of the Authority’s water system reliabllity strategy and
could not be placed on hold for the extended period of time necessary to complete the PTSW pilot
testing.

2.2 Cycle Test Program

A cycle test program was proposed in the permit modification request to implement PTSW pilot testing
that consisted of up to three cycles at progressively increasing volumes. The target recharge volume
proposed for the first cycle (CT1) was relatively low (50 MGD) to allow for evaluation of water quality
changes at monitor wells near the point of recharge before the PTSW left the property under control of
the Authority. After the first cycle was completed, the project team decided to only conduct two cycles
and increase the recharge volume and storage duration between recharge and recovery for the second
cycle test {CT2) to more closely simulate a typical recharge cycle. The proposed cycle test program Is
provided in the FDEP major modification located in Appendix B. The following section shares details on
the PTSW testing setup and assoclated equipment. Section 3 then will present operational
specifications for each of the two respective cycles.

2.3 Description of Temporary Facilities

Temporary piping and pumping equipment was installed at S-4 and S-20 so that the wells could be
recharged directly from Reservoir No. 1 during the pilot test program. A single electrically-driven
centrifugal pump, mechanical filtration, and piping system was rented from Xylem Dewatering Solutions,
Inc. to temporarily supply PTSW to S-4 and S-20 during the demonstration period. The pump was -
powered using electricity fed from one of the Authority’s nearby control panels and operated locally
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SECTION 2~ PILOT TEST DESIGN

with an adjustable frequency drive. The pump Intake consisted of a capped HDPE tee located about 75
feet from the Reservoir 1 bank that was perforated with numerous 0.25” diameter holes on its
underside which served to mitigate the Intake of aquatic macro organisms. The unique design trapped
an air bubble in the assembly so as to provide positive buoyancy and keep it afloat so that water was
withdrawn from the top of the 20 feet deep water column. The pump intake was located on the south
side of Reservoir No. 1 near S-4 and $-20 to minimize the distance of temporary piping to the wells.

A pressurized filtration system consisting of 4 parallel filter pods was installed downstream of the pump
to remove particulates and total suspended solids (TSS). Each filter pod contained six (6) stainless-steel
filter baskets with 1/8” diameter openings. This allowed for the use of 100-micron and 50-micron mesh
filter bags in each filter basket without the risk of losing a mesh bag into the ASR wells. Du ring
operation, pressure data upstream and downstream of each filter pod was observed to determine the
replacement schedule for the mesh filter bags. A pump operation indicator was added to SCADA
programming to remotely alert operators located in the PRF control room of a pump failure.

The temporary recharge piping was installed from the mechanical filter housings to existing permanent
pipe assemblies located at S-4 and S-20 which facilitated use of the existing flow meters. In case 5-4 and
5-20 needed to be purged during recharge periods, isolation valves were Installed on the recharge piping
to allow purged water to be discharged to ground in topographically low areas near each well. The
existing ASR Well System piping was used during recovery to convey recovered water back to the
reservoir system. Figure 2-1 shows a diagram of the equipment for this pllot testing. Figures 2-2
through 2-7 show the equipment Installed in the field.

Water level, flow rate and pressure data was remotely collected from $-4 and S-20 through the SCADA
system during recharge, storage and recovery throughout the cycle tests.

2-2
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SECTION 2 — PILOT TEST DESIGN

Figure 2-2. Intake Tee Prior to Equipment Startup

Figure 2-3. Centrifugal Pump
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SECTION 2 — PILOT TEST DESIGN

Figure 2-4. Variable Frequency Drive
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SECTION 2 - PILOT TEST DESIGN

Figure 2-6. Piping to ASR Well with Gate Valve for Purging
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SECTION 3

Well Performance Data Evaluation
3.1 Test Well Recharge and Recovery Summary

Cycle Test 1

Cycle test 1 (CT1) began on February 9, 2017, with the recharge of PTSW at ASR wells S-4 and $-20. The
recharge phase of CT1 continued until March 9, 2017. Recharge consisted of the injection of 59.4 million
gallons (MG) of PTSW at ASR wells S-4 and S-20. The other ten ASR production wells within WF2 (S-10
through S-19} were not in operation during the CT1 recharge phase.

Following the recharge phase of CT1, $-4 and 5-20 remained In storage until March 27, 2017, when the
recovery phase of CT1 was Inltiated. S-4 and S-20 began the recovery phase of CT1 exclusive of the other
WF2 ASR wells from March 27 to April 9, 2017, recovering a total of 25.1 MG during that time,
approximately 42 percent of the total PTSW injected during the CT1 recharge phase.

On April 10, 2017, the remaining WF2 ASR wells began recovery as part of the normal seasonal ASR
operation at the PRF. This Increased the WF2 recovery rate from an average of 1.8 mgd (S-4 and 5-20)
to a maximum of 14.4 mgd during CT1. Recovery was ceased on June 5, 2017 at $-4 and $-20 but
continued at five (5) of the WF2 ASR wells (S-11, 5-14, 5-15, 5-16, S-18) until June 15, 2017. A total
volume of 801.2 MG was recovered from WF2 from the start of PTSW CT1 to June 15, 2017 when
recovery ceased at all the WF2 ASR wells. This recovery volume is the highest observed since all the
potable water was recovered from the WF2 aquifer system in 2006 and 2008 due to drought conditions.
Table 3-1 and Figures 3-1, 3-2, and 3-3 provide a summary of the operational recharge, storage, and
recovery of CT1.

Table 3-1. Cycle Test 1 Operational Summary

_Peace River PTSW Pilot Study
CT1 Operational Status Date Range Number Avg. 54 Avg. 5-20 Avg. WF2 Flow Avg. Total PTSW Rate /
ofDays FlowRate Flow Rate Rate Excluding WF2 Flow Total Rate
{mgd) {mgd) S485-20{mgd) Rate {mgd)
CT1 Recharge 2/09/17 - 3/09/17 29 0.71 1.34 2.05 100%
CT1 Storage 3/10/17 - 3/26/17 17 - - - - -
CT1 Recovery 3/27/17 - 4/09/17 14 -0.64 -1.15 - -1.79 100%
CT1 & WF2 Recovery 4/10/17 - 6/05/17 57 -0.65 -1.12 -10.71 -12.48 14%
WF2 Recovery 6/06/17 - 6/15/17 10 - - -6.44 -6.44 0%
Avg. = Average
-=0.00
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Figure 3-1. Cycle Test 1 Well Dally Flow Rates Compared to Rest of Wellfield
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SECTION 3 — WELL PERFORMANCE DATA EVALUATION
Figure 3-3. Cycle Test 1 Recharge Storage Volume Percentages (Total CT1 Recharge Volume = 59.4 MG)

u WF2 Potable Recharge Volume = PTSW Recharge Volume ¥ 520 Volume = 54 Volume

*Note: There was no potable water recharge during PTSW CT1 Recharge



SECTION 3 — WELL PERFORMANCE DATA EVALUATION
Cycle Test 2

Recharge of potable water began on June 19, 2017 at ASR wells $-10 through $-19. A volume of 102.7
MG of potable water was recharged prior to beginning PTSW CT2. PTSW CT2 recharge began at 5-4 and
$-20 on July 6, 2017, PTSW CT2 recharge at 5-4 and $-20, and recharge of potable water with ASR wells
5-10 through S-19 continued until November 1, 2017; however, PTSW Injection was interrupted
sporadically due to mechanical issues with the PTSW supply pump. The PTSW supply pump was not in
operation between the dates of July 14 through July 17, july 18 through July 24, and July 28 through
August 2, 2017. Additionally, recharge was temporarily suspended at $-4 and S-20 from September 7
through 17, 2017 due to Hurricane Irma events. During this time, S-10 through S-19 recharge was also
temporarily suspended for a shorter time perlod between September 10 and September 12, 2017, but
recovery occurred on September 14, 2017 for routine sampling. CT2 recharge using PTSW In S-4 and S-
20 continued until November 1, 2017, and recharge of potable water In the remalning WF2 ASR wells
continued until October 31, 2017. A total of 783 MG of potable water and 178.3 MG of PTSW were
recharged during the PTSW CT2 recharge phase.

CT2 storage for all ASR wells in WF2 was initiated November 1, 2017 and continued until December 5
2017 when recovery exclusively at -4 and $-20 was Initiated. The recovery of 55.9 MG occurred
uninterrupted between December 5, 2017, and January 2, 2018. Table 3-2 and Figures 3-4, 3-5, and 3-6
provide a summary of the operational recharge, storage, and recovery of CT2.

Table 3-2, Cycle Test 2 Operational Summary
Peace River PTSW Pilot Study

CT2 Operational Date Range Number  Avg. 54 Avg. $-20 Avg. WF2 Flow Avg.Total  PTSW Rate /
Status ofDays FlowRate FlowRate Rate Excluding WF2 Flow Total Rate

{(mgd) (mgd)  S4&S-20(mgd) Rate (mgd)

WF2 Recharge 6/19/17 - 7/05/17 17 - - 5.04 6.04

CT2 & WF2 Recharge  7/06/17 - 9/06/17 63 0.37* 1.04* 7.65 9.06 16%

WF2 Recharge 9/07/17 - 8/09/17 3 - - 4.76 4,76

Recharge Interrupted  9/10/17-9/12/17 3 - B

WF2 Recharge Only 9/13/17 - 9/17/17 5 - 1.89 1.89 0%

CT2 & WF2 Recharge  9/18/17 - 10/31/17 44 0.67 158 6.50 8.52 26%
| CT2 Recharge 11/01/17 1 0.13 0.49 0.62 100%

CT2 Storage 11/02/17 - 12/04/17 33 - - - -

CT2 Recovery - 12/05/17 - 1/02/18 29 -0.66 -1.31 -1.97 10095_

.‘ = 5-4 and 5-20 Recharge Interrupted multiple times due to PTSW supply pump malfunction. Averages include days with zero flow.

Avg. = Average

-=0.00
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SECTION 3 — WELL PERFORMANCE DATA EVALUATION

Figure 3-4. Cycle Test 2 Well Dally Flow Rates Compared to Rest of Wellfleld
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SECTION 3 — WELL PERFORMANCE DATA EVALUATION

Figure 3-6. Cycle Test 2 Recharge Storage Volume Percentages {Total CT2 Recharge Volume = 961.3 MG)

e

 WF2 Potable Recharge Volume = PTSW Recharge Volume

= 520 Volume =S4 Volume
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SECTION 3 — WELL PERFORMANCE DATA EVALUATION

3.2 Well Performance Evaluation

Reservoir water quality is good but does contain more particulate matter than potable water, therefore,
the project team felt it important to evaluate If the use of reservoir water for ASR would result in
significant declines in well performance at the ASR wells. Well performance for the purposes of this
report refers to the injection and recovery capacity of the ASR well. To evaluate well performance, the
flow and pressure of the wells were recorded, and the specific injectivity {recharge} or specific capacity
(recovery) was calculated as the flow rate in gpm per unit of water level change in feet.

Water from the reservoir was pumped through a filter pod system and then to 5-4 and $-20. During
most of the testing, the filter pods were fitted with 100-micron filter bags apart from a short period
during CT1 where 50-micron bags were used, and at the end of CT2 when the filter bags were removed
and the only filtration was with the 1/8-Inch diameter holes in the filter pods’ Integral stainless-steel
baskets.

Flow and pressure were measured downstream of the filter pods, and the pump was operated at a
constant speed. However, since the pump dellvered a continuous amount of energy, as the filters
became plugged, they created a localized pressure loss, and the resulting flow to each ASR well
decreased. This translated to decreases in flow and avallable pressure at the wells between filter bag
changes that had little-to-nothing to do with dally well performance but was attributable to constraints
in the feed/filtration system design. With pressure and flow data collected at the wellhead, “noise” In
the specific injectivity data from feed system performance is largely avoided. In the sections below, well
performance of $-4 and S-20 is documented during PTSW CT1 and CT2.

Cycle Test 1

During CT1 recharge, only $-4 and S-20 were recharging PTSW, and the rest of the wellfield was offline.
This allowed for a good comparison of the effects of PTSW water quality and flltration on the ASR well
behavior without pumping Influence from other wells. Figure 3-7 is a graph of the flow, pressure, and
specific injectivity (S1) of 5-4. Vertical lines in the graph Indicate the times that the filter bags were
replaced. Sl of S-4 at the beginning of the test was approximately 11 gpm/ft and declined to
approximately 6 gpm/ft, near the end of the test. For the recharge event to reach a stable SI, the aquifer
must reach a stable piezometric head contour surrounding the well in response to the recharge rate.
Therefore, a gradually decreasing trend in SI during CT1 recharge Is observed. However, the magnitude
of Sl decline was within the range of S| that has been observed at the same well over the period of
record with the use of potable water for recharge (see Figure 3-11). The SI was also observed to be
reaching what appeared to be a stable lower limit by the end of the period, indicating that minimal or no
plugging was occurring from TSS that may have passed through the mesh filter bags.

During CT1 at both 5-4 and $-20, fllters with a 100-micron mesh size were used from February 9 to
February 21, 2017 and from February 27 to March 9, 2017. The 50-micron mesh size filter bags were
used from February 21 to February 26, 2017. During CT1 recharge, 100-micron mesh size filter bags
were changed at an average Interval of three (3) days while 50-micron filters (not used during the same
time periods) were changed at an average Interval of 2 days. No significant difference in the rate of Si
decrease is observed when comparing the time periods when 100-micron mesh size and 50-mlcron
mesh size filter bags were used, which further confirms that minimal or no plugging was occurring from
TSS that may have passed through the mesh filter bags. Additionally, the frequency of the needed fllter
changes would suggest that a significant amount of particulate matter was removed from the PTSW
water before recharge.

Figures 3-8 shows the flow, pressure, and Sl at 5-20 during CT1 recharge. Since both wells were fed from
the same feed pump and mechanical strainer pod array, as noted for 5-4 previously, the vertical lines
show times assoclated with each filter bag change. Between filter bag changes, there were
instantaneous spikes in flow and pressure at S-4 and $-20 at approximately 9 a.m. on days when M-14
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SECTION 3 — WELL PERFORMANCE DATA EVALUATION

was purged for sampling. Because of the hydraulic connectivity observed between M-14 and the pilot
study wells {as discussed in Section 4.6 below), head conditions in the storage zone decreased at $-4 and
5-20 when M-14 was purged for sampling during PTSW recharge mode. As the pump was operated at a
constant speed, the combined flow into S-4 and $-20 increased by approximately 150 gpm during the M-
14 sampling period; however, the flow into each well changed in accordance with the specific injectivity
behaviors of each well. The flow in §-4 during M-14 sampling decreased approximately 50 gpm to hold a
constant specific injectivity while the flow in S-20 increased by approximately 200 gpm resulting in a
greater Instantaneous specific Injectivity. This behavior during M-14 sampling agrees with historic
performance of 5-4 (an average capacity well) and $-20 {a high-capacity well) as shown in Figures 3-11
and 3-12 below.

Like S-4, an Initial decreasing trend in S Is observed during the recharge event to establish stable aquifer
head and well SI conditions. The Sl at the beginning of recharge was approximately 18 gpm/ft,
decreasing to 12 gpm/ft by the end of the CT1 recharge phase but it appeared to have reached a stable
lower limit. However, the degree of SI decline observed does not appear to be caused by well plugging
and is not anticipated to significantly Impact the ability to implement PTSW ASR.
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Figure 3-7A. 54 Cycle Test 1 Recharge Physical Parameters
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Figure 3-BA. 5-20 Cycle Test 1 Recharge Physical Parameters
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Figure 3-8B. 5-20 Cycle Test 1 Recovery Physical Parameters
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SECTION 3 — WELL PERFORMANCE DATA EVALUATION
Cycle Test 2

As shown in Figure 3-9, Figure 3-10, and Table 3-2 above, the CT2 recharge phase occurred during a
time period of approximately four months from July 6 through November 1, 2017. The CT2 recha rge
phase incorporated a higher number of operational changes when compared to the CT1 recharge phase.
These include potable water recharge at all other WF2 wells during PTSW recharge at S-4 and $-20, time
periods when WF2 wells were recharging potable water without contributions from S-4 and S-20,
multiple instances of PTSW intake pump fallures leading pauses of PTSW recharge, the removal of the
mesh filter bags beginning on September 28, 2017, and the purging of wells $-4 and $-20 to improve SC
and Sl. Observed trends in the Sl of $-4 and S-20 during this time period, while affected by multiple
factors, showed an overall neutral to increasing trend. Close examination of the data shows that
changes in Sl are impacted mostly by changes In wellfield recharge rate. As the WF2 flow rate increases,
the head conditions (i.e., water levels) in the aquifer increase resulting in a percelved decrease in Sl.
Conversely, when the WF2 recharge rate decreases, the head conditions in the aquifer decrease and S)
appears to improve.

Near the end of the CT2 recharge event, the mesh bags were removed from the filter pods resulting in
filtration with only the 1/8-inch perforations In the stainless-steel baskets. This was done to test the
plugging potential of the wells with a coarser level of filtration and to avoid feed system performance
concerns. Data suggest no significant decline in S during this perlod; however, the WF2 flow rate is
decreasing during this period potentlally masking some of the declines from plugging. Regardless, a
rapid decline In Sl was not observed when the filter bags were removed, and the subsequent recovery
period did not indicate a significant decline in specific capacity (Figures 3-9 and Figure 3-10).
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Figure 3-9A. 54 Cycle Test 2 Recharge Physical Parameters
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Figure 3-9B. S-4 Cycle Test 2 Recovery Physical Parameters
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SECTION 3 — WELL PERFORMANCE DATA EVALUATION

Flgure 3-10A. 5-20 Cycle Test 2 Recharge Physical Parameters
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SECTION 3 - WELL PERFORMANCE DATA EVALUATION
Cycle Testing Well Performance Summary

Over the PTSW recharge periods, the range of S! values observed at 5-4 and S-20 were within the range
of Sl recorded at these wells over the period of record as shown in Figure 3-11 and Figure 3-12.

Figure 3-11. S4 Historical Specific Injectivity and Speclfic Capacity Data

25—
8 or Q/s (gpmM)
PTSW Pliot Testing Begins
20 e Wl d Sicrage
15 +
=
10
is
(]
E 0
X
i
<]
gw
15
-20
26 s

Jun-03 Jun-04 Jun08 Jun06 Jun-D7 Jlnl-ﬂl Jun09 Ju‘ll-10 dim-11 Jun-12 Jun-13 =14 Am-15 Jun-18 Jun-17
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The following observations on Sl and SC are drawn from the data collected during CT1 and CT 2 PTSW
recharge and recovery:

® The Slat S-4 ranged from 3 gpm/ft to 11 gpm/ft and $-20 ranged from 10 gpm/ft to 30 gpm/ft,
both within the range of SI observed over the historic period of record for this well.

® The SCat S-4 ranged from 5 gpm/ft to 10 gpm/ft during recovery of PTSW during Cycle 1 and
Cycle 2. This Is also within the historic range of $-4’s SC observed over the period of record.

¢ The SCat 5-20 ranged from 7 gpm/ft to 15 gpm/ft during Cycle 1 while the rest of the wellfield
was also recovering potable water; however, the SC ranged from 40 gpm/ft to 50 gpm/ft during
Cycle 2 recovery, when only 5-4 and S-20 were recovering PTSW. Although this Is the historic

high recorded SC at 5-20, recovery in 2009 exceeded 40 gpm/ft when only five (5) of the other
11 ASR wells were recovering.

As the S| appeared to reach a stable 6 gpm/ft at S-4 and 12 gpm/ft at 5-20 during CT1, the mesh filter
bags appeared to remove substantial particulates that would likely mitigate potential well plugging.
Though Sl data after the mesh bags were removed did not conclusively Indicate plugging, the data could
have been skewed by other variables affecting the calculation of Si {e.g., changing head conditions from
varying wellfield recharge rates). Based on the visual evidence of the particulate matter collected in the
bags (Figure 3-13), one would expect that the filtration was providing a degree of benefit agalnst
potential plugging. Therefore, it is recommended that as a precaution filtration should be included in
longer term implementation of PTSW.
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SECTION 4

Water Quality Data Evaluation
4.1 Overview of Water Quality Monitoring Program

An extensive network of monitoring wells surrounds both WF1 and WF2 including sixteen wells in the
ASR zone {Suwannee Limestone permeable unit) and eight wells completed in the overlying Hawthorn
aquifer system. Table 4-1 and Table 4-2 summarize the ASR system monitoring wel| details for WF1 and
WF2, respectively. Monitoring of the PTSW pllot test focused on monitoring wells located near WF2
since the recharge of PTSW was at $-4 and $-20 (see Figure 1-5 for WF2 layout). In addition to the
water quality parameters listed in the current operation permit, the sampling regimen was expanded to
include parameters of interest in PTSW, such as total coliform, nitrogen species and total organic carbon
(TOC). Several specific constituents (iron, total organic carbon, and phosphorus) present in surface
water at higher concentrations than potable water or native ground water in the ASR storage zone were
also added as It was believed they could be useful as indicator parameters.

To the greatest extent possible, water sampling for the PTSW testing was coordinated in conjunction
with the typical sample schedule underlying the ASR operation permit. In Instances where the same
parameters were listed in both the PTSW and operation permit sampling schedules, two samples were
collected and analyzed separately, producing two results for that analyte even though they were
essentlally duplicates, This was not done intentionally, but was an artifact of coordinating sampling
efforts for PTSW testing and the operation permit independently. The data presented in this report is
from the PTSW data set, to avoid confusion in instances where duplicate samples might have slightly
different results. The operation permit sampling data set was previously provided in the monthly
operating reports pursuant to permit requirements.

Two important objectives for the monitoring program were to attempt to track arrival of the PTSW at
the monitor wells and determine the fate of total coliform In the aquifer (l.e., the time required for
inactivation) if detected at the monitor well. it was also important to ascertain if any other primary or
secondary state drinking water standards would be exceeded, and if so, the fate of these analytes as
well. The list of analytes and sample frequency for the PTSW pilot test is shown in Table 4-3. The full
FDEP permit major permit modification in which the sampling schedule Is contained is provided in
Appendix B. Sampling of the PTSW wells was conducted during recha rge, storage and recovery events.
The Authority also continued water quality sampling of WF2 monitoring wells per the current Class V
operatlon permit sample schedule.

Finally, during the PTSW cycle testing, the project team periodically reviewed the analytical water
quality data as it became avallable looking for Interesting or unexpected changes. As a result, the
frequency of analysls was increased at some monttor wells, and some monitor wells not listed In the
permit modification schedule were also sampled Iif deemed helpful to characterize and track movement
of PTSW. Therefore, monitoring wells M-12 and M-15 were added to the sampling regimen during the
course of the program.
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Table 4-1. WF1 Monitor Well Construction Details

_Peace River PTSW Pliot Study
Casing Casing
Diametar Depth Total Depth  Approximate Distance To
Well {inches) (feat bis) {feet bis) nearest ASR well (feet) Hydrogeologic Interval
E 6 140_ 200 >50 feet {5-2) UPz
T-2 4 393 480 1,900 {5-1) LPZ
M-2 6 596 900 1,900 {5-1) Suwannee Zone
-7 6 220 261 360 (S-6) LPZ
T-7 6 349 400 360 (5-8) LPZ
M-7 6 580 605 360 {S-6) Suwannee Zone
M-20 6 584 588 450 (SR-5) Suwannee Zone
M-21 6 575 672 190 (5-7) Suwannee Zone
M-22 6 565 572 100 (5-2) Suwannee Zone

LPZ= lower producing zone of the Hawthorn aquifer system (a.k.a., lower Arcadia aqulfer, Tampa Zone)
UPZ= upper producing zone of the Hawthorn aqulifer system

Suwannee Zone = refers to the Upper Floridian aquifer permeable unit within the Suwannee Limestone formation

Table 4-2, WF2 Monttoring Well Construction Details

Peace River PTSW Pilot Study
- Approximate
Casing Diameter  Casing Depth Total Depth Distance To nearest Hydrogeologic
Weill (Inches) {feet bls) (feet bis) ASR well (feet} Interval
Ti1 6 350 400 340 {5-20) LPZ
M1l 6 570 677 340 (S-20} Suwannee Zone
Mi12 6 585 705 400 (5-15) Suwannee Zone
Mi3 6 550 670 660 (5-20) Suwannee Zone
M1i4 6 575 676 170 (S-20, 5-19) Suwannee Zone
M15 6 570 678 560 (S-14) Suwannee Zone
M16 6 560 673 400 (5-15) Suwannee Zone
M17 6 565 670 95 {S-16) Suwannee Zone
M18 6 575 700 250 {5-10) Suwannee Zone
M19 6 580 680 525 {5-17) Suwannee Zone
I-10 6 260 320 6,400 LPz
M-6 6 579 640 7,900 Suwannee Zone
-8 6 155 150 860 (s-20) upPz
T8 12 354 401 860 (5-20) LPZ
M-8 10 570 860 900 (S-20) Suwannee Zone

LPZ= lower producing zone of the Hawthorn aquifer system (a.k.a, lower Arcadia aquifer, Tampa Zone)
UPZ= upper producing zone of the Hawtharn aquifer system

Suwannee Zone = refers to the Upper Floridian aquifer permeable unit within the Suwannee Limestone Formation
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Table 4-3. PTSW Pilot Study Monitoring Plan

SECTION 4 — WATER QUALITY DATA EVALUATION

No sampling of ASR wells during storage
W - weekly; D/M - daily and monthly;

a - during recharge only
b - during recovery only

c - sampling started 9/15/18

d = sampling started 10/24/18

+ - fleld samples

B - Background sample prior to cycle 1 recharge

Peace River PTSW Pilot Study
Parameter Units Recording Fregquency of Analysls
Frequency

Recharge Recovery  M-11, M-14, M-16, M-8, M-13,

{reservolr) {5-4,5-20) M-17, M-18, T-11 -8
Flow Rate, max. gpm dally D/M D/M
Flow Rate, min. gpm daily D/M D/M
Flow Rate, avg. gpm daily D/m D/M
Total Volume Recharged Mg dally D/M
Total Volume Recovered Mg dally D/M
Injection Pressure, max. Psl continuous /M
Injection Pressure, min, Psi continuous D/M
Injection Pressure, avg. Psi continuous D/M
Water Level, max. feet (NGVD) continuous D/M D/M D/M
Water Level, avg. feet (NGVD)  continuous D/M D/M D/M
Water Level, min. feet (NGVD}  continuous D/M D/M D/M
pH + std. Units we we w M
Specific Conductivity + umhos/em we wh w M
Temperature + °C we wh w M
Dissolved Oxygen + mg/L we wh w M
Turbldity + NTU wWe we w M
Oxidation-Reduction mV w wh w M
Potenttal +
Total Dissolved Solids mg/L we wh w M
Chloride mg/L W wh w M
Sulfate mg/L we wr w M
Arsenic pg/L we wh w M
Total Suspended Solids mg/L we wh w M
Nitrate {as N) mg/L we wh w M
TKN mg/L we wh w M
Ammonla mg/L we wh w M
TOC mg/L we wh w M
Color Units we who w M
Aluminum pg/L we wh w M
Total Coliform CFU/100 mL we wh w M
Escherichia coli CFU/100 mL we wh w M
Primary and Secondary mg/L B - -
stds.
Iron® mg/L we wh w M
Phosphorus? mg/t we wh w M
Notes: o
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4.2 Reservoir Water Quality

Water quallty from Reservoir No. 1 was analyzed during recharge of PTSW cycle testing according to the
schedule In the PTSW permit modification. An extensive data set of water quality was also available
from routine analysis performed by the Authority during normal operations before PTSW began. This
data was provided In the permit modification request and s again provided in this document In
Appendix C. In addition to that background data, a comprehensive water quality analysis was
conducted June 28, 2016, which included primary and secondary state and federal drinking water
standards (DWS).

Water quality from the reservolr Is very good, with total coliform, aluminum, color, and odor the only
parameters above their respective DWS or groundwater standard. Total coliform is ubiqultous In
surface water and levels in the reservolr during PTSW were generally above the laboratory method limit
listed as >2420 CFU/100 mL, i.e., total coliform counts in the sample are greater than 2420 CFU/100 mL
and too numerous to count (TNTC). Aluminum concentrations In reservolr samples ranged between 176
Hg/L and 397 pg/L {2015-2016 samples), with most values exceeding the 200 pg/L secondary DWS. The
aluminum presence in the reservolr is due to aluminum concentrations from Peace River which typically
range from 100 pg/L to 200 ug/L as well as backwashing from the PRF’s filter systems which remove the
dissociated aluminum from alum that Is dosed into the treatment scheme for flocculation of smaller
suspended solids. TOC was not measured in reservoir samples, but the color parameter {in platinum
cobalt units, PCU) serve as a proxy for TOC., Color values are high but typical of Florida rivers, ranging
between 50 PCU and 101 PCU (2015-2016 samples), exceeding the 50 PCU secondary DWS. TOC
concentrations were measured during cycle testing and will be discussed In Section 4.3. Iron in recharge
water is an important control on arsenic concentrations during cycle testing as detailed in Appendix E.
Iron concentrations in reservoir samples vary between wet and dry seasons. Wet season fron
concentrations are lower, generally ranging between 59 pg/L and 88 ug/L; dry season iron
concentrations are higher, generally ranging between 106 pg/L and 163 ug/L. Sulfate concentrations In
reservoir samples are relatively consistent (2015-2016 samples), ranging between 58 mg/L and 71 mg/L.
Phosphorus concentrations were measured at 0.225 mg/L and 0.155 mg/L during CT2.

Water quality graphs of the PTSW c¢ycle testing are organized by parameter showing results from each
well and are Included in Appendix D. In each of the graphs, the reservolr trend for the same parameter
is reflected to create a framework whereby convergence of monitoring well water quality towards
reservoir water quality signifies arrival of PTSW. The water quality evaluation focuses on these
differences between the PTSW and groundwater at the monitor wells. The followIng sections detall the
PTSW monitoring well water quality results during cycle testing. An addendum that discusses
geochemical controls on iren, arsenic, and phosphorus Is attached as Appendix E.

43 Contextual Discussion on Tracers of PTSW

The PTSW from Reservoir No. 1 used for this test is high quality for a surface water, shows fairly low
turbidity values, and Its high color tends to thwart light transmittance which inhibits algal growth. Most
primary and secondary drinking water standards are met, or are regulated with a zone of discharge
(ZOD) issued with the testing permit. However, there are some notable differences when PTSW and
native groundwater are compared. For example, total coliforms are present in the PTSW, but are absent
in native groundwater and potable water sources.

The regulatory groundwater standard for total coliforms Is 4 CFU/100mL. Because total coliform levels
are significantly higher in the PTSW, it was important to demonstrate whether total coliforms persist in
the aquifer after recharge of PTSW, or if not, estimate the rate of total coliform inactivation. PTSW cycle
testing data showed that total coliforms arrived at the monitor wells at relatively high concentrations
during recharge. This high concentration could have been a result of many sources of coliforms. One
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possibility is water birds such as Anhingas that were frequently observed to be using the floating intake
tee as a perch location during CT1 as shown in Figure 4-1,

Flm 4-1. HDPE Intake Tee as a Bird Perch during CT1

Total coliforms are quantified In the groundwater monitoring program In terms of most probable
number {(MPN) of colony forming units with the laboratory maximum level at >2420 CFU/100 mL, or too
numerous to count (TNTC).

Quantification of coliform inactivation rates is performed using bench-top studies conducted in native
groundwater, or in the field using sequentlal sampling of inoculated flow-through mesocosms or
diffusion samplers. In these experiments, collform-inoculated samplers are sampled over time so that
the declining number of coliform cells can be counted over known time steps, and an Inactivation rate Is
quantified. Coliform inactivation using groundwater samples obtained In monltor wells over time Is
useful for field verification of experimental results. However, it Is difficult to calculate inactivation rates
from these data because weekly sampling frequency may not be sufficient to define the inactivation rate
curve. Field data collections are still Inportant though because coliform monitoring during cycle testing
will ultimately show a condition of zero coliforms at some polint during storage. Coliforms generally
cannot survive the dark pressurized environment of the upper Floridan Aquifer In the presence of native
aquifer microbe communities. Because so few ASR systems have had a robust coltform monitoring
program, and because geochemical conditions differ regionally in the upper Floridan Aquifer, coliform
inactivation rates and controlling conditions are not yet well-established. Total coliform samples from
monitor wells at the Kissimmee River ASR system (also using partially treated surface water during a 6-
month recharge) showed coliform levels below 4 CFU/100 mL approximately two months after the
initiation of storage (Mirecki et al., 2013). However, the geochemical environment at the upper Floridan
Aquifer at the Kissimmee River ASR system differs from that at Peace River ASR system,

Besldes total collforms, other possible indicator tracers of PTSW are described below. Differentiation of
the PTSW water from potable water was necessary since the other ten wells in WF2 were recharged
with potable water during PTSW cycle testing. The list below identifies those parameters considered as
tracers of PTSW along with discussion on their value for this task:
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IDS and Chioride - TDS and chloride are higher in the pre-test groundwater compared to
potable water or PTSW. However, the range of TDS and chloride concentrations between the
potable water and PTSW are not markedly different enough to be useful. Therefore, changes
during CT2 when both PTSW and potable water were recharged could not be differentiated by
TDS and chloride concentrations.

Suifate — Pre-test groundwater sulfate concentrations are higher than potable water and PTSW.
However, the sulfate concentration in potable water (typically 100-150 mg/L during recharge
months} Is higher than PTSW (between 50-90 mg/L). Sulfate was a good indicator of PTSW
arrival as decreases in concentrations were observed at wells where other PTSW indicator
parameters (e.g., total coliform) were also observed. Sulfate s also a conservative parameter
that should not be appreciably affected by any expected precipltation, adsorption or biological
uptake reactlons. Since both potable and PTSW sulfate concentrations are lower than native
ground water, the observed decreases in sulfate during CT2 may be partially attributed to the
influence from potable recharge because potable ASR operatlons at WF2 colncided with PTSW
recharge at 54 and $-20.

Total Suspended Solids and Turbidity — Suspended solids and turbidity in pre-test groundwater is
very low, with turbidity generalfy below 1 NTU and suspended solids less than 1 mg/L. Turbidity

of the reservoir water is much higher ranging from 5-20 NTUs and suspended sollds ranged from
5-25 mg/L. Since turbidity and suspended solids are also very low in potable water, this
difference appeared to make turbidity and suspended solids good tracers for the PTSW,
however there were some disparities observed. Turbidity and suspended sollds increased in
wells where other indicator parameters increased; however, tu rbidity and suspended solids
were significantly higher than the reservoir water In some of the wells (e.g., M-12 and M-11).
This Increase In suspended sollds at M-11 and M-12 would suggest very early arrival of the PTSW
(the first sample after recharge began) where other indicators (including total coliform) did not
indicate the same at these wells. Since suspended solids can be generated in wells from
pumping the well (e.g., purging for sampling) TSS was not a conclusive indicator. Yet suspended
solids and turbldity quickly returned to background In M-12 and M-11 once PTSW recharge
ceased, suggesting that the increased suspended solids and turbidity at these wells had some
link to the PTSW recharge activity though not completely understood.

Color - Color values in surface water are significantly higher than in both potable water and pre-
test groundwater making it a good qualitative tracer of PTSW. Color values are analyzed by
spectrophotometry and are quantified by comparison to platinum cobalt standards. Color can
be reported as true color or apparent color. Analyses reported as apparent color mean that
turbidity is not removed from the sample and therefore may contribute to the color of the
sample. Color is a good qualitative tracer of PTSW. However, because color is a relative value
(not a concentration), use of color as a tracer Is qualitative,

Total Organic Carbon — TOC was found to be a useful tracer of PTSW as it is detected at
relatively high concentrations compared to potable water and pre-test groundwater. TOC

concentrations in reservoir samples ranged between 10 mg/L and 20 mg/L during recharge
events.

Being able to establish whether the decrease in total coliforms observed in the monitor wells after
recharge ceased was due to inactivation or movement of PTSW out of the monitoring well area of
influence was an important aspect of the water quality evaluation. TOC concentrations served wellasa
tracer, indicating the arrival of PTSW at the monitor wells. After PTSW arrived at each monitoring well,
total coliforms continue to travel with PTSW as long as recharge continues. Static conditions of storage
are the most appropriate portion of a cycle test to evaluate declining total coliform values.
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44 Cycle Test Water Quality — Microbiological Results

Total coliform values measured in ASR and monitoring well samples during CT1 and CT2 are shown In
Figure 4-2 (at the end of this section). Also shown is the cumulative volume of PSTW and potable water
stored during these cycle tests. Graphical depiction of PTSW total coliforms, PTSW storage volume, and
WF2 potable water storage volume data illustrates water-quality changes that occur during each phase
of the cycle test. During CT1 recharge, total coliforms were detected at M-14 and ASR well 5-19. PTSW
water, characterized by high color values (70 PCU) and total organic carbon concentrations (11.5 mg/L)
arrived at M-14 within hours of inltiation of recharge. Rapid breakthrough of PTSW suggests a hydraulic
connection between the monitoring well M-14 and ASR wells $-20 and/or S-4, After recharge ceased,
total coliform abundance declined significantly from TNTC (> 2420 CFU/100mL) to 19 CFU/100mL during
the two-week storage period. It is likely that the decline in total coliform values probably results from
transport through the storage zone combined with coliform Inactivation.

CT2 recharge phase was longer (approximately 3.5 months with interruptions), so that total coliforms
were detected at several downgradient monitoring weils primarily In the southwestern direction.
Monitoring wells M-14, M-12, and M-15 showed the high concentrations of total coliforms, with
maximum values at TNTC. Total coliforms alsoc were detected In high concentrations at Suwannee
Limestone permeable zone well M-11. Again, the cycle testing data suggested that total coliforms
persisted in the aquifer as long as recharge of PTSW continued and declined once recharge ceased.

Figure 4-3 (at the end of this section) shows the concentrations of total coliforms and TOC in monltoring
well M-12 and PTSW during CT2, The arrival of PTSW at M-12 was indicated by the simultaneous
increase In TOC and total coliforms, which occurs 38 days after recharge commenced. After
approximately 55 MG of recharge of PTSW (approximately 6 weeks), concentrations of TOC and total
coliforms at M-12 reached the same levels observed at the reservolr, suggesting that 100 percent of the
water at monlitoring well M-12 consisted of PTSW. This trend was consistent through the remainder of
the recharge period. Recharge ceased (at both PTSW and WF2 potable recharge) on Qctober 31, 2017,
Total coliform values declined significantly after recharge ceased, reaching non-detect in approximately
3 weeks and remaining below 4 CFU/100 mL through the remainder of storage and recovery phases of
CcT2.

TOC and total coliform concentrations also declined within a few days after storage Is initiated. The
geochemical controls on TOC concentrations differ from those of total coliforms. TOC concentrations
decreased presumably by elther dilution of PTSW by groundwater, or uptake of the carbon by natural
processes such as microbe-mediated redox reactions or sorption. Total coliforms are inactivated
because these cells cannot survive the aquifer environment. Factors that control total coliform
inactivation Include aquifer redox environment, groundwater salinity, and the presence of native
microorganisms in the upper Floridan aquifer, for example.

The pathogen Escherichia coli (E. coli) also was measured during cycle testing. E. collis a collform
bacterlum in the environment originating from the Intestines of humans and other animals. E. coli
concentrations from the PTSW were very low with detection (>1 CFU/100 mL} in only 8 of the 28
samples, with the highest concentration recorded at 6 CFU/100 mL (CT2 recharge) E. coli concentrations
were low and often at below detection (< 4 CFU/100 mL} at the monitor wells where PTSW also was
detected. The highest E. colf measurement value was 12 CFU/100 mL in M-12 {first sample event in CT2
storage). As observed with total colliform data, once PTSW recharge ceased, £. coli values declined
significantly in the aquifer.
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4.5 Cycle Test Water Quality — Metals and Color Results

Arsenic Is naturally present in pyrite minerals in the formation. Pyrite is oxidized by dissolved oxygen in
recharge water and has been well documented at the PRF ASR system and other ASR systems in Florida.
(Pichler et al., 2011; Mirecki et al., 2013). Dissolved oxygen concentrations measured in recharge water
at 5-4 and 5-20 generally range between 1 mg/L and 3 mg/L. Although these concentrations are below
saturation, they are still sufficient to induce pyrite oxidation and arsenic mobillzation during cycle
testing. Arsenic was monltored during the pllot tests to evaluate any changes that result from recharge
of PTSW. Figure 4-4 (at the end of this section) shows arsenic concentrations in ASR and monitoring
wells from the PTSW cycle tests. Arsenic was detected In most M-series wells but were highest at M-11,
M-12, M-14, M15, and M-16. However, not all of these Increases may be necessarily attributed to PTSW
cycle testing. WF2 potable water storage volumes had been increasing each year since 2013. Arsenic
detections had already begun to increase at M-15, M-18, M-19 before PTSW testing and was believed to
be the result of the expanding underground bubble of stored potable water. A more detailed discussion
of geochemical controls on iron and arsenic is presented in Appendix E and graphs of historic arsenic
data at each of the M-series wells associated with WF2 Is updated through 2017 and presented in
Appendix F.

Elevated arsenic concentrations were observed at M-11, M-12, and M-16 starting in 2017, which
suggests a possible relationship to PTSW testing. However, PTSW potable water recovery from WF2
between PTSW CT1 and CT2 was the highest potable water recovery volume observed since all potable
water was recovered from the WF2 aquifer system in 2006 and 2008. Moreover, PTSW CT2 coincided
with the potable water storage reaching the highest volumes at WF2 since operations began. The large
volume recovery event and largest storage volume may be a contributing factor to the cause of the
higher arsenic concentrations observed at the monitor wells, Arrival of PTSW was observed at M-11 and
M-12, but not at M-16 yet arsenic responses during CT2 storage and subsequent recovery is similar to
M-11 and M-12, suggesting that the increases may be related to the increase in WF2 storage volume.

Overall, arsenic concentrations have remained relatively low at the monitoring wells; however, M-11,
M-12, M-14, M-15, and M-16 exceeded 10 pg/L. Of these, only M-15 Is a compliance well listed In the
current water quallty criteria exemption (WQCE) issued to the Authority for arsenic. Arsenic
concentrations at M-15 are relatively low, with the highest concentration recorded at 21 Hg/L after CT2
recovery as the wellfield has been in storage mode (Figure 4-4). Increased monitoring at this well has
begun (twice per week) until arsenic concentrations are consistently under 10 ug/L, at which point
weekly sampling at this well will resume. Arsenic concentrations at M-15 have shown a stable trend
around 16 pg/L from February 2018 through March 2018.

Dissolved arsenic and phosphorus often behave similarly when considering the types of reactions
between water and minerals. Arsenic is just below phosphorus on the periodic table of elements, so
agueous speciation and reactions are quite similar. Phosphorus would originate from two sources: 1)
from PTSW during recharge; and/or 2) release of sorbed phosphorus if iron oxide solids become
unstable and dissolve under reducing conditions. Itis likely that both sources contribute to phosphorus
in the aquifer during CT2. Total phosphorus concentrations measured in reservolr samples were 0.251
mg/L and 0,155 mg/L, similar to the range of concentrations measured In proximal monitor well samples
during recharge. Total phosphorus concentrations vary during storage, possibly reflecting increases that
result from Iron oxide dissolution and release of sorbed phosphorus. However, unlike arsenic, total
phosphorus concentrations decline during late storage and recovery. Because Iron oxide solids are
stable in the aquifer during these phases of cycle test 2, it is possible that arsenic and phosphorus
compete for binding sites on iron oxide solids. Because phosphorus concentrations are significantly
greater, phosphorus could become sorbed preferentlally compared to arsenic.

Secondary drinking water standards of interest include color and aluminum, both of which are above
their respective standard in the PTSW. Both color and aluminum naturally attenuate at the monitor

4-8



SECTION 4 — WATER QUALITY DATA EVALUATION

wells during storage as observed during CT2. Graphs of color and aluminum data collected during PTSW
cycle testing are provided in Appendix D.

46 Cycle Test Results— Water Movement

Analysis of the water quality data provided some Insight to the directional flow paths at WF2. Figure 4-5
shows a map of the monitoring wells that observed full or blended PTSW arrival during CT1 recharge
and CT2 recharge. Arrival of PTSW during CT1 was observed at M-14 within hours of inltlating recharge
suggesting a direct condult system to this well from S-20 and/or 5-4. Some PTSW arrival was noted at S-
19; however only a small percentage of PTSW was observed based on the TOC and total coliform
concentrations. During CT1 only PTSW was recharged, using S-4 and $-20. A total of 59 MG was
recharged and the other WF2 wells were not in operation.

During CT2 a larger volume of PTSW was recharged compared to CT1, totaling 178 MG. During this
cycle, arrival of PTSW was first seen at M-14, followed by M-12, M-15, and M-11, each exhibiting TOC
and total coliform concentrations that suggest 100-percent of PTSW at the monitor well. The exact time
of arrival at M-15 was uncertaln since sampling for PTSW parameters at this well did not begin until 1t
was observed that PTSW had arrived at M-12, the next closest monitor well In the direction of M-15.
The relatively fast arrival of PTSW at M-12 and M-15, and the fact that other wells at an equidistance
(e.g., M-13) from §-20 and $-4 did not show Indications of PTSW, suggests a preferential flow path from
$-4 and 5-20 in the direction of M-14, M-12, and M-15. This directlonal flow may have been influenced
by potable recharge activities that occurred simultaneously at the other WF2 ASR wells during PTSW
recharge, which may have prevented movement of PTSW to the east or southeast directions. Mixing of
potabie water with PTSW would have been expected at M-12 and M-15, yet despite the 4:1 volume of
potable to PTSW recharged during CT2, the monitor wells exhibited water quality suggesting 100-
percent PTSW. This may have been a result of the higher flow rate at $-20 (Figure 3-4 above) compared
to the other wells. The average flow rate at S-20 was 1.4 MGD compared to 0.5 MGD to 0.75 MGD at
the other WF2 wells. This disparity in the flow rate may have contributed to the dominate flow of PTSW
along a condult system {i.e., fractures or solution channels within the aquifer) that potentially exist in
the direction of M-14, M-12, and M-15.

Figure 4-5. PTSW Migration during Plot Study

Reservoir No. 1 / ﬁs
‘ Ad

© CT1(Full)

42 CT1 (Blended)
CT2 (Full)
CT2 (Blended)

@ Weilfleld No. 2 ASR Well
Suwannee Monitoring Vel
Tampa Montoring Well
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4.7 Summary Water Quality Data

The primary objective of the water quality sampling plan for the PTSW pliot test was to demonstrate
arrival of PTSW at the monitoring wells, to provide an estimation of total coliforms inactivation in the
aquifer, and to evaluate whether any other water quality concerns arose from the use of PTSW for ASR. A
total of ten Suwannee Limestone monitor wells and four Hawthorn Aquifer System monitor wells are
within and around WF2. During PTSW cycle testing, sampling was conducted on a weekly schedule at
select wells and Included an expanded list of parameters beyond the parameters required in the operation
permit. The expanded list of parameters included constituents that were important in the monitoring of
PTSW and included total: coliforms, color, and TOC along with other constituents.

During CT1, arrival of PTSW was observed at M-14 within hours of beginning recharge at 5-4 and 5-20,
suggesting existence of a fracture feature promoting flow between the injection site{s) and the monitoring
well. Approximately 59 MG was recharged during CT1 and no significant indication of PTSW arrival was
noted at any of the other monitor wells. However, minor influence was observed at neighboring ASR well
5-19. During CT2 PTSW Indicators such as TOC and total coliform were observed at M-11, M-12, M-14 and
M-15 at levels suggesting that the monitor wells were influenced with 100 percent of PTSW. After M-14,
arrival of PTSW was observed at M-12 after approximately 55 MG of PTSW recharge, or approximately 6
weeks. Arrival was observed at M-15 followed by M-11, suggesting a dominant flow path of PTSW In the
southwest direction from $-20.

Total coliforms were observed at 5-19 at concentrations greater than 300 CFU/100 mL and at M-14 in
concentrations TNTC during recharge of CT1. Total coliforms were observed at the monitor wells M-11, M-
12, M-14, and M-15 in concentrations TNTC during recharge of CT2. A decline in total coliform was
observed during both CT1 and CT2 after recharge of PTSW ceased. The decline of total coliform values to
below 4 CFU/100 mL occurred between 3 weeks and 4 weeks after cessation of recharge.

Arsenic concentrations increased in some of the monitor wells including M-15, a compliance well listed fn
the WQCE. Arsenic concentratlon increases occurred as a result of recharge of potable water and PTSW.
Arsenic concentrations Increased near the end of CT2, however, potable water recharge was transpiring
at the same time. Along with the large recovery event, storage volumes at WF2 had reached the highest
volumes on record colnciding with the end of PTSW recharge, making it difficult to determine If the
increases in arsenic were from PTSW or just the continuation of potable water ASR operations.
Regardless, concentrations observed at M-15 were relatively low and have shown a stabilizing trend and
are not Increasing.

Phosphorus attenuation occurred during CT2. Monitor well concentrations decreased from approximately
0.2 mg/L during recharge, to below the minimum detection limit {0.008 mg/L} during late storage and
recovery. It is possible that phosphorus and arsenic compete for sorption sites on Iron oxide solids in the

aquifer. Phosphorus appears at significantly higher concentrations, so It sorbs preferentially compared to
arsenic.
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SECTION 5

Conceptual Design and Operation
Considerations for Full-Scale Implementation

Full-scale PTSW ASR system implementation would conceptually recharge water directly from the
Authority’s Reservoir No. 1 to WF2, and In the future possibly WF1. The PTSW pump station would be
nominally sized for 20 million gallons per day {(mgd). This capacity wouid provide at least 1 mgd to each
of WF2's 12 existing wells and provide room for future expansion of the wellfield. The new pump
statlon would be constructed near the existing Reservolr Pump Station to take advantage of the
concentration of critical piping and electrical feeds in this area. This PTSW pumping component could
be incorporated into a new, larger reservoir water pump station complex serving to su pplement or
backup the existing 40-year-old pump station building and wet well system that conveys stored surface
water to the Peace River Facllity. The new pumps should use variable frequency drives {VFDs) for
efficiency and would allow the pump station to run over a much wider operational band to efficiently
serve double duty: up to 70 psi for feeding PTSW and 30 psi when feeding the treatment plant.

At the intake of the new pump station, a screen system with approximately 1/8” openings would be
constructed. To discourage migration of aquatic organisms or debris into the pump Intake, the
screening system would be equipped with airburst cleaning. To reduce the amount of coliform and algae
in the intake flow stream, the screening system should be instalied In the middle depth of the reservoir
and could also have slide rails to pull it out of the water for maintenance. Observations from the PTSW
pilot study indicated that a screen opening of 1/8” would be beneficial to help protect the wells in the
short term In the event that a secondary finer screening system should be offline.

Downstream of the pumps, an automatic backwashing sand stralner system with bypass option could be
installed on the piping system to WF2 to remove large solids and TSS to minimize the potential for well
plugging. An aerial diagram of this pump station utilizing a pressurized strainer system downstream of
the pump station is shown in Figure 5-1. The strainer assembly would need to be sized to consider the
flow rate and frequency of backwashing. Water to be used for backwashing the strainers could come
from a new tank that stores a specified amount of PTSW. The filter backwash would be conveyed back
to the reservoir downstream of the pump station In the reservoir’s current flow path, or the backwash
could be diverted to a settling pond, and the decant from the pond could be placed downstream of the
pump station in the reservoir's current flow path.

PTSW would be conveyed to WF2 via the existing 36 dedicated pipeline which currently serves the
wellfield. This line is cleared as a potable water line now and originates at the PRF, but the portion of
the pipe which would no longer be used could be capped and abandoned in place and possibly to be
repurposed at some point. Alternatively, a double check valve assembly could be installed for backflow
prevention on the unused portion of the pipe so that potable water could still recharge all of WF2. If
there is a need to supply potable water to some of the WF2 wells, a new metered interconnect could be
Installed from any of the three large reglonal potable water transmission mains which run along the RV
Griffin Reserve southerly boundary and approach within about 100 yards of WF2 — these pipelines all
carry water typically In excess of 70 psi service pressure.

This pump station would conceptually be remotely operated and controlled by integrating it with the
existing supervisory control and data acquisition (SCADA) system at the PRF along with the existing
Reservolr Pump Station. Wet well level controls will be in place to ensure that the new pumps do not
cavitate and that the reservolr is not drawn down below the minimum operating level. Conceptually,
four (4) duty pumps would be operated in parallel with one standby pump for redundancy. For
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recovery, the ASR wells would essentially be operated as they are now, recovering water back to the off-
stream reservoir system.

As stated In the Partially Treated Surface Water ASR Desktop Study (CH2ZM and ASRus, March 2016), full
conversion of WF2 to a PTSW ASR system Is estimated at approximately $7.5M assuming construction of
a 20 mgd PTSW Pump Station. Considering the capital cost of a new pump station, debt service on a
loan for this construction, new pump station maintenance costs, and reduced ASR operational costs,
estimated direct savings of PTSW ASR Is approximately $334,000 per year. This direct savings assumes
an annual recharge of 1.2 billion gallons (BG) with a recovery efficiency of 0.8, a loan period of 20 years,
and an annual interest rate of 3 percent.

In addition to the new PTSW Pump Station, wellfield-specific Inprovements may need to be made
depending on permit requirements, comprehensive design, and initial findings of full-scale operation of
PTSW ASR. These ideas and the assoclated conceptual cost estimated are discussed In Section 6.
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SECTION 6

Summary and Recommendations

This section presents a summary of the PTSW pilot testing and recommendations for future
implementation of PTSW ASR at the PRF.

6.1 Pilot Cycle Test Summary

Pllot testing of PTSW Included two cycle tests conducted between February 2017 and January 2018,
using two wells in WF2, 5-4 and $-20. During CT1 a total of 59 MG of PTSW was recharged. Following a
two-week storage period, all of the PTSW was recovered. CT2 consisted of 178 MG of recharge, a one-
month storage period, and recovery of 57 MG from S-4 and $-20. Recharge capacity of the wells was not
significantly impacted by Injection of PTSW, and recovery efforts helped restore lost capacity. The
Intake screen was valuable for keeping large aquatic organisms out of the pump, helping protect the
temporary PTSW system in place and avoid particulates large enough to contribute to well plugging
concerns. The flltration system seemed effective at removing clumps of algae floating in the reservolir.
Changing of the filter bags on a routine basis was necessary as they became blinded within
approximately 2-3 days. Near the end of the CT2 recharge, the mesh filter bags were left out leaving
only filtration through a stainless steel basket with 1/8” openings. This coarser filtration appeared to
have some short-term impact on S-4, but the well capacity was able to be restored through Intermittent
short-term well development as well as a sufficient recovery period.

Arrival of PTSW was observed at select monitor wells primarily in the southwest direction indicating a
preferential flow path. At monitor wells M-14, M-11, M-12, and M-15 water quality analysis suggested
100-percent of PTSW arrival at these wells during CT2. Total coliform was present at high
concentrations, however, once recharge of PTSW ceased, total coliform Inactivation was observed with
total coliform counts reaching less than 4 CFU/100 mL after approximately 3 to 4 weeks. Arsenic
concentration Increased at some of the monitor wells including M-15, near the end of CT2 recharge. It
was uncertain however, if these increases were a result of PTSW or the Increase In WF2 overall storage
volumes.

6.2 Recommendations

For full-scale PTSW implementation, a ZOD or other regulatory relief mechanism will be needed to allow
exceedances of some drinking water standards to naturally attenuate before leaving property under the
control of the Authority.

Implementation of PTSW appears to be feasible after the PTSW pilot study, however, there may be long-
term issues of concern which are not immediately apparent. Should the Authority choose to implement
PTSW as a source water for WF2, the followling are some mitigation strategies for consideration if water
quality standards are not met at compliance wells:

¢ Stop recharge at ASR wells that are closer to the monitoring wells with exceedances.

¢ Add additlonal monltor wells within the PTSW flow path on Authority controlled land {e.g. to the
West-Southwest of WF2). The budgetary cost for a 6” Suwannee Zone monitoring well is
approximately $450k with an anticipated accuracy range of -30% to +50%. This includes costs
associated with well and wellhead assembly permitting, design, bidding, consultant services
during construction, contractor construction, and completion report.
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¢ Expand the ASR Wellfleld to the west and discontinue or minimize use of ASR wells closer to
property boundaries. The budgetary cost for a 20” Suwannee Zone ASR well is approximately
$1.6M with an anticipated accuracy range of -30% to +509%. This includes costs associated with
well and wellhead assembly permitting, design, bidding, consultant services during construction,
contractor construction, and completion report. This cost does not consider the piping required
to feed the ASR well from the existing WF2 piping. The cost for abandonment of an existing ASR
well, if warranted, Is assumed to be $100k with an accuracy range of -30% to +50%. However,
depending on their location, it is worth noting that some older ASR wells might be suitably
converted to useful monitoring wells.

* Purchase or |ease the parcel between WF2 and King's Highway (east of M-18) and add a new
property boundary Suwannee Zone Monitoring Well.

¢ Implement an Ordinance for Institutional Control under a conservative estimate of the PTSW
storage bubble.

* Add in-line disinfection to the PTSW conveyance system to preemptively treat coliform and algae
as needed. The budgetary cost for an in-line disinfection system Is approximately $400k with an
anticipated accuracy range of -30% to +50%. This cost Includes costs assoclated with permitting,
design, bidding, consultant services during construction, and contractor construction for a bulk
chlorine storage tank, chemical feed pumping and metering system, containment pad, and
chemical piping.

» If additional pilot testing using PTSW Is Initiated, parameters for better characterization of
aquifer redox environment during cycle testing should be collected, in addition to those
constituents required by permit.

* Alonger storage perlod (more than one month) would be helpful to characterize equillbrated
geochemical conditions In the aquifer.

6.2.1 Long Term Operational Considerations

After PTSW full-scale startup and success with the implementation of any listed mitigation strategles
listed above, as needed, the Authority should consider the following items to capitalize on the benefits
of using PTSW as source water in lieu of potable water:

1. WF1 conversion

Adding PTSW as a source water to WF1 would be of minimal additional cost. It is assumed that the new
PTSW Pump Station could recharge WF1 through the 36” ASR Recharge Pipe shown In Figure 5-1.
Recovery of water from WF1 wells can be performed in the same manner as currently recovered. This
assumption does not include consideration of additional flow beyond 20 mgd to supply these welis.
Should WF1 be considered to add PTSW as a source water, it is possible that T-1 would need to either
remain a potable water ASR well, be abandoned, or be repurposed as a monitor well. Although the
Nocatee member has demonstrated good confinement between the Suwannee Limestone aquifer
system (which is the production zone for all other ASR wells) and the Tampa Member (which is the
production zone for T-1), the Tampa Member is within the Intermediate Aquifer which is a shallower,
fresher aquifer, and, therefore, has greater potentlal for competing use.

2. SWFWMD consideration for groundwater credits

Recharging an excess amount of PTSW could help benefit the Southwest Water Management District’s
(SWFWMD's) Southern Water Use Cautlon Area Recovery Plan. Recharging an excess amount of PTSW
could increase the piezometric head in the Upper Floridan Aquifer over a wide surface area, which has
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regional net positive benefit implications. As such, the Authority could pursue groundwater credits (net
positive benefits) for groundwater withdrawals elsewhere of a smaller portion of water than Is
recharged.

3. Avon Park aquifer recharge

Another consideration to improve reliability particularly at WF2 Is inclusion of a vertically layered aquifer
recharge concept. Due to the close spacing of wells in WF2, they can exhibit significant upconing
(movement of more saline water from below the ASR storage zone) during pumping events. installing a
PTSW aquifer recharge well in the permeable zone below the ASR zone (Avon Park high permeability
zone) would displace the brackish native water and provide a protective fresh water barrier beneath the
wellfield. This is expected to reduce the increases In salinity observed during recovery and allow for a
greater recovery efficiency from the wells. Aquifer recharge may be considered an alternative water
supply benefit by maintaining water levels In the Upper Floridan aquifer which Is heavily utilized by
agriculture in the region. This concept may qualify for SWFWMD funding and could provide the
Authority with groundwater withdrawal credits based on a percentage of the water invested as a
regional benefit.

Figure 6-1 shows a diagram of a conceptual recharge well along with a typical WF2 ASR well. The well
would be similar to the existing Avon Park well at the PRF, however, to provide maximum effectiveness
a new well would be located within WF2. The budgetary cost for a 24” Avon Park Recharge Well is
approximately $2.1M with an anticipated accuracy range of -30% to +50%. This includes costs associated
with permitting, design, bldding, consultant services during construction, contractor construction, and
completion report of an Avon Park well and associated ASR wellhead assembly. This cost does not
consider the piping required to feed the Recharge Well from the existing WF2 piping; however, it is
assumed to be minimal since the well could potentially be recharged with the same PTSW Infrastructure
that would serve WF2,

6.2.2 Full Scale Facility Improvements

The recommended full-scale facllity improvements include:

¢ A new pump station that will convey at least 20 mgd of PTSW from Reservoir No. 1 to WF2. This will
provide at least 1 mgd to each of WF2's 12 existing wells and provide room for future expansion of
the wellfield.

¢ The pump station will also serve as a supplement or backup to the exIsting raw water pump station
serving the treatment facillties.

¢ The new pump station will be constructed adjacent (within 100 yards) to the existing Reservoir
Pump Station.

* Anintake screen with 1/8” openings will be installed at the intake of the pump station with airburst
cleaning.

* Anautomatic backwashing sand strainer assembly with bypass optlon could be installed on the
downstream end of the pump station on the leg of pipe which feeds WF2 to remove large solids and
TSS to minimize the potential for well plugging. Otherwise, a secondary passive screen upstream of
the pumps with 100-micron screening could serve the same purpose.

* The sand strainer backwash wlll be piped back to Reservoir No. 1 with considerations to minimize
immediate recycle of the backwash materlal to the pump station.

¢ PTSW will be conveyed by the new pump station to WF2 via tying into the existing 36” dedicated
pipeline which currently serves the wellfield.

¢ This new pump station will also tie into the existing plping system from the existing Reservoir Pump
Station to the PRF to provide redundancy for the existing pump statlon.

¢ The new pump station will be equipped with four (4) duty pumps and one (1) standby pump
operating on VFDs to allow the pump station to run over a wide range of flows.

&3



SECTION 6 — SUMMARY AND RECOMMENDATIONS

* The new pump station will be remotely operated and controlled by integrating it with the
existing SCADA at the PRF along with the existing Reservoir Pump Station.
¢ The strainer assembly will have upstream and downstream pressure gauges readable at the PRF for
backwashing.
The budgetary cost for this pump station Is approximately $7.5M with an anticipated accuracy range of -
30% to +50%. This includes costs associated with permitting, design, bidding, consultant services during
construction, and contractor construction.
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TDS Yield Model Scenario Runs for Potable
Water ASR and PTSW ASR Yield Comparison

The Authorlty has a Total Dissolved Solids (TDS) Yield prediction model to estimate the volume of water
that can be recovered from their ASR Wellflelds under normal operating conditions before the TDS
concentration of the recovery stream becomes too great for the water being conveyed to the Peace
River Facility to be treated to the secondary drinking water standard of 500 mg/L. The Authority has
indicated that an ASR System TDS concentration threshold of 700 mg/L is satisfactory to ensure the
blended water stream of surface water and ASR water to the Peace River Facllity ensures that the TDS
secondary drinking water standard (500 mg/L) is met. In 2017, the average TDS concentration of
potable water recharge was 278 mg/L. At the end of 2017, Wellfield 1 had a storage balance of 1.4
billion gallons (BG), and Wellfield 2 had a storage balance of 4.7 BG. Using this information and historical
data gathered from individual well TDS concentration trends as water is recovered, a recovery volume of
3,321 mlilion gallons (MG} at a TDS concentration of 700 mg/L Is predicted. Should this potable water
recovery need to occur over the course of a year, the annual average dally flow (AADF) recovery flow
rate would be 9.1 million gallons per day (MGD).

Potable Water Yield:
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Scenario with Potable ASR at WF1 and PTSW ASR at WF2

As the Peace River surface water is treated through the Peace River facillty, about 75 mg/L TDS is added.
For comparison, the theoretical potential recovery volume of utilizing potable water at WF1 and PTSW
at WF2, the recharge TDS can be lowered in the TDS Yield Model. Assuming a lower recharge TDS
concentration of 203 mg/L for surface water, the TDS Yield Model predicts that a volume of 3,653 MG
can be recovered. This yield is a 10 percent increase over the yield predicted from the use of only
potable water as a source water. This assumes the same ASR wellfield storage volumes and ASR wellfield
operation as the above potable water recharge scenario, but this also assumes that all stored potable
water in WF2 is converted to PTSW. Because of the lower recharge TDS, an additional 332 MG of
potential recoverable water Is predicted. Should this PTSW recovery need to occur over the course of a
year, the annual average recovery flow rate would be 10.0 MGD. Therefore, up to an additional 0.9 MGD
AADF Is estimated to be recoverable if PTSW Is used as a source water for the Authority’s ASR system.

Potable ASR at WF1 and PTSW ASR at WF2 Yield:
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APPENDIX A — TDS YIELD MODEL SCENARIO SUMMARY

Scenario with PTSW ASR at WF1 and WF2

As the Peace River surface water Is treated through the Peace River facility, about 75 mg/L TDS Is added.
For comparison of theoretical potentlal recovery volumes of potable water and PTSW, the recharge TDS
can be lowered in the TDS Yleld Model. Assuming a lower recharge TDS concentration of 203 mg/L for
surface water, the TDS Yield Model predicts that a volume of 3,948 MG can be recovered. This vieldis a
19 percent increase over the yield predicted from the use of only potable water as a source water. This
assumes the same ASR wellfleld storage volumes and ASR wellfield operation as the above potable
water recharge scenarlo, but this also assumes that all stored potable water is converted to PTSW.
Because of the lower recharge TDS, an additional 627 MG of potential recoverable water is predicted.
Should this PTSW recovery need to occur over the course of a year, the annual average recovery flow
rate would be 10.8 MGD. Therefore, up to an additlonal 1.7 MGD AADF Is estimated to be recoverable if
PTSW is used as a source water for the Authority’s ASR system.

Only PTSW ASR Yield:
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Appendix B
FDEP Underground Injection Control

Permit Modification






Lo vin £-MAL

/2+)f 2016
FLORIDA DEPARTMENT OF —
ENVIRONMENTAL PROTECTION Carlos Lopes-Caters
Bob Martinez Center Lt. Governar
2600 Blair Stone Road Joniathen P, Steverson
Tailahessee, Florida 32399-2400 Secretary
SENT VIA ELECTRONIC MAIL
In the Matter of an Application for Permit by: 14 December 2016

M. Patrick J, Lehman, P.E.,, Executive Director Desoto County UIC
Peaco River Regional Water Supply Authority FDEP File No: 136595-016-017-UO/M5

9415 Town Center Parkway WACS ID Number: 40593
Lakewood Ranch, FL 34202 Class V ASR Injection Well System
NOTICE OF PERMIT

Enclosed is Permit Number 136595-016-017-UO/MS to modify a non-hazardous Class V
hjmﬁmweﬂopemﬁmpunﬁtbdlowoydehﬁofaqlﬁhmsemdmmymsm
welly -4 and 8-20 at welifield No. 2. ASR wells 8-4 and §-20 will receive partially treated
surface water, Recharge of the remaining nineteen ASR wells with potable water from the
Peace River Water Treatment Plant (WTP), 8998 SW County Road 769, Arcadia, DeSoto
County will continue at Wellfields No. 1 & 2. ASR wells $-4 and S-20 will be recharged with
2 to 4 million gallons per day each.

Awmmﬂﬁ:&da(pmit)huthnﬁgmmmkjudidﬂwﬂewofﬂwpumitmmm
Section 120.68, Florida Statutes, by the filing of a Notice of Appeal pursuant to Rules 9,110 and
9.190,EuﬂdalhﬂuoprpdlmHmedquiﬂ:ﬂmClakofﬁeDmhtha0ﬁwof
MCMSMWMMM&IWSS,MMMBBQ—
3000, agency_clerk@iep.state.flns; and by filing a copy of the Notice of appeel accompanied by
ﬂuapplicableﬁlinsfeeawiﬂ:ﬂ:euppmpriateniluictCoLutoprpul. The Notice of Appeal
mmbeﬂlodwiﬁhmdmﬁmﬂmdmﬂﬂsmhﬂedwﬁhﬁedﬂofﬂnw

Executed in Leon County, Florida,
STATE OF FLORIDA DEPARTMENT
OF ENVIRONMENTAL PROTECTION

Mﬂ-‘-ﬁﬂd

Joscph Haberfeld, P.G.
Environmental Administrator
Aquifer Protection Program

Division of Water Resource Management




PERMITTEE: Mr. Patrick Lehman, Executive Director WACS ID No.: 40593

Peace River Water Treatment Plant Permit ID No.: 136595-016-017-U0/M5
Clasa V, ASR Injection Well System Date: December 14, 2016
CERTIFICATE OF SERVICE

TheunduugneddeugmtedclakhqebyeemﬁuthntﬂmNOHCEOFPERMIdean
copwswuemmledbeﬁmﬂwclouofbulinmonWednmday.Dmbu 14, 2016, to the
listed persons,

FILING AND ACKNOWLEDGMENT

FILED, on this date, pureuant to Section.120.52, Florida Statutes, with the designated
Department Clerk, receipt of which is hereby acknowledged

uma,uaeprb/

Clerk

December 14,2016
Date

Copies Fumished To:

Joseph Haberfeld, FDEP/TLH Joe.haberfeld@dep state. flus
Neil Campbell, FDEP/TLH neil.i.campbeli@dep.state.fl.us
James Dodson, FDEP/TLH James.dodson@dep state fi.us
Danielle Henry, FDEP, SWD daniclle.d.henry@dep.state.flus
Mike Coates, PRMRWSA mcoates@regionalwater.org
Ryan Messer, ED/CH2M ryan.messer@ch2m.com

Mark McNeal, ASRus mmeneal@asrus.net

Hope Cates, FDEP/TLH hope.cates@dep.state fl.us
Cathy McCarty, FDEP/TLH cathleen.mecarty@dep state flus
Meary Gemmg, FDEP/TLH mary.genung@dep.siate fl.us
Neancy Marsh, USEPA/ATL marsh.nancy@epa.gov



FLORIDA DEPARTMENT OF sk
ENVIRONMENTAL PROTECTION i ro oo

Bob Martinez Center L1. Govecnor
2600 Blsir Stone Road Jonathan P, Steverson
Tellshassce, Florida 32399-2400 Secretary
Underground Injection Control
Class V, Group 7, Aquifer Storage and Recovery (ASR) Well System
Operation Permit Major Modification
December 14, 2016
Permittee: Permit/Certification:
Peace River Regional Water Supply Authority Permit Number: 136595-016-017-UO/MS
WACS ID: 40593
Responsible Official: Date of Issuance: December 14, 2016
Mr. Patrick J. Lehman, P.E., Executive Director Date of Expiration:  April 23, 2018
9415 Town Center Parkway Permit Processor:  Neil L Campbell
Lakewood Ranch, FL. 34202
PLehman@RegionalWater.org Section/Township/Range $16/T398 /R23E
Facility: Location:
Peace River Water Treatment Plant County: Desoto
8998 Southwest County Road 769 Latitade: 2T 05 06" N
Arcadia, Florida 34269 Longitude: 82°01'08" W

RE: Major Modification to FDEP Permit 136595-016-017-UO/MS under 136595-016-017-
UQ!MStoallowcyclehstaohquiﬁantongemdmove:y(ASR)wdls S-4 and 8-20 at
wellfield No. 2.

mmhimmmmmﬁmm,mmmm..Lmﬂmmﬂ
adopted thereunder. The above named permittes is hereby authorized to perform the work or
opumﬂ:e&oiﬁtyshownmﬂwnppﬁuﬁmmdappmwddnwinﬁs),phm,mdoﬂm
docmnmuthchedhnatom'onﬁlawiﬂ:ﬂmemhnentmdmadeapmhueofmd
specifically described as follows.

Tomndifynmn-hamdomClmVi:ﬁecﬁmwenopuaﬁmpmitmnuowcydeMOf
aquifer storage and recovery (ASR) wells S-4 and §-20 at wellfield No. 2. ASR wells S-4 and S-
20 will receive partially treated surface water. Recharge of the remaining ninetoen ASR wells
wiﬂlpomblewmﬁomtthmRim-Wmhemmlet(WTP),sm SW County Roed
769, Arcadia, DeSoto County will contimue at Wellfislds No. 1 & 2. ASR wells S-4 and S-20

willbereehnrgedwiﬂﬂb4mﬂliongﬂlmperdayeaeh.

IN ACCORDANCE WITH: The Application to Modify the current Operating Permit DEP
Form No. 62-528.900(1) received, August 16, 2016, response to the Department's request for



PERMITTER: Mr. Patrick Lehman, Execntive Director Facility ID No.: 40593
Peace River Water Treatment Plant Permit ID No.: 136595-016-017-U0/MS
Clasz V, ASR Injection Well System Date: December 14, 2016

addiﬁmﬂinﬁ)maﬁm,meiwdsms,zom.mdmppaﬁnghfmmuﬁmmbnﬂmdwﬂm
agency.

LOCATION: Peace River Water Treatment Plant, 8998 Southwest County Road 769, Arcadia,
Florida 34269, in the county of Desoto,

Baudmﬁeinfomaﬁmproﬁdedwﬂwboparmgpatherequutofﬁcmmwneﬁmd
WmSupplyAmhoﬁty.iheDemmmhuebyupbromthubowmnjmmodiﬁcnﬂmmmEP
Permit Number 136595-014-U0/5() under FDEP Permit Modification Number 136595-016-017-
UO/MS. Tﬁmﬁmmmwﬁm“ammhwtmﬁ
ASR Wellfield No. 2 (WF2) wells, S-20 and S-4, may begin upon receipt of this modification. The
permit’s operstional specific conditions L through I11. are changed as specified below:

Plges—AddlﬂneAmPukMonitorwoﬂ,APyl, 12-inch caging set to 1300 feet below Jand
surfuce (bls), open hole to 1479 fiet bls.

Conditions L. Operating Requirements:

A.l Injection of fluids other than those permitted into the ASR well will constitute a
violation ofﬂ:ispmhmdlhaueonsﬁmcmefnrpﬂmitrevomﬁmmdposﬂ'ble
cnforcement action for water quality violation. Only water from the Peace River
RoglmﬂWmSmplyFadﬁty,amfaoewmdrhﬁngmﬁdﬁty,maybe
injected, mptthatparﬂnllyhutedmfacemurﬁ-omnemmh-No.lmybe
injected into ASR wells 5-4 and 8-20. -

A.7 This ASR facility shall be operated in conformanoce with the criteria contained in
Water Quality Criteria Exemption OGC File 12-1502. This permit modification
removuASRwemHmds-ZBfmmthehempﬂonlnordutocydetutthm
wells with partially treated surface water. All other provisions of the Exemption
remain unchanged.

AB NEW: Zone of Discharge

8. A zone of discharge under Rule 62-520.465(2)(b), F.A.C, is estublished for this
injection project for the parameters of total coliform bacteria, alumimem, and colar.
Themmofdiuhngemdlhﬂ:epmnim'lmpeﬂybowmry. [62-
320.4652)(b)

b. Complimeawiﬂ:themofdischnrgeshaﬂbedmonmnmmitorweﬂM-ls;
touloo]iformbacwm,alumim,mdcohrmustbemetatﬂﬁsoompﬁwwell
Ifthncommnuﬁmfounymududinthemﬂbwkgrmndquaﬁtyism
thantl:ntwhichislishedhkule&-ﬂﬂ.ﬂﬂ(l),F.A.C.,orinthomeofpl-lisalso
less than the minimum, the representative natural background quality shall be the
prevailing standard. [62-520.420, 62-520.600]

c. Shouldgmmdwatumm:torlngdmngopuﬂonmd;mhdrmhngwater
paramcters are not met at compliance well M-18, the permittee shell, upon the
D@uﬁnmfsmqmmbmitumponaddréuingﬂnmumoftheooﬂwtedgmund
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PERMITTEE: Mr. Patrick Lehman, Exccutive Director Fecllity ID No.: 40593

Peace River Water Treatment Plant Permit ID No.: 136595-016-017-U0/M5
Ciass V, ASR Injection Well Systemn Date: December 14, 2016

water monitoring data. The report shall be submitted to the Department no later
than 90 days after the request and shall include a discussion of the changes in water
quality for parameters exceoding maximmum conteminant levels, The report shall
also address the adequacy of the zone of discharge and the steps to be taken to coms
into complisnce. [62-520.700, 62-528.610(1)]

Conditions III. Testing and Reporting Requirements
A3 NEW: Cycle testing of ASR-4 and ASR-20 shall be in accordance with the schedule

specified below:

Cyelo Recharge Rate Storage  |Recovery Hnm| Volume in
(MGD) Duration (Days) (MGD) Storage (MG)
50

1 2-4 15 1.5-2.5
2 24 15 1525 100
3 24 15 1.5-2.5 150
Additional or fewer cycies, or changes in the cycle testing details sbove, may be authorized in
writing by the Department,
[62-528.450(3)(a)]
B.5 NEW: Table 3 of the permittec’s Scptember B, 2016 response to a Request for Additional

B.6

Information is incorporated into this permit modification. ¥ contains monitoring and
sampling requirements specific to the cycle testing, and is reproduced as an attachment at
the end of this modification. [62-528.307(3)(d) and 528.430(2)]

NEW: Monitoring well AP-1 shall be sampled semiannually for static pressure or water
lovel, chloride, totel dissolved solids, and field pH, specific conductance, and temperature
(°C). [62-528.307(2)(d} and 528.430(2)]

Tlﬂsdommmtmmtbuttuhedmmpemitmdbmmupanpfthntpumit. All

conditions of Permit no. 0136595-014-U0/5Q not specifically modified or deleted in
this document remain in effect.

3
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Table 3. Proposed Monitoring Plan

Peace River WF2 PTSW ASR Pilot Testi;

Parsmaber

Flow Rate, max.
Flow Rate, min.
Flow Rate, avg.

Totasl Volume Rechargad.

Total Volume Recovared
injectian Pressure, max.
Injection Pressure, min.
Injection Pressure, avg.
Water Level, max,
Water Level, avg.
Water Leval, min,

pH +

Specific Conductivity +
Temperature +
Dissolvad Oxygen +
Turbldity +

Caidatton-Raduction
Potantial +

Total Dissolvad Sollds
Chioride

Sulfate

Arsenic

Total Suspended Solids
Nitrate (as N)

TEN

Ammonia

TOC

Calor

Aluminum

Total Collform
Escherichia coll

Primary and Secondary stds.  mg/L

Notes:

Unks

Recording
Frequency

feet (NGVD)
feet (NGVD)
fest (NGVD)
std. Units

imhos/em
°C

mg/L
NTU
mv
mg/L
mg/L
mg/L
nelL
mg/L
mg/L
mg/L

mg/L
mg/t
Units
ua/L
CFU/100 mL
CFU/100 mL

No smmpling of ASR wells during storage
W - weekly; D/M - dally and monthly;

a -during rechsrge only

dally‘_
dally
dally
daily
dally
cantinuous
continucus
continuous
continuous
continuous
continuous

FI'QQIIIII_Q of Analyls

Rechorge Recovery M-11, M-14 M-26, M-8 M-13,

{reservolr) {54, 5-20} M-17, M-184 T-11

-2

DM DM
D/M /M
D/M D/M
D/M
D/
Dfm
oM
D/M
b/m D/M /M
/M DM D/M
D/M D/M D/M
we we w M
w we w M
we Wwe w M
we we w M
we we w M
we wh w M
w we w M
w we w M
we we w M
we we w 04
we we w M
we w w M
we wh w M
we we w M
we wh w M
we wh w M
we we w M
we we W M
we wh w M
B - -

b - during recovary enly
+ - field samples

B - Background sample prior to cycle 1 recharge

RAI 1 Response - Major Modification Request PTSW Final



Appendix C
PTSW ASR Pilot Cycle Test Water

Quality Graphs






Kadarvier Wister Cuality Data (May 2012- May 2016}
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Appendin C-1

Wesarvier Water Quality Date (Mey 2012- Mey 2016}

i ”
i3 -
i 1
i 8-
e )
E EHERE RER
i TR R
_f'&ﬂﬁﬂaz AFF9TIT F9a%ag 2 2 a3 3 23 33 I
_ji_ 3 g § 3 of P 2 2 8 83 3 3 2%3828 o
] I R R N
}t 5 i 5 §§ § 8 8 8§ 83 3 8 BE3Esz m3
i 5 8 $ B 8 3 03 0§ o8 3 58 % & WDRRED &%
L NN RN R
L 5 EEEEEEEEEEEE ]
i§ ; SEEEEREEE REETED
i!_'ti : EEERERREE REE L
LA 3 § 5§ § 3 § 8 5 & Ay 3 § aavamg -
i_' ; é ' s - ¢ 8 a; e isaa;; LI
r"ij 3 ] ; B O§ 8§ ® o8 2 A8 % N RARIAZ  Ae
iv 3 : 3% 8 ¢ 8 88 & AR 3 9 faksEd es
{18 3 * s es 2 " g
_i§ 8 2 g g LI ag .
;!j . v 5 ee .
i aeh
I ; . e ax & wa x wa w3
LR LHEHHE T §§E§§§§§ T E Eii
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !
i!ﬂiiﬂiiiiliiii55SE!!Efﬁiﬁiimii5!Eiiim!iHlliiiimiifiim
W



Appendix C-2

Reservoir No. 1 Primary and Secondary Water Quality Analysis
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Appendix D
PTSW Water Quality Graphs
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PTSW Cycle Testing - Specific Conductivity
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PTSW Cycle Testing - Temperature

- 600

{OTXDIN) awnjoA a8eiols Zim pue

(D) awnjop a8e1035 MS1d
g g g 8 g o
-
L 4
o 2 0 8 9 =

(D.) aamesadwa |

81/22/2
81/8/
81/s2/T
8T/1T/T
Lv/se/tn
Lt/
LT/OE/TT
LT/9T/TT
Li/zf1t
L1/6T/0T
L1/S/01
L1/1e/e
Lr/efe
LT/vzf8
Lr/ot/8
LT/iz/L
LU/ET/L
L1/62/9
L1/51/9
Li/1/e
LT/81/s
L1/v/s
Lrfozty
L1/9fy
LT/ET/E
LT/6/€
LT/eefT
L1/6/T
Lt/9z/t

—3¢—$-20
=0=-M-16

=3--5-19
—a—~M-12
o M-15 —a—M-8

——WF2 Storage

—=S-17
—s—M-11
—a—M-13

—a—M-17
= PTSW Storage

=3—5-4
—a—=T-11

—4=—Reservoir
—s—M-14
=i -18

——T-8



(DTXOW) awnjop aBesmis zim pue

{oW) awnjop a8elols sApeINWNG MSLd

[=3 Q o [=]
§ RIS 82388888R82888s0sz3s.
1 4

e S

' ._‘_"'_._
©
B
=
3]
o
&
c B\
S T oo
el
S =
©
Q
o
o
] - r
= :
0 =
6 v _,1\-
]
un - D ab 4 e G o an ::u.- g e A P e ——
c Tl
= \
]
~ |
o .
O
S,
O
< —
n
I._
o /

i

G

. —

W -

Qo O O 0 © O o o Qo O O [~} Q O o =]
RE¢SARURBER°"RERERLAE B

(Aw) dyo

-500

8r/te/e
81/8/2
8T/sT/1
8t/11/1
L1/ge/Tn
Lr/vt/an
LT/0E/T1
LT/9T/TT
Lt/z/n
Lifet/otT
LT/s/01
L1/te/e
LT/Ll6
it/ve/8
Lt/o1/8
LT/Lefe
LT/eT/t
L1/62/9
L1/sT/9
L1/1/9
Lr/81/s
LI/v/s
LT/0T/y
Lt/o/y
L1/ee/e
LT/6/€
Lr/eTft
Lr/e/z
L1/9e/t

—a—M-17
—a--M-15

—a—M-14

—de=T-11

= \WWF2 Storage

—=5-20
-——M-18

—0—M-16
= PTSW Storage

=519

—3—5-17
—a—M-12

—i—T-8

*—M-11

=S54
—o—M-8



(0TXOW) awnjop aBeiols zim pue
(9N} swn|jop 2821015 aAlRINWIND MSLd

8T/2e/t
81/8/t

81/sz/1
gT/1l/T

€12

-

Lt/8zfex
Lt/vt/T
LT/OE/TT
Lr/at/1n
Lrfz/in
LT/6T/0T
Lx/sfot
LT/12/6
L1/t/s
Lr/vefe

L1/0T/8
LT/ie/e
LI/ET/L

PTSW Cycle Testing - Dissolved Oxygen

L1/6Z/9
LT/S1/9
Li/t/9
Li/8t/s
L1/v/s

(Tl

.

Ltfozfy
LT/9/
L1/ee/e
L1/6/€

Li/ee/T

12
115
11
105

L1/6/t
L1foz/t

I I B L B R T T T T T, T VT N
AR ] ™~ (1 1 o ] (=]
{(h1/3w) 0q

——M-14
—a—T-11

=== PTSW Storage  ——WF2 Storage

—3t—5-20
wf—M-18

=== M-16

—a—T-8

—3—5-17

- M-12
i M-8

w-M-11
—a--M-15

e G-

—&— Reservoir
—a—M-17
—a—M-13



(o) swnjop afelols aapeWNDG MSLd

9821015 Z4M ~— 35eI0I§ MSLd~— 8-~ ST-W—=~— ET-N—=%—
IT-L—=r= 8T-N—i— ST-W—o— TT-W - LT-W—~a—
PI-W—&— 0¢-§S—— 6I-§—¢— S JOMISY —=

Lo - N EE R B e oo g g o~ L £ w e

R A R - A I 2 E LS LN LENES

goLe 28882328k S &E£Eg8gLggeeae

e - R R R O O = T T S S S L e T = S ™ R S S St Sy

o oo o ~ ~I ~ =~ ~l ~l -~ ~d ~l =~ ~l ~l ~J ~ ~i ~} ~J ~J ~J ~ ~J ~

100

0t

L

00T

e
L L ~

(

3/e2s 3[2AT 807 10N (OTXDIN) swnjop aBesols zam pue

000T

' |
L

e . ——

4
~
G

4

¥
[
-
[ o — . .
e e . e e —

00001

80] Aupiqun] - 8unss) spAD MS1d

{NLN) Aupiqiny



{0TXOW) swnjoA 282101 ZiM pue
(D) awn|op aSesols BARRINWND MSLd

§ 8 8 8 8 5 3 R 8 % & g5

< m o ™~

PTSW Cycle Testing - SO4

CT2

)

240

220

200

180

[ = D = |
S 8 8

(1/3w) aseying

8

g

20

gt/sz/t
8T/T1/T
Lr/sz/Tn
AT, 494
LT/OE/TT
LT/91/11
Lrfz/it
L1/61/0T
L1/s/0T
LT/TT/6
LT/L/6
L1/vef8
L1/07/8
Lfeeie
LT/ET/L
L1/6zf9
L1/s1/9
LT/1/9
Li/st/s
Li/vfs
Lt/oz/y
LT/oly
LT/ee/e
Li/e/e
Lt/ezfT
L1/6/T
Ltfoe/t

—o—M-14

—a—T-11

—3=—S5-20
—ig=—M-18

-5-19

=0=M-16

—a—T-8

= §-17
—a— M-12
—— M-8

—p—S-4

=@ Reservoir
—a—M-17
—a—M-13

*-M-11
—i—M-15

=——=WF2 Storage

== PTSW Storage



PTSW Cycle Testing - Chloride
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IRON, ARSENIC, AND PHOSPHORUS GEOCHEMISTRY DURING CYCLE TEST 2, WELLFIELD 2, PEACE RIVER
FACILITY

1. Groundwater Geochemistry of Arsenic Moblilization and Attenuation.

Arsenic mobilization due to pyrite oxidation is common in potable water ASR systems in the Upper
Floridan Aquifer of Florida, including at the Peace River Facility. Arsenic mobilization and subsequent
attenuation is less commonly observed during ASR cycle tests. Arsenic mobilization during recharge,
and attenuation during storage and recovery was quantified during four cycle tests at the Kissimmee
River ASR system (KRASR; Mirecki et al., 2013). Lightly treated surface water {filtration and UV
disinfection) was recharged into the Upper Floridan Aquifer during four successive cycle tests at the
KRASR facility.

Two mechanisms of arsenic attenuation have been identified and observed at ASR systems: 1) arsenic
sorption on iron oxides; and 2} arsenic coprecipitation In iron sulfides. Arsenic sorption onto Iron oxide
surfaces in the aquifer occurs under primarily oxidizing redox conditions. Iron oxide is stable as grain
coatings and fracture coatings In the aqulfer, even If dissolved oxygen Is absent. Arsenic coprecipitation
in iron sulfides occurs under primarily reducing redox conditions. Iron oxide solids are not stable In the
presence of dissolved hydrogen sulfide, and will dissolve, releasing sorbed arsenic back into
groundwater. However, if sufficient dissolved iron and hydrogen sulfide are present in the aquifer,
sulfate-reducing bacterla will facllitate precipltation of iron sulfide. Arsenic Is co-precipltated with the
iron sulfide solid, effectively removing arsenic from groundwater.

Both attenuation reactlons can be characterized by iron and arsenic concentrations In monlitor well
samples, primarily during the static conditions of storage. In both arsenic attenuation reactions, iron
concentrations should decline {dissolved iron precipitates as either solid iron oxide or solid Iron sulfide}.
Arsenic concentrations should alse decline, due to sorption onto Iron oxides, or by co-precipitation of
iron sulfide. Phosphorus behaves similarly to arsenic, so these trends should apply to phosphorus as
well.

2. lron, Arsenic, and Phosphorus Concentration Trends during Cycle Test 2.

Trends in iron and arsenic concentrations during cycle test 2 are shown in a series of plots of water
quality data from monltor wells (Figure 1). All monitor wells show similar trends during cycle test 2.

* lron concentrations are highly variable during recharge (0.14 mg/L to 0.48 mg/L in all
monitor wells).

® Iron concentrations peak, and then decline during storage.

¢ Iron concentrations reach a minimum during recovery.
Arsenlc concentrations generally increase during storage and recovery.

* Phosphorus concentrations generally decrease during storage and recovery.

These trends do not confirm either mechanism (described above) of arsenic attenuation. However,
there are some indications that suggest that arsenic and phosphorus attenuation can occur when
surface water is recharged in the Upper Floridan Aquifer (Suwannee Limestone Permeable Zone).
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a. lIron Concentration Trends

Variable iron concentrations in monitor well samples during recharge probably result from interruptions
in the water supply during Hurricane Irma and from operational issues, and also due to variable iron
concentrations in recharge water (as measured at S-4 and $-20). The mean Iron concentration in
recharge water is 0.353 +/- 0.256 mg/L {S-4 and $-20, coefficient of variation 72%, n=4),

Iron concentrations peak during the static conditions of storage, at concentrations that equal or exceed
that of recharge water (see M-14, Figure 1). This suggests that iron Is mobilized during recharge and
early storage. The only geochemical mechanism that can increase groundwater iron concentrations
above that of recharge water is dissolution of pre-existing iron oxide solids in the aquifer as can happen
In the presence of hydrogen sulfide in reducing redox condltions, as discussed earlier.

Declining iron concentrations are observed In all proximal monitoring wells after approximately two
weeks of storage. Iron concentrations decline from approximately 0.3 to 0.4 mg/L to less than 0.2
mg/L. The mean iron concentration in recovered water Is 0.155 +/- 0,055 mg/L (S-4 and S-20, coefficient
of variation 35%, n=8}. Similar iron concentrations are shown in monitor wells during recovery.
Declining iron concentratlons during storage strongly suggest precipitation of an Iron solid in the aquifer.
Iron concentrations reach minimum values during recovery.

b. Estimating Aquifer Redox Environment

Oxidizing versus reducing conditions in the aquifer will control whether that solid is an Iron oxide or Iron
sulfide, respectively. Iron oxide solids are stable in the presence of dissolved oxygen and the absence of
dissolved hydrogen sulfide. Iron sulfide sollds are stable only where there is sufficient dissolved iron and
hydrogen sulfide.

Dissolved oxygen concentrations measured in monitor well samples show measurable dissolved oxygen
during storage and recovery. This Is surprising, as dissolved oxygen concentrations usually decline
quickly (hours or days) after recharge ends. Dissolved oxygen concentrations measured in monitor well
during cycle test 2 are shown in Figure 2.
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Figure 1. X-Y plots showing arsenic and iron concentrations in monitor well samples collected
during cycle test 2,
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RECHARGE KTORAGE RECOVERY
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Figure 2. X-Y plot showing dissolved oxygen concentrations measured in monitor well samples
during cycle test 2.

The presence of dissolved oxygen in monitor well samples during storage and recovery indicates that
oxic to sub-oxic (dissolved oxygen concentrations less than 0.2 mg/L) redox condittons prevall in the
aquifer during cycle test 2. Dissolved oxygen concentrations range between 1 mg/L and 4 mg/L in
monitor wells during recovery. Measurable dissolved oxygen concentrations in monitor well samples
during storage and recovery may have resulted from atmospheric exposure during sampling. However,
even If dissolved oxygen Is absent in storage and recovery samples, it Is likely that iron oxide solids are
stable under sub-oxic conditions. There are no data to suggest that dissolved hydrogen sulfide and
precipitation of Iron sulfide solids (that is, reducing conditions) exerts control on Iron and arsenic In the
aquifer.

¢. Arsenic Concentration Trends

Arsenic concentrations generally Increase In monitor well samples during recharge, which is the typical
result of pyrite oxidation when oxic recharge water is introduced into an aquifer {Figure 1). The mean
dissolved oxygen concentration of the reservoir water during recharge was 7.7 mg/L, which Is sufficient
to induce pyrite oxidation and arsenic mobilization at locations of proximal monitor wells.

Arsenic concentratlons continue to increase in monitor well samples through storage and recovery
phases of cycle test 2, The increase In arsenlc concentrations is simultaneous with declining iron
concentrations. So, even though declining iron suggests that iron oxide solids are precipitating during
cycle test 2, attenuation resulting from sorption on the iron oxide surface is not indicated. Iron oxide s
very insoluble under near-neutral pH and sub-oxic redox condltlons, so precipitation would be expected
to occur quickly, on the order of days. Arsenic sorption may occur more slowly. Also, arsenic and
phosphorus compete for binding sites on iron oxide surfaces.
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d. Total Phosphorus Concentration Trends

Dissolved arsenic and phosphorus often behave similarly when considering the types of reactions
between water and minerals. Arsenic Is just below phosphorus on the perlodic table of elements, so
aqueous speclation and reactions are similar. Trends in total phosphorus concentrations are shown in
Figure 3.
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Figure 3. X-Y plot showing trends in total phosphorus concentrations measured in monitor wells.

Phosphorus would originate from two sources: 1) from partially treated surface water during recharge;
and/or 2) release of sorbed phosphorus If Iron oxide solids become unstable and dissolve under
reducing conditlons. Itis likely that both sources contribute to phosphorus in the aquifer during cycle
test 2. Total phosphorus concentrations measured in reservoir samples are 0.251 mg/L and 0.155 mg/L,
identical to the range of concentrations measured in proximal monitor well samples during recharge.
Total phosphorus concentratlons vary during storage, possibly reflecting Increases that result from Iron
oxlde dissolution and release of sorbed phosphorus. However, unlike arsenic, total phosphorus
concentrations decline during late storage and recovery. Because iron oxide sollds are stable in the
aquifer during these phases of cycle test 2, it is possible that arsenic and phosphorus compete for
binding sites on Iron oxide solids. Because phosphorus concentrations are far greater, phosphorus is
likely sorbed preferentially compared to arsenic.

3. Conclusions and Recommendations

Cycle test 2 of the Partially Treated Surface Water Pllot Test was of relatively short duration. However,
data are sufficlent to identify major geochemical trends of iron, arsenic, and phosphorus In the ASR and
proximal monitoring wells. Major conclusions are as follows:

* Dissolved iron and dissolved oxygen concentrations obtained during cycle test 2 indicate a
mostly oxic to sub-oxic redox condition in the storage zone throughout the test. These
conditions favor Iron oxide as a stable solid existing as grain and fracture coatings.

® Arsenic Is mobilized during the recharge phase of cycle test 2, and concentrations Increase to a
maximum value of 12.3 pg/L (M-12), 12.7 pg/L (M-14), and 16.2 pg/L {M-15) through the
recovery phase. Despite the presence of stable iron oxide, arsenic sorption is not clearly shown.
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Phosphorus concentrations increase during recharge in monitor well samples, then
subsequently decline during late storage and recovery. The geochemical behavior of arsenic
and phosphorus are similar In that both specles will sorb onto binding sites on Iron oxide solids.
Because phasphorus occurs at much higher concentrations than arsenic, it is possible that
phosphorus sorption occurs preferentially on a finite number of binding sites on the solid.
Phosphorus concentrations decline from approximately 0.2 mg/L to <0.008 mg/L (the detection
limit) during late storage and recovery.

Two factors would clarify controlling geochemical reactions of iron, arsenic, and phosphorus during
PTSW cycle testing, and these are recommended for future testing.

Data for more conclusive characterization of aquifer redox environment. Dissolved oxygen
measurements must not contact the atmosphere during sampling. The presence or absence of
dissolved hydrogen sulfide requires confirmation. Iron, arsenic and phosphorus should be
measured in every sample.

The duration of storage should be increased, If possible. One month of storage may not be
sufficient for the aquifer to equilibrate under static conditions
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PTSW Monitor Wells Water Quality
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