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1.0 INTRODUCTION

This Summary Report presents results of the Phase | in-situ chemical oxidation (ISCO) testing
conducted at Northeast Cape (NE Cape), St. Lawrence Island, Alaska (Figure 1). NE Cape
was the site of former military surveillance and communications stations that operated from
about 1954 until 1972. The Phase I ISCO testing was performed to collect data about the
implementability and effectiveness of ISCO to treat groundwater and soil media in the Main

Operations Complex (MOC) area of the site.

This work was performed for the U.S. Army Corps of Engineers (USACE), Alaska District,
under Bristol Environmental Remediation Services, LLC’s (Bristol’s) contract number (no.)
W911KB-09-C-0013. Phase I ISCO activities were largely performed by AECOM Technical
Services, Inc. (ATS), a Bristol subcontractor. The scope of services for this project is based
on the Final Scope of Work (SOW) provided by the Alaska District of the USACE, dated 11
March 2009. Phase I ISCO testing was performed in accordance with the Final Work Plan
In-Situ Chemical Oxidation (Phase 1) and Intrusive Drum Removal/Landfill Cap (Bristol,
2009).

The SOW for the MOC Area Phase | ISCO Treatment included the following:

e Performing bench scale study to assess site-specific parameters affecting treatability

e Designing and performing a feasible Phase | ISCO technology in an isolated MOC
location

e Evaluating the ability of ISCO to achieve remediation goals for chemicals of concern
(COCs)

e Post-treatment monitoring (at least one round) preparation of a draft and final
technical memorandum to summarize results

e Preparing a draft and final report detailing results of the Phase | treatment and
feasibility of the technology for Phase Il implementation

1.1 PROJECT PURPOSE AND OBJECTIVES

The purpose of this project was to evaluate the use of ISCO as a remediation technology for
soil and groundwater contamination previously identified in the MOC area of the site. The
primary objectives of the Phase | ISCO effort was to evaluate the feasibility of ISCO

technology for application in an isolated location, and to evaluate the ability of ISCO to
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achieve remediation goals for the COCs and corresponding media of concern. Table 1
summarizes the remediation goals for the COCs and corresponding media of concern. Tables

1 through 15 are located in the Tables Section at the end of this document.
Secondary objectives of the pilot study were to:

e Determine the field soil oxidant demand
e Collect site-specific data to establish a rate of injection for the oxidant solutions
e Assess lateral and vertical distribution of oxidant

e Use distribution data to evaluate the appropriate lateral and vertical spacing for
injection points during full-scale ISCO remediation

e Determine the volume and concentration of oxidant to be injected during full-scale
ISCO remediation

e Collect time-series data post-injection to evaluate COC transport and propagation of
an oxidant front, useful for full-scale remediation and monitoring design

e Evaluate rebound of chemical concentrations following one round of oxidant
injections
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2.0 SITE DESCRIPTION
2.1 LOCATION

The NE Cape site is located on St. Lawrence Island, in the Bering Sea, near the territorial
waters of Russia, approximately 135 air miles southwest of Nome. The Village of Savoonga
is the closest community, located 60 miles northwest of the site. The NE Cape site, at 63
degrees (°) 19 minutes (') north, 168°58" west, is 9 miles west of the northeastern cape of St.
Lawrence Island. The NE Cape site originally encompassed 4,800 acres (7.5 square miles).
The site is bounded by Kitnagak Bay to the northeast, Kangighsak Point to the northwest, and
the Kinipaghulghat Mountains to the south. Figure 2 provides an overview of the site location

on St. Lawrence Island.

2.2 SITE HISTORY

St. Lawrence Island was established as a reindeer reservation by Executive Order on

7 January 1903. The present project site was acquired by the U.S. Air Force (USAF) on 16
January 1952, under Public Land Order (PLO) 970, which removed 21,013 acres from the
reserve. In 1952, the USAF Aircraft Control and Warning Station (ACWS) was formally
activated by the assignment of the 712th ACWS Squadron and the 689th Security Squadron.
The original site was designed to support 212 men. Throughout its existence, the NE Cape
facility has been a surveillance station, providing radar coverage for the Alaskan Air
Command, and later, for the North American Air Defense Command, as part of an Alaska-
wide system constructed to reduce potential vulnerability to bomber attacks across the polar
regions. The White Alice Station area remained in operation with minimal military staff until
1972. All lands were then withdrawn from the military under PLO 5178 for classification
under Section 17(d)(1) of the Alaska Native Claims Settlement Act (ANCSA) of 1971, which
entitled local community village corporations to select and receive specific tracts of federal
land. Interim Conveyance No. 203 (June 1979) conveyed unsurveyed lands of St. Lawrence
Island to Sivugag, Inc., and Savoonga Native Corporation, later renamed Kukulget, Inc.
Excluded from transfer were surveyed lands, easements, and land-use permits effective before

conveyance.
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In 1982, transfer of the White Alice Station area, south of the MOC, to the U.S. Department
of the Navy was initiated. However, this transaction was not formally completed as it was
superseded by ANSCA. The Navy conducted a removal action under its Comprehensive
Long-Term Environmental Action Navy program. The action included removal of specified
hazardous items and containerized hazardous and toxic wastes. In 2000, the White Alice
Station was reclassified as a Formerly-Used-Defense-Sites-eligible property and, in response,
the USACE included the area in the ongoing cleanup program for NE Cape (USACE, 2002).

The former military installation operated from about 1954 until 1972 as a surveillance station
and a White Alice Communications station. In 1982, the Navy obtained the former White
Alice Property (26 acres), but did not utilize the site as a communications site. The land
transfer was later deemed invalid, and property ownership reverted to Sivugaq, Inc., and
Savoonga Native Corporation. Demolition of buildings and structures has been completed
under multiple USACE contracts. The runway, improved gravel roads, and concrete slabs of

some of the former structures remain intact.

The MOC at the NE Cape installation encompassed the majority of the site infrastructure
including buildings, heat and power supply, fuel storage tanks, maintenance, and housing
quarters. Individual sites were grouped together to evaluate an overall response action for the
known contamination. These sites are located on the northeast portion of the main complex
gravel pad and include Sites 10, 11, 13, 15, 19, and 27. The locations of Sites 11, 13, 15, 19,

27, and adjacent sites, are illustrated on Figure 3.

2.3 PREVIOUS STUDIES AND ACTIONS

Remedial investigations were conducted in 1994, 1996, 1998, 2001, 2002, and 2004. The
sampling results demonstrate that soils and groundwater contain petroleum compounds at
elevated levels. No measurable free product was observed in the monitoring wells during the
various phases of remedial investigation. A summary of groundwater and soil contaminant

concentrations and field parameters is provided in Table 2 and Table 3, respectively.

All of the MOC structures have been demolished. Tanks and piping were reportedly

removed. Contaminated concrete, polychlorinated-biphenyl-contaminated soils, and fuel-
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stained soils were also excavated and transported off site during removal actions from 2000 to
2005.

The USACE issued the Draft Decision Document for NE Cape, Formerly Used Defense Site
(FUDS) in January 2009. The selected remedy for soil and groundwater at the MOC was

chemical oxidation.

2.4 CONTAMINANTS OF CONCERN AND ASSOCIATED REMEDIATION GOALS
2.4.1 Soils

The primary COCs in the soil at the MOC are total petroleum hydrocarbons (TPH) as diesel
range organics (DRO). Surface and subsurface soils are also contaminated with petroleum
fuels as gasoline range organics (GRO), naphthalene, and benzene at depths up to 16 feet (ft)
below ground surface (bgs). The fuel contamination is assumed to have created a smear zone
along the shallow groundwater interface.

2.4.2 Groundwater

Shallow groundwater at the site is contaminated throughout the northern portion of the site.
The primary COCs in groundwater are DRO, GRO, residual range organics (RRO), and
benzene. Lead is also elevated at various locations, but was not identified as a remediation
objective of the project.

2.4.3 Phase | ISCO Remediation Goals

The COCs and their target cleanup levels are summarized in Table 1.
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3.0 FIELD METHODS

In general, field work performed as a part of the Phase I ISCO evaluation was conducted as
described in the Final Work Plan In-Situ Chemical Oxidation (Phase I) and Intrusive Drum
Removal/Landfill Cap (Bristol, 2009). Phase I ISCO activities included the following work

components:

e Hydrogeological evaluation

e Test-pit based site characterization

e Bench scale soil oxidant demand testing
e Bench scale treatability testing

e Pilot study design and construction

e Chemical oxidant injection

e |SCO performance monitoring

The field methods used to perform these tasks are discussed in greater detail in the sections
that follow. Field notes recorded by on-site personnel during the execution of these efforts
are provided in Appendix A.

Appendices A through M are located in the Appendices Section at the end of this document.

3.1 HYDROGEOLOGICAL EVALUATION

To evaluate hydrogeological conditions at the site, existing monitoring wells at the MOC
were opened and groundwater allowed to equilibrate prior to gauging depth to water in each
monitoring well. Groundwater levels were measured using an electronic water level indicator
and measured to the nearest 1/100th of a foot. In addition to water level gauging, slug tests
were also conducted in a subset of the existing monitoring wells to evaluate conductivity and

permeability.

3.2 TESTPIT SITE CHARACTERIZATION

To rapidly evaluate the lithology and characterize soil conditions, test pit excavations were
conducted at the site. Test pitting was selected based on the ability to collect detailed site
lithologic data during excavation and the impracticality of using another rapid assessment
method, such as direct-push soil sampling, in the soils at this site. Descriptive soil
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characteristic information provided valuable data regarding small- and large-scale variations
of lithology at the site. In addition, direct observations were made about the contaminant

distribution (i.e., stained soils).

To confirm the presence of contamination in the potential study area, an assessment grid was
established in the field, and 12 test pits were installed to evaluate lithologic and pre-1SCO soil
contaminant conditions. A CAT 322B excavator was used to dig each test pit to an
approximate depth of 10 ft below land surface (bls) or to the water table, which ever was
encountered first. Soil excavated from the test pits was visually evaluated, photographed,

logged, and screened with an organic vapor analyzer (OVA).

Soil samples were collected to characterize soil contamination at locations where OVA
readings suggested the presence of petroleum impacts. Selected soil samples underwent field
screening analysis for TPH-DRO and -GRO using a siteLAB® field test kit. During the test
pitting effort, samples were collected from the excavator bucket based on visual observations
and OVA screening results.

The dimensions of each test pit were determined in the field based on visual observations and
field screening. Each test pit was logged on a separate form as it was excavated, including
types and relative percentages of materials encountered and depth to the water table (if
encountered). Each pit was uniquely numbered on a base map. The sidewalls of each test pit
were photographed.

The test pits were backfilled with excavated material in reverse order of excavation following

completion of the test pitting activities.

3.2.1 TVA-1000B OVA Photoionization Detector/Flame lonization Detector

A Thermo Electron Corporation TVA-1000B OVA equipped with a combination
photoionization detector and flame-ionization detector was used to screen soils recovered
during test pitting and soil boring activities. Soil samples were collected into 1-gallon zip-to-
lock style plastic bags and sealed. The headspace was allowed to equilibrate for

approximately 30 minutes, and the instrument sampling nozzle was introduced to the
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headspace via a slight opening in the zip seal. The instrument was calibrated at the beginning
of the day of use, and calibration was confirmed at the end of the same day of use.

3.2.2 siteLAB UVF-3100 Analyzer

Field screening of test pit soils was performed using a siteLAB UVF 3100 Analyzer
(siteLAB), supplied by Sitelab Corporation. The instrument was shipped calibrated to run a
TPH-DRO method. For field screening of soils for DRO using the siteLAB kit, soil samples
were collected in 1-gallon zip-to-lock style plastic bags, double bagged, and transported to the
on-site field laboratory for screening analysis. Soil subsamples were weighed on a digital
scale and extracted with methanol solvent. The liquid extract filtered through a syringe-
mounted filter, and the resulting sample was diluted to read within the range of the
instruments detector. The instrument was calibrated before each use; initial control standards,

periodic standards, and final standards, were run during sample analysis.

3.3 BENCH ScALE TOoTAL OXIDANT DEMAND TESTING

Prior to performing oxidant injections at the site, bench scale testing to evaluate the natural
oxidant demand of site soils was conducted. This testing was conducted on site using site soil
and groundwater media obtained during the test pit characterization efforts described above.

3.4 BENCH SCALE TREATABILITY TESTING

In addition to the total oxidant demand (TOD) testing discussed above, a bench scale
treatability test was also conducted. A treatability study would normally have been conducted
prior to the formulation of a field study work plan (WP); however, project schedules and
limitations (frozen ground versus manual sampling versus cost) on the ability to collect
representative samples prior to the summer field season caused this phase to be performed
while ISCO-related site characterization and baseline sampling was underway. The objective
of the bench scale treatability study was to supplement the in-situ approach by varying
oxidant dosages and examining catalyzed hydrogen peroxide (H,O,), iron-activated
persulfate, and hydrogen-peroxide-activated sodium persulfate as independent treatability
scenarios. Evaluation of oxidant effectiveness and oxidant efficiencies in the bench typically
help refine the design of the pilot study WP. In this situation, the results became available to
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help explain observations of ISCO pilot study behavior, and refine the development of the

next phase of ISCO work.

The bench scale treatability test was conducted at an off-site laboratory. Testing was
conducted using site soil and groundwater media obtained during the test pit characterization
efforts described above. Bulk samples of soil were collected in 5-gallon pails lined with
plastic bags, and bulk groundwater samples were collected in collapsible bulk containers.
Groundwater samples were packed in coolers with ice packs and shipped to ATS’ treatability
lab facility in Orlando, Florida. Details regarding laboratory treatability testing procedures

are also provided in Section 6.3.

3.5 PILOT STUDY INJECTION AND MONITORING WELL CONSTRUCTION

The pilot study was implemented at a single location where elevated concentrations of COCs
were detected during previous investigation activities. The well layout for the pilot study
included a single injection well and eight monitoring wells. The monitoring well locations
were distributed throughout the expected area of influence and the anticipated flow path of the
injected reagent. The field pilot study was designed to evaluate system performance, critical
design, and operational parameters, including achievable radius of influence, oxidant
consumption, and contaminant removal. These parameters were evaluated using monitoring
wells strategically placed at varying radial distances from the point of injection to facilitate a

better understanding of the effects of oxidant injection on the subsurface contamination.

3.5.1 Injection Well

The injection well was installed using standard hollow-stem auger drilling techniques. The
injection well was installed and screened from approximately 1 ft above the groundwater table
to 4 ft below the groundwater table. The injection well was completed with 5 ft of 2-inch-
diameter stainless steel, wire-wrapped 0.010-inch screen and 2-inch-diameter stainless steel
well casing. The well filter pack material was 10/20 silica sand placed from bottom of screen
to 0.5 ft above the well screen. A 1-ft-thick finer-grained 30/70 silica sand seal pack was
placed over the well filter pack to mitigate the penetration of cement into the well filter pack.

Portland Type Il cement was poured into place above the fine sand seal to ground surface for
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wellhead completion. The injection well was completed as a flush-mount well. The identity
of the well was permanently marked on the well cap.

3.5.2 Monitoring Wells

A total of nine monitoring wells were installed as a part of the Phase | ISCO activities.
Monitoring wells were installed using standard hollow-stem auger drilling techniques.
Monitoring wells for the pilot study were screened from approximately one foot above to 4
feet below the groundwater surface interface. All monitoring wells were completed with 5 ft
of 2-inch-diameter polyvinyl chloride (PVC) vee-wire 0.006-inch screens and 2-inch-diameter
PVC well casings. The well filter pack material was 10/20 silica sand placed from bottom of
screen to 0.5 ft above the well screen. One foot of finer-grained 30/70 silica sand was placed
over the well filter pack to mitigate the penetration of fines from the neat cement into the well
filter pack. Neat cement was poured into place above the sand-sealed pack to ground surface
for wellhead completion. Monitoring wells were completed as flush mounts. The identity of

the wells was permanently marked on the well caps.

3.5.3 Well Development

Well development was conducted no sooner than 24 hours after completion of the monitoring
and injection wells. Monitoring wells and the injections wells were developed by a
combination of surging, bailing, and over pumping or sustained pumping. During this
process, groundwater quality parameters were recorded. All investigation-derived wastes,
including soil cuttings and development fluids, were containerized or treated on site at the
Hazardous Waste Accumulation Point in accordance with the Waste Management Plan.

3.6 OXIDANT INJECTIONS
3.6.1 Injectate Solution Composition

For the ISCO pilot study, H,O,, sodium persulfate, and iron activation (FeEDTA [ferric
ethylenediaminetetraacetic acid]) chemical solutions were prepared by mixing the individual
oxidants and activator with water obtained from natural springs or flowing streams located in
the region of the site. Individual solutions of H,O,, sodium persulfate, and iron activator were

prepared for injection in a sequential pulse fashion, where a small batch pulse of H,O,
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solution was injected followed by a similar pulse of sodium persulfate and iron activator

solution.

3.6.2 Injection Equipment and Process

The pilot study employed a temporary injection set-up. Injectate solution mixing and
injection was accomplished using a network of transfer piping/hoses in line with centrifugal-
style injection pumps, flow meters, flow totalizers, flow-control valves and pressure-relief
circuits. A portable diesel-powered generator was used to supply power to the injection
equipment. In general, the injection process for the pilot study involved mixing reagents with
water obtained from site surface water bodies in small batches. Injections were performed by
pumping the injectate solution into the injection well where it was forced through the well
screen and into the target saturated zone. Oxidant injections were conducted using an
alternating pulse sequence approach where small batches (<100 gallons) of the individual

oxidants were injected in an alternating fashion.

3.7 PERFORMANCE MONITORING

The monitoring plan established for the pilot study consisted of three discrete sampling

periods:

e Baseline monitoring
e Injection performance monitoring

e Post-injection performance monitoring
Each component of the monitoring plan is described further below:
3.7.1 Baseline Monitoring

Baseline sampling of soil and groundwater media was conducted prior to the initiation of
ISCO injection activities. Results obtained during this sampling served as the basis for

evaluating the overall efficacy of the treatment process.

Following well installation and development activities, but before injection activities, baseline
samples were collected from all monitoring wells. The proposed monitoring plan was

specific to the objectives of the study and generally included the following parameters:
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e Static water level elevations

e Field parameters including temperature, hydrogen ion concentration (pH) specific
conductivity, oxidation-reduction potential (ORP), and dissolved oxygen (DO)

e Field analysis of residual (i.e., unreacted) persulfate, H,O,, and activator
e Target COCs

Baseline soil samples were collected from the smear zone soils during monitoring well
installation. Samples were collected and analyzed in accordance with the Sampling and

Analysis Plan.

3.7.2 Injection Monitoring

Groundwater data from the monitoring wells within the target injection region of influence,
and immediately downgradient, were collected while solution was being injected. Water
levels were measured periodically during the injection process at monitoring wells

surrounding the injection well using an electronic water level indicator.

Vertically-discrete downhole water quality field parameters were monitored during the
injection event in all pilot study monitoring wells. Field parameters, specifically,
conductivity, ORP, DO, and temperature, were used as a qualitative means to evaluate
injection radius of influence during injection activities. Periodically (a minimum of four
times daily) throughout the course of the injection monitoring, a downhole water quality
meter was slowly lowered through the screened interval and data corresponding to a discrete
depth recorded to determine if injection solution initially arrived in a stratified manner.
Periodic field monitoring of groundwater for injected reagents (using field-screening kits) was
also conducted to gauge reagent distribution. These techniques are discussed in the following

subsections.

3.7.2.1 CHEMets® Sodium Persulfate Test Kit

Field screening of groundwater samples for the presence of sodium persulfate was performed
using CHEMets sodium persulfate test kits provided by CHEMetrics, Inc. This kit is an
ampule reagent test kit. An aliquot of groundwater was placed into a volumetric sample cup
and a factory-prepared chemical reagent ampule was opened within the sample and mixed. A

colorimetric change was compared to factory provided standards, and a concentration
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estimate was made. Where necessary, groundwater samples were diluted with deionized
water to bring the colorimetric range within the detection limit of the test Kkit.

3.7.2.2 Total and Ferrous Iron Test Kits

Hach Method 8146 for ferrous iron and Hach Method 8008 for total iron were performed
using Hach-provided reagent packets and a DR890 portable colorimeter. Reagent packets
were added to an aliquot of groundwater sample in a sample cuvette, and the concentration of

iron was measured directly using the DR890, according to the method instructions.

3.7.2.3 Hydrogen Peroxide Test Kit

A drop test kit, Hach hydrogen peroxide test kit Model HYP-1, was used to test groundwater
for the presence of un-reacted H,O,. This test kit provided a high- and low-range test method.
Testing follows a titration method using ammonium molybdate, a sulfite reagent, and sodium

thiosulfate to achieve a colorimetric determination of H,O, concentrations.

3.7.3 Post-Injection Monitoring

After completing the injection event, monitoring wells within the pilot study area were tested
periodically over the one-month study duration. Post-injection performance monitoring
sampling of groundwater were conducted on a schedule corresponding to 3, 7, 14, and 28
days following the completion of oxidant injections. Data collected during this phase of
monitoring was utilized to track changes in contaminant concentrations in response to the
applied ISCO treatment. In addition to groundwater samples, soil samples were collected at
day 7 and day 28 to evaluate the gross efficacy of the applied ISCO process on soils located
within the pilot study area. Post-injection soil borings were installed within 3 to 5 feet of the
installed monitoring wells to avoid damaging the constructed monitoring well while collecting
samples from adjacent soils. Applicable soil and groundwater sample collection procedures
are discussed below.

3.7.4 Analytical Sample Collection

The following sections detail analytical sample collection methods used in the Phase | ISCO

efforts.

August 2010 14 FINAL



Summary Report Main Operations Complex Area Phase | In Situ Chemical Oxidation
Contract No. W911KB-09-C-0013 Bristol Project No. 49028

3.7.4.1 Soil Sample Collection

Soils collected for submittal to an off-site analytical laboratory (i.e., the sample for GRO and
benzene) was collected first by placing approximately 25 grams dry-weight soil into the 4-
ounce sample container. Immediately after loosely filling the container with soil, the
methanol preservative was poured into the container over the soil. Enough methanol was
added to cover the soil, the lid was closed tightly, and the jar swirled gently to make sure the
soil was saturated with the methanol. If the soil absorbed the methanol, additional methanol
was added until a thin layer of methanol persisted on the soil surface, before placing it into the
sample cooler. The volume of methanol added to the sample jar was recorded on the sample

jar label.

The sample for DRO, RRO, and naphthalene was filled next. The 8-ounce jar for these
analyses was filled with soil, removing large gravel and rocks, and not packed. The sample
for total organic carbon (TOC) was collected last by filling the 4-ounce container.

3.7.4.2 Groundwater Sample Collection

Groundwater samples were collected from the installed monitoring wells using these

procedures:

e Before purging and sampling, the depth to groundwater was established by manual
means with a water level sounder to an accuracy of 0.01 foot.

e The Mini-Typhoon brand centrifugal pump was used during the purging procedure.

e During purging, groundwater passed through a flow-through cell while parameters
were analyzed using a YSI water quality meter. Parameters measured and recorded
include pH, DO, conductivity, temperature, turbidity, and ORP.

e The mini-Typhoon brand centrifugal pump was used to collect the groundwater
sample. When collecting volatile organic compounds, the flow rate of the pump was
lowered as close to 100 milliliters (mL) per minute as practicable.

e Disposable polyethylene tubing was used with the pump. The pump was
decontaminated between each well with an Alconox® and water solution.

e An aliquot from each reaction vessel was collected and the residual oxidant measured
using H,O, and sodium-persulfate-specific field test kits.

e Groundwater purging and sampling proceeded from the least contaminated to most
contaminated well to minimize potential cross-contamination.
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e In the case of a very-low-yield well where the well is purged “dry,” the well was
allowed to recover, and then water samples collected.

e Each well was purged until the measured turbidity was below 5 nephelometric
turbidity units on two consecutive measurements, and the indicated parameters
stabilized.

e All purged water was collected and containerized in 55-gallon drums.
e Water samples were collected using pre-cleaned containers provided by the laboratory.

e Sample vessels were chemically quenched to inhibit continuing oxidation, which
would otherwise result in continual oxidation of organic compounds as the samples
are transferred to the analytical laboratory. Sample containers were dosed with
enough mass of solid sodium thiosulfate pentahydrate to quench the maximum
concentration of persulfate in groundwater observed from residual persulfate field test
kit results. This reaction is not vigorous because of the diluted concentrations of
sodium persulfate expected in groundwater.

3.8 SAMPLING EQUIPMENT DECONTAMINATION

Disposable sampling equipment was used when possible. Pre-cleaned sample containers were
provided by the analytical laboratory. Nondisposable field-sampling equipment was

decontaminated as follows:

e Trowels or spoons used for soil sampling were scraped clean of gross contamination
and washed in an Alconox solution, followed by potable and deionized water rinses.

e Sampling equipment was allowed to air dry before reuse.

e Fluids generated during sampling equipment decontamination activities were added to
contaminated soil for disposal.

e Water sampling equipment was disposable (e.g., tubing for peristaltic pump).
3.9 DRILLING EQUIPMENT DECONTAMINATION

Drilling equipment (hollow-stem auger rig) used to collect samples from boreholes was

decontaminated using the following procedures before moving to a new excavation or site:

1. Gross contamination was removed from sample spoons and auger with a broom or
scrub brush.

2. Sampling equipment was placed into bucket containing Alconox solution and
water.

Sample equipment in the bucket was scrubbed using a brush.

4. The sample spoon was double rinsed in potable water, followed by a deionized
water final rinse.
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5. Used wash water was disposed of at the water treatment impoundment.
6. Decontamination activities were documented in the field logbook.

3.10 SURVEYING

The location of test pits, soil borings, and monitoring wells and injection wells, were staked
and flagged for identification. A professional land surveyor registered in the State of Alaska
surveyed the locations in feet, as referenced to the North American Datum of 1983, State
Plane, Zone 9. Surveying activities were performed by ECO-LAND, LLC using RTK/GPS

Surveying Techniques.

3.11 WP VARIANCES

The following sections summarize deviations and additions to the WP. Where appropriate,
the original WP detail is provided first in italics and is followed by an explanation of the

deviation.

3.11.1 Deviations from the WP (Field)

Section 3.5: The detailed well layout for the pilot study will include an adjacent pair of
injection wells and up to seven monitoring wells.

e A total of nine monitoring wells were installed. Two of these monitoring wells were
installed as a part of site characterization efforts in order to better discern the vertical
distribution of contaminants at the site. A total of one injection wells and seven
monitoring wells were installed for the purpose of ISCO testing. Monitoring well
ICOMWO9 was subsequently used as an injection well after short-circuiting occurred
during injection at ICOIWOL.

e Following a teleconference between ATS, Bristol, and USACE, a single injection well
was installed in the upper aquifer system identified during test-pit and soil-boring
activities. Please see Section 3.4 of the Technical Memorandum (Appendix K) for
further discussion of injection well installation activities.

e During the injection event, the short circuiting of oxidants solutions into the adjacent
wetland area via a sidewall seep mandated a cessation of injection at the established
injection well ICOIWO1. Another attempt at injection was made via the conversion of
monitoring well ICOMWAO9 to an injection location.

Section 3.5.1: Injection wells will be installed as a vertical pair with the shallow well
screened from approximately 1 ft above the groundwater table to 4 ft below the groundwater
table and the deeper well screened from approximately 4 to 9 ft below the groundwater table.
Injection wells will be completed with 5 ft of 2-inch diameter stainless steel wire wrapped

August 2010 17 FINAL



Summary Report Main Operations Complex Area Phase | In Situ Chemical Oxidation
Contract No. W911KB-09-C-0013 Bristol Project No. 49028

screen, 2-inch diameter stainless steel well casing, and will be grouted in place with neat
cement.

e Based on observations of contaminant distribution, a shallow injection well screened
from 5 ft to 10 ft bgs was installed. Based on the observations of the multiple aquifer
system, the apparent distribution of contaminants as understood following evaluation
of the analysis of screening soil and groundwater samples, and verbal approval to
modify the approach from the USACE, a single injection well was installed rather than
multiple injection wells focusing on multiple vertical intervals. The installed injection
well focused injection in the vertical horizon showing the greatest levels of
contamination.

Section 3.5.2: Monitoring wells for the pilot study will be screened from approximately 1 ft
above to 9 ft below the groundwater surface interface.

e Monitoring wells for the pilot study were screened from approximately 5 ft to 10 ft
bgs. This interval intersected the expected vertical interval of oxidant delivery and
treatment.

3.11.2 Deviations from the WP (Treatability Study)

Section 2.0, Page A2: Sampling points for sodium persulfate reaction vessels are set at 1, 2,
3, and 4 weeks to monitor the reaction of the oxidants with the COCs at both 2X and 5X
concentrations.

e Sampling points for sodium persulfate reaction vessels were at 1, 3, 5, and 7 weeks to
monitor the reaction of the oxidants with the COCs at both 2X and 5X concentrations.
Within the WP text, the submitted Attachment 1, Analytical Matrix indicated a 1, 3, 5,
and 7-week sampling interval while the text within the body of the document had not
been updated to indicate the proposed interval.

3.11.3 Additions to the WP

Based on observations of soil and groundwater during the test pit excavation activities, ATS
installed four soil borings (ICOSBO01 through ICOSB04) and two monitoring wells
(ICOMWO1 and ICOMWO?2) in the ISCO study area that were not proposed as part of the
WP, but were necessary to confirm field conditions. The four soil-screening samples split
with the off-site laboratory to confirm the siteLab soil-screening results were an addition to
the WP. Groundwater samples collected from the two newly installed monitoring wells and
from existing monitoring well MW88-5, and submitted for off-site laboratory analysis, were

also an addition to the WP.
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40 ANALYTICAL DATA
4.1 IN-SITU CHEMICAL OXIDATION (PHASE I) SAMPLES

Table 4 summarizes the area of concern and target parameters. Table 5 presents a summary
of soil samples collected during the Phase | ISCO study. Table 6 presents a summary of

groundwater samples collected during the Phase | ISCO study.

Baseline soil samples were collected during the installation of each of the proposed ISCO
pilot study monitoring wells. Soil samples were selected for analysis based on screening with
an OVA. Soil samples displaying the highest OVA results within depths, corresponding to
the proposed screened intervals of the monitoring wells, were collected for laboratory
analysis. Subsequent performance monitoring samples were collected from adjacent borings
at similar depths to baseline soil samples. Soil samples were analyzed for GRO, DRO, RRO,
benzene, naphthalene, and TOC in accordance with Table 7.

Baseline groundwater samples were collected from the seven proposed ISCO pilot study
monitoring wells. Groundwater samples were analyzed for GRO, DRO/RRO, benzene,
naphthalene, sulfate, arsenic, chromium, and lead. Subsequent performance monitoring

samples were collected from these monitoring wells in accordance with Table 8.

4.2 SAMPLE IDENTIFICATION

The samples were numbered as directed by the Sample Analysis Plan. Sample numbering
was as follows: #NCXXXMMZZ, where ## is the year, NC indicates NE Cape, XXX is the
site identifier, MM is the sample type, and ZZ is the sample number. Field quality control
(QC) samples were labeled and numbered in the same manner to prevent the laboratory from
distinguishing them from other site samples. The site identifier (XXX in the sample number)
used was ITA. The sample types (Y'Y in the sample number) were designated as GW for
groundwater and SB for soil.

Labels were required for analytical samples. Site- and time-dependent information was added
to the labels using indelible ink. The labels were protected from water and solvents with clear

label protection tape and contained the following information:
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e Project name

e Date and time of collection
e Sample number

e Analysis to be performed

e Preservative (if applicable)

e Sampler’s name
4.3 SAMPLE PACKAGING AND TRANSPORT

All analytical samples were shipped in accordance with International Air Transport
Association 2.7, Dangerous Goods in Excepted Quantities, by charter aircraft from NE Cape
to Nome, Alaska, and then transported via express delivery service for overnight delivery,

when possible, to the contracted laboratory.

4.3.1 Sample Preservation

The sample collection containers, preservatives, and holding times for soil samples from the
Phase | ISCO are shown on Table 7. Table 8 shows the sample containers, preservatives, and

holding times for groundwater samples collected during the Phase I ISCO.

4.3.2 Sample Packaging

Analytical samples were packaged in the following manner:

e Each sample was placed in a plastic Ziploc® bag and sealed.

e Frozen ice packs were placed on the bottom of an analytical laboratory-supplied
cooler.

e Each individual sample enclosed by a Ziploc bag was then surrounded in bubble wrap
and placed in the cooler.

e The headspace of the cooler was filled with frozen ice packs.

e The chain-of-custody form was reviewed by Bristol’s Contractor Quality Control
System Manager and placed inside a sealed Ziploc bag, which was then taped to the
inside surface of the cooler’s lid.

e A custody seal was taped across the seam where the cooler lid and body meets, signed,
and dated.

e The analytical laboratory was notified of approximately when and how many samples
were to arrive.
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4.3.3 Sample Shipment and Contacts

Samples were staged for pickup during periodic re-supply flights from Nome. Samples were
shipped via Bering Air cargo plane to Nome, transferred to Alaska Airlines’ air freight service
using their Goldstreak next-available flight service, and flown to the TestAmerica
Laboratories, Inc.’s (TestAmerica’s) analytical laboratory located in Tacoma, Washington.

4.4 LABORATORY DATA VERIFICATION

Data verification was performed on the data collected as part of the NE Cape ISCO Study
field effort. Data verification was performed to evaluate the completeness, correctness,
consistency, compliance with method procedures and QC requirements, and identification of
anomalous data. The reported project sample values, as well as any method laboratory
control samples extracted or prepared with the project samples, were reviewed. Appendix B
contains the laboratory data verification report generated based on the review of laboratory
analytical data associated with the field portion of the Phase | ISCO activities. ADEC
Checklists are found in Appendix L.
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(Intentionally blank)
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5.0 PHASE I ISCO AREA OF INTEREST EVALUATION AND
STUDY SITE SELECTION

As a prerequisite to ISCO testing, development of a robust conceptual site model (CSM) is
necessary to fully understand the distribution of contamination with respect to both lateral and
vertical extents, as well as provide insight into site geology and hydrogeology. A review of
historical site data indicated that within the MOC area, several areas of the site have
historically displayed both soil and groundwater concentrations in excess of the target cleanup
levels. Table 2 and Table 3 summarize historical groundwater and soils results respectively

for select sample locations with the MOC area.

Given this information the area displaying the broadest contiguous distribution of soils
exceeding target cleanup levels is the area between SB88-16 and SB88-11. In addition to soil
concentrations exceeding target cleanup levels, groundwater contaminant concentrations in
this area (as indicated by samples collected from MW88-5) have also been shown to exceed
target cleanup levels and appear to remain stable over time. While groundwater
concentrations at MW88-5 are not the highest observed within the MOC area, they also have
not shown broad swings in observed contaminant concentrations, like other monitoring wells
within the MOC area, and groundwater has historically been encountered at relatively shallow
depths within this portion of the site. Given the available data density and presence of
relatively shallow groundwater observed within this area, it was selected as the Phase 1 ISCO
Area of Interest (AOI). Figure 4 shows the approximate bounds of the selected Phase | ISCO
AOI. Prior to initiating ISCO testing within this area, additional site evaluation was

performed. This Phase I ISCO AOQI evaluation included the following work components:

e Site hydrogeologic conditions

e Test-pit based site characterization

Observations made during, and results obtained from, the Phase 1 ISCO AQI evaluation
efforts are discussed in the following sections.
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5.1 HYDROGEOLOGIC EVALUATION
5.1.1 Groundwater Level Gauging

To evaluate hydrogeologic conditions at the site, existing monitoring wells at the MOC were
gauged for depth to water. Wells included in the gauging effort were MW88-1, MW88-3,
MW88-4, MW88-5, MW88-10, MW16-1, MW16-2, MW16-3, 18MW1, 17MW1, 22MW?2,
22MW3, 20MW1, and 26MW1. Monitoring wells MW16-1, MW16-2, and MW16-3 were
observed to be dry during groundwater-level gauging events. Additionally, monitoring well
18MW1 was observed to be obstructed at an approximate depth of 7.82 ft bgs. As such,
groundwater levels at these locations could not be measured and were not included in
groundwater surface mapping. Based on the data collected, a groundwater elevation contour
map was generated in the field to evaluate regional groundwater flow direction and gradient.
Figure 5 displays the groundwater elevation contour map generated from water level data
collected on 23 July 2009. Based on the groundwater contours, the groundwater flow
direction is approximately northwest across the MOC area. The groundwater flow direction
observed in the MOC area is consistent with previous observations and suggests that the
groundwater trends with the surface topography of the site. A calculated horizontal gradient
of 0.0313 ft/foot, as measured as the head differential between monitoring wells MW88-10

and MW88-5. Groundwater elevations for gauged monitor wells are summarized in Table 9.

5.1.2 Hydraulic Testing

In addition to water-level gauging, slug tests were conducted at a subset of the existing
monitoring wells to evaluate conductivity and permeability. Wells where slug testing was
performed include 20MW1, MW88-5, ICOMWO01, and ICOMWO02. Table 10 summarizes the
conductivity values obtained from slug-testing activities at the site. Calculated conductivity
values ranged from a low of 0.57 ft/day at MW88-5 to a high of 8.39 ft/day at 20MW1.

Based on this data, hydraulic conductivities appear to decrease, moving northward towards

the drainage basin at the site.

5.2 TEST PIT SITE CHARACTERIZATION

To rapidly evaluate the lithology and characterize soil conditions within the Phase I ISCO

AOlI, test pit excavations were conducted within a localized area of the MOC. Testing pitting
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was selected based on the ability to rapidly collect detailed site lithologic data during
excavation using equipment available at the site. This area was selected based on historical
data density, historical indication of contaminant concentrations exceeding cleanup criteria for
both soil and groundwater media, and the likelihood of encountering groundwater at a
relatively shallow depth. The locations of the test pits installed during the characterization
effort are illustrated on Figure 6. Test pits were excavated using a CAT 322B excavator
equipped with a 4.5-foot-wide, 2 cubic yard bucket. Test pits were excavated to a depth of 10
feet bgs or the water table, whichever was encountered first. Soil excavated from the test pits
was visually evaluated, photographed, logged, and screened with an OVA. Test pitting was
conducted under the supervision of a geologist that was responsible for soil characterization

and soil screening.

During test pit sidewall exposure, a shallow perched water-bearing zone was observed
approximately 4 to 4.5 feet bgs at Test Pits TP-2, TP-7, TP-8, TP-12, and TP-13. These test
pits fall generally within the drainage basin of the MOC area, as indicated by the surface
contours. The perched water zone observations are noted on Figure 7. Logs generated during
the test pitting efforts are provided in Appendix C. Photographs illustrating test pitting
activities being conducted at the Phase 1 ISCO AOI are provided in Appendix J. After test pit
characterization activities were completed, the test pits were backfilled with excavated

material in reverse order of excavation following completion of the test pitting activities.

5.2.1 Test Pit Soil Screening

During the test pitting efforts, soil samples were routinely screened using an OVA. Table 11
summarizes the OVA readings collected during the test pitting effort. Soil samples were
collected to characterize soil contamination at locations where OV A readings or visual
inspection suggested the presence of petroleum impacts. Selected soil samples underwent
field-screening analysis for DRO using a siteLAB field test kit. Results of the DRO field
analyses are provided in Table 12. Photographs of example extractions in sample vials are
provided in Appendix J. During field screening, it was determined that screening kit results
were biased significantly low. The determination that site screening kits were biased low was
based on a combination of control-spiking experiments run in the field where high organic
content and clean beach sand samples were spiked with known concentrations of neat diesel
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and analyzed using the test kits. These spike test results indicated a significant low bias in
samples with high organic content. Further confirmation of the potential for low bias was
obtained by direct comparison of field-screening data to off-site laboratory data for a series of
split samples. It is hypothesized that naturally occurring humic and fulvic acids associated
with the high organic content of the soil sample matrix may have resulted in the quenching of
the flouresence used to measure DRO concentrations using the siteLAB testing kits. Based on
the significant potential for low bias, data obtained using the siteLAB test kits should be

considered highly qualitative at best.

5.3 PRE-ISCO SoiL BORING AND MONITORING WELL INSTALLATION

Upon completion of the test pitting efforts, four soil borings and two temporary monitoring
wells were installed in the vicinity of the proposed Phase | ISCO demonstration site. Figure 6
shows the location of the four soil borings and two monitoring wells installed as a part of the
characterization effort. The soil borings were designated as ICOSB01, ICOSB02, ICOSBO03,
and ICOSBO04, and the monitoring wells were designated as ICOMWO01 and ICOMWO02.
Screening samples for soil were collected from ICOSBO01, ICOSB02, ICOSB03, and
ICOSBO04. Screening samples from these locations were submitted for off-site analysis to
confirm the appropriateness of the proposed Phase | ISCO site. Screening results for DRO in
soils measured 98 milligrams per kilograms (mg/kg) 130 mg/kg, 13 mg/kg, and 260 mg/kg in
samples collected from ICOSBO01, 02, 03, and 04, respectively. Data obtained from these
screening samples are summarized in Table 13. Photographs of soil boring-installation-

related activities are included in Appendix J.

During the installation of ICOSBO01, saturated soils were initially encountered at a depth of
approximately 13.5 ft bgs; however, groundwater levels were observed to rise to a depth of
approximately 7 ft bgs within the augers. A similar observation was also noted during the
installation of ICOSBO04, providing an indication of confined aquifer conditions. The
indication of a deeper (approximately 13 to 14 ft bgs) confined aquifer coupled with the
observation of a previously unreported thin, shallow/perched water-bearing zone, prompted a
closer look at the potential for multiple aquifers within the Phase 1 ISCO study area. To
evaluate the potential for multiple water-bearing zones, and further evaluate contaminant

distribution between these two zones, two temporary monitoring wells were installed. The
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first of the wells, ICOMWO01, was constructed as a deeper monitoring well with a screened
interval corresponding to approximately 12 to 17 ft bgs. This well was intended to isolate the
confined aquifer observed during the installation of ICOSBO01 and ICOSB04. A second
temporary monitoring well, ICOMWO02, was constructed as a shallow monitoring well with a
screened interval corresponding to approximately 3.5 to 8.5 ft bgs. This monitoring well was
intended to isolate the shallow/perched water-bearing zone noted in the area during test pitting
activities. Also, monitoring well construction logs for the existing and adjacent monitoring
well MW88-5 were reviewed. It was determined that monitoring well MW88-5 was screened
from 6.5 to 16.5 ft bgs, with a sand pack from 4.5 to 16.5 ft bgs. Based on this information, it

is likely that this monitoring well was screened across multiple water bearing zones.

To quickly evaluate the vertical contaminant distribution between the observed water-bearing
zones, screening samples of groundwater were collected from ICOMWO01, ICOMWO02, and
MWS88-5. Results from the screening samples indicated that the shallow water-bearing zone
was significantly more impacted than the lower, confined water-bearing zone. The DRO
levels in the shallow zone (ICOMWO02) measured 32.8 milligrams per Liter (mg/L) while
DRO concentrations in the lower zone (ICOMWO01) were measured at 1.18 mg/L (less than
groundwater cleanup goals). The DRO concentrations in groundwater at MW88-5 measured
7.53 mg/L falling between the values observed in the shallow and deep zone, respectively.
Data obtained from these screening samples are summarized in Table 13. Soil boring and

well completion logs are attached in Appendix D and Appendix E, respectively.

5.4 1SCO DEMONSTRATION AREA SELECTION

Based on information gathered during test pitting and the pre-1SCO soil boring and
monitoring well installation observations presented above, the shallow vertical horizon
extending from approximately 5 to 10 ft bgs in the area between ICOSB04 and ICOSB02 was
selected for the Phase | ISCO demonstration. This area was selected based on observations
including the presence of significantly elevated soil and groundwater concentrations
consistent with a continuing source of contamination and the general lack of contaminant
concentrations exceeding target cleanup levels observed within the lower confined aquifer
zone. Despite the area’s high organic soil content, it was determined that the geologic and
hydrogeologic conditions were likely representative of conditions across the broader area. It
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was further determined that in order for ISCO to be an effective remedy, it would have to be
capable of treating similar geologic and hydrogeologic conditions across the MOC area. The
nature of historical contaminant releases, either to the ground surface or to shallow subsurface
soils, and the observed prevalence of high organic content soils at the site dictate that an

effective remedy be selected capable of remediation under these conditions.

5.5 PHASE | ISCO SoliL BORING, INJECTION, AND MONITORING WELL INSTALLATION

Based on the characterization information obtained during the test pitting and pre-1SCO soil
and groundwater screening efforts noted above, the Phase | ISCO study was constructed to
target the shallow soil and groundwater impacts identified. Figure 8 shows the installed
configuration of the Phase | ISCO study monitor and injection wells. The primary injection
well was identified as ICOIWO01. The Phase | ISCO study monitoring wells were sequentially
identified as ICOMWO02 through ICOMWO09. During well installation, soil borings were
continuously screened using an OVA, and samples from the interval displaying the highest
OVA readings were submitted for off-site laboratory analysis. Table 14 summarizes the OVA
readings from the borings associated with the Phase | ISCO monitoring wells. Off-site
analytical data associated with soil samples submitted to the off-site laboratory are presented
in Table 15, along with historical data associated with soil borings adjacent to the selected
Phase I ISCO demonstration area. Concentrations of DRO measured as a part of this effort
were significantly elevated as compared to historical data (Table 15) from points in the

adjacent areas, and represent the highest levels observed at the site to date.

5.6 PHASE | ISCO AOI EVALUATION SUMMARY AND REVISED
SiITE CONCEPTUAL MODEL

Based on information collected during test pitting, soil boring, and monitoring well
installations, a series of geologic cross sections were generated. Figure 9 shows the location
of two transects: one trending roughly east to west or approximately perpendicular to
groundwater flow at the site, and the other trending approximately southeast to northwest or
parallel to groundwater flow at the site. Figure 10 provides a visualization of the southeast to
northwest, while Figure 11 provides a visualization of the east-west cross section. From these
cross sections and their supporting raw data, several key observations can be made.

Observations include the following:
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e Fill material was consistently observed during test pitting and soil boring activities
within the Phase | ISCO AOI. The fill material observed during test pitting typically
ranged from 2 to 5 feet in thickness. In general, increasing fill material thickness was
observed at locations closest to the drainage basin, as might be expected assuming that
fill material was intended to develop a level area along the natural slope of the native
topography for site construction.

e Peat and/or organic silt layers were commonly observed within the Phase 1 ISCO AQOIL.
These peat and/or organic silt layers were observed at 10 of the 12 test pits excavated.
The observed thickness of these layers was variable ranging from a few inches to
several feet in thickness. The thickness of the peat and/or organic silt layers was
generally observed to increase in locations closest to the drainage basin. The observed
peat and organic silt lithologies were typically located a short vertical distance from
the bottom of the fill material and were typically underlain by tighter silty lithologies.

e Frozen soil layers were intermittently encountered during test pitting. Observations of
frozen or partially frozen soils were typically associated with finer-grained soils.

e A shallow water-bearing zone was observed through the central portion of the area
evaluated by test pitting. This shallow water-bearing zone was observed at TP2, TP7,
TP8, and TP12, at an approximate depth of 4 to 5 ft bgs.

With respect to the CSM, each of these observations are of particular interest and are likely to
some extent govern the observed distribution of contamination at the site. Fill material
observed at the site likely acts as a solar conductor, allowing for the seasonal development of
shallow groundwater flow zones. The frequent observation of peat and organics silts,
especially at shallow vertical intervals, suggests that these materials have a high potential to
serve as an ongoing reservoir for contamination at the site. This potential stems from the
nature of releases at the site (surface spills from leaking tanks and overfill events, and leaks
from broken and separated joints of shallow underground piping), their high organic content
and shallow depth of the deposition of these materials. The high fraction of organic carbon
and porosity of these materials gives them increased sorptive capacity for contaminants.
Additionally, their relatively shallow depth places them in direct contact with subsurface fuel
transfer infrastructure, such as pipes and utilidors, as observed at Test Pit 12/13, and also
leaves them ideally suited to capture vertical migration of contamination associated with
surface spills. The potential for these soils to serve as an ongoing source to groundwater
contamination is further exacerbated by the presence of shallow groundwater flow zones
observed at the site that put groundwater in direct contact with soils having a high
contaminant holding potential. Furthermore, the observed peat/organic silt soils were

typically underlain by finer-grained and potentially frozen silts layers. These layers have the
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potential to serve as a barrier preventing excessive migration of contamination from the
shallow water-bearing zone to the deeper confined aquifer and likely contribute to the reason
confined conditions are observed within the deeper water-bearing zone. Frozen zones also
have the potential to dramatically impact the vertical and horizontal distribution and transport

of groundwater across the area.
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6.0 PILOT STUDY ACTIVITIES AND OBSERVATIONS

Phase I ISCO pilot study activities included the following work components:

e Bench scale soil oxidant demand testing
e Bench scale treatability testing

e Pilot study design and construction

e Chemical oxidant injection

e Performance monitoring
The Phase | ISCO test results are discussed in the following sections.
6.1 FIELD LABORATORY SETUP

ATS utilized an on-site construction trailer to construct a temporary on-site field laboratory
facility. A bench-top ventilation hood was installed, and a shower and eyewash station and
tables were set up to provide work stations for an equipment calibration station, analytical

equipment, and the TOC study.

6.2 OXIDANT DEMAND TESTING

Prior to performing oxidant injections at the site, bench scale testing was done to evaluate the
natural oxidant demand of soil and groundwater from the MOC area. Iron- and hydrogen-
peroxide-catalyzed sodium persulfate (Na,S,0g), and FMC Environmental Solutions’
(FMC’s) commercially available Klozur® sodium persulfate, were used for the bench-scale
TOD study.

6.2.1 Sample Collection and Preparation

Soil samples were collected at various times during July 2009 site soil and groundwater
investigation activities for characterization and reaction behavior evaluation. Soil samples for
TOD testing were collected on 19 and 20 July 2009 during installation of temporary soil
borings. Soil samples collected at soil boring ICOSB03 were organic clayey silts (OL/ML)
collected at 5 to 7 ft bls. Soil samples collected at soil boring ICOSB02 (6 to 7 ft bls) and
ICOSBO01 (5 to 6 ft bls) were primarily peat (PT), while those from ICOSB03 (9-11) were
gray silt (ML). Groundwater samples were collected on 18 July 2009, from monitoring wells

88MW-4 and 88MW-5. Groundwater samples were composited.
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The determination was made in the field lab to examine the TOD exerted by each of the three
predominant soil types encountered in the MOC area: PT, OL/ML ML. To prepare for the
treatability study, soil samples from the three soil types were composited by type.
Soil/groundwater slurry vessels were then prepared to perform TOD tests. The slurries were
prepared by placing 100 grams of site soil in 0.5-liter bottles. For each soil type, composite
groundwater was added to the soil to create a liquid slurry. Photographs of the field

laboratory bench set-ups are provided in Appendix J.

6.2.2 TOD Testing Activities

Duplicate vessel soil and groundwater slurry tests from each soil sampling interval were
prepared for TOD study at room temperature, and single-vessel slurry tests were prepared for
4 degrees Celsius (4 °C) tests. In total, nine test vessels per location were used for the TOD
study: three Na,S,0g only, three iron-catalyzed Na,S,0g, and three H,O,-catalyzed Na,S,0s
test vessels. Each vessel was composed of soil and groundwater slurry amended with 20
grams per kilogram of FMC Klozur sodium persulfate. The H,O,-catalyzed TOD tests were
prepared and also dosed with an appropriate volume of 8 percent (%) by weight hydrogen
peroxide solution. For the iron-catalyzed TOD tests, each slurry vessel was additionally
dosed with an appropriate mass of FeEEDTA to generate a 300 parts per million (ppm)

concentration of iron in solution.

Each vessel was then mixed briefly by hand swirling, and allowed to sit undisturbed for five

days. The ORP and pH were measured and recorded at 24-hour intervals to monitor oxidant
consumption. At the end of treatment, all vessels were iodometrically titrated to an endpoint,
or monitored for an ORP inflection point, and the TOD was calculated.

Periodic laboratory parameter checks from set-up through day five indicated an immediate
drop in pH from 5 to 6 downward to approximately 2 to 2.5 for the monitored period.
Baseline ORP values ranged from approximately 80 millivolts (mV) to 125 mV for the
various soil types. Following addition of reagents, ORP increased to values greater than 400
mV in nearly all reactions. The ORP remained elevated for the duration of the TOD study.

The TOD results for the soil-groundwater slurries are reported in Table G-1 (Appendix G).
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6.3 TREATABILITY TESTING

In addition to the field demonstration effort, a bench scale treatability study was also
conducted. A treatability study would normally be conducted prior to formulating a field
study WP; however, project schedule and limitations (frozen ground versus manual sampling
versus cost) on the ability to collect representative samples prior to the summer field season

committed this phase to be performed following ISCO-related site characterization.

The objective of the bench scale treatability study was to supplement the in-situ approach by
varying oxidant dosages and examining catalyzed H,O,, iron-activated persulfate, and
hydrogen-peroxide-activated sodium persulfate, as independent treatability scenarios.
Evaluation of oxidant effectiveness and oxidant efficiencies in the bench typically help refine
the design of the pilot study WP.

ATS’s Treatability Study Laboratory (TSL) in Orlando, Florida, conducted a bench-scale
treatability study from August to December 2009, using site soils and groundwater from the
NE Cape USACE site. Soil and groundwater samples were collected on 8 August 2009, from
one monitoring well on site, ICOMWO7. Soil samples were collected from hollow-stem
auger flights, and immediately transferred to a 5-gallon bucket lined with a thick polyethylene
bag, to assist with moisture retention as well as to minimize volatilization of contaminants.
Groundwater samples were collected using a mini Typhoon centrifugal pump, as described
previously. Groundwater samples were collected in 5-liter collapsible polyethylene bottles
and immediately packed with reusable ice packs prior to transportation. A total of four 5-liter
bottles of site groundwater and one 5-gallon Nalgene® polypropylene bucket of site soils were
collected for the bench scale treatability study. Groundwater and soil samples were shipped
from the site on ice, under chain of custody, via FedEx to ATS’s TSL in Orlando, Florida, as

follows:

Groundwater samples from the site were received at the TSL on 21 August 2009, via
FedEXx courier. Soil samples were delayed in transit, and were received in good
condition at the TSL on 26 August 2009. Once received, samples were checked for
condition of container, appearance, temperature, and pH. The TSL logged in
approximately 20 kilograms of soil. Samples were moist, brown in color, with a
strong petroleum odor noted. Groundwater samples were checked and three of the
four 5-liter bottles of groundwater were observed to be intact. One sample bottle was
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noted to have a cracked cap, which may have resulted in sample volume loss during
transportation. The 5-liter groundwater sample bottle was received with
approximately 4.5 liters of sample. Samples appeared cloudy and had an orange-
brown color, with a slight petroleum odor. A login temperature of 4 °C and a pH
range of 5 to 6.5 were recorded for groundwater samples. Soil pH was not measured.
A sample aliquot of both the groundwater and soil was collected following sample
login and submitted to TestAmerica, an Alaska-certified laboratory, in Tacoma,
Washington, for baseline analyses of parameters listed in Table G-2 (Appendix G).
The remaining samples were transferred to a 4 °C in-house refrigerator for storage
until use in the bench-scale treatability study.

Baseline sampling of site groundwater and soil samples from the NE Cape site was conducted
on 21 August 2009 and 26 August 2009, respectively. Two different remedial approaches
were studied in the bench scale treatability study: activated Na,S,0g and catalyzed H,O..
Detectable levels of the key COCs (DRO, GRO, and RRO) were observed in both matrices.

On 15 September 2009, a treatability study was set up following completion of the TOD study
in Alaska. Based on results obtained from the TOD study, two Na,S,0g concentrations were
selected for the bench-scale treatability study, a 2% (low) and a 10% (high) concentration.
Hydrogen peroxide and FEEDTA were used as activators in the Na,S,0g treatment set-ups.
The study was set to run for seven weeks,with five sampling events scheduled at set-up and at
weeks 1, 3, 5, and 7. Additionally, a cumulative 7-hour catalyzed H,0, study was planned

with five sampling events scheduled at set-up and hours 1, 3, 5, and 7.

6.3.1 Setup and Sampling

6.3.1.1 Activated Sodium Persulfate

Reaction vessels were set up on 15 September 2009, using approximately 500 grams of site
soil and 1,000 mL of site groundwater. An untreated control of site soil and site groundwater
only was sampled and submitted to TestAmerica for analysis on 15 September 2009. A list of
analyses is presented in Table G-2 (Appendix G). Vessels for the four remaining study
periods, weeks 1, 3, 5 and 7 were set up as illustrated in Table G-3 (Appendix G).

Each vessel was dosed with a 2% or 10% FMC Klozur Na,S,0g solution, except for the soil
and groundwater only control. The low and high persulfate (S,0s) treatment reactions were
then activated by adding the target volume of 8% H,O; solution or mass of FEEDTA to obtain

an iron (Fe) concentration of 300 ppm. Five vessels were set up for each of the four sampling
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events for a total of 20 study vessels. To avoid loss of contaminant during testing,
corresponding reaction vessels were set up for pH and ORP monitoring. All reaction vessels
were hand swirled and allowed to sit undisturbed for the duration of the respective study
periods. Fermentation corks were attached to each vessel to aid with release of pressure
buildup during the oxidation reaction. The pH and ORP measurements were taken following

set-up and at each sampling event.

Sacrificial samples were collected on 23 September, 8 October, 22 October, and 10 November
2009, corresponding to the four sampling events at weeks 1, 3, 5, and 7, respectively. At the
end of each study period, reaction vessels were quenched with a 0.5 molar sodium thiosulfate
solution (Na,S,03) to quench sodium persulfate prior to sampling. Samples were collected in
the appropriate sample containers and immediately placed on ice. They were shipped under
chain of custody to TestAmerica via FedEx overnight courier for laboratory analysis. The
pH, ORP, and residual oxidant measurements were obtained from the duplicate vessels at the

time of sampling.

6.3.1.2 Catalyzed Hydrogen Peroxide

On 18 November 2009, a modified catalyzed H,0, study was set up. Catalyzed H,0, is an
advanced oxidation process by which H,O, reactions produce highly reactive radical species.
These radicals subsequently serve as the active oxidants. Hydrogen peroxide is typically
catalyzed by exposure to a divalent metal, e.g., ferrous iron (Fe+2). The reaction of Fe+2
with H,O, produces a highly reactive hydroxyl radical (OH), which is the strongest oxidant
used for ISCO. Only fluorine, which is not used because of its hazardous properties, is a
stronger chemical oxidant. The driving force as an oxidant is illustrated by the
thermodynamic standard electrode potential for the hydroxide as shown in the half-reaction

below.

2 -OH +2H" + 2¢" > 2H,0 E°=+2.8V
In addition to OH production, H,0, and catalyzed H,O; can also result in the formation of a
number of other reactive species capable of degrading common organic contaminant species.

Half reactions for some of these additional reactive species are shown below.
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H,O,+2H" +2¢" > 2H,0 E° =+1.8V
HO,+2H" +2¢ > 2H,0 E°=+1.7V
Oy +4H" + 3¢ > 2H,0 E°=-2.4V
HO,; + H,O+ 2" >30H" E°=-0.88V

Advantages offered by application of catalyzed H,0- include the very rapid generation of
highly reactive, non-specific hydroxyl radicals and intermediate reactive species as described

above.

Reaction vessels were made up of approximately 500 grams of site soil and 1,000 mL of site
groundwater. A low (5%) and a high (10%) hydrogen peroxide-dosed treatment vessel were
set up to estimate the efficacy of the tested oxidants to mineralize the targeted contaminants.
An untreated vessel containing site soil and groundwater only was also set up to serve as a

control. The catalyzed H,O, experimental set-up is illustrated in Table G-4 (Appendix G).

FeEDTA (as indicated in Table G-3, Appendix G) was added to the low and the high reaction
vessels to obtain a target iron concentration of 30 ppm and 60 ppm, respectively. The
reaction was conducted in an ice bath to control the temperature rise caused by the addition of
H,0, to FeEEDTA, generally an exothermic reaction. A 5% and 10% H,0, solution was
slowly added to the 30 ppm and 60 ppm FeEDTA-dosed reaction vessels, respectively. A
bubbling effect as well as generation of fumes was observed in the containers. A slow
addition of H,O, with continuous adjustment to the pH, as needed, controlled changes in the
pH and temperature during the reaction. A temperature range of 20°C — 30°C was noted. The
reaction pH was observed to be stable within the range of pH 3 to pH 5. Fermentation corks
were attached to each vessel to aid with release of pressure buildup during the oxidation
reaction. Nine reaction vessels consisting of 1 control, 4 low-level treatments, and 4
high-level treatments were assembled. Reaction vessel setup began with the 7-hour reaction
vessels and ended with the 1-hour reaction vessels. Reactions started immediately following

setup. Reaction start and stop times were logged for each of the study periods.

At the end of each study period the reactions were quenched with Sigma-Aldrich® brand
C3155, bovine catalase, which has approximately 35,000 units of enzyme per milligram of

protein. Determination of residual H,O, concentrations was done via spectrophotometric
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analysis by using the HACH test kit Model HYP-1. The specific model measured H,0;
concentrations in the range of 0.2 mg/L — 10 mg/L.

Gas bubble generation within sample containers suggested occasional incomplete quenching
of H,0,. All samples were collected and stored in a 4 °C refrigerator overnight for
observation to determine if sample containers would crack from pressure buildup. All sample
bottles were observed to be in good condition on 20 November 2009. Samples were
packaged and shipped under chain of custody via FedEx overnight courier to TestAmerica for

analysis of parameters listed in Table G-2 (Appendix G).

6.3.2 Results

An overview of key findings for the soil and water matrices is presented in the following
sections. Generally, the presence of organics in the treatability study samples appeared to
competitively inhibit the oxidation of the target contaminants. Persulfate was persistent
through the study period, suggesting that quantity of oxidant utilized for testing was adequate,
but that oxidation of the organic matter would continue for an extended period of time.
Additional oxidant would likely consume a greater relative proportion of the organic matter

present, and would likely do so preferentially to the contaminants of concern.

6.3.2.1 Activated Sodium Persulfate — Groundwater

Four sampling events were completed for each treatment condition. Analytical results for the
groundwater samples are presented in Table G-5 (Appendix G). In general, an increase in
contaminant concentrations following treatment was universal for all reaction conditions. The
10% S,Og reaction vessels exhibited greater initial increases in apparent contaminant

concentrations than their 2% S,0g counterpart.

The pH, ORP, Fe, and residual oxidant measurements were obtained from the duplicate
reaction vessels. Ferrous iron was measured in-house at weeks 5 and 7 using the HACH
model IR-18C kit. Results are presented in Appendix G, Figures G-1 and G-2 for pH and
ORP, respectively.

The pH in the untreated samples was in the pH 5 to 6 range. The pH in the treated samples
ranged from pH 1 to 3. The 10% S,0g were observed to have the lowest pH. The ORP
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ranged between 100 mV and 300 mV for the untreated sample during the course of the
treatability study. A 300 mV to 650 mV ORP range was observed in the treated samples.
The 10% S,0g treatments were observed to have the highest ORP. Exaggerated ORP values
may be a result of the inverse relationship between depressed pH and high ORP, which is a

function of sensing electrode design.

6.3.2.2 Activated Sodium Persulfate — Soil

Frequently, soil samples were more slurry-like in composition, as organic matter had
structurally collapsed following oxidation. Laboratory results are presented in Table G-6
(Appendix G). The DRO concentrations in soil for all set-ups is relatively unaffected by
oxidation treatment with persulfate, as compared to baseline concentrations. There are
fluctuations in concentrations over multiple sampling events, notably a downward inflection
at the week 5 sampling event. However, no trend in soil contaminant response is evident over

the study duration. A decrease in naphthalene was observed in the 10% treatments.

6.3.2.3 Catalyzed Hydrogen Peroxide — Groundwater

Soil and groundwater samples were submitted to TestAmerica for laboratory analysis.
Groundwater results are presented in Table G-5 (Appendix G). Rapid increases in
groundwater concentrations of DRO and RRO are observed immediately, as compared to
baseline. This suggests desorption of DRO/RRO compounds during oxidation of natural
organic matter. A decrease in DRO in the 5% H,0, set-up by day 3 may be due to aqueous
phase oxidation. Significant increases in contaminant concentrations in 10% H,0O, reaction
vessels may be a product of proportionately greater oxidation of natural organic matter.
Aqueous-phase destruction may have started to overcome desorption effects by the 7-hour

sampling event, as indicated by declining contaminant concentrations

6.3.2.4 Catalyzed Hydrogen Peroxide — Soil

Soil DRO concentrations decrease from baseline; however, this may be due more to
desorption into the aqueous phase, and less to do with direct oxidation. Soil GRO
concentrations increased significantly for the 10% H,O,, while remaining less affected for the
5% H,0, reaction vessels. Results for soil sample analysis are presented in Table G-6
(Appendix G).
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Visual observations of the soil matrix in the reaction vessels with significant peat soil
indicated that over time, bulk organic matter was reduced in volume and fiber size appeared
to decrease. The TOC analytical results for groundwater were significantly greater compared
to baseline, supporting the concept of oxidation of the soil matrix and its conversion to
soluble organic carbon compounds. Desorption of COCs is likely continuous as the soil
organic matter degrades and releases sorbed petroleum hydrocarbon. Increasing contaminant
concentrations in groundwater for multiple COCs is similar in response to the post-1ISCO
monitoring results from the field effort. Higher concentrations of oxidants appear to result in
greater concentrations of COCs for both activated persulfate and catalyzed H,O, systems.
This result may be due to either desorption of contaminants from organic matter as it is
degraded, or creation of matrix interference due to the reaction between higher oxidant

concentrations and the soil organic matter.

6.3.3 Data Quality Assurance/Quality Control Review

ATS performed independent QC checks of laboratory procedures that were used in collecting
and analyzing the data. This review addressed holding times, blanks, laboratory control
samples, surrogate recoveries, and matrix spike/matrix duplicates to verify that the data
collected adhered to method, standard, or laboratory-specific QC requirements.

A review of laboratory data collected in the current reporting period identified these QC

notations:

e Hexavalent chromium analysis was completed out of hold for each event due to time
taken to get samples to the laboratory. The analysis has a 24-hour hold time for both
soil and groundwater samples. Samples were shipped from the TSL overnight via
FedEx courier to TestAmerica in Tacoma, Washington, but were unable to be logged
in to complete analysis within specified hold times.

e pH was in the 1 to 3 range in a number of the treated samples. This was below the pH
required to analyze for alkalinity by U.S. Environmental Protection Agency Method
310.1. Therefore, alkalinity results were not reported for a number of samples.

e Sample volume was lost. A few samples were lost in the catalyzed H,O reaction
study when expulsion of sample from the container occurred due to sample vessel
pressurization during transport. Due to limited sample availability, a number of the
metals analyses could not be completed.
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e Sample preservation methods were modified. When gas bubbles accumulated and
generated headspace in volatile samples submitted to the laboratory for analysis in the
early stages of the study, subsequent samples were collected in unpreserved 40 mL
volatile organic analysis vials and were preserved by the laboratory prior to analysis.

The notations listed above should be considered when reviewing the applicable analytical

data. No additional QC issues were encountered requiring qualification of the data.

6.4 PILOT STUDY DESIGN AND CONSTRUCTION

Details regarding the design and construction of the pilot study injection and monitoring well
network are provided in Section 3.5. Prior to accepting use of surface water for makeup water
in the chemical mixing process, measurements of pH, ORP, temperature, and ferrous iron
were made. No iron was detected, ORP was 73 mV, pH was 6.44, and the temperature was
16.2 °C. No parameter was such that it would disqualify use of the surface water body as a

water source.

6.5 OXIDANT INJECTIONS

Oxidant injections started on the morning of 9 August 2009, at ICOIWO1. Injection system
pressure, flow rates, total volume delivered, and temperature of injection solution were
recorded during injection. Throughout the injection program, injection pressures at the
system and the injection head were maintained below 15 pounds per square inch. Flow rates
averaged 4 gallons per minute (gpm), with maximum flow rates less than 7 gpm. Injections
continued at ICOIWO1 through the afternoon of 10 August 2009. Mechanical problems with
injection pumps forced a shutdown on the late afternoon of 10 August 2009. Following
repairs on the morning on 11 August 2009, injections were restarted and continued until site
reconnaissance noted release from a seep and the related collection of oxidant solution in a
depression/pond 40 feet northeast of the injection well ICOIWO0L1 in the late afternoon. Based
on observations of color and depth of collected liquid in the depression/pond, it is estimated
that the release to surface was less than 15 gallons.

Following this observation, injection activities were transitioned to ICOMWOQ9 in an effort to
achieve the target volumes and mass of oxidants estimated for the Phase | ISCO study area.
Unfortunately, short circuiting of injected fluids was once again observed through the side
wall in the same low-lying area immediately adjacent to the Phase | ISCO study area. As a
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result, no further injection activities were attempted. Target injection volumes and oxidant
masses were not achieved because of the occurrence of the short circuit and resulting surface

release.

6.5.1 Injectate Solution Composition and Volume

Individual solutions of H,O,, sodium persulfate, and iron activator (as FEEDTA) were
prepared for injection in a sequential pulse fashion. Photographs of chemical mixing stations

are provided in Appendix J.

Stabilized H,O, concentrations ranging from 8% to 12% were prepared from 35% H,0O,. The
35% H,0, was delivered in U.S. Department of Transportation-approved 55-gallon drums and
stored in the chemical container until needed. A pallet holding four drums of H,O, was
transferred from the chemical container to a pallet containment staging area adjacent to the
injection system container, and diluted in an 80-gallon over-pack drum with on-site water.
On-site water, collected from an upgradient contaminant-free stream, was delivered to the

injection system container by Bristol on an as-needed basis.

A 26% to 36% solution of sodium persulfate was prepared, as needed, with on-site water and
dry sodium persulfate. Dilution of the higher concentration persulfate solutions to delivered
concentrations was accomplished by combining liquid volumes of iron solution via an in-line
mixer, thus achieving the delivery concentration of both reagents via dilution with the other.
The sodium persulfate was shipped to the site in 55-pound plastic bags stacked on pallets.
Pallets of sodium persulfate were stored adjacent to the chemical container and covered with
plastic sheeting to protect from rain, and bags were transferred by hand to the injection system
and mixed with on-site water in an 80-gallon over-pack drum using an electric mixing motor

with attached mixing blade.

A maximum concentration of 3,280 ppm iron as FeEEDTA catalyst was mixed in an 80-gallon
over-pack drum using on-site water, using an electric mixing motor with attached mixing
blade. The catalyst consisted of a chelated iron complex and was staged separately from the

two oxidants.
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Because personal protective equipment and spill prevention measures were utilized in the
field and chemicals were staged and mixed on-site (in lieu of shipping prepared solutions), a
safe staging area was maintained to ensure very limited risk to field workers and site

personnel.

Oxidant injections were conducted as an alternating pulse sequence where small batches of
H,0, solution were staggered between small batches of a combined sodium persulfate and
FeEDTA activator solution. Injection volumes totaled approximately 1,090 gallons of
oxidant/activator solution at ICOIWO01 and 646 gallons of oxidant/activator solution at
ICOMWO09. The concentration of H,O; in the injectate solution ranged between
approximately 8% and 12%. The total mass of H,O; injected at ICOIWO01 was approximately
1,320 pounds and the approximate total mass of H,O, injected at ICOMWOQ9 was 944 pounds.
The concentration of sodium persulfate in the injectate ranged between 13% and 18%, and the
total mass of sodium persulfate injected was approximately 660 pounds at ICOIWO01 and 932
pounds at ICOMWO09. The maximum concentration of iron delivered via injection was 1,640
ppm. Approximately 51 pounds of FEEDTA was injected in ICOIWO01, and approximately 43
pounds of FEEDTA was delivered to ICOMWO09. Injection rates and quantities are presented
in Table H-1 (Appendix H). A visual overview of the injection system set-up is presented in
Appendix J.

Based on the 1,090-gallon volume of injectate applied to the subsurface at ICOIWO0L1 across a
5-foot screen interval, the theoretical radius of influence (ROI) of the injection was expected
to range between 4.8 and 9.6 feet based on a total porosity of 40%, and a mobile porosity in
the range of one-half to one-eighth of the total porosity. Similarly, based on the 646-gallon
volume of injectate applied to the subsurface at ICOMWO9, the theoretical ROl was
calculated to be between 3.7 and 7.4 feet.

6.6 PERFORMANCE MONITORING

The monitoring plan for the pilot study consisted of three discrete sampling periods:

e Baseline monitoring
e Injection performance monitoring

e Post-Injection performance monitoring
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Each component of the monitoring plan is described further in the following sections:
6.6.1 Baseline Monitoring

Baseline sampling of soil and groundwater media was conducted prior to the initiation of
ISCO injection activities. Baseline soil samples were collected from the smear zone soils
during monitoring well installation. Following well installation and development activities,
and prior to injection activities, baseline groundwater samples were collected from all
monitoring wells. Results obtained during baseline monitoring are presented in conjunction

with post injection monitoring results below.

6.6.2 Injection Performance Monitoring

Groundwater data from the monitoring wells within the target injection ROI and immediately
downgradient, were collected while oxidant/activator solution was being injected. Field
parameters, including electrical conductivity (EC), ORP, DO, pH, and temperature were used
as a qualitative means to evaluate injection ROI during injection activities. Table H-2 in
Appendix H contains the vertically discrete downhole water quality field parameters collected
during the injection event. Based on the field-parameter data collected during the injection
event, the injected oxidant combination was evident at monitoring wells ICOMWO03,
ICOMWO5, and ICOMWO06. The EC data at these locations displayed a greater than tenfold
increase, and ORP levels at these locations were observed to exceed 400 mV during the
injection process. These locations also displayed the greatest concentrations of total iron,
ferrous iron, sodium persulfate, and H,O,, based on field test kit results for these parameters.
Further discussion of temperature and conductivity stratification is provided in the following
sections. Figures, which illustrate the stratification characteristics for these two parameters at
multiple monitoring locations, are provided in Appendix H. Examples of performance
monitoring activities are illustrated in Appendix J.

A coarse layer of, broadly, silty gravel is present, which lays atop the peat layer of significant
thickness in the treatment area. Beneath the peat is a dense, not infrequently frozen, silt layer,
acting as a confining unit. The perched aquifer normally sits atop the silts, and flows at the
base of the peat. When injections started, the injected solution mounded within the peat and

into the gravels, where present. This layer was a preferential flow path and horizontal
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conduit, thus allowing warm oxidant solution to move rapidly into and across the upper zone
of the shallow aquifer, appearing at ICOMWO03, ICOMWO05, and ICOMWO06.

6.6.2.1 Temperature Stratification

The progression of in-situ performance indicators spatially and over time at the site suggest
preferential flow paths are driven by inhibited groundwater flows due to intermittently
occurring permafrost within peat and dense silts and the presence of dense silt lenses
underlaying shallow non-frozen peat and gravel layers. The observed spatial and temporal
distributions of performance indicators provides additional lines of supporting evidence for
site features observed grossly in the cross sectional observations of test pit sidewalls and

discreet profiles from soil borings and well installations.

On the first day of the injection-monitoring period, the appearance of temperature increases
from baseline were observed at monitoring well ICOMWO5. Within hours of initiating
injections at injection well ICOIWO0L1, temperatures increased in the upper few feet of the
water column. Immediately evident is that temperature was highly stratified with depth,
ranging from highs of 30 °C in the upper few feet of the water table, to less than 6 °C at the

bottom of the shallow aquifer, at the same monitoring time point.

Examining the pattern of temperature rise over time reveals that the temperature in the upper
few feet of the shallow aquifer can increase from baseline rapidly, while temperature in the
bottom of the shallow aquifer, while capable of increasing, is quenched rapidly when the
influence of oxidant injection is removed. Note the approximate temperature progression in
ICOMWOS illustrated on the vertical profile figures (Appendix H): 4, 7.5, 8 (increasing on
August 9); 24.5 (on August 10); and rapidly returning back to 5 °C (on August 12 and 13).
However, the upper layer of the shallow aquifer maintains elevated temperatures (20 °C to
30 °C) once achieved. An explanation for this observation lies in the presence of a permafrost
silt lens at deeper intervals previously observed at test pits and in soil boring samples, which
rapidly quenches the temperature increase made possible by introducing the oxidant cocktail.
This same response pattern of temperature stratification is evident at monitoring wells
ICOMWO03 and ICOMWO6, which are monitoring wells that were most directly impacted by

the chemical injections.
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Examination of temperature stratification in ICOMWO07, ICOMWO02, and ICOMWO04, reveals
overall temperatures across the monitored vertical interval never exceeded 7 °C. There are
indications that the upper interval reached 7 °C at ICOMWO02 during active injection.
However, lower interval temperatures remained less than 2 °C for all three locations

throughout the active injection period.

Temperatures at ICOMWO02, ICOMWO04, and ICOMWAO07, exhibited further increases by 2 to
4 degrees within a few days post-injection and remained a few degrees higher than measured
during active injection at all three locations through the last sampling event 28 days post
injection. This suggests that the groundwater that was treated by oxidation addition was

eventually migrating into these wells.

Oxidant temperature effects did not appear at ICOMWO2 during injection because preferential
flow paths were established towards the seep at the sidewall of the pond, and release to the
surface occurred there, prior to injection solution propagation much further than ICOMWO06.
Had the short circuit not occurred, projected additional oxidant volume would have covered
the approximate 10-foot interval from ICOMWO06 to ICOMWO2. Further, the shift to
ICOMWOQ9 for injection added an additional 10 feet to the distance from the injection point,
reducing the likelihood that influence would be observed at ICOMWDO2.

Oxidant temperature effects did not appear at ICOMWO7 because of permafrost. At this
location, ice crystals and frozen peat was observed from approximately 4 feet to a depth of 7.5
feet. The surficial gravel/fill layer here is notably thinner than at the other boring locations,
allowing a thicker permafrost lens to form at shallow depths. The preferential flow path is
through the peat layer, and flow towards this location was inhibited by the permafrost. Flow
that does occur at this well is in the lower 2 feet of the well screen, as suggested by the wet-

to-saturated condition at 8.5 to 9 feet.

6.6.2.2 Electrical Conductivity Stratification

The order of appearance of EC changes at the performance monitoring wells follows the
pattern for temperature effects. Interestingly, the graphical representation of EC for the wells
exhibiting influence suggest EC is slow to change in the shallow vertical interval, while the

middle and bottom vertical intervals are increasing rapidly. This is in fact an artifact of the
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height of the water column within the monitoring well in relation to top of screen height. For
ICOMWO3, ICOMWO5, and ICOMWO0B6, the water column was above the well screen

throughout the monitoring events.

The EC values at the middle and bottom monitoring points (within the well screen) are
exhibiting the expected increasing response resulting from the presence of sodium persulfate.
The vertical distribution of EC across the screen interval is usually slightly higher at the
middle interval, than at the bottom interval, which is similar to the apparent behavior

suggested by temperature distribution data.

Neither groundwater nor oxidant appeared at ICOMWO8 because of the presence of
permafrost, and dense, low-moisture content silt-inhibiting flow to 3.5 feet of the 5-foot well
screen. An apparent perched water table at 5.5 feet, which was present at the time of
installation, was approximately 6 inches thick. The formation at this location was poorly
transmissive. Oxidant solution flow trended away from this location towards preferential

flow paths.

6.6.2.3 Oxidation-Reduction Potential

The ORP values in the 400 mV plus range at monitoring wells ICOMWO03, ICOMWO05, and
ICOMWOG are typical for the oxidants applied. The ORP at ICOMWO?7 increased from
slightly positive (10 — 15 mV) to over 200 mV from 12 August to 13 August 2009. However,
post-injection performance monitoring ORP values at ICOMWAO7 were consistently negative
from the 3-day post injection sampling event through the rebound sampling event, suggesting

direct oxidation influence at the well, if any, was short-lived.

6.6.2.4 Hydrogen Peroxide Monitoring

Hydrogen peroxide injection concentrations ranged from approximately 8% to 12%.
Measured H,O, concentrations at ICOMWO5, located 5 feet away, were no greater than 15
mg/L. This concentration and the greatest sitewide H,O, concentration of 33 mg/L at
ICOMWO6, were both measured on the final day of injections during a 12% H,0O, injection

event. These results suggest that peroxide is nearly entirely consumed within 5 to 10 feet of
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the injection point, the distance variance is likely a function of travel along preferential flow
paths.

6.6.2.5 Sodium Persulfate Monitoring

Injection concentration of Na,S,0g was approximately 13% to 18%. Field-kit-measured
concentrations of Na,S,0g were 1400 to 3000 mg/L in oxidant-influenced monitoring wells.
Previous experience injecting Na,S,0g into low organic content soils at other sites has
indicated that a 20% persulfate solution can frequently be measured at a 2% concentration
within 10 feet of the injection well, once detected at the monitoring point, and is usually
assignable to fractional pore volume dilution effects. The residual Na,S;0g at this study area

is 1% to 1.5% of this typical pore volume dilution percentage.

6.6.2.6 lron Monitoring

Generally, the iron activator is present at the oxidant-affected monitoring wells at the same
time as the oxidants. At these wells, ferrous iron concentrations are a fraction of the apparent
total iron concentration, suggesting consumption of iron by the H,O,. Total and ferrous iron
concentrations in monitoring wells that did not exhibit influence by oxidant were also close in
value, indicating most of the iron was in ferrous form. Field-kit evaluation of total and
ferrous iron concentrations at monitoring wells ICOMWO03, ICOMWO05, and ICOMWO06
required substantial dilution, and the reported values are of questionable use as direct

measures of iron concentration.

6.6.2.7 Radius of Influence

Based on the distance of the monitoring wells from the injection location at ICOIWO01, and
the evidence for distribution of oxidant to the wells ICOMWO03, ICOMWO05, and ICOMWO6,
it is suggested that the ROI achieved by the injection was approximately 5 feet, which agrees
well with the calculated theoretical ROI derived from the injected volumes. However, the
influence was not radially symmetrical due to the presence of intermittent permafrost and
variations in silt and peat thicknesses across the study area. Additionally, the oxidants appear

to be nearly expended at this distance.
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6.6.3 Post-Injection Performance Monitoring

Post injection performance monitoring of groundwater was conducted on a schedule
corresponding to 3, 7, 14, and 28 days following the completion of oxidant injections. In
addition to groundwater samples, soil samples were also collected in conjunction with the day
7 and day 28 post injection sampling event, to evaluate the gross efficacy of the applied ISCO
process on soils located within the pilot study area. Baseline soils were collected at depths
ranging from 5.5 to 7.5 feet below surface, and subsequent samples were collected from the
same depth interval for each sampling event. Table 16 contains the groundwater baseline and
performance monitoring data, and Table 17 contains the soil baseline and performance
monitoring data. Performance monitoring soil sample locations are shown on Figure 12.
Low-flow groundwater sampling forms are attached as Appendix F. Photographs of soil

sample access casings and example day 28 soil samples are provided in Appendix J.

Groundwater analytical results at day 3 indicated an immediate significant increase in
concentrations of DRO, GRO, RRO, and benzene for most sampling locations. This response
may be due to desorption of fuels from the highly organic soils. However, it was noted that
concentrations of the groundwater COCs were decreasing by day 7, potentially due to
aqueous-phase oxidation of desorbed COCs. By day 28, concentrations were at or slightly
below baseline levels, and the oxidants were mostly consumed. This response is attributed to
a continual shift of petroleum hydrocarbons from the highly organic soil matrix into the
aqueous phase, with the concomitant oxidation of a portion of this petroleum hydrocarbon
mass in the presence of the injected oxidants. The significant source mass sorbed to the
highly organic soils may have led to an apparent equilibrium between aqueous-phase
oxidation and desorption from the soil matrix, and thus the static groundwater concentrations.
Additionally, the aquifer system was under dosed with oxidants, given the apparent
preferential path and release to the surface described in previous sections, thus reducing the
system’s capacity for agueous-phase oxidative treatment. Cleanup target goals were met by
day 28 for GRO at ICOMWO08. Cleanup target goals for groundwater were not met at the

locations sampled for the remaining COCs.

Some treatment of groundwater, as indicated by decreasing GRO concentrations towards the
end of the post-injection monitoring period, occurs at wells outside the ROI of the injection
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wells. This is most likely a function of treated groundwater flow and contaminant transport
from the upgradient zone surrounding ICOMWAO09. Ultimately, the post-injection groundwater

dataset is constrained by the limitations of a 28-day monitoring period.

Analytical results for soil suggest a significant decreasing trend for benzene and naphthalene
from baseline to day 7, which may be a function of aggressive initial oxidation effects.
However, benzene results are variable through day 28, and DRO and naphthalene apparently
increased through day 28. These results may be attributed to variation in the soil types over
short lateral distances (e.g., horizontal horizon). These variations are problematic because
pre-injection baseline soil samples may have had lower starting concentrations than the soils
sampled post ISCO. Thus, the same relative reduction would not seem to be as effective in
the soils with higher starting concentrations. Target cleanup goals were met by day 28 for
DRO at ICOMWO07 and ICOMWO04; however, these results may be attributable to soil sample
heterogeneity. Cleanup target goals for soil were not met at the locations sampled for the
remaining COCs.

6.6.3.1 Post-Injection Sodium Persulfate Monitoring

The persulfate concentrations measured by field kit during the post-injection monitoring
period illustrate the dichotomy of contact between ICOMWO03, ICOMWS5, and ICOMWOQ6,
and little to no contact at ICOMWO02, ICOMWO04, ICOMWO07, and ICOMWO08. However, it
also illustrates the effect of injection at ICOMWOQ9, post-injection. Persulfate concentrations
increase at both MWO07 and MWO08 from 1 day post injection through 7 days post injection.
The appearance of persulfate at MWO04 at 7 days post injection, and the upward trend in
concentration through the final post-injection sampling event at wells which did not exhibit
influence during injections at ICOIWO0L1, suggest that the injected solution at MWO09 has

migrated downgradient through the study area.

6.6.3.2 Contaminant Mass Reduction

Baseline DRO mass in soil is estimated to have been approximately 21,000 pounds for the
AOI [ISCO Study area]. A calculation of contaminant mass reduction in soil for the site is
not achievable based on the results, which exhibit higher DRO and RRO soil concentrations at

most locations for the final sampling event (Appendix I). This is likely a result of the
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confounding effects of soil sample location selection on the ability to attain comparative

samples, as was discussed previously.
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7.0  CONCLUSIONS

Characterization efforts associated with the Phase I ISCO AOI unveiled a number of key
items related to the MOC area’s CSM. These items included observing locally extensive peat
and organic silt layers within the shallow site lithology, shallow perched water-bearing zone,
locally confined aquifer conditions at greater depths, and at least locally, higher than expected
DRO concentrations in shallow subsurface soils. The greatest concentrations of DRO
observed in the Phase | ISCO area of the site appear to correspond well with the occurrence of
high organic content soils layers and the shallow perched water aquifer identified in the area
of study, which happen to further correspond and locally intersect with the historical

underground storage tank excavation areas associated with Sites 13 and 27.

The primary objectives of the Phase | ISCO effort were to evaluate the feasibility of ISCO
technology for application in an isolated location, and to evaluate the ability of ISCO to
achieve remediation goals for the COCs and corresponding media of concern. Based on field
observations and monitoring data collected during Phase I ISCO, it appears that it will be
difficult to reach target cleanup levels for the COCs and corresponding media of concern at
the site. These difficulties stem primarily from the prevalence of shallow peat and organic silt
lithologies. These layers have been demonstrated to retain high concentrations of
contamination (especially DRO), and the natural organics that comprise these materials
exhibit significant oxidant demand resulting in excessive competition for the oxidants applied,
ultimately limiting the treatment effectiveness. Based on the results obtained during the
Phase 1 ISCO testing, it does not appear that ISCO is well suited to achieve remediation goals
for the COCs and corresponding media of concern in areas where peat or organic silts
predominates the lithology. However, ISCO may be a viable and applicable technology at

other areas of the site where peat and organic silts do not predominate the lithology.

Secondary objectives of the Phase 1 ISCO testing centered on the implementability of ISCO
technology. The application of ISCO at this isolated location proved to be challenging due to
a number of unforeseen conditions encountered in the field. Some of the conditions include
the presence of high organic soils (peats and organic silts), the presence of permafrost and/or
semi-permafrost zones, and the observation of preferential flow zones. Despite these
challenges, the overall process was demonstrated to be manageable and implementable.

August 2010 51 FINAL



Summary Report Main Operations Complex Area Phase | In Situ Chemical Oxidation
Contract No. W911KB-09-C-0013 Bristol Project No. 49028

In addition to the field testing, bench scale treatability was also conducted using contaminated
site media to evaluate additional oxidant and activator combinations not tested in the field.
The results of the laboratory treatability studies did not suggest that the additional tested
oxidant and activator combinations were more effective than the approach selected for the
field application. Results of the laboratory treatability study closely mimicked those observed
during the field pilot testing and confirm that ISCO is not likely to achieve target treatment

levels for site COCs and the corresponding media of concern under high organic conditions.

Comments on the draft ISCO Summary Report are provided in Appendix M.
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8.0 RECOMMENDATIONS

The shallow high organic content soils observed across much of the Phase 1 ISCO AOI have
demonstrated the ability to serve as a significant contaminant reservoir with a limited
potential for treatment via ISCO. The sorptive capacity of these soils combined with the high
organic content, results in a poor match for ISCO as a primary treatment technology. The
relative shallow deposition of these highly impacted soils make them an excellent candidate
for excavation and ex-situ treatment through off-site disposal, or on-site treatment
technologies such as thermal treatment or aggressive landfarming techniques. Prior to, or in
conjunction with, evaluation of alternative remedial strategies for the shallow high organic
content soils, it is strongly suggested that additional site characterization be performed to
better define the horizontal and vertical extents of contamination at the site, and, where
possible, tie the distribution of contaminants observed at the site to specific geologic and
hydrogeologic units. One potential mechanism for accomplishing this would be through the
application direct-sensing technologies such as Laser-Induce Fluorescence/UltraViolet
Optical Screening Tool and conductivity logging to develop a three-dimensional model of
contaminant deposition and site lithology. As a part of these additional characterization
efforts, performing a geophysical survey is also recommended to aid in identifying subsurface
features, such as the fuel line observed during test pitting efforts, which have the potential to

serve as continuing sources of contamination.

If, following further site characterization, it is determined that other areas of the site display
significant soils and groundwater concentrations of site COCs associated with lithologies that
are not dominated by high organic soils, Phase 11 ISCO testing could be recommended.
Potential areas that could meet these conditions include the southern and/or eastern portions
of the MOC area, for example, around SB13B1 and upgradient near MW88-10. However,
insufficient information currently exists regarding the lateral, vertical, and lithologic
association of contaminants in these area to warrant Phase Il ISCO testing at this time.
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Table 1 - Phase | ISCO Remediation Goals

. Groundwater
Contaminant of :
Concern Soil Cleanup Cleanup Level
Level (mg/kg) (mg/L)
Diesel Range Organics
(DRO) 9,200 15
Gasoline Range
Organics (GRO) N/A 1.3
Residual Range
Organics (RRO) N/A 1.1
Naphthalene 120 N/A
Benzene 2 0.005

Notes: N/A — not applicable
ISCO = in-situ chemical oxidation
mg/L = milligrams per liter
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Table 2 - Summary Historical Groundwater Analytical Results

DRO (mg/l) GRO (mg/L) RRO (mg/L) Benzene (ug/L) Lead (ug/L)

Well ID 2002 2004 2002 2004 2002 2004 2002 2004 2002 2004
MW88-1 1.2 [0.345]B | 0.024VJ 0.0141J 0.43 0.168J 0.58 [0.4] - [1.00]B
MW 88-2 0.71 0.421B ND (0.05) 0.0492J 1.3 [0.543]B 0.92 0.26J - 54.6
MWwW88-3 34 0.768B 0.42 0.104 0.22 [0.549]B 0.57 [0.4] - [1.00]B
Mw88-4 72 3.89 1.2 1.25 1.9 1.46B 30 33.7 - 5.02
MwW88-5 9.8 11.3 1.3 1.5J 2.3 2.28B 19 29.7 - 12
MW 88-6 69 4.56J 11 1.02 2.1 0.651B 0.74 1.18 - 8.87
Mw88-7 6.1 VLB - 15 - 0.32 - 14 - - -
MwW88-8 20 3.37 0.52 0.415 0.18VvJ | 0.816B 0.12VJ [0.4] - 4.07B
MwWa88-10 55 1.38 0.12 .0357J 1.3 [0.549]B 2.7 [0.4] - 37.6
17MW1 - [0.337]B - [0.090] - [0.562]B - [0.4] - 7.08
18MW1 - [0.341]B - 0.0191J - [0.568]B - [0.4] - 1.21B
20MW1 - [0.333]B - 0.0194J - [0.556]B - [0.4] - 51.7
Notes:

Source: Phase IV RI, Shannon & Wilson, June 2005 and Phase Il RI, MWH, 2003, Figure 2-6.
Well MW88-4 associated with primary, duplicate and triplicate. Highest value included.
[#} B = Result qualified as non detected due to method, trip or equipment blank detection
ND = Not detected above reporting limit
VJ = estimated value

VLB = Result negatively biased
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Table 3 - Summary Historical Soil Analytical Results

sample | Sample Depth DRO GRO RRO Benzene | Naphthalene = Chromium

Location (ft bgs) (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) (mg/kg) (mg/kg)
MW 88-1 15.5-17.5 5,000 19 39VJ ND(0.012) | 0.0022 VJ 6.5
MW 88-1 17.5-20 1,400 4.9 16 VJ ND(0.011) | 0.00038 VJ 4.38
MW 88-2 8-10 ND (12) ND (3) 6 VJ ND(0.014) .0001 VJ 16.1
MW 88-2 10-12 ND (11) ND(3.6) | 7.1VJ | ND(0.015) .00056 VJ 8
MW 88-3 4-6 7.6VJ ND (6) 120 VJ | ND(0.023) = .00081 VJ 22.3
MW 88-3 16-18 3,700 51 24 V] ND(0.021) 15 13.1
MW 88-4 9-11 12,000 44 3,700 0.047 5.9 VHB 17.3
MW 88-4 11-13 2,600 54 VHB 16 VJ ND(0.018) 2.3 3.73
MW 88-5 1-3 380 ND(2.8) 3,400 ND(0.012) | 0.0041VJ 42.3
MW 88-5 11-13 21 ND (4) 25VJ | ND (0.014) .0037 VJ 4.5
MW 88-6 7-9 3,100 130VHB 23VJ ND(0.012) 4.1 12.8
MW 88-6 11-13 1,200 83 VHB 30VJ ND(0.012) 1.1 8.3
MW 88-7 7-9 12,000 140VHB | 55VJ ND(0.012) 7.9 17
MW 88-7 11-13 9,200 130VHB | 54VJ ND(0.011) 8.4 11.6
MW 88-8 10-12 5,200 68 VHB 11VJ ND(0.018) 3.3 9.63
MW 88-8 14-16 2,300 73 VHB 7.4VJ | ND(0.018) 2.3 8.34
MW 88-10 22-24 1,400 31 ND (110) ND(0.015) 0.48 10
MW 88-10 24-26 750 19 ND (110) ND(0.015) 0.11 4.8
SB 88-11 3-5 13,000 70 5,100 0.12 12 16.5
SB 88-11 7-9 51,000 99 6,000 0.19 81 23.7
SB 88-12 4-6 190 ND (5.2) 1,500 ND (0.022) 0.0045VJ 12.4
SB 88-12 10-12 20 ND (3.8) 33VJ | ND(0.017) 0.0011VJ 9.52
SB 88-13 6-8 430 11 VI 4,600 0.37 0.042 16.5
SB 88-13 14-16 77 ND (6.1) 420 ND (0.022)  0.0018 VJ 14.3
SB 88-14 2-4 47,000 220VHB @ 3,000 0.019 79 22.7
SB 88-14 12-14 210 62 900 0.24 0.041 22.8
SB 88-15 10-12 33 ND (4.9) 150 ND (0.018) 0.018 23
SB 88-15 12-14 79 ND (4.4) 590 ND (0.021) = 0.0047 VJ 234
SB 88-16 6-8 16,000 110VHB | 33VJ ND(0.015) 28 15.6
SB 88-16 10-12 4,200 60 VHB 12 V3 ND(0.017) 0.9 VLB 6.7
SB 88-17 8-10 4,700 130 VHB 450 ND(0.013) 12 18.2
SB 88-17 12-14 4,300 140VHB 110VJ | ND(0.012) 3.6 8.31
SB 88-18 8-10 7,300 | 100VHB | 24VJ | 0.018 VHB 10 14
SB 88-18 10-12 4,000 VJ | 170 VHB 226 0.062 VJ 6.9 VJ 16.7 VJ
Notes:

Source: Phase Il Rl, MWH, 2003, Figure 2-6 (NOTE SAMPLES COLLECTED IN 2002)

[#} B = Result qualified as non detected due to method, trip or equipment blank detection
DRO = diesel range organics

ft = feet

GRO = gasoline range organics
mg/kg = milligrams per kilogram
ND = Not detected above reporting limit
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RRO = residual range organics

VHB = Result is an estimate with high bias
VJ = estimated value
VLB = Result negatively biased




Table 4 - Phase | ISCO Sampling Areas

Depth Target

Site Description Area (bgs) Parameters

GRO, DRO/RRO, Benzene, Naphthalene,

Phase | ISCO Pilot Study Area 25 x 25 feet | ~5 to ~20 feet TOC., arsenic, lead. chromium. and sulfate

Notes:
1) Actual injection well screen depths to be determined in the field.

bgs = below ground surface ISCO = in-situ chemical oxidation
DRO = diesel-range organics RRO = residual-range organics
GRO = gasoline-range organics TOC = total organic carbon
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Table 5 - Sample Quantities for ISCO Soil Samples

Preparation/Analytical Analytical
Parameter Method Samples QC  MS/MSD

Pilot Study Characterization

Soil |GRO/Benzene and Napthalene |AK 101/ EPA 5035A/8260B 7 1 1

Soil DRO/RRO AK 102/103 7 1 1

Soil TOC EPA 9060 7 1 1
Performance Monitoring (2 events)

Soil |GRO/Benzene and Napthalene |AK 101/ EPA 5035A/8260B 14 2 1

Soil DRO/RRO AK 102/103 14 2 1

Soil TOC EPA 9060 7 1 1
Notes:

Clear glass may be substituted for amber if samples are protected from exposure to light; this exception does not apply to

metals.

AK = Alaska Method

DRO = disel-range organics

EPA = U.S. Environmental Protection Agency
GRO = gasoline-range organics

ISCO = in-situ chemical oxidation
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MS = matrix spike

MSD = matrix spike duplicate
QC = quality control

RRO = residual range organics
TOC = total organic carbon




Table 6 - Sample Quantities for ISCO Water Samples

Preparation/Analytical Analytical

Parameter Method Samples QC MS/MSD
Pilot Study Characterization
Groundwater GRO/ Benzene AK 101/ EPA 5030B/8260B 7 1 1
Groundwater DRO/RRO AK 102/103 7 1 1
Groundwater |Napthalene EPA 3510C/8270C SIM 7 1 1
Groundwater |Sulfate EPA 300 7 1 1
Groundwater Metals (As, Cr, Pb) EPA 3005A/6020 7 1 1
Performance Monitoring (4 events)
Groundwater | GRO/ Benzene AK 101/ EPA 5030B/8260B 28 3 2
Groundwater | DRO/RRO AK 102/103 28 3 2
Groundwater Napthalene EPA 3510C/8270C SIM 28 3 2
Groundwater Sulfate EPA 300 7 1 1
Groundwater  Metals (As, Cr, Pb) [EPA 3005A/6020 1 1
Notes:
Clear glass may be substituted for amber if samples are protected from exposure to light; this exception does not apply to metals.
AK = Alaska Method ISCO in-situ chemical oxidation
As = arsenic MS/MSD matrix spike/matrix spike duplicate
Cr= chromium Pb lead
DRO = diesel-range organics QC quality control
EPA = U.S. Environmental Protection Agency RRO residual-range organics
GRO = gasoline range organics SIM selective ion monitoring
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Table 7 - Sample Collection, Preservatives, and Holding Times for ISCO Soil Samples

Preparation/

Analytical Container Description
Parameter Method (Minimum)* Preservation/Holding Time
4-0z wide-mouth, amber

AK 101/ EPA . ) ® |
5035A/8260B glass jar with Teflon -lined

silicon rubber septum seal

Methanol preservative, Cool 4°
+ 2°C/ 14 days to analysis

Soil GRO/Benzene

o, DRORROand AK102/103and EPA  8-0z wide-mouth, clear Unpreserved, Cool 4° + 2°C /7

Napthalene = 3550B/8270C SIM glass jar, TLC days to extraction/ 40 days to
analysis
Soil TOC EPA 9060 4-0z W|de-mouth, clear Unpreserved, Cool 4 i 2°C/
glass jar, TLC 28 days to analysis
Notes:

Clear glass may be substituted for amber if samples are protected from exposure to light; this exception does not apply
to metals.

+ = plus or minus ISCO = in-situ chemical oxidation
°C = degrees Celsius 0z = ounce

AK = Alaska Method RRO = residual-range organics
DRO = diesel-range organics SIM = selective ion monitoring
EPA = U.S. Environmental Protection Agency TLC = Teflon-lined screw cap
GRO = gasoline-range organics TOC = total organic carbon
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Table 8 - Sample Collection, Preservatives, and Holding Times for ISCO Groundwater Samples

Preparation/ Container
Parameter Analytical Description Preservation/Holding Time
Method (Minimum)*
AK 101/ EPA . HCI, Cool 4° + 2°C / 14 days to
Groundwater | GRO/Benzene 5030B/82608 6, 40-ml VOA vials analysis
Groundwater DRO/RRO AK 102/103 1-Liter amber glass HCl, COO'. 47+ 2°C /14 days/ 1.4 days
to extraction/ 40 days to analysis
Groundwater |Napthalene EPA 3510C/8270C 1-Liter amber glass Unpres_erved, Cool 47 £ 2°C / 7 days to
SIM extraction/ 40 days to analysis
Groundwater  Sulfate EPA 300 Plastic, 250 ml Unpreser.ved, Cool 47 £ 2°C / 28 days
to analysis
Metals itri i ° 4 °
Groundwater EPA 3005A/6020  Plastic, 250 ml Nitric Acid, Cool 4° + 2°C /6 months to
(As, Pb, Cr) extraction and analysis
Notes:

'Clear glass may be substituted for amber if samples are protected from exposure to light; this exception does not apply to metals.

+ = plus or minus

°C = degrees Celsius
AK = Alaska Method

As = arsenic
Cr = chromium

DRO = diesel-range organics
EPA = U.S. Environmental Protection Agency
GRO = gasoline-range organics

HCI = hydrochloric acid
ISCO = in-situ chemical
ml = milliliter

0z = ounce

Pb = lead

oxidation

RRO = residual-range organics
SIM = selective ion monitoring
VOA = volatile organic analysis
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Table 9 - Summary of Groundwater Elevations

Well ID Date Top of Casing Depth to Groundwater
NAD83 Groundwater Elevation*
ISCO AOI
ICOIWO01 23-Jul-09 69.54 NG -
05-Aug-09 5.02 64.52
06-Aug-09 5.06 64.48
8-Aug-09, 09:00 hrs NG -
8-Aug-09, 18:25 hrs 7.40 62.14
9-Aug-09, 07:05 hrs 8.11 61.43
9-Aug-09, 12:05 hrs NG -
10-Aug-09 NG -
11-Aug-09 NG -
12-Aug-09 3.64 65.90
13-Aug-09 NG -
15-Aug-09 4.27 65.27
16-Aug-09 4.82 64.72
ICOMWO01 23-Jul-09 70.66 9.35 61.31
05-Aug-09 NG -
06-Aug-09 NG -
8-Aug-09, 09:00 hrs 9.48 61.18
8-Aug-09, 18:25 hrs 9.46 61.20
9-Aug-09, 07:05 hrs 9.48 61.18
9-Aug-09, 12:05 hrs 9.46 61.20
9-Aug-09, 13:13 hrs 9.48 61.18
10-Aug-09, 10:00 hrs 9.45 61.21
11-Aug-09 9.52 61.14
12-Aug-09 9.52 61.14
13-Aug-09 9.46 61.20
15-Aug-09 9.35 61.31
16-Aug-09 4.67 65.99
ICOMWO02 23-Jul-09 67.27 5.38 61.89
05-Aug-09 453 62.74
06-Aug-09 4.59 62.68
8-Aug-09, 09:00 hrs 4.70 62.57
8-Aug-09, 18:25 hrs 4.70 62.57
9-Aug-09, 07:05 hrs 4.70 62.57
9-Aug-09, 12:00 hrs 4.66 62.61
9-Aug-09, 13:13 hrs 4.75 62.52
9-Aug-09, 16:00 hrs 471 62.56
9-Aug-09, 18:35 hrs 4.72 62.55
10-Aug-09, 10:00 hrs 4.63 62.64
10-Aug-09, 13:49 hrs 461 62.66
10-Aug-09, 16:32 hrs 4.64 62.63
11-Aug-09, 13:00 hrs 4.69 62.58
11-Aug-09, 15:58 hrs 4.71 62.56
12-Aug-09, 08:30 hrs 4.69 62.58
12-Aug-09, 11:35 hrs 3.95 63.32
12-Aug-09, 15:30 hrs 4.48 62.79
13-Aug-09 4.70 62.57
15-Aug-09 4.77 62.50
19-Aug-09 4.88 62.39
25-Aug-09 5.61 61.66
11-Sep-09 7.49 59.78
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Table 9 - Summary of Groundwater Elevations

Well ID Date Top of Casing Depth to Groundwater
NAD83 Groundwater Elevation*
ICOMWO03 04-Aug-09 69.31 3.08 66.23
05-Aug-09 3.07 66.24
06-Aug-09 3.15 66.16
8-Aug-09, 09:00 hrs 3.34 65.97
8-Aug-09, 18:25 hrs 3.24 66.07
9-Aug-09, 07:05 hrs 3.35 65.96
9-Aug-09, 12:00 hrs 3.17 66.14
9-Aug-09, 12:33 hrs 3.34 65.97
9-Aug-09, 17:19 hrs 3.22 66.09
10-Aug-09, 10:00 hrs 3.48 65.83
10-Aug-09, 13:12 hrs 3.15 66.16
10-Aug-09, 16:00 hrs 3.25 66.06
11-Aug-09, 13:00 hrs 3.58 65.73
12-Aug-09, 08:30 hrs 3.11 66.20
12-Aug-09, 11:40 hrs 2.74 66.57
12-Aug-09, 15:25 hrs 2.80 66.51
13-Aug-09 2.85 66.46
15-Aug-09 3.48 65.83
19-Aug-09 4.81 64.50
25-Aug-09 4.58 64.73
11-Sep-09 4.38 64.93
ICOMWO04 23-Jul-09 69.31 NG -
05-Aug-09 7.33 61.98
06-Aug-09 7.52 61.79
8-Aug-09, 09:00 hrs 7.55 61.76
8-Aug-09, 18:25 hrs 6.05 63.26
9-Aug-09, 07:05 hrs 6.58 62.73
9-Aug-09, 12:00 hrs 6.46 62.85
9-Aug-09, 12:19 hrs 6.51 62.80
9-Aug-09, 15:28 hrs 6.40 62.91
9-Aug-09, 18:00 hrs 6.42 62.89
10-Aug-09, 10:00 hrs 6.47 62.84
10-Aug-09, 13:18 hrs 6.50 62.81
11-Aug-09, 13:00 hrs 6.49 62.82
11-Aug-09, 16:11 hrs 6.49 62.82
11-Aug-09, 16:17 hrs 6.35 62.96
12-Aug-09, 08:30 hrs 6.27 63.04
12-Aug-09, 09:32 hrs 6.27 63.04
12-Aug-09, 11:47 hrs 6.15 63.16
12-Aug-09, 15:20 hrs 6.53 62.78
13-Aug-09 7.30 62.01
15-Aug-09 6.98 62.33
18-Aug-09 btp --
25-Aug-09 8.11 61.20
11-Sep-09 7.67 61.64
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Table 9 - Summary of Groundwater Elevations

Well ID Date Top of Casing Depth to Groundwater
NAD83 Groundwater Elevation*
ICOMWO05 04-Aug-09 69.35 3.08 66.27
05-Aug-09 2.95 66.40
06-Aug-09 3.10 66.25
8-Aug-09, 09:00 hrs 3.48 65.87
8-Aug-09, 18:25 hrs 3.47 65.88
9-Aug-09, 07:05 hrs 4.39 64.96
9-Aug-09, 12:00 hrs 4.16 65.19
9-Aug-09, 12:41 hrs 3.48 65.87
9-Aug-09, 15:16 hrs 4.16 65.19
10-Aug-09, 10:00 hrs 4.05 65.30
11-Aug-09, 13:00 hrs 3.91 65.44
11-Aug-09, 16:30 hrs 3.44 65.91
12-Aug-09, 08:30 hrs 3.65 65.70
12-Aug-09, 09:39 hrs 3.70 65.65
12-Aug-09, 11:53 hrs 2.95 66.40
12-Aug-09, 14:40 hrs 2.70 66.65
13-Aug-09 3.65 65.70
15-Aug-09 3.84 65.51
19-Aug-09 5.68 63.67
25-Aug-09 btp --
11-Sep-09 5.40 63.95
ICOMWO06 05-Aug-09 68.49 4.03 64.46
06-Aug-09 3.92 64.57
8-Aug-09, 09:00 hrs 3.80 64.69
8-Aug-09, 18:25 hrs 3.71 64.78
9-Aug-09, 07:05 hrs 3.84 64.65
9-Aug-09, 12:00 hrs 3.82 64.67
9-Aug-09, 13:06 hrs 3.84 64.65
9-Aug-09, 15:50 hrs 3.85 64.64
9-Aug-09, 18:09 hrs 3.72 64.77
10-Aug-09, 10:00 hrs 3.62 64.87
10-Aug-09, 13:30 hrs 3.68 64.81
11-Aug-09, 13:00 hrs 3.93 64.56
11-Aug-09, 15:50 hrs 4.10 64.39
12-Aug-09, 08:30 hrs 3.97 64.52
12-Aug-09, 11:25 hrs 3.95 64.54
12-Aug-09, 14:45 hrs 3.70 64.79
13-Aug-09 4.11 64.38
15-Aug-09 4.29 64.20
19-Aug-09 btp --
25-Aug-09 5.59 62.90
11-Sep-09 5.30 63.19
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Table 9 - Summary of Groundwater Elevations

Well ID Date Top of Casing Depth to Groundwater
NAD83 Groundwater Elevation*
ICOMWO7 05-Aug-09 68.03 5.68 62.35
06-Aug-09 5.72 62.31
8-Aug-09, 09:00 hrs 5.74 62.29
8-Aug-09, 18:25 hrs 5.68 62.35
9-Aug-09, 07:05 hrs 5.70 62.33
9-Aug-09, 12:00 hrs 5.67 62.36
9-Aug-09, 12:58 hrs 5.70 62.33
9-Aug-09, 16:09 hrs 5.72 62.31
9-Aug-09, 18:25 hrs 5.68 62.35
10-Aug-09, 10:00 hrs 5.66 62.37
10-Aug-09, 13:37 hrs 5.69 62.34
10-Aug-09, 16:32 hrs 5.65 62.38
11-Aug-09, 13:00 hrs 5.72 62.31
11-Aug-09, 17:00 hrs 5.69 62.34
12-Aug-09, 08:30 hrs 5.71 62.32
12-Aug-09, 10:20 hrs 5.65 62.38
12-Aug-09, 12:13 hrs 5.36 62.67
12-Aug-09, 14:50 hrs 5.50 62.53
13-Aug-09 5.69 62.34
19-Aug-09 5.77 62.26
25-Aug-09 5.66 62.37
11-Sep-09 5.51 62.52
ICOMWO08 05-Aug-09 69.41 8.16 61.25
06-Aug-09 7.52 61.89
8-Aug-09, 09:00 hrs 7.55 61.86
8-Aug-09, 18:25 hrs 7.34 62.07
9-Aug-09, 07:05 hrs 7.19 62.22
9-Aug-09, 12:00 hrs 7.13 62.28
9-Aug-09, 13:54 hrs 7.19 62.22
9-Aug-09, 16:25 hrs 7.22 62.19
9-Aug-09, 18:45 hrs 7.16 62.25
10-Aug-09, 10:00 hrs 6.89 62.52
10-Aug-09, 13:26 hrs 7.05 62.36
11-Aug-09, 13:00 hrs 6.84 62.57
11-Aug-09, 17:35 hrs 6.92 62.49
11-Aug-09, 20:15 hrs 6.89 62.52
12-Aug-09, 08:30 hrs 7.43 61.98
12-Aug-09, 10:10 hrs btp -
12-Aug-09, 12:02 hrs 8.25 61.16
12-Aug-09, 15:05 hrs 7.81 61.60
13-Aug-09 6.96 62.45
15-Aug-09 6.65 62.76
19-Aug-09 btp -
25-Aug-09 btp --
11-Sep-09 btp --
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Table 9 - Summary of Groundwater Elevations

Well ID Date Top of Casing Depth to Groundwater
NAD83 Groundwater Elevation*
ICOMWO09 05-Aug-09 69.87 7.86 62.01
06-Aug-09 7.58 62.29
8-Aug-09, 09:00 hrs 7.36 62.51
8-Aug-09, 18:25 hrs 7.40 62.47
9-Aug-09. 07:05 hrs 7.68 62.19
9-Aug-09. 12:00 hrs 7.70 62.17
9-Aug-09. 13:30 hrs 7.68 62.19
10-Aug-09, 10:00 hrs 6.89 62.98
11-Aug-09, 13:00 hrs 7.28 62.59
12-Aug-09, 08:30 hrs 8.18 61.69
15-Aug-09 7.97 61.90
MOC AREA WELLS

MW88-1 11-Jul-09 84.49 14.45 70.04
23-Jul-09 14.63 69.86
01-Aug-09 15.26 69.23
MW88-3 11-Jul-09 79.99 10.12 69.87
23-Jul-09 10.24 69.75
01-Aug-09 10.74 69.25
MW88-4 11-Jul-09 70.64 7.38 63.26
23-Jul-09 9.02 61.62
01-Aug-09 9.69 60.95
MW88-5 11-Jul-09 70.35 8.91 61.44
23-Jul-09 9.11 61.24

01-Aug-09 NG -
08-Aug-09 09:00 hrs 9.22 61.13
08-Aug-09 18:25 hrs 9.21 61.14
9-Aug-09, 07:05 hrs 9.24 61.11
10-Aug-09, 10:00 hrs 9.22 61.13
11-Aug-09, 13:00 hrs 9.27 61.08
12-Aug-09, 08:30 hrs 9.27 61.08
13-Aug-09 9.21 61.14
15-Aug-09 9.09 61.26
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Table 9 - Summary of Groundwater Elevations

Well ID Date Top of Casing Depth to Groundwater
NAD83 Groundwater Elevation*
MwWa88-10 11-Jul-09 89.03 18.32 70.71
23-Jul-09 18.57 70.46
01-Aug-09 19.02 70.01
17MwW1 11-Jul-09 74.11 9.81 64.30
23-Jul-09 10.43 63.68
01-Aug-09 10.85 63.26
18MwW1 85.78 85.78
20MW1 11-Jul-09 91.71 19.93 71.78
23-Jul-09 20.26 71.45
01-Aug-09 21.06 70.65
22MW2 11-Jul-09 96.38 24.33 72.05
23-Jul-09 25.43 70.95
01-Aug-09 26.46 69.92
22MW3 11-Jul-09 101.97 101.97
23-Jul-09 101.97
01-Aug-09 101.97
26MW1 11-Jul-09 32.21 -
23-Jul-09 32.35 -
01-Aug-09 33.50 -

Notes:

The specific gravity (SP) used for the free product is 0.81 (Diesel). The SP for Diesel is used in elevation correction
calculations when free product is present in the monitoring well. (TOC - [FP Thickness * 0.81) + DTW])

All elevation and measurements are in feet.

Elevations are in U.S. Feet, based on the NAD 1983.

-- = no data MOC = Main Operations Complex
AOI = area of interest NAD = Normal American Datum
btp = NG = not gauged

ISCO = in-situ chemical oxidation
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Table 10 - MOC Area Slug Testing Results

Well Test # K (ft/day)
20MW1 1 8.96
2 8.96
3 7.24
Average 8.39
MW 88-5 1 0.556
2 0.611
3 0.561
4 0.51
5 0.51
6 0.533
Average 0.547
MW 88-3 Unable to create enough drawdown for test
MW 88-10 Unable to create enough drawdown for test
ICOMWO01 1 1.368
2 1.625
3 1.872
Average 1.62
ICOMWO02 1 1.45
2 1.76
3 1.77
4 3.64
5 1.66
6 1.87
Average 2.03

Notes:

ft/day = feet per day
MOC = Main Operations Complex
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Table 11 - Test Pit Soil Headspace Screening Readings

FID
Test Pit Depth Reading | PID Reading
Location (ft bgs) (ppm) (ppm)
TP1 3.0-4.0 52.1 18.5
4.0-5.0 556 144
5.0-6.0 902 200
TP2 3.5-4.0 740 160
6.0-6.5 1,040 420
7.0-7.5 720 140
9.5-10.0 580 204
TP3 2.0-2.5 bkg bkg
4.0-4.5 42 48
6.0-6.5 3.2 4
7.5-8.0 415 16.8
8.5-9.0 51 4.8
10.5-11.0 375 2.9
TP4 2.0-2.5 1.2 2.3
5.0-5.5 138 17
7.0-7.5 1,280 205
TP5 2.0-2.5 40 bkg
3.5-4.0 30 bkg
6.5-7.0 60 3.2
9.0-9.5 30 bkg
TP6 3.5-4.0 10 3
6.5-7.0 30 15
TP7 3.5-4.0 11 1.4
7.5-8.0 327 70
TP8 3.5-4.0 1,925 380
7.5-8.0 1,750 350
9.5-10 40 4
TP9 5.5-6.0 3.2 2.1
8.0-8.5 17.6 69
9.5-10 305 94
TP10 4.0-4.5 19 34
6.5-7.0 742 151
9.5-10 305 192
TP11 3.5-4.0 78 3.2
7.0-7.5 720 3.5
9.5-10 1,300 2.5
TP12/13 2.0-2.5 bkg bkg
3.5-4.0 1058 201
4.5-5.0 555 125
6.5-7.0 1,635 238
Notes:

bkg = reading was less than or equal to background

FID = flame-ionization detector

ft bgs = feet below ground surface

PID = photoionization detector

ppm = parts per million
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Table 12 - siteLAB DRO Screening Results

Test Pits Soil Borings
Sample Location (depth) Reading (ppm) Sample Location (depth) Reading (ppm)
TP-1 (3-4) 1736.5 TP-12 (2-2.5) 108.3
TP-1 (4.5-5) 2074.5 TP-12 (3.5-4) 605
TP-1 (5-6) 1695 TP-13 (4.5-5) 3604
TP-2 (3.5-4) 3509 TP-13 (6.5-7) (dup) 5142 (5186)
TP-2 (6-6.5) 2801 SBO1 (5-6) 8722
TP-2 (7-7.5) 2021 SBO1 (6-7) 3490
TP-2 (9.5-10) 367.8 SBO1 (7-8) 4032
TP-3 (2-2.5) 110.3 SBO1 (9-10) 8.536
TP-3 (4-4.5) 20.7 SBO1 (10-11) 96.3
TP-3 (7.5-8) 12.7 SBO1 (11-12) 25.7
TP-3 (10.5-11) 108 SBO1 (12-13) 28
TP-4 (2-2.5) (dup) 4.4 (7.628) SBO1 (13-14) 14.8
TP-4 (2-2.5) 7.628 SBO02 (4-5) 2578
TP-4 (5-5.5) 29.2 SB02 (5-6) 4065
TP-4 (7-7.5) 1276 SB02 (6-7) 856
TP-5 (2-2.5) 4.7 SB02 (9-10) 2517
TP-5 (3.5-4) 1.3 SBO03 (5-7) 2963
TP-5 (6.5-7) 6.1 SBO03 (7-9) 326
TP-5 (9-9.5) 0.97 SBO03 (9-11) 10.934
TP-6 (3.5-4) 168.5 SB04 (5-6) 1122
TP-6 (6.5-7) 18.7 SB04 (6-7) 412
TP-7 (3.5-4) 27.7 SB04 (10-12) 1125
TP-7 (7.5-8) 2798 SB04 (12.5-14.5) 19.092
TP-8 (3.5-4) (dup) 4267 (4382) MWO01 (4-5) 2330
TP-8 (7.5-8) 5466 MWOL1 (6-7) 3772
TP-8 (9.5-10) 85.4 MWO01 (7-8) 3766
TP-9 (6-6.5) 69 MWO01 (8-9) 8638
TP-9 (8-8.5) 50.8 MWO0L1 (9-10) 21.8
TP-9 (9.5-10) (dup) 347.3 (316.3) MWO1 (12-13) 375
TP-10 (4-4.5) (dup) 3.206 (2.91) MWO01 (14-16) 42.1
TP-10 (6.5-7) (dup) 304.9 (290.4) MWO01 (5-6) 3852

TP-10 (9.5-10) (dup)

1377.5 (1420)

TP-11 (3.5-4) (dup) 48.5 (44.4)
TP-11 (7-7.5) (dup) 14.8 (14.2)
TP-11 (9.5-10) (dup) 19.8 (22.7)

Notes:

Sample depth interval in feet below ground surface

DRO = diesel-range organics
dup = duplicate sample
ppm = parts per million
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Table 13 - Screening Sample Analytical Data

Sample Depth Interval DRO
Location (ft bgs) (mg/kg)
ICOSBO1 5-6 98 B
ICOSB02 5-6 130,000 B, X
ICOSBO03 9-11 13,000 B
ICOSB04 5-6 260,000 B,X
Sample Screen Interval DRO
Location (ft bgs) (mg/L)
ICOMWO01 12-17 1.18
ICOMWO02 3.5-85 32.8
MW88-5 6.5-16.5 7.53

Notes:

B - Compound was found in blank and sample.
X - Surrogate not quantitated due to high dilution
DRO = diesel range organics

ft bgs = feet below ground surface
mg/kg = milligrams per kilogram
mg/L = milligrams per liter
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Table 14 - Soil Boring Headspace Screening Readings

Location Depth (ft bgs) FID Reading (ppm) PID Reading (ppm)
ICOSB01 4.0-5.0 6,200 58
5.0-6.0 5,400 48
6.0-7.0 7,500 42
7.0-8.0 650 29
8.0-9.0 4,230 41
9.0-10.0 750 37
10.0-11.0 4,260 58
11.0-12.0 25 2.5
12.0-13.0 3,700 24
13.0-14.0 5,600 21
ICOSB02 4.0-5.0 2,600 22
5.0-6.0 24,000 140
6.0-7.0 4,750 46
9.0-10 3,800 29
ICOSB03 5.0-7.0 1,305 258
7.0-9.0 530 130
9.0-11.0 375 150
ICOSB04 4.0-5.0 1,050 240
5.0-6.0 530 200
6.0-7.0 2,150 850
10.0-12.0 810 370
12.5-14.5 610 150
ICOMWO01 4.0-5.0 350 95
5.0-6.0 630 150
6.0-7.0 320 81
7.0-8.0 620 168
8.0-9.0 850 130
9.0-10.0 200 37
10.0-12.0 480 68
12.0-13.0 200 40
14.0-16.0 420 90
ICOMWO02 See ICOSB02
ICOMWO03 4.5-5.0 490 93
5-6.5 2,010 3.7
6.5-7.0 309 35
7.0-8.5 318 32
8.5-9.5 740 100
9.5-10 40 5
ICOMWO04 6-7.5 250 1500
7.5-9.0 950 165
9-9.5 140 24
ICOMWO05 5.0-6.0 590 240
6.5-8.0 820 140
8-8.5 68 10
ICOMWO06 4.0-5.0 145 42
5.0-6.0 630 124
6.0-7.0 116 35
ICOMWO7 5.5-6.5 650 50
6.5-7.5 1,150 229
7.5-8.5 240 114
ICOMWO08 4.5-5.5 1,050 190
5.5-6.5 89 17
7.5-9.5 48 10
ICOMWO09 5-5-6.5 1,300 180
6.5-8.0 450 60
9.0-10.0 82 12
Notes:
FID = flame-ionization detector PID = photoionization detector
ft bgs = feet below ground surface ppm = parts per million
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Table 15 - Summary Comparison of Soil Sample Results

Depth Year Benzene = Naphthalene GRO DRO RRO TOC
(ft) (mg/kg) (mg/kg) (mg/kg) | (mg/kg) (mg/kg) | (mg/kg)
Soil Cleanup Level (mg/kg) 2 120 NA 9,200 NA NA
AECOM ICOMWO02 5-6 140,000
(pre-1SCO) 6-7 | 2009 NS NS NS 13,000 NS NS
9-11 100
ICOMWO03 5-6.5 | 2009 1QL 120 QL 1000 B 170,000 7,200 213000 Q
ICOMWO04 6-7.5 2009 | 0.93QL 81 QL 470 B, QL 17000 QH| 4400 QH | 185000 Q
ICOMWO05 5-6 2009 1QL 93 QL 680 B 130000 X | 7700 X 199000 Q
ICOMWO06 5-6 2009 0.58 QH 240 QH 2100 QH, B| 110000 X | 8400 X 215000 Q
ICOMWO07 6.5-7.5 | 2009 0.27 25 480 B 13000 QH| 2800 X | 190000 Q
ICOMWO08 45-55| 2009  3.6QH 300 QH 4400 QH | 240000 X | 5300 X 453000 Q
ICOMWO09 5.5-6.5 2009 4.3QH,M 270 QH 1600 QH,B| 6,500 5300 X 261000 Q
S&W 19B1 5 2004 NS NS 1 4.68 23.8 NS
12 2004 NS NS 91.6 3,590 489 NS
18 2004 NS NS 4.9 3,080 109 2,490
MWH SB 88-11 4 2002 0.12 12 70 13,000 5,100 NS
8 2002 0.19 81 99 51,000 6,000 NS
SB 88-14 3 2002 0.019 79 220 47,000 3,000 NS
13 2002 | 0.024 0.041 62 210 900 NS
MW 88-5 2 2002 | <0.012 0.0041 <2.8 380 3,400 NS
Notes:

Bold results exceed soil cleanup target levels

DRO = diesel range organics

ft = feet

GRO = gasoline range organics

mg/kg = milligrams per kilogram
MWH = Montgomery Watson Harza (Phase Ill Rl, MWH, 2003, Figure 2-6 [Note: Samples collected in 2002]
NS = not sampled

RRO = residual range organics

S&W = Shannon & Wilson (Phase IV RI, S&W, 2005, Table 5-9b [Note: Samples collected in 2004]

TOC = total organic carbon

X-Surrogate not reported due to sample dilution in the presence of high target analytes

B-Contamination was reported in the method blank below the reporting limit

QH-Sample result may be biased high based on high surrogate recoveries

QL-Sample result may be biased low due to low surrogate recoveries.
M-A matrix effect was present

Q -Quality control failure
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Table 16 - Phase | ISCO Study Groundwater Results

Sampling | Benzene | Naphthalene GRO DRO RRO As Cr Pb SO,
Well ID Event (ng/L) (ng/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Groundwater cleanup levels 5 NA 1.3 15 1.1 NA NA NA NA
ICOMWO03 Baseline 0.74 J 29 0.37 21 1.7 0.0016J | 0.0056 B 0.0020J | 34H,
Day 3 1.3 49 14 27L 16L NA NA NA NA
Day 7 3J,X 50 X 0.70 24D 27D NA NA NA NA
Day 14 2.4 87 0.81 18 X 15X NA NA NA NA
Day 28 25 110 0.8 14 1.2 0.0046 B 0.023 0.042 1000J
ICOMWO04 Baseline 63 74 0.92 11 2 0.0041 0.0045B 0.001J 16
Day 3 86 34 21 20L 0.76 L NA NA NA NA
Day 7 56 X 74X 0.54 79D 1.2D NA NA NA NA
Day 14 53 4.6 0.54 5.7 X 1.7 X NA NA NA NA
Day 28 70 7 0.66 9.5 1.7 0.007 B 0.008 0.0058 130
ICOMWO05 Baseline 1.1 31 0.29 13 1.9 0.0012J | 0.0091B 0.0024 40H
Day 3 4.6 81 23 22 L 18L NA NA NA NA
Day 7 6.1J 83 H 0.93 18D 24D NA NA NA NA
Day 14 11 100 0.85 9.9 X 15X NA NA NA NA
Day 28 34 68 11 14 2.1 0.023B 0.092 0.094 1900
ICOMWO06 Baseline 4.9 100 0.97 19 2.3 0.0034 0.0039 B | 0.0013J 29
Day 3 1.7 57 11 18L,X,D 2.4LXD NA NA NA NA
Day 7 1.7J 58 H,X 0.62 19D 28D NA NA NA NA
Day 14 1.7 56 0.56 17 X 23X NA NA NA NA
Day 28 21 51 0.37 18 2.2 0.066 B 0.041 0.044 2300
ICOMWO7 Baseline 45 4 14 8.5 1.2 0.0038 0.0093 B | 0.0006 J 13
Day 3 34 4.6 32 12L,X,D 2.0LXD NA NA NA NA
Day 7 36 6.7 J,H 1.8 10D 14D NA NA NA NA
Day 14 40 4.9 14 9.1 X 14X NA NA NA NA
Day 28 32 3.7 15 11 1.2 0.0036 B 0.0057 | 0.00028J 4800
ICOMWO08 Baseline 69 120 39 1L 1.3L,1,X NA NA NA NA
Day 3 70 88 29 13L 10L NA NA NA NA
Day 7 76 90 15 10D 20D NA NA NA NA
Day 14 43 ND (1.0) 0.63 8.6 X 1.6 X NA NA NA NA
Day 28 32 16 0.91 9.5 14 0.0048 B 0.0061 0.0043 24
ICOMWO02 Baseline 72 380 2.6 24 X 23LX 0.0052 0.016 B 0.013 25
Day 3 86 300 54 21L 13L NA NA NA NA
Day 7 46 X 340 H,X 2.8X 18 D,X 1.6 D,X NA NA NA NA
Day 14 71 290 H 2.8 28 X 1.8 X NA NA NA NA
Day 28 97 260 3.1 110 4.5 0.0038 B 0.011 0.0025 3700
ICOMWO09 Baseline 57 33 0.88 57X 0.78 L,X 0.0030 0.0064 B | 0.0027 10

Notes:

B-Compound was found in the blank and sample.

D-Samples were diluted due to presence of target analytes. The dilution made quantitition of surrogate recoveries impractical.
H-Sample analyzed past recommended 14 day holding time.

I-Indicates the presence of an interference; recovery is not calculated.

J-Result is an estimate. The reported concentration is between the method MDL and PQL.

L-Result is an estimate due to the LCS/LCSD exceeding the method RPD limit.

X-Surrogate recovery outside of acceptance limits due to target analyte interference.

As = arsenic NA = not analyzed
Cr = chromium ND (value) = Analyte not detected above (reporting limit)
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Table 17 - Phase | ISCO Study Soil Results

Sampling Benzene | Naphthalene DRO RRO GRO TOC
Well ID Event (ng/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Soil Cleanup Criteria 2,000 NA 9,200 NA NA NA
ICOMWO3 Baseline 1,000 120 170,000 7,200 1000 B,X | 213,000 Q
Day 7 520 H 610 H,X 330,000 D 13,000 D 9000 X 400,000 H
Day 28 230 310 360,000 X 16,000 X 3100 X 410,000
ICOMWO04 Baseline 930 81 17,000 4,400 470 B 185,000 Q
Day 7 95H 15H 4,600 5,400 170 200,000 H
Day 28 240 9 6,400 2,500 98 X 180,000
ICOMWO5 Baseline 1,000 93 130,000 7,700 680 B 199,000 Q
Day 7 240H 600 H,X 250,000 D 17,000 D 7,500 X 290,000 H
Day 28 260 440 390,000 X 24,000 X 3,800 X 260,000
ICOMWO06 Baseline 580 240 110,000 8,400 2,100 B 215,000 Q
Day 7 1,000 H 64 77,000 6,800 490 X 150,000 H
Day 28 1,400 270 170,000 X 7,600 1900 X 200,000
ICOMWO7 Baseline 270 25 13,000 2,800 480 B 190,000 Q
Day 7 ND (69)H = ND (0.17) H 540 6,300 6.7 J 240,000 H
Day 28 ND (110) ND (0.26) 370 3,000 123 150,000
ICOMWO8 Baseline 3,600 300 240,000 5,300 4,400 B 453,000 Q
Day 7 490 H 190 H,X 77,000 D 7,600 D 1,000 X 150,000 H
Day 28 3,700 460 360,000 X 20,000 X 3,200 X 250,000
ICOMWO09 Baseline 4,300 270 6,500 5,300 1,900 B 261,000 Q
Day 7 220 H 65 H,X 44,000 D 11,000 D 270 X 260,000 H
Day 28 2,000 280 150,000 X | 8,100 J,X,Q 2,000 X 200,000
ICOMWO02 Baseline NA NA 13,000 NA NA NA
Day 7 280 H,X 3,100 H,X 2,700 11,000 73 300,000 H
Day 28 750 760 17,000 3,000 26 X 320,000
Notes:

B-Compound was found in blank and sample.

D-Samples were diluted due to presence of target analytes. The dilution made quantitition of surrogate recoveries impractical

H-Sample analyzed past recommended 14-day holding time.

J-Result is an estimate. The reported concentration is between the method MDL and PQL.

Q-Reporting limit elevated due to sample dilution.

X-Surrogate recovery outside of acceptance limits due to target analyte interference.

Hg/kg = micrograms per kilogram

DRO = diesel range organics
GRO = gasoline range organics
mg/kg = milligrams per kilogram

NA = not analyzed
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