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1.0 INTRODUCTION

This report summarizes the In-Situ Chemical Oxidation (ISCO) Pilot Test conducted in
August 2008 at the CPB property (Site) located in Edgemere, Queens County, New York.
The report presents the results obtained during preparation, implementation, and post
injection monitoring of the ISCO pilot test.

1.1 Backqground

The CPB site (Site) is located between Far Rockaway Boulevard and the Rockaway
Freeway (near Beach 32™ Street) in Edgemere, New York. Figure 1 provides a Site
Location Map, and Figure 2 presents the site plan. The Site is located approximately 580
feet south west of the Norton Basin of the Jamaica Bay and approximately 2,100 feet (0.4
miles) north of the Atlantic Ocean. The property is currently vacant, approximately 1.3
acres in size and has been designated on local tax maps as Block 15950, Lot 29.

Previous investigations indicated that a structure was formerly located on the Site, along
the western portion of the property. The structure’s was reportedly used as a garage and
plumbing supply house. Soil and ground water investigations uncovered evidence of a
release of petroleum hydrocarbon products (heating oil) on site, and New York State
Department of Environmental Conservation (NYSDEC) assigned Spill Number 02-07599
to the property.

Between June and November 2004, Anson Environmental, Ltd. (Anson) of Huntington,
New York conducted soil remedial excavation activities at the Site to address the
petroleum impacts. During the soil excavation, two fuel oil underground storage tanks
(USTs), 1,500 and 300 gallons in capacity, were uncovered and removed. The
excavation limits were determined based on field/visual observations of soil staining and
petroleum odor. The excavation proceeded to a depth of approximately 8 feet below
grade. On approximately June 14, 2004, a greenish colored soil with a solvent odor was
first observed during the excavation. This solvent impacted soil was stockpiled
separately, for subsequent characterization and off-site disposal. Sampling of this green
stained soil showed that it contained trichloroethylene (TCE). The extent of excavation
was approximately 11,000 square feet. Further details of the excavation are contained in
the 2004 Closure Report prepared by Anson.

Additional soil and ground water investigations conducted by Anson identified an area
elevated contaminant concentration near the southwestern property boundary, in the
vicinity of soil boring B47. Laboratory analysis of ground water samples collected in
that area detected TCE at concentrations exceeding NYSDEC ground water cleanup
standards.

In September 2007, Anson submitted a Corrective Action Plan Addendum — Ground
Water Remediation Work Plan (CAP Addendum) to the NYSDEC. The September 2007
CAP Addendum proposed addressing ground water impacts using a combination of in-
situ chemical oxidation (ISCO) and enhanced in-situ bioremediation (EISB). Activated
percarbonate was proposed for chemical oxidation. Specifically, RegenOx was proposed




for the ISCO program, and Hydrogen Release Compound (HRC) was proposed for the
EISB program. The plan called for three consecutive rounds of ISCO injection through
16 injection points, and one follow up EISB injection.

In February 2008, TRC Environmental Corp. (TRC) was retained to characterize the
lithology and delineate the extent of the ground water contamination near the area of
elevated concentrations and to assist in the development and implementation of a pilot
test of the RegenOx ISCO program proposed in the 2007 CAP Addendum. An ISCO
Pilot Test Work Plan was generated by TRC, submitted and subsequently approved by
the NYSDEC in June of 2008.

1.2 Site Geology

During soil boring advancement and collection of continuous soil samples at location
MW-4s/i, the Site geology was characterized to a depth of 90 feet. Additional lithologic
information was collected at locations MW-1i and MW-3i. Figure 3 provides a
hydrogeologic cross section for the Site which depicts the lithologic units identified and
the depth that ground water was encountered.

Fill material was encountered from surface to approximately 5 to 8 feet below grade. This
fill material consisted of poorly sorted brown fine to coarse sand and gravel with varying
portions of wood, metal and concrete debris.

The fill material is underlain by fine grey sand with small amounts of coarse sand. This
sand layer was loose and water bearing. Thickness of this layer ranged from
approximately five to ten feet.

At approximately eighteen feet below grade, a 1 to 3 foot layer of grey to black soft silt
and clay was observed. This silty clay unit contained small amounts of fibrous organic
material (peat) within thin (0.25 inch) laminations. Trace amounts of shell fragments
were also found within this silty clay layer at the MW-1i location.

The silty clay unit is underlain by light brown to green unconsolidated fine to coarse
sands and rounded gravels to twenty-one feet. Silt and clay content within the sand
increased with depth from approximately thirty feet to a second clay unit, encountered
around thirty seven feet.

The lower clay unit was encountered across the Site at a depth of thirty seven feet. The
clay unit consists of dark grey soft clay with occasional trace amounts of interbedded
sand or silt and trace amounts of shell fragments. Thickness of this layer on Site is
approximately seventeen feet, as observed at MW-4s,

Brown to gray, fine to medium sand was encountered under the lower clay unit at a depth

of approximately 54 feet below grade. The sand layer was observed to be loose to
medium dense. The sand was encountered from 54 feet to 90 feet below grade, where the




boring was terminated. The thickness of this layer cannot be approximated as the unit
was still encountered when the boring was terminated.

1.3 ISCO Pilot Test

TRC prepared and submitted to NYSDEC an ISCO Pilot Test Work Plan (Work plan)
dated June 2008. The Workplan Described:

e The investigative activities conducted in April and May 2008, to evaluate the
ground water quality and hydrogeologic conditions at the Site;

e The proposed ISCO Pilot Test field procedures and activities;

e The post injection ground water monitoring program; and

e Remedial Schedule

The objectives of the ISCO pilot test included:

e Evaluation of the oxidant (RegenOx) dosage and loading rates; and
e Evaluation of hydraulic control over the treatment area during injection and the
performance of a push-pull ISCO injection approach.

NYSDEC approved the Work Plan and remedial schedule in a correspondence dated July
3, 2008.

In addition, TRC submitted to the US Environmental protection Agency (USEPA) for
review and approval of an ISCO injection pilot test application under the NPDES-UIC
program. The USEPA approved the permit-by-rule application for the ISCO pilot test
injection in a correspondence dated August 5, 2008.

The pilot test program included the following tasks:

- Installation of two shallow piezometers PZ-1 and PZ-2 and intermediate
piezometer PZ-3 for ground water monitoring;

- Atidal study;

- A short-term pumping test to assess sustainable pumping rates during the
ISCO injection program;

- ISCO injection; and

- A ssoil and ground water monitoring program

Table 1 provides a time line for the completion of pilot test activities.
2.0 PILOT TEST FIELD PROGRAM

2.1 Piezometer Installation

On July 28, 2008, TRC mobilized to the site to oversee the installation of three
piezometers for ground water quality and hydraulic response monitoring before, during
and after the pilot test. Land, Air, Water Environmental Services, Inc. (LAWES), from




Center Moriches, NY installed piezometers PZ-1, PZ-2 and PZ-3 in the pilot test area
between July 28 and 29, 2008. Figure 2 presents the layout of the newly installed
piezometers, and Figure 4 presents a layout of the pilot test area.

Piezometers PZ-1 and PZ-2 were installed in the shallow overburden formation to a depth
of approximately 13 feet below surface grade, where the uppermost clay layer was
encountered. Split spoon samples were collected and used to visually evaluate the soil
types in the boring, and the completion depth of the piezometers. The piezometers were
installed using a hollow stem auger drill rig. Both wells were screened from
approximately 3 to 13 feet below grade with 2-inch diameter, 0.010 slot screen, and were
finished with a stick-up type protective casing.

Piezometer PZ-3 was installed to a depth of approximately 38 feet below grade. The well
was installed with double casing to mitigate the potential for cross contamination
between the upper and intermediate overburden zones. The outer 4-inch PVC casing was
installed using a hollow stem auger to a depth of approximately 24 feet, and was
terminated within the upper confining clay layer. The annulus of the outer casing was
grouted using cement/bentonite and allowed to cure for 24 hours. Piezometer PZ-3 was
completed with an inner 2-inch diameter PVC riser and well screen installed through the
outer casing using the mud rotary drilling technique.

The piezometers were surveyed along with all other existing on-site monitoring wells
using a New York State licensed surveyor.

The three piezometers were developed by purging the wells until the discharged water
was visually clear of sediment. Approximately 50 gallons of development water were
generated from both PZ-1 and PZ-2, and 100 gallons were generated during the PZ-3
development. The development water was containerized in 55 gallon drums.

The well construction logs are presented in Appendix A, along with the soil boring logs
generated during the well installation. Table 2 presents a summary of the on-site
monitoring constructions.

2.2 Tidal Study

After the piezometers were allowed to stabilize for two weeks and pre-injection ground
water samples were collected, a 120-hour tidal study was initiated at the site. The tidal
study was conducted to assess the potential tidal influence of both the Jamaica Bay and
the Atlantic Ocean on the local ground water level and flow patterns at the site. Weather
data was collected from the nearby John F. Kennedy Air Port station to assist in the
evaluation of the ground water flow regime during this program.

The study was conducted by placing water level measuring data loggers in MW-1s, PZ-1,
and PZ-2 to monitor the shallow overburden water-bearing zone, and MW-1i and PZ-3 to
monitor the intermediate overburden water-bearing zone. The data loggers were Level
Troll models manufactured by In-Situ Inc., which are pressure transducers that measure
and record the height of the water column above the sensor. The level loggers were




placed close to the bottom of the wells, and set to record ground water levels at one
minute intervals. Prior to the initiation of the test, the internal clocks of the level loggers
were synchronized to ensure that data readings were collected at the same time. The
level loggers remained in the wells until the completion of the pilot test.

2.3 Short-Term Pumping Tests

Short term pumping tests were conducted on monitoring wells MW-4s and MW-4i on
August 19, 2008. The pumping tests were conducted to assess:

e The hydraulic relationship between the upper and intermediate overburden
ground water zones;

e Sustainable pumping rates for ground water control during the pilot test;
e Equipment and tank sizes for use during the pilot test; and

The pumping tests were conducted for approximately one hour each. Flow totalizers
were used to monitor and record the volume of water extracted from each well. Ground
water extracted during the short-term pumping tests was collected in an on-site 10,000-
gallon holding tank mobilized to the site for use during the field program.

The duration of the pumping tests was shortened due to interruptions of equipment
operations on August 18, 2008.

Ground water extraction rates greater than 4.6 gpm were estimated to be sustainable in
the short term. Ground water extraction from MW-4s was observed to have no impact on
ground water levels in piezometer PZ-3. Accordingly, ground water levels in the
intermediate overburden water-bearing unit in the immediate vicinity of the pumping
well did not decline due to pumping and water level drawdown in the shallow overburden
water-bearing unit. Likewise, pumping from the intermediate well MW-4i also did not
result in a decline in ground water levels in nearby shallow piezometers PZ-1 or PZ-2.
While ground water levels in intermediate well MW-4i were declining due to the short-
term pumping test at MW-4i, ground water levels at shallow piezometers PZ-1 and PZ-2
were recovering following the short-term pumping test at the shallow well MW-4s. No
delay in the recovery was noted, indicating that extraction from the intermediate zone
would not influence ground water levels in the shallow zone. Figure 5a and Figure 5b
display the ground water level responses during the pumping tests.

Data from the pumping test were analyzed to estimate the hydraulic conductivity of the
shallow and intermediate zones.  Analysis was conducted using the ISOAQX
hydrogologic ground water program, by HydralLogic, Inc. The pump tests were analyzed
using draw down curve fitting and Theissian techniques. Analysis on two shallow
pumping tests was conducted assuming unconfined conditions, and analysis on the
intermediate zone was conducted assuming confining conditions. Calculated hydraulic
conductivity values for the shallow zone ranged from 43.9 ft/day to 97 ft/day, with an
average value of approximately 65 ft/day. The results from the analysis of the
intermediate zone pumping test indicated a range of hydraulic conductivities between 3.6




and 9.4 ft/day, assuming a saturated aquifer thickness of 20 feet. Appendix F presents
graphs and summary tables of the pumping test results.

2.4 ISCO Injection Program

2.4.1 Oxidant Selection

The RegenOx oxidation product, manufactured by Regenesis Bioremediation Products of
San Clemente, CA, was used for the ISCO pilot test. RegenOx consists of two separate
complexes, an oxidant complex and an activator complex. The oxidant portion of
RegenOx is a sodium percarbonate/catalytic formulation, whereas the activator complex
is a composition of ferrous salt embedded in a micro-scale catalyst gel. Appendix B
includes the RegenOx Material Safety Data Sheets (MSDS). RegenOx has a very high
activity and is capable of treating a broad range of contaminants in both soil and ground
water. Research conducted by Regenesis indicates that the compound can remain active
in the subsurface for an extended duration contingent on the contaminant types and
concentrations, soil and natural oxidant demand, and other sinks (i.e., competing
chemical demands from constituents present within the aquifer).

2.4.2 Ground Water Extraction and RegenOx Solution Preparation

The ISCO pilot test injection program began on August 19, 2008. Extracted ground
water from monitoring wells MW-4s and MW-4i was used to prepare an approximately
4% RegenOx solution. Ground water extraction at wells MW-4s and MW-4i was
maintained throughout the ISCO injection test, with more water being extracted from
wells MW-4s and MW-4i than injected at the ISCO injection points, to establish
hydraulic control within the shallow and intermediate water-bearing units in the
immediate vicinity of the injection locations. The water used in the injection process was
pumped from MW-4s and MW-4i prior to and during the pilot test. Development and
purge water from the treatment area wells was also used as mixing water to supplement
the ISCO feed water. Approximately 500 gallons of purge and development water was
pumped into the holding tank. Approximately 1,500 gallons of excess water remained in
the holding tank following the completion of the injection program was characterized and
disposed off-site.

The extracted ground water was pumped into an on-site 10,000-gallon steel holding tank
before being conveyed into a mixing tank, where ground water was mixed with the
RegenOx Part A and B compounds to form a 4% solution by weight. Only the weight of
the RegenOx Part A compound was considered for the dosing calculations, as per
recommendations from the manufacturer. From the mixing tank, the RegenOx solution
was pumped into two injection points, located equidistant from piezometer PZ-1.

A two inch submersible Monsoon pump was placed in each well MW-4s and MW-4i
approximately six inches from the bottom of the well. A flow totalizer was placed after
the pumps at each extraction well, as well as in between the holding tank and the mixing
tank. The holding tank totalizer was used to track the injection solution volume and to
determine the RegenOx dosage. Ground water extraction began each day before
injection, and continued for approximately one-half hour after injection was completed.
Extraction flow rates varied between 1.5 and 4.6 gpm.




RegenOx was mixed with the extracted ground water in a batch mode. Twelve batches of
RegenOx dosed ground water were prepared and injected into the subsurface during the
pilot test. The batches ranged in volume from 650 gallons to 150 gallons. Typically,
multiple batches were mixed for each 5 foot injection interval. The batch volumes were
measured using a digital totalizer placed at the effluent port of the holding tank. The
mass of RegenOx Part A and B was determined using a mixing ratio of 4% RegenOx Part
A by mass. The solution was mixed by circulating water in the mixing tank with a
mixing pump. Mixing continued during the injection process for each batch until the
volume in the mixing tank was below the influent port of the mixing pump.

During the pilot test, one batch (Batch 9) was mixed with approximately 6% Part A by
mass. This resulted in a subsequent batch (Batch 12) having a lower RegenOx
concentration (approximately 1%). All other batches were mixed to 4% within a level of
accuracy of +0.4%.

The following table presents a summary of the batch volumes and concentrations.
Detailed field data sheets for the mixing batches are presented in Appendix C.

Buckets of Part A Weight A
Batch Interval | Gallons (30 Ibs/bucket) (Ibs) % RegenOx
1 33-38 500 5.6 168 4.0%
2 33-38 150 15 45 3.6%
3 28-33 449 4.5 135 3.6%
4 28-33 200 2 60 3.6%
5 23-28 650 7 210 3.9%
6 18-23 600 6.5 195 3.9%
7 18-23 250 3 90 4.3%
8 13-18 250 3 90 4.3%
9 13-18 254 4 120 5.7%
10 13-18 330 4 120 4.4%
11 8-13 330 4 120 4.4%
12 8-13 326 1 30 1.1%
Total 4,289 46.1 1,383 3.9% (Average)

2.4.3 ISCO Injection

ISCO injection was conducted at two injection points simultaneously. Injection points
IP-1 and IP-2 were installed to a depth of 38 feet below grade using a track mounted
direct push drill rig (Geoprobe© 66DT).

The injection points were located within a distance of approximately 8 feet from existing
monitoring/extraction well MW-4s. Injection proceeded from the bottom up in 5-foot
intervals from a depth of approximately 38 feet to 10 feet above grade. Figure 4 depicts
the locations of the injection points and relations to the extraction and monitoring
wells/piezometers.




The injection proceeded through the drilling rods. A sacrificial plastic tip was placed at
the bottom orifice of the drill rods. Before the injection began, the rods were extracted 2
feet to allow the sacrificial tips to fall out, leaving an open rod.

During the pilot test, injection point IP-1 was offset twice a few feet from the initial
location due to running sand conditions and clogging of the drill rods. “Day lighting”
from the annular space of the injection fluid was occasionally observed when injecting at
shallow depths at the relocated injection point IP-1.

Injection was conducted in six discrete 5-foot intervals covering a total length of 30 feet
at each injection point. As described above, individual RegenOx solution batches were
prepared for each interval. The injection volume was calculated based on the results of
laboratory bench scale tests of Total Oxidant Demand conducted on soil samples
collected from the treatment area, as described in the ISCO Pilot Test Work Plan,
submitted to the NYSDEC in June 2008. Because the concentration of RegenOx in
solution was maintained near 4% throughout the test, the volume of solution projected for
each interval varied for different soil types consistent with the estimated Total Oxidant
Demand obtained from the bench scale testing. A large volume of injection solution was
injected between depth intervals 13 and 23 feet, where clay with a high organic content
has been encountered at the site.

A total of 4,289 gallons of RegenOx solution was injected within the treatment area
during the pilot test. Approximately 1,383 Ibs of oxidant (Part A) was mixed into
solution, along with approximately 1,383 Ibs of activator compound (Part B). The
injection rate was much higher in the intermediate zone, which had an average injection
rate of approximately 9 gpm. The shallow zone injection rate was significantly lower,
with a maximum sustained injection rate of approximately 4.5 gpm, per injection point.
The injection logs for IP-1 and IP-2 are presented in Appendix C. Injection points were
grouted and sealed upon completion.

2.5 Pilot Test Monitoring Program

Table 3 summarizes the soil and ground water monitoring program.

2.5.1 Soil Sampling

On August 19, 2008, TRC advanced soil borings PTSB-1 and PTSB-2 in the pilot test
area. The boring locations are displayed on Figure 4, and the boring logs are presented in
Appendix 1.

On September 3, 2008, TRC advanced post-injection borings PTSB-3 and PTSB-4. The
post injection borings were generally co-located with the pre-injection borings (with a
maximum off-set of less than two feet).

Two soil samples were collected from each boring. Except for pre-injection test boring
PTSB-1, the soil samples were collected at the interface of the shallow clay with the
intermediate sand (the clay sample from the bottom of the shallow clay unit and the sand
sample from the top of the intermediate sand). The depth to the interface of the bottom of




the shallow clay and the top of the intermediate sand varied between approximately 13.5
feet and 25 feet below grade.

At pre-injection boring PTSB-1, the clay sample (PTSB-1-1) was collected above an
intervening sand lens within the clay unit at a depth of approximately 18 to 18.5 feet
below grade. The sand sample at this boring, PTSB-1-2, was collected from the
approximately 9-inch thick intervening sand lens within the clay. This sand lens was not
encountered in the corresponding post injection PTSB-3, which had a thicker clay unit.
The interface of the shallow clay and intermediate sand at post injection boring PTSB-3
was encountered at a depth of approximately 25 feet below grade due to the relatively
larger thickness of the shallow clay unit.

While the lithology of pre-injection boring PTSB-2 and corresponding post injection
boring PTSB-4 were marginally different, the pre- and post-injection samples from these
borings were collected at comparable depths. The pre-injection clay and sand samples
(PTSB-2-1 and PTSB-2-2) were collected from depth intervals of approximately 15.5-16
feet and 16-16.5 feet below grade, respectively. The post injection clay and sand samples
(PTSB-4-1 and PTSB-4-2) were collected from depth intervals of approximately 13-13.5
feet and 13.5-14 feet below grade, respectively. No intervening sand lenses were
encountered at either the pre- or post injection borings.

The soil samples were analyzed for VOCs and total organic carbon (TOC). The clay
samples were also submitted for geotechnical analysis for Atterberg Limits.

2.5.2  Ground Water Monitoring

The pilot test ground water monitoring program encompassed collecting ground water
samples from wells MW-4s and MW-4i, and from the new piezometers, PZ-1, PZ-2 and
PZ-3 for laboratory analysis. Baseline ground water samples were collected from these
five wells/piezometers on August 13, 2008. Post injection samples were collected on
August 27, September 3 and September 17, 2008, corresponding to one week, two weeks
and one month after the ISCO injection.

Ground water samples were collected using the volume averaging technique during all
sampling events. Samples were analyzed for priority pollutant volatile organic
compounds (VOCs).

3.0 GROUND WATER HYDRAULIC ASSESSMENT

3.1 Tidal Study Results

In-Situ Inc. Level Loggers were placed in MW-1i, MW-1s, PZ-1, PZ-2 and PZ-3 on
August 13, 2008.

Figure 6 presents a summary of water level hydrographs obtained during the tidal study.

Based on water level measurements, only intermediate wells MW-1i and PZ-3, exhibited
a minor response to tidal fluctuations in nearby surface water. The maximum water level




change at MW-1i due to tidal fluctuations was estimated to be approximately 0.1 foot.
The maximum water level change in PZ-3 due to tidal influence was approximately 0.35
feet. The period of the tidal fluctuations was the same in both PZ-3 and MW-1i,
indicating that the tidal fluctuation is coming from the same water body (i.e. Jamaica Bay
or the Atlantic Ocean).

Water levels at all other on-site wells/piezometers monitored during the study exhibited
no response to tidal fluctuations. The data further indicates that the shallow overburden
water-bearing unit is not hydraulically connected to the Jamaica Bay or the Atlantic
Ocean.

A review of water levels indicates that water level changes due to tidal fluctuations did
not result in any pronounced changes in ground water flow patterns/directions in either
the shallow or intermediate overburden water-bearing units or between/across the two
units. The effects of the tidal fluctuations observed in the intermediate zone are
anticipated to result in a northerly or southerly shift in the overall ground water flow
direction, but not a complete reversal of flow.

Precipitation occurred during the tidal study resulted in water level changes both within
the shallow and intermediate overburden water-bearing units. A more pronounced,
localized response to rainfall was observed at intermediate well MW-1i than at other
monitoring locations. Water level changes due to precipitation apparently had some
temporary effects on the vertical ground water potential/pattern. The hydrographs
indicate that the two consecutive rainfall events cumulatively resulted in a local reversal
of the vertical ground water flow patterns/gradients from upward to downward.

3.2 Hydraulic Connection Between the Shallow and Intermediate Units

The results of the short-term pumping tests indicate that ground water extraction from the
shallow zone was observed to have no impact on ground water levels in the intermediate
unit. Likewise, pumping from the intermediate zone also does not seem to influence
ground water levels in the shallow unit. Accordingly, the shallow and the intermediate
units may have a direct hydraulic connection within the ISCO test area due to the
presence of the confining organic clay unit.

3.3 Ground water Elevations and Flow Patterns

Ground water elevation contour maps were developed using water elevation data
collected on July 30 and September 3, 2008. Separate ground water contour maps were
generated for the shallow and intermediate zone monitoring wells and piezometers.
Figures 7 and 8 present the shallow and intermediate contour maps, respectively. The
contour maps depict the ground water elevation in reference to the NAVD 88 elevation
datum.

Ground water elevations in the shallow zone ranged from approximately 1.5 to 2.3 feet

above mean sea level. In both contour maps, the general ground water flow direction is
to the north west, towards Jamaica Bay. The average hydraulic gradient ranged from
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approximately 0.0034 feet/foot in the July 2008 map and approximately 0.0025 feet per
foot in the September 2008 map. The shallow zone water bearing unit is considered
unconfined. Local surface water pathways and recharge zones, like the drainage swale
along the western property boundary may effect the local ground water flow directions.
Precipitation events during the tidal study were seen to raise the ground water elevation
in the shallow zone.

Ground water elevations in the intermediate zone ranged from approximately 1.31 to 1.43
feet above mean sea level. In both contour maps, the general ground water flow direction
is towards the west. The July 30, 2008 contour maps show a south western component to
the ground water flow. The average hydraulic gradient for both events was
approximately 0.0008. During the tidal study, ground water elevations in monitoring
well MW-1i was observed to fluctuate by approximately 0.1 feet through the course of a
tidal cycle. This fluctuation in MW-1i would not greatly alter the ground water flow
direction, but rather impart a south westerly flow in the water bearing unit. The
intermediate zone ground water is considered to be confined due to the presence of the
organic clay unit between the two zones. Additionally, the difference in ground water
elevations, gradient and flow direction would indicate that the two zones do not share a
local direct hydraulic connection.

Temporary and localized changes in local ground water flow patterns may be observed
following sustained precipitation (contingent on rain intensity and duration). The
magnitude of these changes is influenced by variability of soil hydrogeologic conditions
(lithology, hydraulic characteristics, and presence of subsurface preferential pathways)
and proximity to regional and local discharge zones (i.e., Bay, Ocean, and local
stormwater ditches and channels).

3.4 Hydraulic Control during ISCO Pilot Test Injection

A hydraulic deficit was maintained within the ISCO injection area with more ground
water being extracted from wells MW-4s and MW-4i than injected at the ISCO injection
points, to maintain hydraulic control within the shallow and intermediate water-bearing
units in the immediate vicinity of the injection locations. Ground water level depression
due to pumping was observed during the pilot test. Ground water extraction, in particular
from MW-4s, induced an inward gradient from PZ-1 and PZ-2, which demonstrates
hydraulic control within the treatment area. Ground water levels in PZ-3 remained
unchanged during the test, indicating that the water from the intermediate zone was not
pushed beyond the treatment area during the test. This is further supported by
contaminant and geochemical parameter behaviors at PZ-3 through the post injection
monitoring period as demonstrated in Section 4.2 below. Figure 9 depicts the ground
water elevations during the pilot test.

4.0 ISCO PILOT TEST MONITORING RESULTS

4.1 Soil Sampling Results

Soil sample results are presented in Table 4.
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4.1.1 Geotechnical Analysis

Geotechnical analysis conducted on pre- and corresponding post-injection clay samples
PTSB-1-1 and PTSB-3-1, collected from different depth intervals within the shallow clay
unit, indicate that there is a difference in the clay content and type between the two
samples. The shallower sample PTSB-1-1 was classified as clayey silt, whereas the
deeper sample PTSB-3-1 was classified as silty clay. The Atterberg limits analysis for
these samples shows that PTSB-3-1 has a higher plasticity index and a lower liquidity
index than PTSB-1-1. Additionally, laboratory analysis indicates that the TOC content in
the pre-injection shallower sample PTSB-1-1 (19,500 ppm) is lower than that for the post
injection deeper clay sample PTSB-3-1 (38,900 ppm). Accordingly, the lower portion of
the shallow clay unit at this location is characterized with higher organic and clay content
and plasticity than those for the upper portion.

Geotechnical analysis on clay samples PTSB-2-1 and PTSB-4-1 collected from the other
pre- and post injection soil borings, respectively indicates that both clay samples were the
same soil type. Both clay samples were classified as clayey silts. Atterberg limit
analysis on the pre-injection PTSB-2-1 and post injection PTSB-4-1 clay samples did not
indicate a loss of plasticity in the clay. The liquid limit and plasticity index results were
higher in the post injection sample than those obtained for the pre-injection sample,
indicating that the soil plasticity characteristics may not be affected ISCO injection.

4.1.2 Total Organic Carbon

The TOC content in pre-injection clay samples ranged between 19,500 ppm and 34,300
ppm, which corresponded to a Fraction Organic Carbon (f,c) of approximately 2% and
3.4%. The TOC content in pre-injection sand samples varied between not detectable and
1,070 ppm (which corresponds to f,c of 0.1%).

The TOC content in post-injection clay samples ranged between 1,750 ppm and 38,900
ppm, which corresponded to f,. of approximately 0.18% and 3.9%. The TOC content in
post-injection sand samples was not detectable.

A comparison of the results for both clay and sand samples from pre- and post injection
borings PTSB-2 and PTSB-4, respectively, indicates that ISCO injection locally reduced
the TOC content, and that some of the oxidant was consumed for oxidation of the natural
organic matter within the soil at this location. The reduction of TOC content usually
results in a reduction of soil sorption capacity for contaminants.

However, based on the results of clay sample from post injection boring PTSB-3-1, the
TOC at that location might have not experienced the same level of TOC reduction.

4.1.3 Chemical Laboratory Results

Chemical laboratory analysis of pre-injection soil samples PTSB-1-1 (clay) and PTSB-1-
2 (sand) detected CVOC at trace levels only. However, the corresponding post-injection
samples PTSB-3-1 (clay) and PTSB-3-2 (sand) had much higher COVC concentrations.
This difference in CVOC concentrations may be due to the difference in sample depths
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and the corresponding difference in soil characteristics (i.e., lithology and TOC) within a
very short distance. These CVOC results suggest a locally variable contaminant
distribution within the clay unit and immediately underlying sand with higher CVOC
concentrations within the lower portion of the clay unit than in the upper portion in this
area. The higher CVOC concentration may be related to the higher TOC content and
corresponding higher contaminant sorption capacity in deep sample PTSB-3-1 than those
in the shallower clayey silt sample in PTSB-1-1. This significant variability in soil
characteristics and response (TOC content and CVVOC concentrations) made it difficult to
assess the potential oxidation effect on the soil quality near the clay-intermediate sand
interface at this location.

Chemical laboratory analysis of soil samples from the location of pre-injection boring
PTSB-2 and post injection boring PTSB-4 shows a significant reduction in CVOC
concentrations in post injection soil samples. TCE concentrations in the clay samples
were reduced from 3.78 mg/kg pre-injection (PTSB-2-1) to 0.0114 mg/kg post injection
(PTSB-4-1). This decrease in CVOC concentrations was also accompanied with a large
reduction in the TOC content as indicated above. The decrease in both CVOC and TOC
concentrations indicates that the oxidant reached this area and was active during the pilot
test. These results further indicate that the extent of influence of ISCO injection within
the intermediate unit extended to a distance between 15 and 20 feet.

Overall, CVOC concentrations in the sand sample from the area of post-injection boring
PTSB-4-2 were lower than those in the pre-injection sample PTSB-2-2. Total CVOC
concentrations were reduced from approximately 21.4 mg/kg to 4 mg/kg. However, the
TCE concentration increased in the post-injection sand sample, from 0.23 to 2.57 mg/kg.
This increase may be related to desorption of TCE (and the reduction of sorption capacity
as manifested by the reduction of TOC content) from the overlying clay unit.

4.2 Ground Water Geochemical Parameters

Ground water geochemical parameters were measured and recorded during the pilot test
sampling activities. Ground water purge forms from the sampling events are provided in
Appendix D. Graphs of specific geochemical parameters are presented as Figure 10.
Changes in several geochemical parameters throughout the monitoring period are
discussed below.

pH Measurements

Measurements of pH at the monitoring points showed little change between the baseline
(pre-injection) sampling and the first post-injection sampling events. The second post-
injection sampling event showed increases in pH ranging from 1.43 to 3.94 standard units
(s.u.). The pH increase is attributed to alkaline conditions induced by the carbonate and
iron content in the oxidant and the activator, respectively. Measurements in the third post
injection sampling event indicate pH returned to near baseline conditions. The decline of
pH levels is attributed to the precipitation of carbonate and iron and dissipation of
oxidation capacity.

Salinity
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Salinity measurements remained nearly constant throughout the sampling period, with the
exception of PZ-1. Measurements from PZ-1 show a sharp increase in salinity from a
pre-injection level of approximately 0% to a post injection maximum of 1.22% in the first
post-injection sampling event likely due to an increase of chloride from the degradation
and reductive dechlorination of CVOC. Salinity levels returned to near baseline
conditions in the third post-injection sampling event.

Dissolved Oxygen

Concentrations of dissolved oxygen (DO) generally increased in the first post-injection
sampling event. Monitoring points PZ-2 and PZ-3 showed a mild increase in DO after
injection; however, the other monitoring points exhibited a DO increase of 3 to 6 mg/L.
During the second post-injection sampling event, DO levels in all monitoring points
decreased below the baseline levels to approximately 1 mg/L. This sudden decrease in
DO levels is indicative of the development of reducing conditions likely due to
consumption of oxygen by the carbonate and increased microbial activities. The results
of the third post-injection sampling event indicated that DO levels returned to near pre-
injection levels. The changes in DO levels suggest chemical oxidation remained active
for at least one to two weeks.

Oxidation/Reduction Potential

Oxidation/Reduction Potential (ORP) levels for the first post injection sampling event
were higher than baseline levels in MW-4s, MW-4i and PZ-1 event. After the first post-
injection sampling event, ORP levels dropped or returned to pre-injection levels in MW-
4s, MW-4i, PZ-1 and PZ-2. Through the monitoring period, ORP readings only reach
positive levels in MW-4s for one sampling event. Generally, lower ORP levels were
obtained in the shallow unit than in the intermediate unit. The post injection decline of
ORRP levels indicates that oxidizing conditions persisted in the treatment area for a period
between one to two weeks followed by the development of reducing conditions.

Temperature

Temperature readings during the post-injection sampling events remained relatively
stable. An increase in temperature at all monitoring points, with the exception of PZ-3
was observed during the third post-injection sampling event, potentially due to weather
conditions on the sampling day. No significant increase in temperature was observed as a
result of ISCO injection, which is indicative of absence of strong exothermic reactions
associated with the use of activated percarbonate.

4.3 Ground Water Analytical Results

Table 5 presents the results for the ground water samples.

Chlorinated VOCs (CVOC), including tetrachloroethylene (PCE), trichloroethylene
(TCE), cis-1,2-dichloroethylene (c-DCE), trans-1,2-dichloroethylene (t-DCE), vinyl
chloride (VC), 1,1-dichloroethylene, (1,1-DCE), 1,1-dichloroethane (1,1-DCA), and
chloroform were detected in the ground water samples. Concentrations of TCE and its
breakdown daughter products c-DCE and VC were substantially higher than those for
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other CVOC. Petroleum related VOC including benzene, toluene, ethylbenzene, and
xylenes (BTEX) were also detected in several ground water samples, however their
concentrations were significantly lower than those for COVC, and were not the focus of
this pilot test.

The highest concentration of total COVC was detected in monitoring well MW-4i. TCE
concentrations in this MW-4i increased between the May 3, 2008 sampling event and the
pre-injection, baseline sampling event form 97,300 pg/L to 302,000 pg/L. This increase
occurred before ISCO injection, and as such is not considered to be related to the pilot
test.

With the exception of PZ-3, COVC concentrations increased in all monitoring points one
week after the ISCO. The increase in COVC concentrations, in particular TCE
concentrations, is most likely a result of residual contaminant dissolution and
contaminant desorption from the soil to the ground water. Available literature™? indicates
that the increase in dissolved phase contaminant concentrations after ISCO has been
attributed to the reduction in the fraction of organic carbon (f,) from the oxidation
process. The f,c for a soil is directly proportional to the partitioning of organic
contaminants to the soil surface through the relationships:

Ca = CS X Kd
Ka = foc X Koc

Where:
Ca = Adsorbed Phase Concentration
C; = Dissolved Phase Concentration
Kg = Partition Coefficient
Koc = Contaminant Specific Organic Carbon Partition Coefficient

The above equations show that a decrease in the f,c will drive contaminants into the
dissolved phase from sorbed and residual phase. Literature also suggests that increase in
pH may also adjust the partitioning of contaminants from the adsorbed phase to the
dissolved phase. An increase in pH was observed during the second post-injection
sampling event. Thus, such pH adjustment may be responsible for the continued local
increase of dissolved TCE concentrations. The combined effect of the above processes
serves as an equivalent chemical-surfactant effect that avails more contaminant mass into
the dissolved phase. In most remediation scenarios the slow desorption of contaminants
from the soil surface is the limiting process for contaminant remediation. The equivalent
chemical-surfactant effect, by increasing the dissolved phase concentrations, avails more
contaminant mass for oxidation and degradation, thereby expediting the contaminant
desorption rate and subsequent degradation.

The increase of TCE concentrations observed one week after injection was followed by a
decrease in TCE concentrations, especially in monitoring points closest to the injection

! Principals of Chemical Oxidation Technology for the Remediation of Groundwater and Soil, March 2007
% Technical and Regulatory Guidance for In-Situ Chemical Oxidation of Contaminated Soil and Ground

Water” ITRC 2001
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points. The increase of TCE concentrations coincided with or followed by a substantial
increase of c¢c-DCE and vinyl chloride concentrations likely due to reductive
dechlorination of TCE as a result of the reducing conditions that developed rapidly
following the dissipation of oxidation capacity. This response indicates that chemical
oxidation was active within the treatment area for a period of one to two weeks. An
assessment on molar basis indicates the increase of c-DCE concentrations was roughly
equivalent to the decrease in TCE concentrations at these locations.

For piezometers distant from the injection points (i.e., PZ-2 and PZ-3), a different
behavior was observed contingent on the distance from the injection points and the
relative hydraulic alignment (i.e., downgradient or side-gradient) of the area of elevated
contaminant concentration. Concentrations of ¢c-DCE and vinyl chloride in piezometer
PZ-2 initially increased but then decreased to levels below those obtained during the pre-
injection sampling event, while TCE concentrations marginally increased.

Ground water samples collected from PZ-3 did not follow the same trends as in the other
monitoring points. The one-week post injection sampling event indicated a sharp decline
in CVOC concentrations in PZ-3 after the pilot test, with concentrations of TCE, c-DCE
and vinyl chloride all dropping at least by 30%. The second post-injection sampling
event showed an increase in all COVC concentrations, with TCE and c-DCE increasing
to concentrations above the baseline level. This initial decline of CVOC concentrations
is attributed to the active ground water extraction at MW-4i and drawing downgradient
water beyond the treatment zone (with lower CVOC concentrations) towards the
extraction well. The subsequent increase of CVOC concentrations is attributed to the
cessation of ground water extraction and corresponding recovery of natural ground water
flow conditions and release of ground water levels with higher CVOC concentrations.
The third post-injection sampling event showed a decrease in TCE concentrations and an
increase in ¢c-DCE and vinyl chloride. The reduction of TCE concentrations and the
associated increase in c-DCE is likely indicative of reductive dechlorination due to the
rapidly developed reducing conditions and active biological degradation. An assessment
on molar basis indicates the increase of c-DCE concentrations was equivalent to the
decrease in TCE concentrations at PZ-3.

The results generally indicate that reductive dechlorination of TCE is likely to be
complete and continues through vinyl chloride without stalling at c-DCE level. This
observation is demonstrated by the increase and subsequent decrease of vinyl chloride or
substantial decline of c-DCE concentrations.

Table 5 presents the ground water sampling results and Figure 11 presents graphs of
CVOC molar concentrations versus time for each monitoring point. Appendix E presents
graphs of contaminant concentrations, in ug/L, for each well with respect to time.

4.4 ISCO Rate Constant

An estimate of a rate constant for the ISCO program was developed using data from the
pilot test, at the request of the NYSDEC. A control volume encompassing the treatment
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area wells (MW-4s, MW-4i, PZ-1 and PZ-2) was assumed to allow for the estimation of
dissolved and adsorbed phase mass. The control volume area was set at 30 feet by 20
feet, and extended from the surface to the top of the lower clay unit, defining the bottom
of the intermediate zone. Contaminant mass estimates were developed by using total
VOC isoconcentration maps within the control volume. Additionally, the adsorbed phase
mass in the upper clay unit was estimated using results from soil samples collected within
the clay. An overall estimate of 64.5 Ibs of VOCs was developed using data obtained
before the pilot test. Appendix G presents the contaminant mass calculations.

The contaminant mass reduction in the dissolved phase due to ISCO was estimated using
the drop in contaminant mass observed between the first and second post injection
sampling events. A rate of contaminant reduction was determined by assuming that the
dissolved phase reduction continued at a steady pace over the 10 day assumed ISCO
activity period at the same rate observed between the first and second post injection
sampling events on August 27 and September 3, 2008. An estimated total of
approximately 1.6 Ibs of VOCs was destroyed in the dissolved phase (shallow and
intermediate zone). The increase in dissolved phase mass observed in the first post
injection sampling event was assumed to be the result of a release in contaminant mass
from the upper clay unit in the beginning of the test. The release in contaminant mass
from the upper clay unit was assumed to be a result of the destruction of organic carbon
in the clay, as observed in the PTSB-2-1 and PTSB-4-1 samples.

The ratio of TOC and VOC mass destruction in the upper clay unit was estimated using
two techniques. The initial attempt to quantify both the VOC and TOC destruction in the
clay unit involved relating the released VOC mass from the clay unit (increase in
dissolved phase mass observed in the first post injection sampling event) to the change in
foc Nneeded to free the related VOC mass. It was estimated that approximately 2.9 lbs
(1.32 kg) of VOC was released from the adsorbed phase. The octanol water partition
coefficient for TCE was used to estimate the drop in f,c. The calculation estimated an
overall destruction of approximately 67 Ibs of organic carbon in the clay unit. A
relationship between the destruction of organic clay to VOC compounds was assumed to
be 3 Ibs of organic clay to 1 Ib of VOC. With this assumption, 22 Ibs of VOCs were
destroyed within the clay, resulting in an overall VOC reduction due to oxidation at
approximately 24 Ibs.

The second method used to estimate the destruction of VOCs within the clay unit was
conducted using pre and post injection soil sample results from PTSB-2-1 and PTSB-4-1.
The destruction of organic carbon content and VOC mass in the clay was observed using
the pre and post test soil sample results, and a relationship between VOC and TOC
destruction was developed based on these soil sample results. It was estimated that VOC
mass destroyed in the clay unit was 0.45% of the total oxidized mass, indicating that the
affinity of the oxidant to the natural organic content was higher than to the VOCs. It was
also assumed that due to the limited hydraulic conductivity of the clay unit, the
distribution of the oxidant was not complete. Contact efficiencies ranging from 10% to
40% were assumed to develop the rate constant. VOCs mass destruction estimates based
on this calculation method ranged from 6.5 to 21 Ibs.
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The overall VOC destruction estimates from both methods are comparable, indicating
that approximately 20 Ibs of contaminant mass was destroyed in the treatment zone over
the 10 days of ISCO activity. A VOC destruction rate ranging between 0.65 and 2
Ibs/day was determined based on the calculations described above. The VOC destruction
rate was divided by the estimated contaminant mass within the treatment zone (65 Ibs) to
develop a reaction rate constant. Rate constants between 0.010 and 0.033 days™ were
estimated, resulting in a half life range of 21 to 69 days for the control volume/treatment
area.

These mass reduction rates only consider the contaminant mass removal due to ISCO.
Evidence of biological degradation of contaminant mass was observed in the post
injection pilot test ground water sampling results, indicating that an overall contaminant
destruction rate would be higher than what was estimated solely for ISCO.

5.0 SUMMARY OF FINDINGS

e Consistent with the approved Workplan and permit by-rule, a total of
approximately 4,289 gallons of RegenOx solution was injected within the
treatment area during the pilot test. Approximately 1,383 Ibs of oxidant (Part A)
was mixed into solution, along with approximately 1,383 Ibs of activator
compound (Part B).

e The injection of activated percarbonate reduced the total CVOC mass within the
treatment area. This was likely due to a combination of oxidation and reductive
dechlorination due to biological degradation. The ISCO pilot test destroyed an
estimated mass of 20 Ibs of VOCs.

e [SCO was successful in oxidizing adsorbed phase contaminants as evidenced in
the PTSB-2-1 and PTSB-4-1 soil sample results. Variability in subsurface
geology likely resulted in a decrease in oxidant contact efficiency.

e The ISCO process effectively transferred adsorbed and residual contaminant mass
into the dissolved phase, availing the CVOC for oxidation and degradation.

e [SCO reduced the total dissolved phase CVOC concentrations.

e The amount of RegenOx compound injected, while near the solubility limit and
consistent with Total Oxidant Demand (based on bench scale testing results), was
insufficient to fully oxidize and degrade all the contaminant mass within the
treatment area. This limitation is likely attributed to the high oxidant demand of
the geologic formation. The large oxidant demand is associated with the large
sorbed and residual contaminant mass and TOC content, as well as the presence
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of other oxidizable chemicals (e.g., residual petroleum and metals that consumed
the oxidant) within the treatment area.

e ISCO reduced the soil TOC content and corresponding soil sorption capacity for
contaminants. The high TOC content in the shallow clay unit resulted in the
consumption of oxidant for oxidation of natural organic matter. The heterogeneity
of soils on-site affected ISCO effectiveness and efficiency.

e [SCO remained active for a period of approximately one to two weeks. Strong
reducing conditions rapidly developed within the treatment area following the
dissipation of oxidation capacity. In-situ biodegradation and reductive
dechlorination due to the amenable reducing conditions appear to be effective and
efficient in degrading CVOC contaminant mass both within along the fringes of
the CVOC elevated concentration area. The high TOC content and amenable
geochemical conditions (near neutral pH and low ORP levels) within the water-
beating units appear to enhance the reductive dechlorination process.

e Hydraulic control and capture of both shallow and intermediate ground water was
established during the pilot test. Ground water extraction effectively induced an
inward hydraulic gradient during the pilot test.

e The shallow and intermediate water-bearing units are not directly hydraulically
connected within the treatment area likely due to the presence of the confining
clay layer.

e Tidal fluctuations in nearby surface water bodies have no effect on ground water
within the shallow unit at the site. Tidal fluctuations of 0.1 to 0.35 feet were
observed in the intermediate zone. The tidal fluctuations in the intermediate wells
occurred simultaneously. It is anticipated that the tidal fluctuations change the
north/south ground water flow component, however the major ground water flow
direction is anticipated to be from west to east in the intermediate zone, based on
obtained data.

e The occasional and limited “day-lighting” of oxidant observed during ISCO
injection within the shallow unit is characterist