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On behalf of the Navy, Resolution Consultants (RC) has prepared this Draft Pilot Study Work Plan
for Hawthorn Zone Emulsified Oil Substrate (EOS®) injections at Operable Unit (OU) 4 located at
the former Naval Training Center (NTC) Orlando, Florida. This work plan was prepared under
Comprehensive Long-term Environmental Action Navy (CLEAN) Contract N62470-11-D-8013,
Contract Task Order (CTO) No. JM69.

Introduction

OU 4 is located within Area C of the former NTC Orlando and is the site of the former Navy laundry
and dry cleaning facility. Chlorinated solvent contamination remains in groundwater as a result of
dry cleaning activities. Various treatment alternatives have been implemented for remediation of
the shallow and intermediate aquifers; however recent data indicates significant concentrations of
chlorinated volatile organic compounds (cVOCS) remain in the water bearing zone (WBZ) of the
Hawthorn aquifer, at a depth of over 100 feet below land surface (bls). The site layout is presented
in Figure 1.

The objectives of this Pilot Study are to:

e Evaluate the capacity of injection wells screened within the Hawthorn zone to distribute
substrate (Phase I);

e Evaluate the capacity of injection wells to create a substrate screen within the Hawthorn zone
(Phase II);

e Load the WBZ with substrate in order to stimulate the existing microbial population and
enhance anaerobic degradation of the chlorinated solvent plume; and

e Provide design parameters for future injection efforts, including maximum injection rates,
injection pressures, and an effective radius of influence (ROI).

Background
Hawthorn zone groundwater contamination is located within the northeastern portion of Area C,
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under property that was recently sold to Greystar Development Company (Greystar). Greystar has
successfully achieved the release of previous land use restrictions and obtained approved site
development plans. Site development was initiated with silt fencing installation in November 2014,
and concrete and asphalt demolition was underway in December 2014. All of the existing
Hawthorn wells within the footprint of the Hawthorn WBZ contaminant plume will be abandoned in
conjunction with site development. Replacement wells will be installed following the completion of
major construction activities.

A Sampling and Analysis Plan (SAP) was prepared for groundwater sampling and drilling activities
to assess the current conditions in the Hawthorn WBZ (RC, September 2014). Groundwater
samples were collected from existing monitoring wells in October 2014, and drilling activities,
including additional groundwater sampling, were completed in November 2014. Sampling data was
consistent with the results of previous efforts. Screening data confirmed the upgradient extent of
groundwater contamination as well as the top of the Hawthorn clay interval.

Field screening data along with analytical laboratory data from the 2014 Hawthorn zone
groundwater sampling event is provided in Table 1. This data, which will be presented in a
Remedial Investigation Addendum Report in 2015, indicates that subsurface conditions are
generally as expected based on Long Term Monitoring data. A cross section showing site lithology
in relation to Hawthorn zone well screens is provided as Figure 2. Concentrations of
tetrachloroethene (PCE) in monitoring well OLD-13-62D suggest that dense non-aqueous phase
liquid (DNAPL) is present in the Hawthorn WBZ. The presence of a microbial population was
confirmed, and a compound specific isotope analysis baseline was established.

Approach

This pilot study is designed as a two-phase approach. Phase I of this pilot study involves injection
of substrate using two recently installed injection wells in treatment zone D3 (reference Figure 3).
In accordance with the SAP, two borings (SB09 and SB12) were converted to injection wells for the
purpose of evaluating distribution methods for future remedies. These wells will be used for EOS®
injections. The objective of Phase I is to evaluate the capacity of these injection wells to distribute
EOS® to the Hawthorn water bearing zone while providing substrate to the apparent DNAPL source
area.

Phase II involves injecting EOS® in three treatment zones through temporary injection points
installed using rotosonic methods. In order to avoid costly drill rig standby during injection efforts,
temporary well points will be installed in each injection location. The objective of this effort is to
further treat the source area and establish a permeable reactive screen to intercept the northward
migrating contaminant plume. Phase II design parameters may be revised based on Phase I

20f7



@

RESOLUTION
TECHNICAL MEMORANDUM CONSULTANTS

observations. All temporary injection points will be abandoned by grouting following completion of
the injection activities.

EOS® Pro was selected as the preferred substrate for this pilot study. EOS® was previously
distributed to the shallow zone (5 to 30 feet bls) and deep zone (60 to 125 feet bls) from December
2006 to August 2008 through a recirculation system using injection and extraction wells (CH2MHill
Constructors, Inc., December 2009). Deep injection zones D1 and D2 are shown in Figure 1.

EOS® is a food-grade oil/water emulsion designed to quickly stimulate microbial activity as well as
to provide long-term nourishment to enhance anaerobic bioremediation of chlorinated solvents.
EOS® can be distributed throughout a source area to reduce the contaminant mass flux out of the
source area and to treat the contaminants over time. It is designed to treat both mobile dissolved
contaminants and relatively immobile sorbed/residual contaminants. Addition of EOS® can rapidly
reduce contaminant concentrations in the aqueous phase by partitioning of a portion of the solvent
mass into the EOS® (i.e., sequestration). Biodegradation of the EOS® then stimulates anaerobic
conditions and rapid biodegradation of solvents in the aqueous phase. As contaminants are slowly
released by desorption from the aquifer matrix or by dissolution from residual DNAPL, EOS® will still
be present to sustain anaerobic biodegradation processes.

Biodegradation kinetics can be depressed by low pH levels; however, the natural pH of the
Hawthorn WBZ is in the range of 6 to 7; therefore a pH buffer will not be added to the injection
solution. A sodium bromide tracer will be added to the mixture to enable a Hach bromide ion
detector to detect the mixture in adjacent wells. Distribution will be further evaluated using total
organic carbon (TOC) samples. TOC results will be used to confirm distribution of the EOS® Pro
mixture after a spike in bromide readings indicates that the injectate has travelled from the
injection well through the treatment zone, to the adjacent well. An increase in TOC of more than a
factor of 10 compared to background (pre-injection concentrations) will indicate EOS®
breakthrough in the performance sentry wells.

EOS® Volumes

The volume of EOS® was determined using the manufacturer’s design tool. Volumes were
calculated for the three proposed treatment zones:

e Treatment zone D3 is estimated at 50 feet by 50 feet by 15 feet deep. This zone was
selected based on part per million (ppm) concentrations of PCE observed in monitoring
well OLD-13-62D.

e Zone D4 is estimated at 30 feet by 30 feet by 15 feet deep and was selected based on
ppm concentrations of PCE observed in monitoring well OLD-13-60D.
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e Zone D5 is located in the northern portion of the Hawthorn zone plume and was
selected to provide a bio screen to intercept the contaminant plume as it migrates
towards the property boundary. The location is intended to intercept the plume before it
leaves the site, but is away from the property boundary.

Volume calculations are provided in Attachment A. The EOS® design tool was used to evaluate
the necessary volume of substrate required for each treatment zone. Several input parameters
including fraction of organic carbon were estimated based on experience and literature. The
calculated substrate requirement is most significantly determined by oil entrapment in the aquifer
material, rather than hydrogen demand and carbon loss.

Calculation sheets for injection pore volumes are also provided in Attachment A. These
calculations are based on an assumed ROI of 12.5 feet and 25% of the pore volume being replaced
by the EOS® mixture. A summary of the proposed injection volumes is provided in Table 2.
Injection volumes for treatment zone D3 are split between two existing injection wells and five
proposed injection locations. The existing injection wells have 10 foot screens and the proposed
injection wells will be installed with 15-foot screen intervals in this treatment zone. Therefore, more
EOS® will be injected in the Phase II injection locations than in the Phase I injection wells.

Implementation — Phase 1

EOS® Pro will be injected into two wells in zone D3 (OLD-13-INJO1D and OLD-13-INJ02D). These
wells are 2-inch diameter with 10 feet of 0.010-inch slotted screen from 110 to 120 feet bls. Well
construction and lithologic information for these wells is provided in Attachment B.

EOS® Pro will be mixed with water on-site in batch tanks prior to injection. Sodium bromide will be
added to the batch mix to a concentration of 1,000 ppm. Treated discharge water from the site
pump and treat system will be used for the injections.

The diluted mixture will be injected using a centrifugal pump (trash pump). A totalizing flow meter
and pressure gage will be mounted onto the injection piping in order to record injection flow rates
and corresponding pressures. Both wells will be injected individually to evaluate influence at
adjacent well OLD-13-62D. Note that mixtures and volumes may be adjusted during injection
activities based on field observations.

Following injection of the EOS® mixture, an equal volume of chase water will be injected into each
well location, for a design replacement of 50% of the available pore volume.

Implementation — Phase II
Phase II volumes will be re-evaluated based on field observations during Phase I. Injection volumes
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and injection point locations may be revised to ensure that all product is delivered to the
subsurface.

EOS® Pro will be injected into the Hawthorn aquifer in three zones illustrated in Figure 3. The
Hawthorn aquifer will be accessed via rotosonic methods. Injections will be performed between 100
to 130 feet bls. Sodium bromide will be added to the batch mix to a concentration of 1,000 ppm.
Following injection of the EOS® mixture, an equal volume of chase water will be injected into each
well location, for a design replacement of 50% of the available pore volume. Treated discharge
water from the site pump and treat system will be used for the injections.

A totalizing flow meter and pressure gage will be mounted onto the injection piping in order to
record injection flow rates and corresponding pressures. Note that mixtures and volumes may be
adjusted during injection activities based on field observations.

Due to the required depth of the injections, rotosonic methods will be used for substrate delivery.
The proposed volume of EOS® Pro mixture to be injected is expected to take several weeks and
therefore multiple simultaneous injections will be attempted. Temporary well screens will be placed
in order to limit drill rig standby rates during injections. All boreholes will be grouted upon
completion of the injection efforts.

Underground Injection Control (UIC)

See Attachment C for the current Florida Department of Environmental Protection (FDEP) EOS®
Pro acceptance letter and draft UIC notification letter. The EOS® Pro application will be conducted
using Class V, Group 4 aquifer remediation wells. The zone of discharge (ZOD) will be monitored
following injection activities to insure any exceeded parameters to return to their groundwater
standards or background level, whichever is less stringent. Refer to Figure 3 for the estimated
ZOD. The estimated time to achieve cleanup of the site based on recent concentration history in
OLD-13-62D is 50 months.

Injection of relatively low volumes of diluted substrate is not expected to cause harmful plume
migration or increase the threat to potable or irrigation wells. Degradation of carbon substrates
frequently causes the generation of dissolved methane and methane gas. The site is currently
vacant and proposed buildings are designed with active vapor recovery systems; therefore, no
adverse impacts due to vadose zone migration are expected. Upon completion of remediation, all
reagents will be depleted with no remaining by products. The proposed monitoring schedule
associated with the injection of EOS® Pro is described below.

Evaluation Criteria

Injection flow rates and corresponding pressures will be recorded along with injection volumes
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during both the Phase I and Phase II events. Nearby wells will be monitored for changes in water
level, and a Hach bromide ion detector will be used to evaluate ROI during injection events.

Phase I performance data will be collected from adjacent wells DPT-2B and OLD-13-62D. These
wells will be sampled on a monthly basis following EOS® injection, until the wells are abandoned for
site development. Groundwater samples will be analyzed for select cVOCs, TOC and other natural
attenuation parameters as indicated in Table 3. Additionally, in order to satisfy the FDEP ZOD
variance requirements, total recoverable petroleum hydrocarbons (TRPH), chloride and sodium will
be analyzed during the monthly sampling events. Baseline samples will be collected from OLD-13-
62D prior to Phase I injections.

Phase II performance data will be collected from wells DPT-1B and DPT-2B; OLD-13-60D, OLD-13-
62D, OLD-13-66D and OLD-13-69D. These wells will be sampled on a monthly basis following EOS®
injection, until the wells are abandoned for development. Groundwater samples will be analyzed for
select cVOCs, natural attenuation parameters, and ZOD parameters as indicated in Table 4.
Baseline samples will be collected from OLD-13-602D and OLD-13-69DC4 prior to Phase II
injections.

At the conclusion of the pilot study, and prior to well abandonment by the developer, the Hawthorn
wells will be sampled as indicated in Table 5. In addition to select cVOCs, natural attenuation
parameters, and ZOD parameters, groundwater samples will be collected for microbial analyses
using quantitative polymerase chain reaction (qPCR) to evaluate the growth of microbial
populations as a result of the injection of the organic substrate into the aquifer, and compound
specific isotope analysis (CSIA) will be performed for the cVOCs PCE, trichloroethene (TCE), cis-1,2-
dichloroethene (cis-1,2-DCE) and vinyl chloride (VC) for comparison to baseline. This final data set
will also be used to position replacement wells following site development.

Survey

No survey is planned for this effort. The locations and elevations of all permanent wells have been
previously surveyed. The locations of the temporary injection wells and injection points will be
determined by field measurements. The site is relatively level in the area of the proposed pilot
study activities and depth measurements will be related to ground surface.

Investigative Derived Waste

The soil borings for Phase II are expected to generate Investigative Derived Waste (IDW) in the
form of drill cuttings, decontamination fluids and decontamination trash (plastic sheeting, gloves).
Purge water from the pilot study will be containerized and transferred to the pump and treat
system for processing and disposal. IDW will be managed in accordance with Section 8.4.5 of the
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Draft Tier II Sampling and Analysis Plan for RI Addendum Sampling Activities (RC, September
2014).

Closure

Resolu;'pn Consultants appreciates the opportunity to be of service on this project. If you have any
ques&q\s.or reqyire additional information, please contact me at (407) 513-8251.
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150 N. Orange Ave.

Suite 200

Orlando, FL 32801

State of Florida, Board of Professional Engineers Certificate No.: 8115
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TABLE 1
OCTOBER 2014 DATA SUMMARY
Operable Unit 4
Former Naval Training Center
Orlando, Florida
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GCTL &l Bl 70 1
NADC 300 300 700 100

Well 1D Sample Date Eee;tgll_rgerval
OLD-13-DPT-2B 4/2/2014 785-81 40.6 36.6 24.8 36 6.89 715 29 0.79 - - - - - - - - - - - - - - - - - - - - -
OLD-13.58D 10/20/2014 | 100.5-1105 <0.26 <030 <0.33 <033 7.43 2384 2233 048 ~ - - - - N - = = = = - - - - - = = = = -
OLD-13-59D 10/19/2014 100 - 110 <0.26 <030 <033 <033 6.93 179 -78.7 053 - - - - - - - - - - ~ - - - - - = - = N -
OLD-13-60D 10/20/2014 100 - 110 2,350 241 74 <8.1 7.46 3450 -99.6 0.16 <0.210 <0.070 0.140J 1,100 11 582 <1.96 2743 - - - - 6,700 310 160 14 11,500 <0.50 6,090 523 177,000
OLD-13-61D 10/21/2014 99 - 109 <1.00 <1.00 <1.00 <1.00 7.56 1206 -74.0 0.22 - - - - - - - - 95 03 - - - - - - - - - - -
OLD-13-62D 10/20/2014 110-120 10,700 392 1703 <65 7.59 1404 -157.1 0.14 <0.210 <0.070 0.180J 370 12 435 <1.96 2793 - - - - 16,000 400 170 22 16,000 564 0.600 <0.500 359,000
OLD-13-63D 10/21/2014 96 - 106 <1.00 3.8 49 <1.00 7.80 645 15.9 0.31 - - - - - - - - 75 0.8 - - - - - - - - - - -
OLD-13-65DC4 10/21/2014 102 -107 <1.00 <1.00 <1.00 <1.00 7.44 341 0.6 0.87 - - - - - - - - 20 0.35 - - - - - - - - - - -
OLD-13-65DC5 10/21/2014 113-118 <1.00 <1.00 <1.00 <1.00 6.89 333 -20.6 1.14 - - - - - - - - 70 0.3 - - - - - - - - - - -
OLD-13-65DC6 10/21/2014 125-130 <1.00 <1.00 <1.00 <1.00 7.07 341 -13.7 1.09 - - - - - - - - 60 0.15 - - - - - - - - - - -
OLD-13-66DC4 10/21/2014 104 - 109 120 140 550 1.0J 7.23 3108 -49.0 1.14 - - - - - - - - 75 15 - - - - - - - - - - -
OLD-13-66DC5 10/20/2014 115-120 460 830 1,900 23 717 1837 -13.0 122 <0.210 <0.070 2.0 530 14 573 <1.96 7.30 50 15 - - 540 620 1800 5 382 0.100J 0.600 <0.500 284,000
OLD-13-66DC5-a 10/20/2014 115 - 120 510 810 1,900 2.5 7.17 1837 -13.0 1.22 - - - - - - - - 50 15 - - - - - - - - - - -
OLD-13-66DC6 10/21/2014 127-132 260 350 1,000 16J 6.77 394 -29.7 111 - - - - - - - - 30 0.25 - - - - - - - - - - -
OLD-13-67DC4 4/1/2014 110- 115 <0.26 <0.30 <0.33 <0.33 7.51 568 774 0.31 - - - - - - - - - - - - - - - - - - - - -
OLD-13.67DC5 10/21/2014 120-125 <1.00 <1.00 <1.00 <1.00 7.16 724 56.0 0.29 - - . B . B = N 60 05 = - - - B - ~ - = = =
OLD-13-67DC6 10/21/2014 137 - 142 <1.00 <1.00 <1.00 <1.00 7.34 361 -66.0 0.20 - - - - - - - - 30 0.15 - - - - - - -~ - - - -
OLD-13-68DC5 10/21/2014 105 - 110 <1.00 <1.00 <1.00 <1.00 7.48 350 45.6 0.53 - - - - - - - - 105 0.1 - - - - - - - - - - -
OLD-13-68DC6 10/21/2014 118-128 <1.00 <1.00 <1.00 <1.00 743 684 65 0.36 . - . B . B = N 50 01 = - - - B - ~ - = = =
OLD-13-69DC4 10/20/2014 100 - 105 2,260 243 46.2 <8.1 7.45 3644 -136.8 0.30 <0.210 <0.070 0.250J 1,200 14 569 <1.96 4.73 - = - = 2,500 260 120 7 5,140 234 2,870 272 130,000
OLD-13-69DC5 10/20/2014 110-115 494 583 1210 154 7.46 2379 -129.0 0.40 <0.210 <0.070 0.590 J 710 14 580 <1.96 1.97 - - - - - - - - - - - - -
OLD-13-69DC6 4/1/2014 122 -127 15 19 8.1 2.0 7.24 3892 -83.3 0.32 - - - - - - - - - - - - - - - - - - - - -
OLD-13-70DC4 10/20/2014 101 - 106 <0.26 <030 <0.33 <033 7.16 2750 1558 061 - - - B - B - - ~ - ~ - ~ - = N = N = - -
OLD-13-70DC5 10/21/2014 112-117 100 <1.00 169 <1.00 7.10 641 431 1.25 - - - - - - - - 100 0.0 - = - = = = = = = = =
OLD-13-70DC6 10/21/2014 123-128 <1.00 <1.00 <1.00 <1.00 7.64 358 -16.8 134 - - - - - - - - 110 05 - - - - - - - - - - -
OLD-13-81D 10/20/2014 97-102 <0.26 <0.30 <0.33 <0.33 7.46 1597 -140.1 0.16 <0.210 <0.070 0.360J 450 1.0 525 <1.96 <271 N - - - - - - - - - = - ~
OLD-13-82D 10/20/2014 115-120 <0.26 <0.30 <0.33 <0.33 7.97 318 -128.4 0.25 <0.210 <0.070 223 447 17 341 <1.96 <271 - - - - - - - - - - - - -
OLD-13-5B09 11/18/2014 100-105 23 <10 <10 <10 - - - - - - - - — - — - — - 03 0 ~ - ~ - ~ - ~ ,, —
OLD-13-5B09 11/18/2014 105-110 <10 <10 <10 <10 - - - - - - - B - B . B - B 05 0 - = = = - - = = =
OLD-13-5B09 11/18/2014 110-115 50 <10 <10 <10 - - - — - - - - - - — - — - 642 0 - - - ,, = - = - -
OLD-13-5B09 11/18/2014 115-120 18,000 400 46 <10 - - - - - - - - - B - B . B 251 80 = - - = = = = = =
OLD-13-5B09 11/18/2014 120-125 7,900 130 22 <10 - - ~ - - - - - - - = - - = 01 2 = = - = = = = = =
OLD-13-SB09 11/18/2014 125-130 380 10 113 <10 - - - - - - - - - - - - - - 10.6 3 - - - - - - - - -
OLD-13-5B09 11/19/2014 130-135 110 173 <10 <10 - - - — - - - - - - — - — - 0 0 - - - ,, = - = - -
OLD-13-SB09 11/19/2014 135-140 46 <1.0 <1.0 <1.0 - - - - - - - - - - - - - - 0 0 - - - - - - - - -
OLD-13-5B10 11/21/2014 115-120 <10 <10 0.69J <10 - - - - - - - - — - — - — - 07 0 ~ - ~ - ~ - ~ ,, —
OLD-13-5B10 11/21/2014 125-130 <10 <10 0783 <10 . - . - - - . - - B . B - . 0 0 ~ - = ~ - - ~ = =
OLD-13-SB10 11/21/2014 135-140 41 10 193 <10 - - - - - - - - - - - - - - 18.6 0 - - - - - - - - -
OLD-13-SB11 11/20/2014 115-120 240 86 20 <10 - - - - - - - - - - - - - - 555 35 - - - - - - - - -
OLD-13-5B11 11/20/2014 125-130 13 21 0,650 <10 - - ~ - - - - - - - = - - = 0 0 = = - = = = = = =
OLD-13-SB11 11/20/2014 135-140 4.2 113 <1.0 <1.0 - - - - - - - - - - - - - - 0 0 - - - - - - - - -
OLD-13-5B12 11/25/2014 115-120 510 25 534 <5.0 - - — - - - - - - - ~ - = ~ 0 0 ~ = = = = = = ~ =
OLD-13-SB12 11/25/2014 125-130 160 6.0 113 <10 - - - - - - - B - B - - ~ - 0 5 - _, ~ _, = = = - =
OLD-13-5B12 11/25/2014 135-140 620 30 449 <5.0 - - ~ - - - - - - - - - = = 0 18 = - = - = = = = =
OLD-13-SB12-a 11/25/2014 135-140 610 32 527 <5.0 - - - - - - - - - - - - - - 0 - - - - - - - - - -

Notes: -- Not Sampled
All' VOC values reported in micrograms per liter (ug/L) unless otherwise noted.
J - Indicates a value estimated above the MDL but less than the reporting limit
SU - standard units

uS/em - microsiemens per centimeter

mV - millivolts

mg/L - milligrams per liter
ppm - parts per million

mL - milliliter

Bold - analyte was detected above the laboratory reporting limit

Exceeds the Groundwater Cleanup Target Level (GCTL, 62-777,FAC)
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TABLE 2

EOS PRO VOLUME SUMMARY
Operable Unit 4

Former Naval Training Center Orlando

Injection EOS Pro Injection Volume| Estimated Estimated
Interval Feet Volume Water Volume | Total Mixture | Including Chase [ Injection | Injection Time
Location BLS gallons gallons Volume gallons | Water gallons | Time hours days

Treatment Zone D3

SB09-INJO1 110-120 70 2684 2754 5508 18 2
SB12-INJ02 110-120 70 2684 2754 5508 18 2
Phase 1 total 140 5368 5508 11016 37 5
INJ PT (5 total) 115-130 104 4027 4131 8262 28 3
Phase 2 subtotal 520 20135 20655 41310 138 17
Treatment Zone D4 0 0
INJ PT (3 total) 115-130 92 4039 4131 8262 28 3
Phase 2 subtotal 276 12117 12393 24786 83 10
Treatment Zone D5 0 0
INJ PT (5 total) 100 - 120 55 5453 5508 11016 37 5
Phase 2 subtotal 275 27265 27540 55080 184 23
TOTALS 1211 64885 66096 132192 441 55

BLS - below land surface

Page 1 of 1




Table 3 Pilot Study Sampling Schedule - Phase |
OU 4, NTC Orlando, FL

Analysis Group vocs' TOC Anions® MEE TRPH® Sodium®
. . EPA Method RSK 175
Preparation and Analytical Method EPA Method SW8260B EPA Method SW9060A EPA Method SW9056A SOP VGC-11 Method FL-PRO EPA Method SW6010C/3005A]
ENCO Jacksonville / SOP EXMT]
Analytical Laboratory/ Preparation and ENCO Orlando / ENCO Orlando / WETS-66 ENCO Orlando / ENCO Orlando / ENCO Orlando / ac solnzvuaned/
Analytical SOP Reference SOP VGCMS-05 SOP WETS-57 SOP WETS-57 SOP SVCGC-14 SOP MET- 05
CTO JM69 Operable Unit 4 (OU4) Data Package Turnaround Time 21 Calendar days 21 Calendar days 21 Calendar days 21 Calendar days 21 Calendar days 21 Calendar days
EOS® Injection Pilot Study 3 x 40mL glass, 2 x 40 mL glass, 3 x 40mL glass,
Sampling Dates TBD Container Type/ Volume required (if Septa vial Septa vial . Septa vial 2 x 1L Amber glass, .
. . . . . . 1x1500mL plast
different than container volume) Teflon-lined septum sealed | Teflon-lined septum sealed 1x 500 mL plastic Teflon-lined septum sealed teflon-lined cap X Mk plastic
cap cap cap
. Hydrochloric Phosphoric Acid pH <2 o Ice to 4°C Sulfuric acid (H,S0,4) pH < | Nitric Acid (HNO3) pH <2/ Ice
Preservative Acid (HCI) pH <2 Ice to 4°C Ice to 4°C Ice to 4°C HCI pH <2 2 ice to 4°C to4°C
NA / 48 hours for
Holding Time (Preparation/ Analysis) NA / 14 days NA / 28 days nitrate/nitrite NA / 14 days 7 days / 40 days NA / 6 months
9 p 4 4 4 28 days for chloride/sulfate 4 4 4
Sample ID Matrix Depth/Sampling Interval (Screen
Interval, feet bgs)
OLD-13-62D Groundwater 110 to 120 baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly
DPT-2B Groundwater 78.5to 81 monthly
Field QC Samples Total Number of Primary Samples 3 2 2 2 2 2
Trip Blank Ambient Field Blank| NA monthly
Total Number of Samples to the 5 2 2 2 2 2
Laboratory
Notes:

TOC = total organic carbon

MEE = methane, ethane, and ethene.

1VOCs to be analyzed consist of PCE, TCE, cis-1,2-DCE, 1,1-dichloroethene, and vinyl chloride.
2Anions consist of the following: chloride, nitrite, nitrate, and sulfate.

duic testing inlcudes TRPH (FL PRO) and sodium. Chloride is included in the anions list.
Environmental Conservation Laboratories, Inc. (ENCO Orlando); 10775 Central Port Drive Orlando, FL 32824; Point of Contact: Marcia Colon; Phone: 407-826-531401



Table 4 Pilot Study Sampling Schedule - Phase Il
OU 4, NTC Orlando, FL

Analysis Group vocs' TOC Anions® MEE TRPH® Sodium®
. . EPA Method RSK 175
Preparation and Analytical Method EPA Method SW8260B EPA Method SW9060A EPA Method SW9056A SOP VGC-11 Method FL-PRO EPA Method SW6010C/3005A]
. . ENCO Jacksonville / SOP EXMT]
Analytical Laboratory/ Preparation and |  ENCO Orlando /S0P | o oo o [ENCO Orlando / SOP WETS-| ENCO Orlando/ SOP WETS- ENCO Orlando / o 5‘1’;“;”2/
Analytical SOP Reference VGCMS-05 57 57 SOP SVCGC-14
SOP MET- 05
CTO JM69 Operable Unit 4 (OU4) Data Package Turnaround Time 21 Calendar days 21 Calendar days 21 Calendar days 21 Calendar days 21 Calendar days 21 Calendar days
EOS® Injection Pilot Study 3 x 40mL glass, 2 x 40 mL glass, 3 x 40mL glass,
Sampling Dates TBD Container Type/ Volume required (if Septa vial Septa vial ) Septa vial 2x 1L Amber glass, 1 x 1 500mL plasti
different than container volume) Teflon-lined septum sealed | Teflon-lined septum sealed 1 X500 mL plastic Teflon-lined septum sealed teflon-lined cap X L plastic
cap cap cap
. Hydrochloric Phosphoric Acid pH <2 o Ice to 4°C Sulfuric acid (H,SO,4) pH < | Nitric Acid (HNO3) pH <2/ Ice
Preservative Acid (HCI) pH <2 lce to 4°C Ice to 4°C Ice to 4°C HCl pH <2 2ice to 4°C toa'c
NA / 48 hours for
Holding Time (Preparation/ Analysis) NA / 14 days NA / 28 days nitrate/nitrite NA / 14 days 7 days / 40 days NA / 6 months
9 P Y 4 ¥ 28 days for chloride/sulfate 4 4 4
Sample 1D Matrix Depth/Sampling Interval (Screen
Interval, feet bgs)
DPT-1B Groundwater 76.4t0 78.9 monthly
DPT-2B Groundwater 78.5 to 81 monthly
OLD-13-60D Groundwater 100 to 110 baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly
OLD-13-62D Groundwater 110 to 120 baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly
OLD-13-66DC3 Groundwater 89 to 94 monthly
OLD-13-66DC4 Groundwater 104 to 109 monthly
OLD-13-66DC5 Groundwater 115 to 120 monthly
OLD-13-66DC6 Groundwater 127 to 132 monthly
OLD-13-69DC4 Groundwater 100 to 105 baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly baseline, monthly
OLD-13-69DC5 Groundwater 110 to 115 monthly
OLD-13-69DC6 Groundwater 122 to 127 monthly
Field QC Samples Total Number of Primary Samples 14 6 6 6 6 6
OLD-13-66DC4-a Field Duplicate 104 to 109 baseline, monthly
OLD-13-66DC3-ms MS 110 to 120 baseline, monthly
OLD-13-66DC3-msd MSD 110 to 120 baseline, monthly
Trip Blank Ambient Field Blank NA baseline, monthly
Total Number of Samples to the 22 6 6 6 6 6
Laboratory
Notes:

TOC = total organic carbon

MEE = methane, ethane, and ethene.

1VOCs to be analyzed consist of PCE, TCE, cis-1,2-DCE, 1,1-dichloroethene, and vinyl chloride.

2Anions consist of the following: chloride, nitrite, nitrate, and sulfate. Ferrous iron and alkalinity will also be measured in the field using test kits.

3 UIC testing inlcudes TRPH (FL PRO) and sodium. Chloride is included in the anions list.

Environmental Conservation Laboratories, Inc. (ENCO Orlando); 10775 Central Port Drive Orlando, FL 32824; Point of Contact: Marcia Colon; Phone: 407-826-531401



Table 5 Pilot Study Sampling Schedule - Final Event
OU 4, NTC Orlando, FL

CTO JM69 Operable Unit 4 (OU4)
EOS® Injection Pilot Study

Analysis Group vocs! TOC Anions® MEE qPCR® CsIA® TRPH® Sodium®
EPA Method RSK 17 PCR (Microbial Insigh D
Preparation and Analytical Method EPA Method SW82608 EPA Method SW9060A EPA Method SW9056A ethod RSK 175 GPCR (Microbial Insights &7°C for PCE and Method FL-PRO EPA Method SW6010C/3005A
SOP VGC-11 Method) dearadation products

Analytical Laboratory/ Preparation and
Analytical SOP Reference

ENCO Orlando / SOP VGCMS
05

ENCO Orlando / WETS-66

ENCO Orlando / SOP WETS-
57

ENCO Orlando/ SOP WETS-
57

Microbial Insights/DNA-
gPCR

PAES / SOPAM24

ENCO Orlando /
SOP SVCGC-14

ENCO Jacksonville / SOP EXMT-|
12 and
SOP MET- 05

Data Package Turnaround Time

21 Calendar days

21 Calendar days

21 Calendar days

21 Calendar days

21 Calendar days

30 Calendar days

21 Calendar days

21 Calendar days

3 x 40mL glass,

2 x40 mL glass,

3 x 40mL glass,

1 filter (after filtering a

9 x 40mL glass,

Sampling Dates TBD Container Type/ Volume required (if Septa vial Septa vial 1 %500 mL plastic Septa vial minimum of 1 L of water) or Septa vial 2 x 1L Amber glass, 1x1500mL plastic
different than container volume) Teflon-lined septum sealed | Teflon-lined septum sealed Teflon-lined septum sealed 2 liters HOPE Teflon-lined septum sealed teflon-lined cap
cap cap cap cap
NA /48 hours for
Holding Time (Preparation/ Analysis) NA / 14 days NA / 28 days nitrate/nitrite NA / 14 days NA / 24 hours NA 7 days / 40 days NA / 6 months
28 days for chloride/sulfate
sample 1D Matrix peptn/Sampling Interval (Screen

OLD-13-58D Groundwater 100.5 to 110.5 1
OLD-13-59D Groundwater 100 to 110 1

OLD-13-60D Groundwater 100 to 110 1 1 1 1 1 1 1 1
OLD-13-61D Groundwater 99 to 109 1

OLD-13-62D Groundwater 110 to 120 1 1 1 1 1 1 1 1
OLD-13-63D Groundwater 96 to 106 1
OLD-13-65DC5 Groundwater 113 to 118 1
OLD-13-66DC3 Groundwater 89 to 94 1
OLD-13-66DC4 Groundwater 104 to 109 1

OLD-13-66DC5 Groundwater 115 to 120 1 1 1 1 1 1 1 1
OLD-13-66DC6 Groundwater 127 to 132 1
OLD-13-67DC4 Groundwater 110 to 115 1
OLD-13-68DC5 Groundwater 105 to 110 1

OLD-13-69DC4 Groundwater 100 to 105 1 1 1 1 1 1 1 1
OLD-13-69DC5 Groundwater 110 to 115 1
OLD-13-69DC6 Groundwater 122 to 127 1
0OLD-13-70DC4 Groundwater 101 to 106 1
OLD-13-70DC5 Groundwater 112 to 117 1
OLD-13-INJO1D Groundwater 110 to 120 1
OLD-13-INJ02D Groundwater 110 to 120 1
DPT-1B Groundwater 76.4 t0 78.9 1
DPT-2B Groundwater 78.5 to 81 1

Field QC Samples Total Number of Primary Samples 22 4 4 4 4 4 4 4
OLD-13-66DC4-a Field Duplicate 104 to 109 1
OLD-13-69DC5-a Field Duplicate 110 to 115 1
OLD-13-SB12-ms MS 110 to 120 1
OLD-13-SB12-msd MSD 110 to 120 1
Trip Blank Ambient Field Blank NA 1

Total Number of Samples to the 27 4 4 4 4 4 4 4

Laboratory

Notes:

DNA-gPCR = deoxyribonucleic acid - quantitative polymerase chain reaction

DHC = Dehalococcoides spp.
TOC = total organic carbon
MEE = methane, ethane, and ethene.

1VOCs to be analyzed consist of PCE, TCE, cis-1,2-DCE, 1,1-dichloroethene, and vinyl chloride.
2Anions consist of the following: chloride, nitrite, nitrate, and sulfate. Ferrous iron and alkalinity will also be measured in the field using test kits.

3Screenlng analysis for the following gene targets: qDHC, qTCE, qVC, qBVC (DHC functional genes), and qEBAC (total bacteria biomass).

"Compound Specific Isotope Analysis (CSIA) to be performed for the following compounds: PCE, TCE, ¢DCE, and VC.
sulc testing inlcudes TRPH (FL PRO) and sodium. Chloride is included in the anions list.
Environmental Conservation Laboratories, Inc. (ENCO Orlando); 10775 Central Port Drive Orlando, FL 32824; Point of Contact: Marcia Colon; Phone: 407-826-531401
Microbial Insights, Inc.; 10515 Research Dr., Knoxville, TN 37932; Point of Contact: Kate Clark; Phone: (865) 573-8188, ext. 10000

Pace Analytical Energy Services, LLC; (PAES; formely Microseeps, Inc.); 220 William Pitt Way, Pittsburgh, PA 15238; Point of Contact: Robbin Robl; Phone: 412-826-4483



ATTACHMENT A

Volume Calculations



Design Summary

Site Information
Site Name

Location

Project Number

Treatment Type
Barrier or Source Treatment
EOS Product

Length of Treatment Area Parallel to
Groundwater Flow, \"x\"

Width of treatment area perpendicular to
groundwater flow, "y"

Treatment thickness, "z"
Nominal soil type

Estimated Total Porosity
Estimated Effective Porosity
Soil bulk density

Fraction of Organic Carbon

Biochemical
pH of groundwater

Alkalinity of Groundwater

Geohydrology
Hydraulic Conductivity
Hydraulic Gradient
Seepage Velocity
Contact time

Design Life per application

OU4 - Area 1 (D3 - 62D)

orlando fl

Value

Source Area
EOS Pro

50

50

15

Clay

0.3

0.3
115.8038658
0.001

7.4
170

3.6
-0.003
0.01
100

Units

ft

ft

ft

pcf

SU

mg/L as
CaCO3

ft/d
ft/ft
ft/d
days
yrs



Analytical

Dissolved Oxygen (DO)

Nitrate Nitrogen (NO3- - N)
Sulfate (SO42-)
Tetrachloroethene (PCE), C2Cl4
Trichloroethene (TCE), C2HCI3

cis-1,2-dichloroethene (c-DCE), C2H2CI2

Vinyl Chloride (VC), C2H3CI
Design

Design Factor
Stoichiometric Hydrogen Demand

Effective treatment thickness for substrate,
noe

Absorptive Capacity of soil
Substrate from hydrogen demand
Substrate required from Adsorption
DOC Released

Estimated Amount of Fe2+ Formed

Estimated Amount of Manganese (Mn2+)
Formed

Estimated Amount of CH4 Formed
Target Amount of DOC to Release
Mass to be treated

Estimated total groundwater volume treated
over design life

0.45
0.5
6
10.7
0.83

1.9
0.15

1.5
6.873542293

30

0.003
186.7812865
4901.80811
159.2110985
10

5

5
60
1302793.49

84174.08875

Calculated Substrate Requirement

Substrate Requirement Based on Hydrogen
Demand and Carbon Loss

Substrate Requirement Based on Oil
Entrapment by Aquifer Material

EOS Pro Requirement
(assumes 55 gallons per drum)

Substrate Distribution
Injection well screen length

Direct injection interval

Number of injection wells

Number of direct injection locations
Total injection interval

EOS Pro distribution

EOS Pro volume per injection well
EOS Pro volume per direct injection pt

186.7812865

4901.80811

12
660

10
15
2

5
95
7
69
104

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

mg/L

mg/L

times
Ibs

Ibs
Ibs
Ibs
mg/L

mg/L

mg/L
mg/L
Ibs

gal

Ibs

Ibs

drums
gal

ft
ft
ea
ea

gal/lf
gal
gal



Design Summary

Site Information
Site Name

Location

Project Number
Treatment Type
Barrier or Source Treatment
EOS Product

Length of Treatment Area Parallel to Groundwater

Flow, \"x\"

Width of treatment area perpendicular to groundwater

fIOW, ||yn
Treatment thickness, "z"
Nominal soil type

Estimated Total Porosity

Estimated Effective Porosity

Soil bulk density

Fraction of Organic Carbon

Biochemical
pH of groundwater

Alkalinity of Groundwater

Geohydrology
Hydraulic Conductivity
Hydraulic Gradient
Seepage Velocity
Contact time

Design Life per application

OU4 - Area 2 (D4 - 60D)

orlando fl

Value

Source Area
EOS Pro

30

30

15

Clay

0.3

0.3
115.8038658
0.001

7.4

170

3.6
-0.003
0.01
100

Units

ft

ft

ft

pcf

SU

mg/L
as
CaCoO3

ft/d
ft/ft
ft/d
days
yrs



Analytical

Dissolved Oxygen (DO)

Nitrate Nitrogen (NO3- - N)
Sulfate (SO42-)
Tetrachloroethene (PCE), C2Cl4
Trichloroethene (TCE), C2HCI3
cis-1,2-dichloroethene (c-DCE), C2H2CI2
Vinyl Chloride (VC), C2H3CI
Design

Design Factor

Stoichiometric Hydrogen Demand

Effective treatment thickness for substrate, "ze"

Absorptive Capacity of soil
Substrate from hydrogen demand
Substrate required from Adsorption
DOC Released

Estimated Amount of Fe2+ Formed

Estimated Amount of Manganese (Mn2+) Formed

Estimated Amount of CH4 Formed
Target Amount of DOC to Release
Mass to be treated

Estimated total groundwater volume treated over

design life

Calculated Substrate Requirement
Substrate Requirement Based on Hydrogen Demand

and Carbon Loss

Substrate Requirement Based on Oil Entrapment by

Aquifer Material
EOS Pro Requirement
(assumes 55 gallons per drum)
EOS Pro volume per injection point

0.45
0.5
6
10.7
0.83
1.9
0.15

1.5
2.848750749
30

0.003
78.84163001
1764.65092
67.41512088
10

5

5

60
469005.6565

30314.35195

78.84163001

1764.65092

5
275
92

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

times
Ibs

Ibs
Ibs
Ibs
mg/L
mg/L
mg/L
mg/L
Ibs

gal

Ibs

Ibs

drums
gal
gal



Design Summary
Site Information

Site Name OU4 - Area 3 (D5-barrier)

Location orlando fl

Project Number

Treatment Type Value Units
Barrier or Source Treatment Barrier

EOS Product EOS Pro

Spacing Between Injection Wells, \"x\" 13 ft

Width of treatment area perpendicular to

groundwater flow, "y" 60 ft
Treatment thickness, "z" 20 ft
Nominal soil type Clay

Estimated Total Porosity 0.3

Estimated Effective Porosity 0.3

Soil bulk density 115.8038658 pcf
Fraction of Organic Carbon 0.001

Biochemical

pH of groundwater 7.4 SuU
Alkalinity of Groundwater 170 23&25
Geohydrology

Hydraulic Conductivity 3.6 ft/d
Hydraulic Gradient -0.003 ft/ft
Seepage Velocity 0.01 ft/d
Contact time 100 days

Design Life per application 10 yrs



Analytical

Dissolved Oxygen (DO)

Nitrate Nitrogen (NO3- - N)
Sulfate (SO42-)
Tetrachloroethene (PCE), C2Cl4
Trichloroethene (TCE), C2HCI3
cis-1,2-dichloroethene (c-DCE), C2H2CI2
Vinyl Chloride (VC), C2H3CI
Design

Design Factor

Stoichiometric Hydrogen Demand

Effective treatment thickness for substrate, ""ze"

Absorptive Capacity of soil
Substrate from hydrogen demand
Substrate required from Adsorption
DOC Released

Estimated Amount of Fe2+ Formed

Estimated Amount of Manganese (Mn2+)
Formed

Estimated Amount of CH4 Formed
Target Amount of DOC to Release
Mass to be treated

Estimated total groundwater volume treated
over design life

0.45
0.5
6
10.7
0.83
1.9
0.15

1.5
6.796159902

30

0.003
210.6414746
2039.152174
183.381672
10

5

5
60
541962.0919

35045.32892

Calculated Substrate Requirement

Substrate Requirement Based on Hydrogen
Demand and Carbon Loss

Substrate Requirement Based on Oil
Entrapment by Aquifer Material

EOS Pro Requirement
(assumes 55 gallons per drum)
EOS Pro volume per injection point

210.6414746

2039.152174

5
275
95

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

times
Ibs

Ibs
Ibs
Ibs
mg/L
mg/L
mg/L
mg/L
Ibs

gal

Ibs

Ibs

drums
gal
gal



INJECTION PORE VOLUME CALCULATIONS

Hawthorn WBZ at OU 4, NTC Orlando, FL
TREATMENT ZONE D3 - INJO1/INJO2

N
Nt
N

r= 125 feet
t= 10 feet

A = nr?
Vtotal = t * mr?

4,909 =Vtotal in cubic feet

Vpore = Vtotal xn

where:
Vtotal = total volume
Vpore = pore volume
n = porosity

n= 03

1,473 cubic feet
11,016 gallons

Injection volume
EOS solution

EOS volume

Dilution water volume
EOS volume

Mixture volume
Injection Mixture volume/ft

2,754
2.5%
70
2,684
70

2,754
275

gallons

gallons

ga