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1.0 Introduction

This Remedial Design Work Plan and Remedial Action Work Plan are being submitted
on behalf of USF Red Star, LLC in partial fulfillment of the agreement contained in the
Order on Consent and Administrative Settlement (Index Number B7-0521-97-00), with
the New York State Department of Environmental Conservation (“NYSDEC”) for the
Inactive Hazardous Waste Site known as the TNT Red Star Express, Inc. Site #704028.
The site i1s located at 97 Industrial Parkway in the Town of Kirkwood, Broome County
(see Figure 1).

The site property is an active trucking terminal and truck repair facility. The property is
located in an industrial park, which is surrounded by other commercial and industrial
properties and roadways. The site is adjacent to a stream which discharges to the
Susquehanna River located approximately 0.4 miles south of the site. The nearest
residential property is located approximately 0.15-miles east of the site and separated
from the site by the previously mentioned stream and several roads (see Figure 2).

The site was the scene of a 1993 spill of Tetrachloroethene (“PCE”), which migrated into
the soil and eventually reached the water table. The contaminated soil was removed
shortly after the spill and the groundwater contamination has been the subject of a 2000
Remedial Investigation (“RI”) and Feasibility Study (“FS”).
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2.0 Investigations to Date

2.1 Summary of Remedial Investigation/Feasibility Study

On January 7, 1991, TNT-Red Star Express reported a spill of Tetrachloroethane (“PCE”)
that occurred when a forklift punctured several drums of PCE releasing approximately 100
gallons into the trailer and eventually onto the asphalt pavement. TNT-Red Star retained an
environmental contractor who removed approximately 120 tons of contaminated asphalt and
soil under the direction of the NYSDEC. Some PCE remained in the soil and further
remediation was completed using soil vapor extraction techniques. The installation of
monitoring wells for the spill response and for the RI indicated that PCE had impacted
the uppermost groundwater zone. During the RI investigation a second source of
contamination near the property’s garage building was found. The source of the
contamination was a former oil tank and an oil/water separator, which released aromatic
hydrocarbons, PCE, and 1,1,1-Trichloroethane into the groundwater.

Beneath the site, the geology is composed of upper layer of alluvium consisting of silty
sand. Groundwater in this layer is approximately eight feet below the ground surface.
Underlying the alluvium is a glacial till or silt and clay layer. The glacial till has qualities
of an aquitard which caps a lower groundwater zone consisting of intervals of clay, silt,
sand and gravel. Only one monitoring well was extended into this lower groundwater
zone. The groundwater surface in the lower groundwater can rise above the
potentiometric surface of the upper-most groundwater zone.

The apparent low permeability of the glacial till has limited the migration of
contaminants. However, contaminant migration from the spill areas has resulted in
contamination of the adjacent industrial property.

During the RI, a second contaminant plume was discovered and found to originate from
the area of the waste oil tank and oil/water separator located next to the maintenance
garage building. A floor drain in the maintenance garage discharged into the oil/water
separator. From the oil/water separator, effluent discharged into the soil adjacent to the
separator and into a drainage swale located along the site’s property line approximately
60-feet south of the separator. The soil in the vicinity of the oil/water separator and in the
drainage swale was found to be contaminated, but at concentrations generally below
clean-up requirements.

This uppermost groundwater contaminant plume contains 1,1,1-Trichloroethane ("TCA")
and PCE, and these contaminants have migrated off the site to the south. Although the
off-site contamination contravenes NYSDEC’s Part 702, Class GA Ambient
Groundwater Quality Standards and Guidance Levels, these concentrations are generally
less than 50 parts per billion (“ppb”) for the individual contaminants.
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Following the completion of the RI, a FS was prepared to identify remedial actions for the
site. Since the need for remediation at this site was restricted to volatile organic compounds
(“VOCs”) in groundwater, the objective was to remediate the groundwater to Part 703,
Class GA groundwater quality criteria levels which will be protective of both human health
and the environment.

After completing the public comment period, the Record of Decision (“ROD”) for the site
was written in February of 2001 to implement a remedial alternative using the following
techniques:

e The installation of a groundwater extraction and treatment system in the source areas
of the contamination. Groundwater will be treated in a bioreactor and a portion of
the treated groundwater will be injected back into the groundwater through injection
wells.

e A treatability study to design the bio-remediation system.

e The installation of injection wells around the source areas to introduce nutrients
and/or microbes into the groundwater to enhance the biodegradation of the
contaminants.

e Implementation of a long term monitoring program to evaluate the effectiveness of
the system will be instituted as a component of the Operation and Maintenance Plan
for the site. Monitoring will be required to confirm that natural attenuation is
occurring at the leading edge of the plume.

e To prevent future exposures to contaminated groundwater, the NYSDEC will seek
to have restrictions placed upon the use of the groundwater at the site. This will help
to prevent future exposures to any residual groundwater contamination.

In June of 2007, NYSDEC amended the ROD to focus on using insitu, intrinsic
bioremediation exclusively to remediate the VOCs present in the groundwater. This
approach is not fundamentally different to the original ROD; however, it eliminates the use
of pumping and re-injection wells to remediate the groundwater.

2.2 Bioremediation Bench Study

In 2006 a bioremediation bench study was completed to assess the feasibility of treating
the groundwater contamination using a proprietary hydrogen-releasing compound
(“HRC”) manufactured by Regenesis Corporation. A sample of the soil and groundwater
was collected from the area within the original spill for testing.

The testing indicated the native bacteria responded well to HRC and were successful in
reducing the concentration of PCE from approximately 15 milligrams per liter (“mg/L”)
to approximately 1.15 mg/L (average). The removal of PCE was found to be rapid and
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complete, not allowing daughter products (i.e., 1,2-Dichloroethane and Vinyl Chloride)
to form to a concentration of more than 50 micrograms per liter [(“pg/L”) the detection
limit of the analysis]. Normal populations of sulfate reducing bacteria (“SRB”) in the test
tubes were also supportive that anaerobic conditions were produced, which are needed to
dechlorinate some of the more recalcitrant chlorinated daughter products such as 1,2-
Dichloroethane.

Although this study showed that the native bacteria could dechlorinate PCE, the “test
tube environment” is different than that which can be expected to be found at the
Kirkwood site. To determine how successful HRC or similar products will be on actual
conditions, a pilot study was completed in 2006.

23 HRC Pilot Testing

In September 2006, a pilot test was started to determine the feasibility of using HRC to
stimulate intrinsic bioremediation of the contaminants in the groundwater. The project
was scheduled to be completed within 90 days and included injecting HRC in the two
source areas using an approximate 5 to 7-foot on-center grid over the treatment areas. In
each borehole a measured amount of HRC was pumped. In the PCE source area, four
pounds of HRC per linear foot of saturated zone was pumped into the saturated zone at
each grid center location. In the TCA source area, five pounds of HRC was pumped into
the saturated zone at each grid center location. Figure 3 shows the location of the
injection grids.

VOC concentrations present in the groundwater from monitoring well MW-3 were
encouraging, but also yielded some surprises during the study. The concentration of PCE
decreased from 49 ug/L (2005) to 14 pg/L (December 28, 2006) at the end of the study, but
during the study the concentration of PCE remain at below detection levels. The samples
also found breakdown products of PCE including Trichloroethylene (“TCE”) at a
concentration of 4 pg/L. (December 28, 2006) and cis 1,2-Dichloroethene (“cis”) at a
concentration of 67 pg/L (December 28, 2006). These compounds were expected, but the
results were surprising, since only minor amounts (i.e., 0.71 pg/L) of cis were found during
the study (October 2006 through November 2006).

At monitoring well PW-4, the targeted VOCs responded with a significant decrease in
overall concentration: TCA dropped to 83 pg/L from 320 pg/L in 2005; 1,1-DCE
increased slightly to 6.6 pg/L from below detection limits in 2005; and 1,1-
Dichloroethane (“1,1-DCA”) decreased slightly to 51 pug/L from 55 pg/L. Chloroethane,
which is a potential breakdown product of 1,1-DCA instead of Vinyl Chloride, was also
present at 5.3 ug/L. By the end of the study, the TCA concentration dropped to 38 ug/L,
the concentration of 1,1-DCE dropped to 1 pg/L, and the concentration of 1,1-DCA
dropped to 16 pg/L. Chloroethane was no longer present.
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Based on these encouraging results, the groundwater sampling was extended for two
quarters to further study the impact of HRC on the groundwater contamination. The
results of the follow-up sampling found that the groundwater in the MW-3 area had been
achieving groundwater quality requirements since December 2006. In the monitoring
well PW-4, the TCA source area, the groundwater quality has not improved since the end
of the Pilot Study. The bioremediation process is ongoing at this location, but appears to
have stalled into producing Methane. Downgradient of monitoring well PW-4, at
monitoring well GP-2, the concentration of TCA has rebounded to an even higher
concentration than what was observed prior to the study. The groundwater’s
bioremediation conditions at GP-2 have also stalled on the production of Methane.
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3.0 Identification of Applicable NYSDEC Standards,
Criteria, and Guidelines and Permit Requirements

Groundwater quality will be measured to the standards and guidance values as they are
authorized in Title 6 of New York State’s Codes Rules and Regulations Part 702 and
NYSDEC Division of Water Technical and Operational Guidance Series (“TOGS”) No.
1.1.1-Ambient Water Quality Standards and Guidance Values and Groundwater Effluent
Limitations. Table 1 shows the groundwater quality criteria for each of the groundwater
contaminants identified during the project.

There are no known permits required for this work since the project will not involve
construction or discharges of wastewater to the environment.
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4.0 Description of Design

4.1 Basis for Design

The project design is based on the ability of the site’s indigenous anaerobic
microorganisms to degrade the contaminants. Prior to completing the pilot study, there
was little evidence of intrinsic bioremediation occurring in the groundwater; however,
other sites with similar contaminants and conditions have had success starting the
intrinsic bioremediation process by adding amendments to change the site conditions. In
general, these amendments caused the groundwater to become oxygen depleted and
provided a source of electrons, which the microorganisms could use to dechlorinate the
contaminants. At this site, Leader selected HRC, a lactic acid substrate, which is
fermented and releases a source of electrons (hydrogen atoms). A bench study and pilot
test were completed to assess whether the intrinsic bioremediation would be feasible.

4.1.1 Review of Bioremediation Process

As stated above, initially there was little evidence that intrinsic bioremediation was
occurring at the site, but sites with similar contaminants and conditions had success in
initiating intrinsic bioremediation after injecting proprietary amendments. Leader
selected a substrate of lactic acid using Regenesis’s HRC. Microorganisms can ferment
the lactic acid, which causes two reactions:

1) The aerobic microorganisms utilize the available oxygen and create an anaerobic
condition in the groundwater; and

2) The fermentation process releases hydrogen atoms and organic acids providing an
additional usable source of hydrogen atoms.

Once the groundwater becomes oxygen depleted, anaerobic microorganisms can thrive
and use the available hydrogen (or the organic acids) in a chemical reaction to exchange
positively charged hydrogen (electrons) for negatively charged ions. The
microorganism’s objective is not the exchange of ions, but the energy that is released or
made available. Since chlorine ions are readily available where chlorinated aliphatic
hydrocarbons (“CAH”) are present, the microorganisms also use the chlorine ion. There
is also competition between which molecules and atoms are used and this can affect the
efficiency of the bioremediation process.

The anaerobic conditions in the groundwater facilitate the chemical reactions and
enhance the growth of dechlorinating microorganisms (“dechlorinators™). In addition to
dechlorinators, there are also methane-producing microorganisms (“methanogens”),
which compete with the dechlorinators to use the available hydrogen.
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Each group of microorganisms trend to favor specific anaerobic conditions; for example, the
methanogens tend to thrive at lower anaerobic conditions or energy levels as measured by
oxidation-reduction potential (“ORP”). The ORP energy, measured in volts and favored by
the methanogens, is termed ‘“methanogenesis” or ‘“methane reducing.” Other
microorganisms favor different conditions such as when sulfate is reduced, the dominant
microorganisms at this ORP level are known as ‘“‘sulfate reducing” bacteria or SRBs. As
CAHs like TCA and PCE are dechlorinated into TCE, DCA and cis 1,2-DCE, it becomes
more difficult to remove chlorine atoms and the ORP value of the groundwater becomes
more important. Removing the first chlorine atoms can occur at a relatively wide range of
ORP values, but as the CAH molecule gets simpler (fewer chlorine atoms), the ideal ORP
range becomes narrower and more lower (more negative). As a result, cis 1,2-DCE and
Vinyl Chloride can accumulate in the groundwater. At some sites too much hydrogen is
available and the methanogens are favored. These microorganisms use the available
hydrogen to form Methane. The methanogens thrive at the higher level of hydrogen and
their population numbers dominate the dechlorinators. As a result, the concentration of the
simpler CAHs, like cis 1,2-DCE, does not decrease and can sometimes increase. In this
situation, the dechlorinators are scavengers and must wait until the level of hydrogen
decreases when they can compete with the methanogens.

4.1.2 Results of Pilot Testing

During the last week of September 2006, Leader started a pilot test to determine if HRC
would be successful to initiate an intrinsic bioremediation process of the groundwater in
both source areas of the site. The results of the Pilot Test were discussed in Section 2.3
“HRC Pilot Testing” and the results are also shown in Table 1. In general, the Pilot Test
was successful and showed that a lactic acid substrate like HRC can create the conditions
where intrinsic bioremediation of CAHs can occur.

4.1.3 Measurement of Results

To determine progress of the bioremediation process, groundwater samples will be
collected on a quarterly basis for water level, groundwater quality parameters (ORP,
dissolved oxygen, pH, temperature, conductivity), USEPA Target Compound List
(“TCL”) volatile organic compounds, Methane, Ethane, Ethene and inorganic carbon
(alkalinity). Analytical methods, sample numbers, and quality assurance sample numbers
are discussed in the project’s Quality Assurance Project Plan.

The monitoring wells proposed for quarterly sampling include all of the site’s monitoring
wells with the exception of monitoring wells MW-3D and MW-1. The monitoring wells
are shown on Figure 4.
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4.1.4 Goals

The goal of this project is to remediate the site so the groundwater and soil conditions are
protective of human and environmental health. In order to meet this goal several
secondary objectives must be satisfied:

* To mitigate the source of contaminants causing groundwater contamination;

* To mitigate the migration of contaminated groundwater from the site to a level
which does not present an unacceptable risk to humans and the environment for
the current and future use of the site area.

Ideally, the remediation of the groundwater should continue until the contamination
reaches a concentration(s) which is below the NYSDEC groundwater quality standards
found in TOGS 1.1.1 “Ambient Water Quality Standards and Guidance Values and
Groundwater Effluent Limitations.” But reaching these concentrations may be
impractical, and a less conservative, but yet protective, concentration should be adopted.
When groundwater concentrations reach an asymptotic level (zero slope) for three
consecutive quarters all parties should agree to consider the most practical alternative for
moving forward.

4.2 Treatment

4.2.1 Areas of Concern

In the past the site has been thought of in terms of its two source areas. Currently, the
PCE source area appears to have been remediated, but in the 1,1, 1-TCA-source area and
off-site, contaminants still remain. To address the current conditions, treatment is
planned for the 1,1, I-TCA-source area and the off-site areas. The treatment areas are
identified in the following sections as Treatment Area A (the 1,1,1-TCA source area) and
Treatment Area B (the downgradient areas of the combined plumes) see Figure 6.

The last groundwater sampling of Treatment Area A showed the breakdown of 1,1,1-
TCA and the daughter products was stalled by microorganisms which are favoring the
production of Methane. It is believed that this condition will relieve itself over time.
This project will sample the groundwater in selected monitoring wells prior to treatment
to determine when the treatment of Area A should be completed. At this time treatment
of both areas A and B is planned. NYSDEC will be included in all discussions of the
treatment schedule.

4.2.2 Treatment

The pilot study used HRC, but for this remediation, HRC Advanced (“HRC-A”) will be
used. HRC-A is similar to HRC using lactic acid as a substrate for fermentation, but it is
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different in several important ways: 1) when HRC-A is mixed with water it forms a low
viscosity micro-emulsion which can typically be distributed into a wider area than the
original HRC formulation; 2) HRC-A’s formulation has more available lactic acid, which
is available in the groundwater for a longer period of time; and 3) HRC-A is less
susceptible to cold temperatures when injecting. Literature for HRC-A, including
manufacturer’s application rates, material safety data sheets, and installation instructions
are available in Appendix A.

4.2.2.1 Treatment Area A

Treatment Area A is centered on the former oil/water separator in the vicinity of
monitoring well PW-4.  HRC-A will be injected into the subsurface once the
concentration of Methane has subsided and breakdown of 1,1,1-TCA is confirmed.

Injections will be made in Treatment Area A using single line of injection points with a
spacing of 10-feet based on the injection results from the Pilot Test. The length of the
treatment area is approximately 40-feet. Monitoring of the injections will be done to
ensure that the correct amount of HRC is applied and there is hydraulic communication
between injection points. Four injection points will be used to inject 90 pounds of HRC-
A into each borehole at an application rate of 103-pounds/12.5 gallon of emulsion per
foot of injection. To ensure the saturated and the capillary zone are treated, the injection
interval will start 1 foot above the shallowest water level in the treatment area. Table 2
lists water levels for monitoring wells in the injection areas.

The amount of HRC-A to be used is provided in Appendix A and the injection point
spacing will be based on recommendations from Regenesis. Regenesis’ staff and Leader
used Regenesis’ proprietary treatment model, the bench study results, and the pilot test
results to determine the amount of HRC-A to be used.

4.2.2.2 Treatment Area B

Treatment Area B is located along the southernmost property line between monitoring
well GP-2 and in the vicinity of MW-4 (see Figure 6). This treatment area is intended to
address the plume as it exits at the site. The remediation of contaminants at the site
property line will create conditions allowing natural attenuation to lower contaminant
concentrations in off-site areas. Conducting monitoring of the off-site groundwater
quality during remediation will assess whether natural attenuation is occurring.

A barrier of HRC injections will be made immediately upgradient of the property line to
treat the groundwater flowing out of Treatment Area A and any contaminants migrating
in the transition zone between the PCE source area and monitoring well MW-4. The
injections will be done at regular intervals at approximately 10 feet apart. The length of
the treatment area will be approximately 100 feet. Approximately 112 pounds of HRC-A
will be injected into each borehole at an application rate of approximately 127
pounds/15.5 gallons of emulsion (HRC-A and water) for each foot of injection.
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Monitoring of the injections will be done to ensure that a sufficient amount of HRC-A is
applied and there is communication between injection points. To ensure the saturated
and the capillary zone are treated, the injection interval will start 1 foot above the
shallowest water level in the treatment area. Table 2 lists water levels for monitoring
wells in the injection areas.

4.2.3 Injection Equipment

The injection of HRC-A will require five components: 1) Direct push injection tools; 2) The
injection pump; 3) Mixing pump and feed tank; 4) Hot water system; and 5) Potable water
source. Injecting the HRC-A will require the use of direct push injecting tools mounted on a
light duty truck and/ or an all-terrain vehicle to maneuver between locations on the uneven
terrain along the property line. The direct push equipment will be used because it can drive
or push the ejector tip to the correct injection interval while the borehole seals itself around
the direct pipe. This allows the HRC-A to be injected under pressure, which can fracture
stiff cohesive materials and achieve a better dispersal of the HRC-A.

The injection pump is required to pump the thick consistency of the HRC-A and provide
adequate the pressure for maximum distribution. Working in tandem with the injection
pump will be a high speed mixing pump. Rotary pump blades, like those found in
centrifugal pumps, are ideal for mixing HRC-A. The pump’s fluid shearing motion mixes
the HRC-A and water (10:1 mix ratio) into a micro-emulsion. The high-speed pump and
mixing tank does not allow the HRC-A to settle while the injection pump is fed. The
mixing tank is calibrated so the volume of HRC-A can be monitored while injecting to
ensure the proper amount of product is delivered. A flow meter or flow totalizer can also be
used to monitor the application rate.

A hot water system will be used to produce hot water for mixing and to keep the HRC-A
warm (minimum 60-degrees Fahrenheit required) prior to use. Hot water, if needed, will be
produced by using a kerosene fired hot water generator or steam generator. Hot water for
mixing and a warming bath should be approximately 160-degrees Fahrenheit.

Potable water will be used for cleaning, heating, and mixing purposes. The water source will
come from either an on-site faucet or a municipal hydrant.

4.2.4 Injection Process

The field geologist will locate each injection location prior to the start of fieldwork and mark
each point with white marking paint or stakes. The field geologist will use a 100-foot
measuring tape and existing structures to locate injection points in the field. The locations
will aid utility locating services, but also expedite the injection contractor’s fieldwork.

The injection project will involve the use of hydraulic equipment, motor vehicles, and
chemical products (decontamination products and HRC-A), and involve the potential for
handling contaminated groundwater; therefore, all project activities will follow a project
Health and Safety Plan (see Appendix B).
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The injection process involves pushing the injection tool to the bottom of the injection
interval, then injecting the product into the zone while removing the tooling. For each
injection point the field geologist will have a table of injection point locations and the water
level range, bottom of the interval, the top of the interval, and the amount of HRC-A to be
injected. During the injection process the field geologist will monitor the amount of HRC-A
being injected by monitoring the mixing tank or the injection systems flow meter.

Prior to beginning fieldwork, the field geologist will measure the volume of the mixing tank
and calibrate either the tank with volume markings or by making a volume gauge or ruler
that can be used to measure the volume of the tank. Similarly the flow meter will be
calibrated by pumping mixed product into a five-gallon pail and comparing the results to the
meter.

In the event that the HRC-A is not moving away from the injection point because of less
permeable soil, Leader will reduce the injection point spacing. If reducing the injection
point spacing does not result in a change in fluid level of the adjacent borehole, potable
water may be used to push the HRC-A into the treatment zone. In the event the HRC
dispersal cannot be verified, the contractor will collect soil samples from an adjacent
location to determine if HRC-A is present.

During the project any wastewater collected during the project will be drummed for
disposal. Empty containers and protective equipment will be collected and containerized for
disposal by a local licensed solid waste disposal firm.

At the end of the injection project, the contractor will backfill each of the injection points
using clean sand, followed by six inches of Bentonite granules, and a cap of four inches of
cold patch asphalt, cement or topsoil depending on the existing surface conditions.

At the end of the project the field geologist will have a table of injection points and the
volume/weight of HRC injected, the injection interval, and if water was used to push the
HRC product.

4.3 Monitoring

4.3.1 Pre-Construction Monitoring

As a part of the mobilization phase of the project, and at least six weeks before the
injection of HRC-A, monitoring wells MW-3, PW-4, and GP-2 will be sampled for field
parameters (pH, temperature, conductivity, dissolved oxygen, and ORP), USEPA’s TCL
volatile organic compounds, Methane, Ethene, Ethane and inorganic carbon (alkalinity).
This approach will assess whether the degradation of 1,1,1-TCA in the 1,1,1-TCA-source
area has been restarted, and if PCE levels have rebounded. The results of this analysis
will determine if Treatment Area A is treated at this time or if the area is allowed more
time to further reduce the amount of Methane present. The reduction of Methane and
increase of Ethene and Ethane should indicate the restart the 1,1,1-TCA breakdown
process.
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Sampling will be done in accordance with the project’s Quality Assurance Project Plan
(“QAPP”) and Site Health and Safety Plan. Sampling will use a low flow pump and flow
through cell to measure field parameters to identify when groundwater quality (in terms
of the field parameters) has equilibrated. The consistency of field parameter values
identifies when sampling can occur. Wastewater will be collected for disposal after
completion of HRC-A treatment.

During this pre-construction sampling, HRC-A injection points will be located for utility
clearances.

4.3.2 Post Construction Monitoring

One month after the injection of HRC, all of the monitoring wells will be sampled for
field parameters to determine if the HRC has reacted with the groundwater and if the
impact is noticeable in the monitoring wells immediately downgradient of the treatment
areas. Following the injection of the HRC all monitoring wells will be sampled quarterly
for USEPA TCL volatile organic compounds, Methane, Ethane, Ethene, and alkalinity.
Sampling will be done in accordance with the Operation, Maintenance, and Monitoring
Plan, the project QAPP and the project Health and Safety Plan.
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5.0 Quality Assurance Project Plan

The purpose of the QAPP is to establish procedures using appropriate test methods (or
standards) and detection limits (or units of measure) to meet the project’s objectives.

5.1 Project Objectives and Data Quality Objectives

The purpose of completing this project is to remediate the site’s contaminated
groundwater using HRC-A to improve site conditions and stimulate indigenous
microorganisms to degrade PCE, 1,1,1-TCA, and their breakdown products. The goal is
to have the groundwater quality improve to meet NYSDEC’s TOGS groundwater quality
criteria.

Since this project involves both the injection of HRC-A and sampling the groundwater
there will be different objectives depending on the project activity. The different project
activities are described in the following two sections: 5.1.1 Construction Phase and 5.1.2
Groundwater Sampling.

5.1.1 Construction Phase

During the construction phase of the project there are three activities that are critical to
the eventual performance of the remediation: location of the injection points;
measurement of HRC-A; and measurement of the dispersal of HRC-A.

5.1.1.1 Injection Point Locations

Injection point locations will be determined by the project design. Injection points in the
field will be identified using a 100-foot measurement tape graduated in tenths of feet.
Monitoring wells and on and off-site structures have been located on the New York State
geodetic survey system by a New York State licensed Surveyor and drawn on a scale
drawing of the site. The previously surveyed locations of the monitoring wells and
structures, and the scale drawing will be used to locate injection points in the field to the
nearest foot.

5.1.1.2 Measurement of HRC-A

HRC-A is shipped to the site in graduated 3-gallon pails, which hold 30 pounds of
product. Regenesis has specified the amount of HRC-A, in pounds, per foot of
contaminated zone based on the sample results from the Pilot Study, Regenesis’
proprietary software and expertise. To ensure proper application rates, the mixing tank,
flow meter and direct push rods will be calibrated.

Since it is easier to measure the volume of HRC-A in gallons than pounds while
completing the field activities, the mixing tank/flow meter will be calibrated in gallons.
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This will be done using a known volume container and filling the tank. For each gallon
of water used in calibrating the tank, the tank side will be marked. In addition, a gauge
will be made and calibrated in gallons so it too can be used to monitor the HRC-A
injection. Filling a known volume container and comparing the volume with the flow
meter will calibrate the flow meter.

It will also be important to calibrate the drive rods used by the direct push equipment.
The rods will be measured against a steel measuring tape. Since each injection point may
have a different total depth, the rods will be calibrated prior to use, and then again once
the injection point is pushed to its final depth. This approach will enable the operator to
know when and where the HRC-A should be injected. Calibration of the rod being
extracted will have two reference points: 1) The total depth of the injection point will be
placed on the rod; and, 2) The second reference point will be on the fixed point on the
equipment. As a depth reference point passes the fixed reference point, the operator will
know that HRC-A must be injected. Multiple fixed reference points may be used to
eliminate repetitive measuring. As needed, the operator may need to add or repair
reference points on the drive rods.

5.1.2 Groundwater Sampling

Groundwater quality will be evaluated by measuring the selected parameters including:
field parameters, USEPA TCL volatile organic compounds, total inorganic carbon
(alkalinity), Methane, Ethene, and Ethane.

5.1.2.1 Sample Collection and Analysis

Groundwater sampling and analysis will be used to evaluate remediation progress.
Sampling will be completed one month following the injection of HRC-A and then
quarterly. At the completion of the one-month milestone, only field parameters will be
measured in the monitoring wells. Quarterly measurements will involve all monitoring
wells and all parameters.

Specific sampling procedures are provided in Appendix C and include pumping each
monitoring well using a low flow sample pump and using a flow through cell and portable
field instrument to monitor field parameters. Monitoring field parameters will be done
during well purging and measured until these parameters are stable (fluctuating less than 10-
percent taken at 10 minute monitoring intervals).

The prepared sample containers will be placed on ice to maintain the temperature at
approximately 40°F in a shippable container and then shipped for next day delivery to the
laboratory.
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Analysis of the samples will follow USEPA and ASTM procedures. TCL volatile organic
compounds will be analyzed using USEPA Method 8260. Detection limits for TCL volatile
organic compounds will be equivalent to NYSDEC’s Analytical Services Protocol for the
same analysis. Bioremediation specific parameters will be analyzed using the following
methods and detection limits:

e Total Inorganic Carbon as Alkalinity, Method 301.1, detection limit of 1 milligram
per liter;

e Ethane, AM20-GAX, detection limit per liter 0.025 micrograms per liter;
e Ethene, AM20-GAX, detection limit per liter 0.025 micrograms per liter; and
e Methane, AM20-GAX, detection limit per liter 0.1 micrograms per liter.

5.2 Reporting

The project reporting will involve the collection of field notes, progress reports,
construction completion report and project completion report.

Field notes will be placed in a bound field book. Notes will be entered at least at 30-
minute increments during the workday and will include activities, discussions,
calculations, findings, and conclusions.

Each month a project report will be prepared discussing the past month’s activities, the
expected activities for the current month. When a monthly report includes sample
results, a table will be prepared of the monitoring well results and a written summary of
the findings.

At the completion of project, Leader will prepare a written construction report, which
will summarize the injection activities, a summary description of problems and their
resolution, and a final drawing depicting the location of the injection points. All injection
results will be presented in tabular form to show the amount of HRC-A used.

At the completion of the project when TOGS groundwater quality criteria have been
achieved or within two years of the remediation start, a report will be prepared to discuss
the findings and progress to date.

5.3 Project Management

Peter von Schondorf, P.G., of Leader, will be the Project Manager for this project. Mr.
von Schondorf will be responsible for field activities, coordination with YRC Worldwide
Enterprise Services, and NYSDEC, and the preparation of the final reports.
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The NYSDEC Project Manager for this project is John Durnin. Mr. Durnin can be
reached at 518-402-9768.

Leader’s sampling and report preparation efforts will be supported by the following
individuals.
Leader’s office telephone number is 585-248-2413.

Project Engineer: Jeffrey Wittlinger, PE
Principal

Quality Assurance and Quality Control: Michael Rumrill
Principal

Health and Safety: Mary Ellen Holvey
Certified Industrial Hygienist
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Schedule

Mobilization Days After Start
Pre-construction Sampling 1-3
Utility Layout 1
Review of Sample Results
Results received 15
Project Report Issued 20

Site Work

Injections (Treatment Area B) 40

1- Month Monitoring 50

I5t, Qtr. Monitoring 130
2nd, Qtr Monitoring 220
3rd, Qtr. Monitoring 310
4t Qtr. Monitoring 400
5% Qtr. Monitoring 490
61 Qtr. Monitoring 580
7t Qtr. Monitoring 670
8t Qtr. Monitoring 760

* Project progress reports with results issued monthly.
** Injections for Treatment Area A are dependent on quarterly
monitoring results.
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TABLE 1
Monitoring Well
Sample Results

Former USF Red Star Terminal,

Kirkwood, New York

Parameters U"'ts‘)\%‘l’lnl'[tf""g PW1 PW-1 PW-1 PW-1 PW-3 PW-3 PW-3 PW-4 PW-4
29-Oct-99 31-Mar-05 28-Mar-07 18-Jun-07 29-Oct-99 5-Apr-07 18-Jun-07 25-Oct-99 27-Sep-05

Depth to Water Feet 10.65 13.00 9.10 13.38 7.10 7.05 9.03 8.55 10.13
Ground Surface Elevation Feet above mean sea level 857.69 857.69 857.69 857.69 855.06 855.06 855.06 857.84 857.84
Groundwater Elevation Feet above mean sea level 847.04 844.69 848.59 844.31 847.96 848.01 846.03 849.29 847.71
Temperature Deg. F N/A 48.60 48.50 57.30 N/A 48.70 56.80 67.82 N/A
Conductivity Micro Siemens N/A 0.74 1.08 1.15 N/A 0.90 1.10 1.16 N/A
Dissolved Oxygen mg/L N/A 8.15 2.75 2.24 N/A 7.20 0.00 2.76 N/A
pH SuU N/A 6.23 6.19 6.22 N/A 6.90 6.07 6.35 N/A
ORP Millivolts N/A 129.00 124.00 136.00 N/A 110.00 146.00 -24.00 N/A
Methane ug/L N/A 3.0 0.39 0.48 N/A N/A 1.1 0.1 N/A
Ethane ug/L N/A <0.005 <0.025 <0.025 N/A N/A <0.025 <0.01 N/A
Ethene ug/L N/A 0.35 <0.025 <0.025 N/A N/A <0.025 <0.01 N/A
Acetone ug/L ND ND ND ND 12.0 ND ND ND ND
n-Butylbenzene ug/L ND ND ND ND N/A ND ND ND N/A
sec-Butylbenzene ug/L ND ND ND ND N/A ND ND ND N/A
2-Butanone ug/L ND ND ND ND ND ND ND ND ND
Ethylbenzene ug/L ND ND ND ND ND ND ND ND ND
Isopropylbenzene ug/L ND N/A ND ND ND ND ND ND N/A
Naphthalene ug/L ND N/A ND ND ND ND ND ND N/A
1,2,4-Trimethylbenzene ug/L ND N/A ND ND ND ND ND ND N/A
1,3,5-Trimethylbenzene ug/L ND N/A ND ND ND ND ND ND N/A
Xylenes ug/L ND ND ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene ug/L ND N/A ND ND ND ND ND ND N/A
Methylene Chloride ug/L ND ND ND ND ND ND ND ND ND
Chloroethane ug/L ND ND ND ND ND ND ND ND ND
Carbon Tetrachloride ug/L ND ND ND ND ND ND ND ND ND
1,1-Dichloroethane ug/L ND ND ND ND ND ND ND 230.0 55.0
1,1-Dichloroethene ug/L ND ND ND ND ND ND ND 280.0 ND
cis 1,2-Dichloroethene ug/L ND ND ND ND ND ND ND ND ND
Dichlorodifluoromethane ug/L N/A NA ND ND N/A ND ND N/A ND
1,1,1-Trichloroethane ug/L ND ND ND ND ND ND ND 3500.0 320.0
Trichloroethene ug/L ND ND ND ND ND ND ND ND ND
Tetrachloroethylene ug/L 4.0 71 10.0 8.3 ND 2.6 3.5 ND ND
Total CVOCs ug/L 4.0 7.1 10.0 8.3 12.0 2.6 3.5 4010.0 375.0
Total Parents ug/L 4.0 7.1 10.0 8.3 0.0 2.6 3.5 3500.0 320.0
% of Pretreat Parent Decimal Equiv. 1.00 1.77 2.50 2.08 0.00 0.64 0.88 1.00 1.00
% daughter products/Total CVOC Decimal Equiv. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.15

Notes:
N/A = not analyzed

ORP = oxidation-reduction potential

Deg. F = degrees Fahrenheit
mg/L = milligrams per liter
SU = standard units

ug/L = micrograms per liter
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TABLE 1
Monitoring Well
Sample Results

Former USF Red Star Terminal,
Kirkwood, New York

Parameters U"'tsm:’lnl';”'"g PW-4 PW-4 PW-4 PW-4 PW-4 PW-4 PW-7 PW-7 PW-7
12-Oct-06 27-Oct-07 29-Nov-06 28-Dec-06 28-Mar-07 18-Jun-07 26-Oct-99 28-Mar-07 18-Jun-07

Depth to Water Feet 10.11 10.24 10.15 9.90 8.90 10.25 14.15 12.45 13.84
Ground Surface Elevation Feet above mean sea level 857.84 857.84 857.84 857.84 857.84 857.84 860.22 860.22 860.22
Groundwater Elevation Feet above mean sea level 847.73 847.60 847.69 847.94 848.94 847.59 846.07 847.77 846.38
Temperature Deg. F NA 57.00 56.80 51.80 45.80 57.20 N/A 50.90 54.60
Conductivity Micro Siemens 1.74 2.55 1.70 1.67 2.10 1.79 N/A 0.98 1.25
Dissolved Oxygen mg/L NA 0.00 0.10 0.00 0.36 0.23 N/A 2.00 2.89
pH SuU 4.90 5.13 5.40 5.50 5.70 6.10 N/A 6.50 6.08
ORP Millivolts -105.00 -112.00 -35.00 -43.00 -31.00 -165.00 N/A 17.00 117.00
Methane ug/L N/A N/A N/A 960.0 6700.000 4500.000 N/A 0.540 0.710
Ethane ug/L N/A N/A N/A 48.0 0.025 0.08 N/A <0.025 <0.025
Ethene ug/L N/A N/A N/A 14.0 27.00 0.30 N/A 29.00 <0.025
Acetone ug/L N/A 56.0 2900.0 17.0 550.0 180.0 ND ND ND
n-Butylbenzene ug/L N/A ND ND ND 5.5 ND ND ND ND
sec-Butylbenzene ug/L N/A 0.9 0.8 1.5 0.9 1.2 ND ND ND
2-Butanone ug/L N/A 33.0 180.0 54.0 180.0 83.0 ND ND ND
Ethylbenzene ug/L N/A ND ND ND ND ND ND ND ND
Isopropylbenzene ug/L N/A ND ND 0.3 ND ND ND ND ND
Naphthalene ug/L N/A 2.4 1.6 2.2 2.1 ND ND ND ND
1,2,4-Trimethylbenzene ug/L N/A 1.1 0.36 1.2 ND 2.1 ND ND ND
1,3,5-Trimethylbenzene ug/L N/A ND ND ND ND ND ND ND ND
Xylenes ug/L N/A 0.99 ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene ug/L N/A ND ND 0.4 ND ND ND ND ND
Methylene Chloride ug/L N/A ND 0.96 1.0 ND ND ND ND ND
Chloroethane ug/L N/A 5.3 ND ND ND 4.3 ND ND ND
Carbon Tetrachloride ug/L N/A ND ND ND ND ND ND ND ND
1,1-Dichloroethane ug/L N/A 51.0 21.0 16.0 32.0 53.0 ND 0.8 ND
1,1-Dichloroethene ug/L N/A 6.6 2.2 1.0 3.2 4.4 ND ND ND
cis 1,2-Dichloroethene ug/L N/A ND ND ND ND ND ND ND ND
Dichlorodifluoromethane ug/L N/A ND ND ND ND ND N/A ND ND
1,1,1-Trichloroethane ug/L N/A 83.0 25.0 38.0 31.0 38.0 26.0 9.5 2.4
Trichloroethene ug/L N/A 0.9 0.68 0.7 ND ND ND ND ND
Tetrachloroethylene ug/L N/A ND ND ND ND ND 46.0 29.0 32.0
Total CVOCs ug/L 0.0 146.8 48.9 55.7 66.2 99.7 72.0 39.3 34.4
Total Parents ug/L 0.0 83.0 25.0 38.0 31.0 38.0 72.0 38.5 34.4
% of Pretreat Parent Decimal Equiv. 0.00 0.26 0.08 0.12 0.10 0.12 1 0.53 0.48
% daughter products/Total CVOC Decimal Equiv. N/A 0.43 0.49 0.32 0.53 0.62 0 0.02 0.00

Notes:
N/A = not analyzed

ORP = oxidation-reduction potential

Deg. F = degrees Fahrenheit
mg/L = milligrams per liter
SU = standard units

ug/L = micrograms per liter
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TABLE 1

Monitoring Well
Sample Results
Former USF Red Star Terminal,

Kirkwood, New York

Parameters U"'ts‘)\%‘l’lnl'[tf""g PW-9 PW-9 PW-9 GP-2 GP-2 GP-2 GP-2 MW-2 MW-2
29-Oct-99 28-Mar-07 18-Jun-07 1-Apr-99 27-Sep-05 28-Mar-07 18-Jun-07 1-Apr-99 31-Mar-05

Depth to Water Feet 16.50 13.75 16.50 9.80 8.35 6.65 8.74 9.40 8.50
Ground Surface Elevation Feet above mean sea level 862.18 862.18 862.18 855.63 855.63 855.63 855.63 857.83 857.83
Groundwater Elevation Feet above mean sea level 845.68 848.43 845.68 845.83 847.28 848.98 846.89 848.43 849.33
Temperature Deg. F N/A 49.60 59.90 N/A 66.20 46.70 57.70 N/A 49.70
Conductivity Micro Siemens N/A 1.60 2.30 N/A 0.96 1.68 1.45 N/A 1.18
Dissolved Oxygen mg/L N/A 1.50 8.50 N/A 2.30 0.00 2.93 N/A 6.08
pH SuU N/A 7.60 6.60 N/A 6.07 6.60 6.20 N/A 6.04
ORP Millivolts N/A 16.00 131.00 N/A 210.00 -108.00 -231.00 N/A 133.20
Methane ug/L N/A 0.760 NS N/A NA 790.00 260.00 N/A <0.015
Ethane ug/L N/A <0.025 NS N/A NA 36.00 <0.025 N/A ND
Ethene ug/L N/A 43.0 NS N/A NA 120.00 0.04 N/A ND
Acetone ug/L ND ND ND ND ND ND ND ND ND
n-Butylbenzene ug/L ND ND ND ND N/A ND ND ND N/A
sec-Butylbenzene ug/L ND ND ND ND N/A ND ND ND N/A
2-Butanone ug/L ND ND ND ND ND ND ND ND ND
Ethylbenzene ug/L ND ND ND ND ND ND ND ND ND
Isopropylbenzene ug/L ND ND ND ND N/A ND ND ND N/A
Naphthalene ug/L ND ND ND ND N/A ND ND ND N/A
1,2,4-Trimethylbenzene ug/L ND ND ND ND N/A ND ND ND N/A
1,3,5-Trimethylbenzene ug/L ND ND ND ND N/A ND ND ND N/A
Xylenes ug/L ND ND ND ND ND ND ND ND ND
1,2,4-Trichlorobenzene ug/L ND ND ND ND N/A ND ND ND N/A
Methylene Chloride ug/L ND ND ND ND ND ND ND ND ND
Chloroethane ug/L ND ND ND ND ND ND 3.4 ND ND
Carbon Tetrachloride ug/L ND ND 1.3 ND ND ND ND ND ND
1,1-Dichloroethane ug/L 32.0 16.0 7.8 96.0 3.5 150.0 170.0 ND ND
1,1-Dichloroethene ug/L 1.5 1.1 ND 24.0 2.4 5.4 14.0 ND ND
cis 1,2-Dichloroethene ug/L ND ND ND ND ND 6.4 3.9 ND ND
Dichlorodifluoromethane ug/L N/A ND ND N/A 1.5 ND ND N/A ND
1,1,1-Trichloroethane ug/L 4.2 49.0 11.0 2200.0 120.0 110.0 660.0 ND ND
Trichloroethene ug/L ND ND ND ND ND ND 1.2 ND ND
Tetrachloroethylene ug/L 15.0 14 1.0 7.4 26.0 ND 7.2 8.0 8.9
Total CVOCs ug/L 52.7 67.5 21.1 2327.4 153.4 271.8 859.7 8.0 8.9
Total Parents ug/L 19.2 50.4 12.0 2207.4 146.0 110.0 667.2 8.0 8.9
% of Pretreat Parent Decimal Equiv. 1.00 2.63 0.63 1.00 1.00 0.75 4.57 1.00 1.00
% daughter products/Total CVOC Decimal Equiv. 0.64 0.25 0.37 0.05 0.04 0.60 0.22 0.00 0.00

Notes:
N/A = not analyzed

ORP = oxidation-reduction potential

Deg. F = degrees Fahrenheit
mg/L = milligrams per liter
SU = standard units

ug/L = micrograms per liter
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TABLE 1
Monitoring Well
Sample Results

Former USF Red Star Terminal,

Kirkwood, New York

Parameters U"'tsm:’lnl';”'"g MW-2 MW-2 MW-3 MW-3 MW-3 MW-3 MW-3 MW-3 MW-3
28-Mar-07 18-Jun-07 1-Apr-99 27-Sep-05 12-Oct-06 27-Oct-06 29-Nov-06 28-Dec-06 28-Mar-07

Depth to Water Feet 8.90 10.62 8.10 9.23 9.05 8.62 8.78 8.47 7.65
Ground Surface Elevation Feet above mean sea level 857.83 857.83 858.40 858.40 858.40 858.40 858.40 858.40 858.40
Groundwater Elevation Feet above mean sea level 848.93 847.21 848.93 850.30 849.35 849.78 849.62 849.93 849.17
Temperature Deg. F 46.76 56.48 N/A 62.06 N/A 57.38 58.40 55.2 49.46
Conductivity Micro Siemens 1.00 1.29 N/A 0.49 0.47 1.87 0.74 0.98 0.42
Dissolved Oxygen mg/L 5.40 2.90 N/A 2.24 N/A 0.10 0.60 0 0.30
pH SuU 6.80 6.18 N/A 7.22 7.00 7.46 7.32 6.7 7.40
ORP Millivolts 6.00 115.00 N/A -90.00 -98.00 -166.00 -147.00 -130 -104.00
Methane ug/L 2.70 1.50 N/A <0.01 N/A N/A N/A 52 15.0
Ethane ug/L <0.025 <0.025 N/A <0.01 N/A N/A N/A <0.025 <0.025
Ethene ug/L <0.025 <0.025 N/A <10 N/A N/A N/A 79 <0.025
Acetone ug/L ND ND ND ND N/A ND ND 92.0 ND
n-Butylbenzene ug/L ND ND ND N/A N/A ND ND ND ND
sec-Butylbenzene ug/L ND ND ND N/A N/A ND ND ND ND
2-Butanone ug/L ND ND ND ND N/A ND ND ND ND
Ethylbenzene ug/L ND ND ND ND N/A 0.94 ND ND ND
Isopropylbenzene ug/L ND ND ND N/A N/A ND ND ND ND
Naphthalene ug/L ND ND ND N/A N/A 1.0 ND ND ND
1,2,4-Trimethylbenzene ug/L ND ND ND N/A N/A 2.0 ND ND ND
1,3,5-Trimethylbenzene ug/L ND ND ND N/A N/A 0.56 ND ND ND
Xylenes ug/L ND ND ND ND N/A 2.5 ND ND ND
1,2,4-Trichlorobenzene ug/L ND ND ND N/A N/A ND ND ND ND
Methylene Chloride ug/L ND ND ND ND N/A ND 0.9 0.9 ND
Chloroethane ug/L ND ND ND ND N/A ND ND ND ND
Carbon Tetrachloride ug/L ND ND ND ND N/A ND ND ND ND
1,1-Dichloroethane ug/L ND ND ND ND N/A ND ND 0.3 ND
1,1-Dichloroethene ug/L ND ND ND ND N/A ND ND ND ND
cis 1,2-Dichloroethene ug/L ND ND ND ND N/A ND 0.71 67.0 36.0
Dichlorodifluoromethane ug/L ND ND N/A ND N/A ND ND ND ND
1,1,1-Trichloroethane ug/L ND ND ND ND N/A ND 0.57 0.6 ND
Trichloroethene ug/L ND ND ND ND N/A ND ND 4.0 0.5
Tetrachloroethylene ug/L 9.5 4.0 1500.0 49.0 N/A ND ND 14.0 1.8
Total CVOCs ug/L 9.5 4.0 1500.0 49.0 N/A 7.0 2.2 178.8 38.3
Total Parents ug/L 9.5 4.0 1500.0 49.0 N/A 0.0 0.6 14.6 1.8
% of Pretreat Parent Decimal Equiv. 1.07 0.45 1.00 1.00 N/A 100.00 0.01 0.30 0.04
% daughter products/Total CVOC Decimal Equiv. 0.00 0.00 0.00 0.00 N/A 0.00 0.32 0.40 0.95

Notes:
N/A = not analyzed

ORP = oxidation-reduction potential

Deg. F = degrees Fahrenheit
mg/L = milligrams per liter
SU = standard units

ug/L = micrograms per liter

10/18/2007
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TABLE 1
Monitoring Well
Sample Results

Former USF Red Star Terminal,
Kirkwood, New York

10/18/2007

Parameters UnitstMonitoring MW-3 MW-4 MW-4 MW-4
Well ID
18-Jun-07 1-Apr-99 27-Sep-05 5-Apr-07

Depth to Water Feet 9.73 7.20 7.65 7.30
Ground Surface Elevation Feet above mean sea level 858.40 855.10 855.10 855.10
Groundwater Elevation Feet above mean sea level 848.67 847.90 847.45 847.80
Temperature Deg. F 59.00 N/A 66.20 46.20
Conductivity Micro Siemens 0.67 N/A 0.98 1.20
Dissolved Oxygen mg/L 0.26 N/A 1.93 2.00
pH SuU 7.20 N/A 6.26 6.70
ORP Millivolts -62.00 N/A 3.00 23.00
Methane ug/L 8.6 N/A N/A N/A
Ethane ug/L <0.025 N/A N/A N/A
Ethene ug/L <0.025 N/A N/A N/A
Acetone ug/L ND ND ND ND
n-Butylbenzene ug/L ND ND N/A ND
sec-Butylbenzene ug/L ND ND N/A ND
2-Butanone ug/L ND ND ND ND
Ethylbenzene ug/L ND ND ND ND
Isopropylbenzene ug/L ND ND N/A ND
Naphthalene ug/L ND ND N/A ND
1,2,4-Trimethylbenzene ug/L ND ND N/A ND
1,3,5-Trimethylbenzene ug/L ND ND N/A ND
Xylenes ug/L ND ND ND ND
1,2,4-Trichlorobenzene ug/L ND ND N/A ND
Methylene Chloride ug/L ND ND ND ND
Chloroethane ug/L ND ND ND ND
Carbon Tetrachloride ug/L ND ND ND ND
1,1-Dichloroethane ug/L ND ND ND ND
1,1-Dichloroethene ug/L ND ND ND ND
cis 1,2-Dichloroethene ug/L ND ND ND ND
Dichlorodifluoromethane ug/L ND N/A 1.3 ND
1,1,1-Trichloroethane ug/L ND 12.0 1.9 ND
Trichloroethene ug/L ND ND ND ND
Tetrachloroethylene ug/L ND 98.0 12.0 26.4
Total CVOCs ug/L 0.0 110.0 15.2 26.4
Total Parents ug/L 0.0 110.0 13.9 26.4
% of Pretreat Parent Decimal Equiv. 0.00 1.00 0.13 0.24
% daughter products/Total CVOC Decimal Equiv. N/A 0.00 0.00 0.00

Notes:

N/A = not analyzed

ORP = oxidation-reduction potential
Deg. F = degrees Fahrenheit

mg/L = milligrams per liter

SU = standard units

ug/L = micrograms per liter

Table 1 Results.xls



TABLE 2

Water Depths from Ground Surface in the Treatment Zone Monitoring Wells

Monitoring Well | Minimum Depth | Maximum Depth
PW-4 8.55 ft. 10.25 ft.
GP-2 6.65 9.8

MW-4 7.2 8.25
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HRC-A LITERATURE



Treatment Area A.xls, 10/18/2007
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e HRC Advanced Design Software for Grid Treatment June 2006
Regenesis Technical Support: USA (949) 366-8000 Wwww.regenesis.com
Site Name: Treatment Area A TNT Red Star
Location: Kirkwood NY
Ci Leader
COSTS PROVIDED ARE FOR STANDARD HRC ADVANCED (HRC-A) MICROEMULSION
Site Conceptual Model/Extent of Plume Requiring iati
Width of plume (intersecting gw flow direction) 40 ft
Length of plume (parallel to gw flow direction) 20 ft = 800 ft2
Depth to contaminated zone 10 ft
Thickness of contaminated saturated zone 10 ft
Nominal aquifer soil (gravel, sand, silty sand, silt, clay, etc.) silty sand
Total porosity 0.35 Effective porosity:
Hydraulic conductivity 0.7 ft/day = cm/sec
Hydraulic gradient 0.0037 ft/ft
Seepage velocity 3.2 ftiyr = ftiday
Treatment Zone Pore Volume 2,800 it gallons
Dissolved Phase Electron Donor Demand Contaminant Contaminant Stoichiometry H; Req.
Conc (mg/L) Mass (Ib) cont/H, (wt/wt) (Ib)
Tetrachloroethene (PCE) 0.00 0.0 0.7 0.00
Trichloroethene (TCE) 0.00 0.0 . 0.00
cis-1,2-dichloroethene (DCE) 0.00 0.0 4. 0.00
Vinyl Chloride (VC) 0.00 0.0 . 0.00
1,1,1-Trichloroethane (TCA) 0.04 0.0 2. 0.00
1,1-Dichlorochloroethane (DCA) 0.50 0.1 4. 0.00
User added, also add stoich. demand and Koc (see pull-dow 0.00 0.0 0.0 n/a
User added, also add stoich. demand and Koc (see pull-dow 0.00 0.0 0.0 n/a
Sorbed Phase (SP) Electron Donor Demand:
Soil bulk density glem® = 110 Ib/cf
Fraction of organic carbon (foc) range: 0.0001 to 0.01
(Values are estimated using SP = foc*Koc*Cgw) Koc Contaminant Contaminant Stoichiometry H; Req.
(Adjust Koc as necessary to provide realistic esti ) (L/kg) Conc (mg/kg) Mass (Ib) cont/H, (wt/wt) (Ib)
Tetrachloroethene (PCE) 371 0.00 0.0 0.7 0.00
Trichloroethene (TCE) 122 0.00 0.0 1. 0.00
cis-1,2-dichloroethene (DCE) 80 0.00 0.0 4. 0.00
Vinyl Chloride (VC) 25 0.00 0.0 1. 0.00
1,1,1-Trichloroethane (TCA) 304 0.04 0.0 2. 0.00
1,1-Dichlorochloroethane (DCA) 33 0.05 0.0 4, 0.00
User added, also add stoich. demand and Koc (see pull-dow| 0 0.00 0.0 0.0 n/a
User added, also add stoich. demand and Koc (see pull-dow| 0 0.00 0.0 0.0 n/a
Competing Electron Acceptors (CEAs): CEA CEA Stoich. (wt/wt) H; Req.
Conc (mg/L) Mass (Ib) e acceptor/H, (Ib)
Oxygen Demand 2.00 0 8.0 0.04
Nitrate Demand 5.00 1 124 0.07
Bioavailable Manganese Demand 5.00 1 275 0.03
Bioavailable Iron Demand 25.00 4 55.9 0.08
Sulfate Demand 31.00 5 12.0 0.45
Microbial Demand Factor Recommend 1-4x
Safety Factor Recommend 1-4x
Injection Point Spacing:
Injection spacing within rows (ft)
Injection spacing between rows (ft)
Advective travel time between rows (days) Total # of points:
Project HRC-A C Material Requi
Amount of HRC-A Concentrate Required (Ibs) 358 Volume of HRC-A Concentrate Required (gals) 45
Minimum Dose Override
Standard 10:1 Vol (H,0):Vol (HRC-A) Mi ion P i i
Lbs. Gallons
HRC-A Concentrate 358 HRC-A Concentrate 45
Water at tempurature >60 °F 3,753 Water at a temperature >60 °F 450
Total 4,111 Total 495
Microemulsion Application Rate:
Lbs. Gallons
10:1 V/V Microemulsion App. Rate per Foot 10:1 V/V Microemulsion App. Rate per Foot
0:1 V/V Microemulsion App. Rate per Point 10:1 V/V Microemulsion App. Rate per Point
Est.% of Effective Pore Vol. Displaced by HRC-A Microemulsion
Optional Additional Dilution C: for HRC-A Micr
Gallons
Desired % Eff.Pore Vol. Displaced by Microemulsion 3.5%
Add. Water Required to Mix with Standard Microemulsior| 13
Total Vol. of Water Required 58
Total Vol. of Diluted Microemulsion 62
Vol. of Diluted Microemulsion applied per ft 16
Vol. of Diluted Microemulsion applied per pt 157
Water : HRC-A mixing ratio V/V 13 parts water to 1 part HRC Adv Microemulsion
Project Summary:
Number of HRC Adv delivery points (adjust as necessary for site) 4
HRC Adv microemulsion application rate in Lbs/ft 102.8
Corresponding amount of HRC Adv microemulsion per point (Ib) 1028
Number of 30 Ib HRC Adv concentrate buckets per injection point 3.0
Total number of 30 Ib HRC Adv concentrate buckets 12
Total amount of HRC Adv concentrate (Ib) 360
Total amount of HRC Adv (Ib) 4,111
HRC Adv unit cost ($/Ib of standard microemulsion) $ 0.42 0
Total Material Cost for Standard HRC Adv. Microemulsion $ 1,727
Shipping and Tax Estimates in US Dollars
Sales tax rate: 0.00% $ -
Total material cost $ 1,727
Shipping of HRC Adv (call for quote) $ -
Total HRC Adv Microemulsion Material Cost $ 1,727
HRC Adv Cost (responsibility of to contract work) Other Project Costs
Length of each injection point (ft) 20|Design and regulatory issues $ -
Total length for direct push for project (ft) 80[Groundwater monitoring and rpt $ -
Est. daily application footage rate (check using est. HRC-A pumping rate) 250|Other $ -
Estimated points per day (10 to 30 is typical for direct push) 12.5|Other $ -
Required number of days 1|Other $ -
Mobilization/demobilization cost for injection subcontractor $ - |Other $ -
Daily rate for injection subcontractor $ - |Other $ -
Total injection subcontractor cost for application $ - Other $ -
Total Install Cost (not including consultant, lab, etc.) $ 1,727 |Total Project Cost $ 1,727




Treatment Area B.xls, 10/18/2007
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e HRC Advanced Design Software for Grid Treatment June 2006
Regenesis Technical Support: USA (949) 366-8000 Wwww.regenesis.com
Site Name: Treatment Area B TNT Red Star
Location: Kirkwood NY
Ci Leader
COSTS PROVIDED ARE FOR STANDARD HRC ADVANCED (HRC-A) MICROEMULSION
Site Conceptual Model/Extent of Plume Requiring iati
Width of plume (intersecting gw flow direction) 100 ft
Length of plume (parallel to gw flow direction) 20 ft = ft2
Depth to contaminated zone 10 ft
Thickness of contaminated saturated zone 10 ft
Nominal aquifer soil (gravel, sand, silty sand, silt, clay, etc.) silty sand
Total porosity 0.35 Effective porosity:
Hydraulic conductivity 0.7 ft/day = cm/sec
Hydraulic gradient 0.0037 ft/ft
Seepage velocity 3.2 ftiyr = ftiday
Treatment Zone Pore Volume 7,000 it gallons
Dissolved Phase Electron Donor Demand Contaminant Contaminant Stoichiometry H; Req.
Conc (mg/L) Mass (Ib) cont/H, (wt/wt) (Ib)
Tetrachloroethene (PCE) 0.01 0.0 0.7 0.00
Trichloroethene (TCE) 0.00 0.0 . 0.00
cis-1,2-dichloroethene (DCE) 0.01 0.0 4. 0.00
Vinyl Chloride (VC) 0.00 0.0 0.00
1,1,1-Trichloroethane (TCA) 0.60 0.3 2 0.01
1,1-Dichlorochloroethane (DCA) 0.23 0.1 4. 0.00
User added, also add stoich. demand and Koc (see pull-dow 0.00 0.0 0.0 n/a
User added, also add stoich. demand and Koc (see pull-dow 0.00 0.0 0.0 n/a
Sorbed Phase (SP) Electron Donor Demand:
Soil bulk density glem® = 110 Ib/cf
Fraction of organic carbon (foc) range: 0.0001 to 0.01
(Values are estimated using SP = foc*Koc*Cgw) Koc Contaminant Contaminant Stoichiometry H; Req.
(Adjust Koc as necessary to provide realistic esti ) (L/kg) Conc (mg/kg) Mass (Ib) cont/H, (wt/wt) (Ib)
Tetrachloroethene (PCE) 371 0.01 0.0 0.7 0.00
Trichloroethene (TCE) 122 0.00 0.0 1. 0.00
cis-1,2-dichloroethene (DCE) 80 0.00 0.0 4. 0.00
Vinyl Chloride (VC) 25 0.00 0.0 1. 0.00
1,1,1-Trichloroethane (TCA) 304 0.55 1.2 2. 0.05
1,1-Dichlorochloroethane (DCA) 33 0.02 0.1 4, 0.00
User added, also add stoich. demand and Koc (see pull-dow| 0 0.00 0.0 0.0 n/a
User added, also add stoich. demand and Koc (see pull-dow| 0 0.00 0.0 0.0 n/a
Competing Electron Acceptors (CEAs): CEA CEA Stoich. (wt/wt) H; Req.
Conc (mg/L) Mass (Ib) e acceptor/H, (Ib)
Oxygen Demand 2.00 1 8.0 0.1
Nitrate Demand 5.00 2 124 0.1
Bioavailable Manganese Demand 5.00 2 275 0.0
Bioavailable Iron Demand 25.00 " 55.9 0.20
Sulfate Demand 31.00 14 12.0 113
Microbial Demand Factor Recommend 1-4x
Safety Factor Recommend 1-4x
Injection Point Spacing:
Injection spacing within rows (ft)
Injection spacing between rows (ft)
Advective travel time between rows (days) Total#ofpoints: [ 8 |
Project HRC-A C Material Requi
Amount of HRC-A Concentrate Required (Ibs) 895 Volume of HRC-A Concentrate Required (gals) 111
Minimum Dose Override
Standard 10:1 Vol (H,0):Vol (HRC-A) Mi ion P i qui
Lbs. Gallons
HRC-A Concentrate 895 HRC-A Concentrate 111
Water at tempurature >60 °F 9,257 Water at a temperature >60 °F 1,110
Total 10,153 Total 1,221
Microemulsion Application Rate:
Lbs. Gallons
10:1 V/V Microemulsion App. Rate per Foot 10:1 V/V Microemulsion App. Rate per Foot
0:1 V/V Microemulsion App. Rate per Point 10:1 V/V Microemulsion App. Rate per Point
Est.% of Effective Pore Vol. Displaced by HRC-A Microemulsion
Optional Additional Dilution C: for HRC-A Micr
Gallons
Desired % Eff.Pore Vol. Displaced by Microemulsion 3.5%
Add. Water Required to Mix with Standard Microemulsior| 350
Total Vol. of Water Required 1,460
Total Vol. of Diluted Microemulsion 1,571
Vol. of Diluted Microemulsion applied per ft 20
Vol. of Diluted Microemulsion applied per pt 196
Water : HRC-A mixing ratio V/V 13 parts water to 1 part HRC Adv Microemulsion
Project Summary:
Number of HRC Adv delivery points (adjust as necessary for site) 8
HRC Adv microemulsion application rate in Lbs/ft 126.9
Corresponding amount of HRC Adv microemulsion per point (Ib) 1269
Number of 30 Ib HRC Adv concentrate buckets per injection point 3.7
Total number of 30 Ib HRC Adv concentrate buckets 30
Total amount of HRC Adv concentrate (Ib) 900
Total amount of HRC Adv (Ib) 10,153
HRC Adv unit cost ($/Ib of standard microemulsion) $ 0.42 0
Total Material Cost for Standard HRC Adv. Microemulsion $ 4,264
Shipping and Tax Estimates in US Dollars
Sales tax rate: 0.00% $ -
Total material cost $ 4,264
Shipping of HRC Adv (call for quote) $ -
Total HRC Adv Microemulsion Material Cost $ 4,264
HRC Adv Cost (responsibility of to contract work) Other Project Costs
Length of each injection point (ft) 20|Design and regulatory issues $ -
Total length for direct push for project (ft) 160|Groundwater monitoring and rpt $ -
Est. daily application footage rate (check using est. HRC-A pumping rate) 250|Other $ -
Estimated points per day (10 to 30 is typical for direct push) 12.5|Other $ -
Required number of days 1|Other $ -
Mobilization/demobilization cost for injection subcontractor $ - |Other $ -
Daily rate for injection subcontractor $ - |Other $ -
Total injection subcontractor cost for application $ - Other $ -
Total Install Cost (not including consultant, lab, etc.) $ 4,264 |Total Project Cost $ 4,264
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— Unlike oil products, HRC Advanced forms micelles (Figure 2) which
are mobile in groundwater and significantly enhance electron
donor distribution after injection

e Persistent and Long Lasting Hydrogen Source

— Provides free lactic acid, controlled-release lactic acid and long
release fatty acids for effective hydrogen production for periods
up to 5 years.

¢ Incorporates Hydrogen Release Compound (HRC®) Technology
— Successfully applied on over 1000 sites worldwide

[ ] -
) Low-Cost i FIGURE 1: THE HRC ADVANCED™ MOLECULAR STRUCTURE
L — Lower cost than other specialty electron donors
2 e Wide Area/High Volume - Microemulsion Application
§ — Increases contact with contaminants and reduces number of Fatty Acids
—_ injection points required for treatment Lactic Acid D
X e et . . - Tetramer
2 e Enhanced distribution through Micellar Transport d ¥, ' &
o
[~
a.

" Al "__.:'r | Ester Bonds

PRODUCT COMPOSITION
HRC Advanced™ has a molecular structure specifically designed to maximize cost effective anaerobic treatment of contaminants in o
subsurface soils and groundwater. This structure (patent applied for) is composed of free lactic acid, controlled-release lactic acid 2
(polylactate) and certain fatty acid components which are esterified to a carbon backbone molecule of glycerin (Figure 1). o
When injected into contaminated soil and groundwater, HRC Advanced produces a sequential, staged release of its electron §
donor components. The immediately available free lactic acid is fermented rapidly while the controlled-release lactic acid is =
metabolized at a more controlled, more gradual rate. The fatty acids are converted to hydrogen over a mid to long range timeline S
giving HRC Advanced an exceptionally long electron donor release profile. This staged fermentation provides an immediate, mid-
range and very long term, controlled-release supply of hydrogen (electron donor) to fuel the reductive dechlorination process.
Typical longevity is rated up to 2 years on a single injection and up to 5 years under optimal conditions, e.g. low permeability,
low consumptive environments.
HRC Advanced applications can be configured in several different ways MORE ON MICELLES
v including: grids, barriers, excavations, etc. The ma_te_rial_itself can be applied Micelles (Figure 2) are groups (spheres) of molecules with the
E to the subsurface through the use of direct-push injection, hollow-stem hydrophilic group facing out to the water and the “tails” or
§ auger, existing wells or re-injection wells. HRC Advanced is typically applied gm2:}[:;'2‘;?3&2'5"52;2(]Tphr?\flI?jfeetfﬁ:gziéedduggfemeo':'I*:Céi‘gzﬁw
E |n_h|gh volu_me§ as a_n emulsmeq micellar suspension (mwroemulsmn). T_he distribution via migration to areas of lower concentration.
a microemulsion is easily pumped into the subsurface and is produced on-site
: by mixing specified volumes of water and delivered HRC Advanced concen- FIGURE 2- MICELLE REPRESENTATION
= =] trate. Detailed preparation and installation instructions are available at
o = www.regenesis.com.
» g In some (rare) instances the concentrated material can be directly is' ~R "
= o applied, however it is highly recommended that Regenesis Technical Services E 171"& '“,-' o
& < be consulted prior to any non-emulsified, concentrated applications. - ..;.J,Tum
; HRC Advanced material is usually applied throughout the entire vertical "r. n g g -,
§ thickness of the determined treatment area. Once injected, the emulsified i I?;‘ ’(g‘ 2
HRC Advanced moves out into the subsurface pore spaces via micellar !
10 transport, eventually coating surfaces (Figure 2). Over time, released soluble

components of the HRC Advanced are distributed within the aquifer via the
physical process of advection and the concentration driven forces of diffusion.

1011 Calle Sombra San Clemente California 92673-6244 Telephone: 949.366.8000 Fax: 949.366.8090 www.regenesis.com
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REGENESIS

Achieve Rapid and Sustained

Reductive Dechlorination through High-Volume,
Wide-Area, Electron Donor Distribution

HYDROGEN RELEASE
COMPOUND

PERFORMANCE

Case Study #1

A site in Massachusetts showed high
levels of PCE and its daughter products
TCE and cis-DCE which had been
consistently present for more than
two years. HRC Advanced was applied
in a grid configuration around
monitoring well #16. In Figure 3, the
contaminant concentration results
indicate a rapid decrease in the parent
product PCE and evidence of reductive
dechlorination as demonstrated by the
relative increases in daughter products
TCE and cis-DCE.

Case Study #2

A site in Florida was characterized
with PCE contamination approaching
225 ug/L. A total of 1080 pounds of
HRC Advanced was applied in a grid
configuration through 16 direct-push
points, with about 5 feet between each

point and at a rate of approximately 5 Ibs.

per vertical foot. Monitoring in well 103
at 75 days post-HRC Advanced injection
indicated that PCE was reduced by 67%
then leveled off for about 75 days then
dropped another 22% for a total of 89%
reduction over a 275 day period. TOC
levels remain elevated at 17-19 mg/L
after 275 days and daughter products
remain at low levels (Figure 4).

21,000

e= is-1,2-DCE
24,000

== TCE
21,000

== PCE
18,000

15,000
HRC ADVANCED

12,000 APPLICATION

VOC Concentration (ug/L)

9,000

6,000

3,000

Time (Days)

FIGURE 3: MW-16 CONTAMINANT CONCENTRATION DATA
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FIGURE 4: MW-103 CONTAMINANT CONCENTRATION DATA
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Simplified HRC Advanced
Application Pictorial
(details regarding the HRC
Advanced microemulsion and

how it is made on site are
available from Regenesis).

APPLICATION

Delivered HRC Advanced is mixed with The HRC Advanced microemulsion

water to form a microemulsion

The microemulsion is prepared
in high volumes for adequate

subsurface distribution the treatment area

is then injected in high-volumes into

1011 Calle Sombra San Clemente California 92673-6244 Telephone: 949.366.8000 Fax: 949.366.8090 www.regenesis.com

f—y
[y

N0J'SISINIIIY MMM



™ 9

HRC e
HYDROGEN RELEASE
COMPOUND

REGENESIS
Micro-emulsion Advanced Technologies for Groundwater Resources
Hydrogen Release Compound Advanced
(HRC Advanced ™)

INSTALLATION INSTRUCTIONS

High-Volume, Wide-Area, Micro-Emulsion Application

Introduction

HRC Advanced™ (HRC-A) should ONLY be applied as a high-volume, micro-emulsion. In this
form it offers greater physical distribution of the HRC-A material across a larger potential radius
from a single injection point. The production of an HRC-A emulsion involves the on-site,
volumetric mixing of 10 parts water with 1 part delivered HRC-A concentrate to form the
injection-ready HRC-A micro-emulsion. This micro-emulsion suspension can then be injected
directly or further diluted to a predetermined ratio of HRC-A to water. The following
instructions provide details in the production and installation of the HRC-A micro-emulsion.

Material Overview Handling and Safety

HRC-A concentrate is shipped and delivered in 4.25-gallon buckets. Each bucket has a gross
weight of approximately 32 pounds. Each bucket contains 30 pounds of HRC-A concentrate (net
weight) and a nominal volume of 3.7 gallons. At room temperature, HRC-A concentrate is a
liquid material with a viscosity of approximately 500 centipoise, roughly the equivalent of
pancake syrup. The viscosity of HRC-A is not temperature sensitive above 50 °F (10 °C).
However, below 50 °F the viscosity may increase significantly. If the user plans to apply the
product in cold weather, consideration should be given to heating the material to above 60 °F so
that it can be easily handled. HRC-A concentrate should be stored in a warm, dry place that is
protected from direct sunlight. It is common for stored HRC-A concentrate to settle somewhat in
the bucket, a quick pre-mix stir by a hand held drill with a paint or “jiffy mixer” attachment will
rapidly re-homogenize the material. HRC-A concentrate is non-toxic, however field personnel
should take precautions while handling and applying the material. Field personnel should use
appropriate personal protection equipment (PPE) including eye protection. Gloves should be
used as appropriate based on the exposure duration and field conditions. A Material Safety Data
Sheet is provided with each shipment. Personnel who operate field equipment during the
installation process should have appropriate training, supervision, and experience and should
review the MSDS prior to site operations.

Regenesis / 1011 Calle Sombra / San Clemente / CA / 92673 / 949-366-8000 / www.regenesis.com
HRC-A Install Instructions, Updated040607 CS




HRC-A MICRO-EMULSION APPLICATION INSTRUCTIONS (cont)

Micro-Emulsion Production HRC-A to Water Ratio

HRC-A concentrate should be mixed with water on a volume to volume (v/v) basis to produce a
micro-emulsion starting at 10 parts water: 1 part HRC-A. Although micro-emulsions can be
easily produced using greater water volumes than 10 parts, e.g. 20 to 50 parts water to 1 part
HRC-A, the initial micro-emulsion should never be produced below a ratio of less than 10 parts
water: 1 part HRC-A v/v. WARNING: Do not attempt to produce a micro-emulsion at less
than 10 parts water to 1 part HRC-A ratio v/v. This will produce an undesirable and
unstable solution.

The field production of HRC-A micro-emulsion is a very simple procedure; however, it is
critical that the user follow the mixing directions outlined below. Never attempt to add water to
the HRC-A as this will produce an undesirable and unstable large emulsion. Always add the
HRC-A to a large volume of water.

As indicated previously the 10:1 ratio of water to HRC-A v/v is the minimum water ratio that
can be used, a greater ratio (more dilute solution ) can easily be achieved and is governed by: A)
the volume of HRC-A required to treat the estimated contaminant mass, B) the pore volume in
which the material is applied, C) the time available for installation (gallons/pump rate), and C)
the estimated volume of HRC-A micro-emulsion that the target zone will accept over the time
period allocated for installation.

Conceptually, although a higher volume of water to volume of HRC-A will produce a larger
volume of the suspension, it will lower the concentration of HRC-A per gallon of solution.
Thus, the benefit of using a high water/HRC-A v/v ratio in order to affect a greater pore volume
of the subsurface aquifer is offset by the dilution of the HRC-A per unit volume of suspension as
well as by the limitations of the subsurface hydraulic conductivity and effective porosity
(capacity of the aquifer to accept the volume of HRC-A micro-emulsion).

It is important that the user plan in advance the v/v HRC-A/water ratio to be employed at a
project site. The resulting volume of solution will dictate the site water requirements and the time
required for injection, etc. If upon injection of greater than 10:1 HRC-A micro-emulsion, the
subsurface does not readily accept the volume of solution as designed, the user can adjust
downward the v/v water to HRC-A ratio until a more concentrated suspension is produced (this
solution should never drop below the required 10 parts water:1 part HRC-A v/v production
ratio). For more information on designing a HRC-A/water ratios to meet specific site conditions,
please contact Regenesis Technical Services.

Direct Push Application Requirements

One of the best methods to deliver the HRC-A micro-emulsion into the subsurface is to pressure
inject the solution through direct-push rods using hydraulic equipment, or to pressure
inject/gravity feed the micro-emulsion into the dedicated injection wells. The use of low cost
push points or temporary injection points allows the applier to more cost effectively distribute
the HRC-A material across shallow sites by employing multiple points per site. In the case of
treating deep aquifer sites, the use of the micro-emulsion applied via dedicated injection wells is
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HRC-A MICRO-EMULSION APPLICATION INSTRUCTIONS (cont)

likely to be the most cost effective remediation approach. Please note that this set of instructions
is specific to direct-push equipment. Please contact Regenesis Technical Services to assist you
with dedicated injection well applications.

In general, Regenesis strongly recommends application of the HRC-A micro-emulsion using an
injection pump with a minimum delivery rate of three gallons per minute (gpm) and a pressure
rating of between 150 to 200 pounds per square inch (psi). Note: the injection pump
requirements are different than_the requirements of the mixing pump (see Mixing to
Generate HRC-A Micro-emulsion).  High pressure, positive displacement pumps and
progressive cavity pumps are appropriate for injecting HRC-A. For low permeability lithologies
(clay, silt) higher pressure pumps (800-1600 psi) may be necessary, while for more permeable
lithologies (gravel, sand) a lower pressure pump may be adequate. Examples of appropriate
pumps are: Rupe Models 6-2200, 9-1500 and 9-1600 (positive displacement), Geoprobe” GS-
2000 (positive displacement) and DP-800 (progressive cavity), Yamada (air diaphragm), Moyno
(progressive cavity), and Wilden (air diaphragm). Delivery rate is a critical factor in managing
installation time and costs. Generally, higher delivery rates (>6 gpm) are more cost effective for
these types of applications but pump selection should be on a site specific basis and account for
the volume of HRC-A solution and specific aquifer conditions present at the site.

The installation of the HRC-A micro-emulsion should span the entire vertical contaminated
saturated thickness. If the vertical extent of the application is confined to a limited interval, then
the micro-emulsion should be placed across a vertical zone extending a minimum of one-foot
above and one-foot below the screened interval of monitoring wells that are being used to
evaluate the performance of the project.

Producing the HRC-A Micro-Emulsion

The application of HRC-A requires the creation of a micro-emulsion. Technically the optimal
suspension is an HRC-A-in-water suspension containing micro-emulsions. Before beginning the
mixing procedure the user should have in mind the desired water to HRC-A ratio v/v desired.

It is critical that the micro-emulsion be produced using a high-shear apparatus such as a
high speed centrifugal pump. The shearing provided by the vanes in these types of pumps is
sufficient to form and maintain a homogeneous milky emulsion. This pump will be a different
pump than that used to inject the HRC-A micro-emulsion into the subsurface. If the user is
uncertain as to requirements for the pump or the applicability of a certain pump, please contact
Regenesis Technical Services. Regenesis typically suggests using a water trailer/pump
apparatus commonly found at equipment rental facilities. Regenesis recommends using a
Magnum Products LLC model MWTS500 or equivalent water trailer (fitted with centrifugal
recirculation pump). This “trash pump” or transfer pump is an ideal high shear pump and the
water tank (400 gallons) serves as an excellent mixing tank.

To ensure that proper micro-emulsion suspension is generated Regenesis suggests a two-step
process that simply requires mixing at least 10 parts water to 1 part HRC-A concentrate using
water at a temperature > 60°F.
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HRC-A MICRO-EMULSION APPLICATION INSTRUCTIONS (cont)

Step 1) Regenesis recommends that the HRC-A concentrate in each bucket be re-
homogenized using a drill equipped with a paint or “jiffy” mixer attachment as minor
settling may have occurred during shipment.

Step 2) to calculate the volume of water necessary to produce a 10:1 v/v micro-emulsion,
each bucket of HRC-A concentrate containing 3.7 gallons of material should be mixed
with 37 gallons of water.

Example: 6 buckets x 3.7 gallons HRC-A concentrate/bucket yields a total of 22.2 gallons of
HRC-A concentrate. Thus, a 10:1 v/v solution will require 222 gallons of water (22.2 gallons
HRC-A concentrate x 10 gallons water yields 222 gallons of water). A nominal total volume
micro-emulsion would result from the summation of the HRC-A concentrate volume (22.2
gallons) and the water volume (222 gallons). This yields a total fluids delivery volume of
approximately 244 gallons.

The previously calculated water volume (222 gallons) should be transferred into an appropriately
sized mixing tank. The water should be circulated by the high shear centrifugal pump and each
of the six HRC-A buckets slowly poured into the tank. Each bucket of HRC-A concentrate
should be poured at a slow rate (approx. 1 minute per bucket) and the contents of the tank
continually recirculated using the high hear centrifugal pump. A period of 1-2 minutes should be
allowed between addition of each subsequent bucket of HRC-A concentrate to allow the
centrifugal pump to continue to shear and mix the water/HRC-A concentrate. Upon addition of
the entire volume of HRC-A concentrate the pump should remain on to allow the solution
mixture to recirulate. The recirculation of the HRC-A micro-emulsion should continue until the
material is injected to maintain micro-emulsion consistency.

Application of Micro-Emulsion Using Direct-Push Methods

1) Prior to the installation of the micro-emulsion, any surface or overhead impediments should
be identified as well as the location of all underground structures. Underground structures
include but are not limited to: utility lines, tanks, distribution piping, sewers, drains, and
landscape irrigation systems.

2) The planned installation locations should be adjusted to account for all impediments and
obstacles.

3) Pre-mark the installation locations, noting any points that may have different vertical
application requirements or total depth.

4) Set up the direct-push unit over each specific point and follow the manufacturer’s standard
operating procedures (SOP). Care should be taken to assure that probe holes remain vertical.

5) For most applications, Regenesis suggests using drive rods with an O.D. of at least 1.25-
inches and an [.D. of at least 0.625-inches 1.D (Geoprobe or equivalent). However, the
lithologic conditions at some sites may warrant the use of larger 2.125-inch O.D./1.5-inch
I.D. drive rods.
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HRC-A MICRO-EMULSION APPLICATION INSTRUCTIONS (cont)

6) The most typical type of sub-assembly currently being used is designed for 1.25-inch direct-
push rods and is manufactured by Geoprobe. Other brands of drive rods can also be used but
require the fabrication of a sub-assembly that allows for a connection between the pump and
drive rod.

7) For mixing large volumes of the micro-emulsion, Regenesis recommends using a Magnum
Products LLC model MWT500 water trailer (fitted with centrifugal recirculation pump) or
equivalent unit. However, single large volume poly tanks are adequate. We suggest filling the
tank with an appropriate quantity (e.g. from the example above 222 gallons) of water before
start of mixing operations. The tank should be configured so that both a hose and a fire
hydrant or larger water tank can be connected to it simultaneously and filled with water
quickly and easily. This will dramatically reduce the time needed to fill the tank with mixing
water.

8) Regenesis highly recommends preparing the micro-emulsion before pushing any drive rods
into the subsurface. NOTE: it is best if the micro-emulsion is produced a single day
application volumes.

9) After the micro-emulsion mixing/shearing step has been completed as described above, the
micro-emulsion is ready to be applied. Check to see if a hose has already been attached to the
inlet side of the centrifugal pump. If this has not been done, do so now.

10)If a non-water trailer tank is being used for mixing the micro-emulsion a stand alone
centrifugal pump and hose system should be used for the shearing and mixing operations.

11) Advance drive rods through the ground surface, as necessary, following SOP.

12)Push the drive rod assembly with an expendable tip to the desired maximum depth.
Regenesis suggests pre-counting the number of drive rods needed to reach depth prior to
starting injection activities to avoid any miscalculations.

13) After the drive rods have been pushed to the desired depth, the rod assembly should be
withdrawn three to six inches. The expendable tip can be dropped from the drive rods,
following SOP.

14) If an injection tool is used instead of a direct-push rod with an expendable tip, the application
of material can take place without any preliminary withdrawal of the rods.

15) In some cases, introduction of a large column of air may be problematic. This is particularly
the 