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ARS Technologies

Base Realignment and Closure
Corrective Action

Cubic feet per minute

Corrective Measures Study
Charleston Naval Complex
Chemical of concern

Chemical of potential concern

Cone penetrometer technology
Chlorinated volatile organic compound
Dilution attenuation factor
Dichlorcethene

Dense non-aqueous phase liquid
Direct-push technology

EnSafe Inc.

U.S. Environmental Protection Agency
Electrical resistance tomography
Environmental Visualization System
Foot below land surface

Hazard index

Hydrogen release compound
Incremental lifetime cancer risk
Liquid atomized injection
Maximum contaminant level

Media cleanup standard

Microgram per liter

Milligram per kilogram

vit
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Monitored natural attenuation
Naval Base

Operation and maintenance
Oxygen reduction potential
Polychlorinated biphenyl
Tetrachloroethene

Pneumatic fracturing
Petroleum, oil, and lubricant
Permeable reactive barrier
Remedial action objective
Risk-based concentration
Resource Conservation and Recovery Act
RCRA Facility Investigation
Remedial goal option

Remedial investigation
Sampling and Analysis Plan
South Carolina Department of Health and Environmental Control
Soil screening level
Semivolatile organic compound
Solid Waste Management Unit
Trichloroethene

Total petroleum hydrocarbon
Volatile organic compound
Cubic yards

Zero-valent iron
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1.0 Introduction

In 1993, Naval Base (NAVBASE) Charleston was added to the list of bases scheduled for
closure as part of the Defense Base Realignment and Closure (BRAC) Act, which regulates
closure and transition of property to the community. The Charleston Naval Complex (CNC)
was formed as a result of the dis-establishment of the Charleston Naval Shipyard and
NAVBASE on April 1, 1996.

CNC Corrective Action (CA) activities are being conducted under the Resource
Conservation and Recovery Act (RCRA); the South Carolina Department of Health and
Environmental Control (SCDHEC) is the lead agency for CA activities at the site. All RCRA
CA activities are performed in accordance with the Final Permit (Permit No. 5C0 170

022 560).

In April 2000, CH2M-Jones was awarded a contract to provide environmental investigation
and remediation services at the CNC. This submittal presents a Corrective Measures Study
(CMS) Report for Solid Waste Management Unit (SWMU) 39 in Zone A at the CNC. Figure
1-1 presents the location of SWMU 39 within Zone A.

1.1 Corrective Measures Study Report Purpose and Scope

This CMS report evaluates CA alternatives for chlorinated solvents present in the shallow,
intermediate, and deep portions of the surficial aquifer at SWMU 39, and develops the basis
for selection of CA alternatives for source control, contaminant migration at the property
boundary, and downgradient contaminant migration. In addition, this CMS report presents
the results of the additional characterization of the chlorinated solvents in groundwater as
identified in the Sampling and Analysis Plan (SAP), SWML 39, Zone A, Revision 0 (CH2M-
Jones, 2002a); a summary of the chemicals of concern (COCs) that were identified at SWMU
39; and the proposed media cleanup standards (MCSs) for volatile organic compounds
(VOCs) in groundwater. The CMS Work Plan, SWMU 39, Zone A, Revision 0 (CH2M-Jones,
2002b), evaluated and refined the COCs identified at SWMU 39 as presented in the Zone A
RCRA Facility Investigation (RFI) Report, Revision 0 {EnSafe Inc. [EnSafe}, 1998).

SWMU39ZACMSRPTREV0.DOC 11
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1.2 Background Information

1.2.1 Facility Description

SWMU 39 is the site of a former outdoor storage area for petroleum, oil, and lubricant (POL)
drums along the north wall of Building 1604. Figure 1-2 presents the site layout at SWMU
39. Building 1604 is a large warehouse building located near the northern boundary of the
CNC. SWMU 39 is bounded to the north by the Hess Oil tank farm, to the west by a road
and railroad along the base boundary, to the south by railroad lines and buildings
associated with SWMU 42, and to the east by buildings associated with SWMU 38.

A marine equipment company curtently leases Building 1604 and stores boats and other
marine equipment outdoors, north of the building. The original area on the north side of the

building where drums were reportedly stored is now covered with asphalt pavement.

1.2.2 Site History

The SWMU 39 area was previously studied by EnSafe during the Zone A RFI, which was
completed in 1998. A Monitored Natural Attenuation (MNA) study was completed in 1999.
The results of the MNA study were reported in a CMS Technical Memorandum (EnSafe,
1999). The results of the RFI and the MNA study revealed a fairly widespread but diffuse
occurrence of chlorinated VOCs (CVOCs) in the shallow, intermediate, and deep zones of
the unconfined shallow (water table) aquifer. The studies did not identify any discrete areas
of soil contamination, which could be acting as the source of the VOCs in groundwater. The
extent of dissolved CVOCs in site groundwater was further refined in April/May and
July/ August 2002 with the advancement of 66 Geoprobe™ direct-push technology (DPT)
points as outlined in the Sampling and Analysis Plan (SAP), SWMU 39, Zone A, Revision 0
(CH2M-Jones, 2002a). The location of these Geoprobe™ points are depicted in Figure 1-3.

The MNA study (EnSafe, 1999) reported that aquifer conditions conducive to natural
bioremediation of CVOCs by reductive dechlorination processes vary in Zone A. The MNA
Study report indicated that the conditions required generally become more favorable
moving southward in Zone A. The groundwater quality data support the conclusion that
natural attenuation of CVOCs is occurring to some degree in all zones of the shallow aquifer

system in this area.

In 2001, CH2M-Jones conducted a pilot test of enhanced in situ biodegradation by injection
of Hydrogen Release Compound® (HRC®), using technology developed by Regenesis, Inc.
The results of this study are provided in Appendix A.

SWMU39ZACMSRPTREV0.DOC 12
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1.2.3 Site Hydrogeoiogy

The site hydrogeology consists of a series of Quaternary interbedded sands and clays,
varying in thickness from 21 to 56 ft in the SWMU 39 area. The sands and clays contain an
unconfined (water table) aquifer system that overlies the Tertiary Ashley Formation. The
Ashley Formation is comprised of silts and clays and acts as an aquiclude for the water table
aquifer. Figure 1-4 depicts the interpreted Ashley Formation elevation at SWMU 39 mapped
using the monitoring well logs and information obtained during the RFIL. Figure 1-5 presents
a three-dimensional (3-D) visualization of the top of the Ashley Formation created using

Environmental Visualization System (EVS) software.

Monitoring wells were installed in shallow (10 to 15 feet below land surface [ft bls]),
intermediate (15 to 30 ft bls), and deep (30 to 50 ft bls) sandy zones of groundwater flow in
the water table aquifer. The three zones are vertically interconnected, and converge into one
hydrogeologic unit south of Building 1607. Typical groundwater elevation contours for the
shallow, intermediate, and deep aquifer zones are presented in Figures 1-6 through 1-8,

based upon measurements made in July 2001.

The Zone A shallow groundwater flow direction has been consistently determined tobe in a
generally south-southeast direction, with a separate flow component to the southwest,
toward an offsite wetland area associated with Noisette Creek. There is minimal tidal
influence on groundwater levels, and flow velocities averaging 14 ft per year have been

calculated by EnSafe, based on aquifer test results.

A shallow groundwater divide and radial recharge area appear to exist in the vicinity of
Building 1648 (see Figure 1-6). The intermediate groundwater flow path is also generally to
the southeast across Zone A. Groundwater flow in the deep zone of the aquifer is also
generally to the southeast, but fewer data points exist south of Building 1648 to determine
the fate of groundwater flowing through this area.

Based on available historic site maps, Building 1604 and nearby buildings were built in the
1943-1947 time frame. Using a conservative assumption that POL storage and releases
occurred from the first day of operations, groundwater from SWMU 39 could have migrated
up to approximately 800 ft downgradient by the present date. This estimated distance
assumes no biodegradation or adsorption of VOCs in the aquifer, and does not assume a

preferential subsurface flow path.

SWMU39ZACMSRPTREV0.DOC 1-3
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1.2.4 Nature and Extent of Contamination

During the Zone A RF], extensive soil and groundwater sampling was performed. Three
separate events of surface/subsurface soil boring installation were conducted, with a total of
43 borings installed. Three of the soil borings were installed through the floor of Building
1604, directly south of SWMU 39. During the first event soil samples were analyzed for
VOCs, semivolatile organic compounds (SVOCs), metals, pesticides, polychlorinated
biphenyls (PCBs), and total petroleum hydrocarbon (TPH). During the second sampling
event soils were analyzed for TPH, with selected samples also analyzed for pesticide/PCBs
and SVOCs. Samples from the third event were analyzed for VOCs. After the first soil
sampling event, 21 borings using Geoprobe™ technology were installed, with a subsurface
soil sample and a shallow groundwater sample collected from each Geoprobe boring for
VOC analysis (see Figure 10.4.1 in Appendix A of the Zone A RFI Report, Revision 0, for RFI
soil boring and Geoprobe locations). The Geoprobe samples were analyzed for VOCs.

No VOCs were detected above their respective risk-based concentrations (RBCs) in surface
soil samples collected at SWMU 39. Twenty-two SVOCs were detected in surface soils. Five
of the SVOCs exceeded their RBCs; all exceedances were in the same sample, 039SB00501.
This boring is located at the north edge of SWMU 39, in the area where subsurface free
product was detected from the adjacent Hess operations. Please refer to Figure 10.4.1 of the
RFI report for the boring location, and Appendix C for Liquid Phase Hydrocarbon maps
from the Amerada Hess 2000 Semi-Annual Progress Report. Copies of the above referenced
figures were also included in the CMS Work Plan, SWMLI 39, Zone A, Revision 0 (CH2M-
Jones, 2002b).

Benzene and ethylbenzene exceeded their soil screening levels (SSLs) in sample 039SB00802,
which is located north of SWMU 39 near the fence (see Figure 10.4.1 in Appendix A of the
RFI report for boring location). Naphthalene, fluorene, phenanthrene, and 2-
methylnaphthalene were each detected in at least one sample, but no SVOCs were detected
at concentrations exceeding their SSLs in subsurface soils. Mercury was detected in four
lower interval soil samples at concentrations from 1.4 to 2.0 milligrams per kilogram
(mg/kg), slightly exceeding the 1 mg/kg SSL (based on a dilution attenuation factor
[DAF]=10). Cobalt was detected in seven subsurface soil samples, with concentrations

ranging from 1.8 to 2.5 mg/kg.

Groundwater characterization events conducted during the RFI included the collection of 21
Geoprobe™ samples; installation of 15 shallow monitoring wells, five intermediate

monitoring wells, eight deep monitoring wells;, and the completion of a cone penetrometer

SWMUIOZACMSRPTREV0.DOG 14
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technology (CPT) survey. Thirteen CPT boring installations were conducted in Zone A, and
16 borings were installed offbase along the neighborhood streets in the vicinity of the
Virginia Avenue entrance to the base. Shallow groundwater samples from the CPT borings
were collected and analyzed for VOCs. A total of 12 monitoring well sampling events were
conducted between October 1995 and October 1997. See Figure 10.4.3 of the Zone A RFI

Report, Revision 0 for RFI monitoring well locations.

The most commonly occurring constituents in groundwater include tetrachloroethene
(PCE), trichloroethene (TCE), cis-1,2-dichloroethene (cis-1,2-DCE), trans-1,2-dichloroethene
(trans-1,2-DCE), and vinyl chloride. CVOC concentrations have been observed to be
somewhat variable and, in some cases, to have decreased during subsequent groundwater
monitoring events. This trend was confirmed during the groundwater monitoring event
conducted by CH2M-Jones in July 2000 for the facility-wide Groundwater Monitoring Plan.

During the RFI, maximum CVOC concentrations observed were in the 100 to 300 microgram
per liter (ug/L) range in monitoring well clusters A039GW012 and A039GW013. Well
cluster AOBIGW012 is located directly south of Building 1604; well cluster A039GW013 is
located approximately 400 ft to the south, on the south side of Building 1607. Groundwater

monitoring well locations are depicted in Figure 1-3.

The water quality data collected during CH2M-Jones’s July 2000 groundwater monitoring
field effort included results from well cluster A0O39GW013, and from new monitoring well
cluster A039GW023, which was recently installed to fill a data gap along the western CNC
boundary. Analytical results are presented in Table 2-1 of the CMS Work Plan, SWMU 39,
Zone A, Revision 0 (CH2M-]Jones, 2002b). Well cluster AO39GW023 is located approximately
600 ft southwest of Building 1604 (see Figure 1-3). The July 2000 data indicated CVOC
concentrations have decreased to less than 100 pg/L at monitoring well cluster A039GW013,
and reductive dechlorination compounds such as cis-1,2-DCE and vinyl chloride are being
produced at this location. At well A039GW023D, CVOC compounds are being detected in
the 5 to 20 pg /L range, indicating either a diffuse local source or the arrival of the leading
edge of a dissolved-phase VOC groundwater plume originating from the interior of the
SWMU 39 area.

To further evaluate the nature and extent of CVOCs in site groundwater, an additional 66
Geoprobe™ technology borings, identified as A039GP048 through A039GP088 and
A039GP090 through A039GP114, were advanced through the saturated zone during two
separate events completed in April/May and July / August 2002. The location of these

Geoprobe™ borings are provided in Figure 1-3. In most locations three samples, collected

SWMU3SZACMSRPTREVO.DOC 15
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from each Geoprobe™ point at approximate intervals of 6 to 10 ft bls, 23 to 27 ft bls, and 42
to 48 ft bls, were analyzed for VOCs. Detected concentrations of the VOCs are provided in
Appendix B. Contaminants detected above their maximum contaminant level (MCL), or for
those chemicals that have no MCL their respective U.S. Environmental Protection Agency
(EPA) Region III tap water RBC, included the following:

* Acetone: 3 samples — maximum concentration of 220 pg/L

» 1,3-Dichlorobenzene: 1 sample — concentration of 0.64 J pg/L

s 1,1-DCE: 7 samples — maximum concentration of 17 J pg /L

¢ Benzene: 2 samples - maximum concentration of 48 ug/L

¢ cis-1,2-DCE: 28 samples — maximum concentration of 860 pg/L

s 1,1,2 2-Tetrachloroethane: 1 sample — concentration of 0.78 J ug/L
¢ PCE: 11 samples ~ maximum concentration of 130 ug/L

» TCE: 41 samples - maximum concentration of 340 pg/L

Vinyl Chloride: 36 samples — maximum concentration of 420 pg/L

Contaminant concentrations of PCE, TCE, cis-1,2-DCE, and vinyl chloride from the samples
collected in the shallow, intermediate, and deep zones of the aquifer during this event are
depicted on Figures 1-9 through 1-20. Theses figures also show the analytical results from
the previous Geoprobe™ borings advanced at the site, as well as results from the latest
samples collected from each of the site groundwater monitoring wells. In addition, a 3-D
visualization of the dissolved CVOC groundwater plume was created using the EVS
software. Figures 1-21, 1-22, 1-23, and 1-24 present plan views of the PCE, TCE, cis-1,2 DCE,
and vinyl chloride plumes using this software.

Elevated contaminant concentrations in each of the three aquifer zones (i.e., shallow,
intermediate, and deep) are present in the immediate area north of Building 1607 and in the
area surrounding the western portion of Building 1605. Areas of elevated concentration
downgradient of this area include: south and southwest of Buildings 1606 and 1627;
surrounding Buildings 1608A and 1608B; northwest of Building 1639 and immediately west
of Avenue D; and the northern portion of the SWMU 42 boundary. The elevated
contaminant concentrations are primarily in the intermediate and deep zones of the surficial
aquifer except for the area northwest of Building 1639 and immediately west of Avenue D,

which has elevated concentrations in all three zones.
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1.2.5 Summary of Risk Assessment

A risk assessment for SWMU 39 was performed and documented in the Zone A RFI Report,
Revision 0 {Section 10.4.13) for chemicals of potential concern (COPCs) that had been
identified in the preliminary screening process. According to the RFI risk assessment,
environmental media at SWMU 39 that were impacted included surface soils and
groundwater. The RFI risk assessment evaluated exposure to surface soils onsite under both
the unrestricted (residential) and site worker (industrial) land use scenarios. For these

scenarios, the incidental and dermal contact exposure pathways were evaluated.

In the RFI report, any chemical contributing to a cumulative risk level of 1E-06 or greater
and/or a cumulative hazard index (HI) greater than 1.0, and whose incremental lifetime
cancer risk (ILCR) exceeds 1E-06 or whose hazard quotient exceeds 0.1, was considered a
COC. This is conservative for carcinogenic compounds, because a cumulative risk level of
1E-04 and individual ILCR of 1E-06 is recommended by the EPA as a trigger level for
establishing COCs.

The COCs that were identified for SWMU 39 and documented in the Zone A RFI Report,
Revision 0 (EnSafe, 1998) as needing further evaluation through a CMS were evaluated in
Section 3.0 of the CMS Work Plan, SWMLUI 39, Zone A, Revision 0 {(CH2M-Jones, 2002b). The
COCs identified in the Zone A RFI Report, Revision 0 were presented and re-evaluated to
select a final set of COCs to be addressed by this CMS.

As a result of the COC refinement, there were no surface or subsurface soil COCs identified
at SWMU 39. No remedial actions are required for surface or subsurface soil at SWMU 39.
The CVOCs PCE, TCE, 1,1-DCE, cis-1,2-DCE, and vinyl chloride were retained as
groundwater COCs for further evaluation and remedial alternative analysis in this CMS
report.

1.3 Report Organization

This CMS report consists of the following sections, including this introductory section:

1.0 Introduction —Presents the purpose and scope of the CMS, as well as relevant
background information including site history, site hydrogeology, nature and extent of
contamination, and summary of the risk assessment; most notably the COCs identified
at the site.

SWMU39ZACMSRPTREV0.DOC 17
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2.0 RAOs, Proposed MCSs, and Alternative Evaluation Criteria —Presents the remedial
action objectives (RAOs) of this CMS and presents proposed MCSs for VOCs in

groundwater.

3.0 Description of Candidate Corrective Measure Alternatives —Describes each of the

candidate corrective measure alternatives for source and plume control at SWMU 39.

4.0 Detailed Analysis of Alternatives—Presents the applicable treatment technologies
considered for groundwater remediation and a description of the technology screening
process. The section also summarizes the factors and methodology used to evaluate and

rank the corrective measure alternatives and the results of the evaluation.

5.0 Recommended Corrective Measure Alternative-—Describes the preferred corrective
measure alternative to achieve the MCSs and RGO:s for source and plume control at

SWMU 39 based on a comparison of the alternatives.
6.0 References — Lists the references used in this document.

Appendix A provides the results of the 2001 pilot study conducted at SWMU 39, using
Hydrogen Release Compound (HRC)® injection technology.

Appendix B contains a summary table presenting analytes detected in the groundwater at
SWMU 39 during the April/May and July/August 2002 investigation.

Appendix C provides the cost estimates for each corrective measure alternative evaluated in
this CMS.

All tables and figures appear at the end of their respective sections.
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2.0 RAOs, Proposed MCSs, and Alternative
Evaluation Criteria

This section discusses the Remedial Action Objectives (RAOs) of this CMS and presents
proposed Media Cleanup Standards (MCSs) for VOCs in groundwater. Once the RAOs and
MCSs are established, candidate remedial technologies and alternatives can be developed to
meet these objectives. This section also identifies the evaluation criteria used in comparing
the CMS alternatives.

2.1 Remedial Action Objectives

RAOQs are environmental medium-specific goals that are created to protect human health
and the environment by preventing or reducing exposures under current and future land
use conditions. The RAOs identified for the groundwater at SWMU 39 are: 1) to prevent
ingestion and direct/dermal contact with groundwater having unacceptable carcinogenic or
non-carcinogenic risk, 2) to restore the aquifer to beneficial use, and 3) to control offsite

migration of the VOC plume in groundwater to the extent practical.

2.2 Remedial Goal Options and Proposed Media Cleanup
Standards

Throughout the process of remediating a hazardous waste site, a risk manager uses a
progression of increasingly acceptable site-specific media levels in considering remedial
alternatives. Remedial goal options (RGOs) and MCSs under RCRA are developed at the
end of the risk assessment in the RFI1/Remedial Investigation (RI)/State programs.

RGOs can be based on a variety of criteria, such as specific ILCR levels (e.g., 1E-04, 1E-05, or
1E-06), Hl levels (e.g., 0.1, 1.0, 3.0), or site background concentrations. For a particular RGO,
specific MCSs can be determined as target concentration values. Achieving these MCSs is
accepted as demonstrating that the RGOs and RAOs have been achieved. Achieving these
goals should promote the protection of human health and the environment, while achieving

compliance with applicable state and federal standards.

The exposure medium of concern for SWMU 39 is CVOC-contaminated groundwater. The
specific chemicals for which RGOs and MCSs are needed include PCE, TCE, cis-1,2-DCE,
1,1-DCE, and vinyl chloride. The proposed MCSs for each of these chemicals are the current
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drinking water maximum contaminant levels (MCLs). These values are presented in Table
2-1.

2.3 Evaluation Criteria
According to the RCRA permit issued by SCDHEC (SCDHEC, 1998), the alternatives were

evaluated with the following five criteria:

1. Protect human health and the environment.
2. Attain MCSs, which will generally be the RGOs.

3. Control the source of releases to minimize future releases that may pose a threat to
human health and the environment.

4. Comply with applicable standards for the management of wastes generated by remedial
activities.

5. Other factors include (a) long-term reliability and effectiveness; (b) reduction in toxicity,
mobility, or volume of wastes; (c) short-term effectiveness; (d) implementability; and (e)
cost.

Each of the five criteria is defined in more detail below:

2.3.1 Protect Human Health and the Environment

The alternatives were evaluated on the basis of their ability to protect human health and the
environment. The ability of an alternative to achieve this criterion may or may not be
independent of its ability to achieve the other standards. For example, an alternative may be
protective of human health, but may not be able to attain the MCSs if the MCSs are not
directly tied to protecting human health.

2.3.2 Attain MCSs

The alternatives were evaluated on the basis of their ability to achieve the RGOs defined in
the CMS Work Plan for SWMU 39 (CH2M-Jones, 2002b). Another aspect of this criterion is
the time frame to achieve the RGOs.
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2.3.3 Control the Source of Releases
This standard deals with the control of releases of contamination from the source (the area

in which the contamination originated).

2.3.4 Comply with Applicable Standards for Management of Wastes
This criterion deals with the management of wastes derived from implementing the
alternatives; for example, treatment or disposal of well cuttings, contaminated groundwater,

or excavated material from a source area.

2.3.5 Other Factors

Five other factors are to be considered if an alternative is found to meet the four criteria

described above. These other factors are as follows:

a. Long-term reliability and effectiveness

The various alternatives will be evaluated on the basis of their reliability, and the
potential impact should the alternative fail. In other words, a qualitative assessment
was made as to the chance of the alternative’s failing and the consequences of that

failure.

b. Reduction in the toxicity, mobility, or volume of wastes

Alternatives with technologies that reduce the toxicity, mobility, or volume of the
contamination were generally favored over those that do not. Consequently, a

qualitative assessment of this factor was performed for each alternative.

c. Short-term effectiveness

Alternatives were evaluated on the basis of the risk they create during the
implementation of the remedy. Factors that may be considered include fire,

explosion, and exposure of workers to hazardous substances.

d. Implementatiblity

The alternatives were evaluated for their implementability by considering any
difficulties associated with conducting the alternatives (such as the construction
disturbances they may create), operation of the alternatives, and the availability of

equipment and resources to implement the technologies comprising the alternatives.

e. Cost

A net present value of each alternative was developed. These cost estimates were

used for the relative evaluation of the alternatives, not to bid or budget the work.
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The estimates were based on information available at the time of the CMS and on a
conceptual design of the alternative. They are “order-of-magnitude” estimates with a

generally expected accuracy of -30 percent to +50 percent for the scope of action

described for each alternative. The estimates were categorized into capital costs and

€ BT NS B S

operations and maintenance costs for each alternative.
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TABLE 2-1
Proposed MCSs for VOCs in Groundwater at SWMU 38
Corrective Measures Study Report, SWMU 39, Zone A, Charleston Naval Complex

Chemical Proposed MCS (ug/L)
Tetrachloroethene (PCE) 5
Trichloroethene (TCE) 5
Cis-1,2-Dichtoroethene (cis-1,2-DCE) 70
1,1-Dichloroethene (1,1-DCE) 7
Vinyl Chlornde 2

pg/l Micrograms per liter
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3.0 Description of Candidate Corrective
Measure Alternatives

This section presents the identification and description of candidate corrective measure
alternatives for source and plume control at SWMU 39. For CVOC contamination areas,
separate engineering alternatives for source and plume control are often appropriate and
more effective than single remedy solutions. Source control alternatives are selected to
reduce dense non-aqueous phase liquid (DNAPL) mass, or where DNAPLs are not present,
higher concentrated groundwater contamination area(s) that are generally smaller in
volume than the dissolved plume. Plume control alternatives typically address the
dissolved plume that is usually less contaminated than the source area(s) in predetermined
locations. Locations are selected to mitigate offsite and /or downgradiant migration of
dissolved contaminants. This CMS report outlines corrective measure alternatives for source

control and offsite and downgradient plume control.

3.1 Evaluation Approach

Currently available groundwater remedial technologies were screened for applicability to
contaminants and physical conditions present at SWMU 39; with only viable remedial
technologies known for effective treatment of CVOCs selected for source control and plume
control alternative analysis. Detailed analyses of these selected technologies, presented
below, provide the rationale to support the selection of the recommended corrective
measure alternatives. A detailed analysis of corrective measure alternatives for source
control, contaminant migration control at the property boundary, and downgradient
contaminant control are evaluated in Section 4.0 of this report. Each alternative was

analyzed using the evaluation criteria outlined in Section 2.3.

3.2 Description of Alternatives

3.2.1 Source Control Corrective Measure Alternatives

A source control measure is intended to mitigate residual source areas of COCs that could
continue to release dissolved-phased COCs to the groundwater. Previous investigations at
SWMU 39 have not identified concentrations of CVOCs at, or greater than, 1 percent of their

maximum solubility in water. The value of 1 percent or greater of the maximum solubility of
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a solvent in groundwater is often used as an empirical indicator of the likely presence of a
DNAPL near the monitored location. Typically, this empirical value is used to identify
DNAPL source area(s) at a particular site. Though no DNAPL areas are identified at SWMU
39, areas of the site which will be considered as candidates for “source area” treatment are
defined as those having a total CVOC concentration of greater than 1,000 pg/L. The location

and approximate elevation of the source area is provided as follows:

» North Central Portion of Building 1608A - Deep interval of the surficial aquifer,
approximately 48 to 50 ft bls

¢ South Central Portion of Building 1608B - Deep interval of the surficial aquifer,
approximately 47 to 48 ft bls

Figures 3-1 and 3-2 present the 3-D plan and profile visualization, developed using EVS
software, of the dissolved CVOC source area. This treatment volume, consisting of
approximately 76 cubic yards (yd?), is identified on Figure 3-1. Currently, there are no
monitoring wells within the proposed source control treatment area. As part of the
proposed corrective measure for source control two additional monitoring wells will be

installed in the target treatment area.

These proposed monitoring wells, which are depicted on Figure 3-1, will be used to evaluate

the effectiveness and performance of the selected source control alternative.

The corrective measure alternatives developed for source control in the deep interval at
SWMU 39 include the following:

e Altemative 1 - In situ Chemical Oxidation (ISCQO) Using Fenton’s Reagent
e Alternative 2 - In situ Chemical Reduction (ISCR) Using Zero-Valent Iron

A comparison evaluation of these alternatives is provided in Section 4.1 and in Table 4-1. A

description of these alternatives is presented below.

Alternative 1 - In situ Chemical Oxidation Using Fenton’s Reagent

Oxidative treatment is advantageous as a remedial technology for chlorinated ethenes
because it is rapid and aggressive. In situ oxidation is achieved by delivering chemical
oxidants to contaminated media resulting in the contaminants being completely oxidized
into carbon dioxide (CO»} or converted into innocuous compounds (such as chloride)
commonly found in the subsurface. The most widely used oxidants include hydrogen

peroxide (Fenton’s reagent), potassium permanganate, and ozone.
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Hydrogen peroxide was selected as the preferred oxidant due its successful application at
other CVOC sites and because of its pressure-delivery method. The chemistry involved is
based upon Fenton’s reagent. Fenton’s reagent oxidizes organic contaminants to COz and

water, plus chloride (in the case of chlorinated compounds).

In 1894, H.J.H. Fenton reported that malic acid was rapidly oxidized by hydrogen peroxide
in the presence of iron salts. Haber and Weiss (1934) identified the oxidation mechanism
resulting from mixtures of hydrogen peroxide and ferrous iron (referred to as Fenton’s

reagent) as a hydroxyl free radical (OH-) formed by the following reaction:

H,0, + Fe** = Fe"’ + OH: + OH' )

Where H;O; is hydrogen peroxide, Fe*? is ferrous iron, Fe*3 is ferric iron, OH- is hydroxyl
free radical, and OH- is hydroxyl ion. Fenton’s reagent chemistry is complex, involving a
number of additional reactions producing both oxidants and reductants that contribute to
contaminant destruction (e.g., Watts et al., 1999):

OH. + Fe*> - OH + Fe” 05
Fe* + H,0, —» H' + HO,- + Fe** (3)
Fe + HOy — Fe" + HO; @)
Fe + HOy » Fe¥ + 0, + H' (5)
OH- + H,0, — H;0 + HO,- (6)

Where HO»- is hydroperoxyl radical, HOy is hydroperoxyl anion, O: is molecular oxygen,
Hr is the hydrogen ion, and H;O is water. Additional reactions occur with organic
compounds. The suite of reactions associated with Fenton’s reagent is complex, but is very
effective in destroying many organic compounds dissolved in groundwater, sorbed to soil

particles, or existing as non-aqueous phase liquids in subsurface environments.

The hydroxyl free radical generated by Fenton’s reagent is a powerful, non-selective
oxidant, therefore any organic compound may be oxidized including native organic
compounds and soil biota. Oxidation of an organic compound by Fenton’s reagent is a rapid
and exothermic (heat-producing) reaction. Rate constants for reactions of hydroxyl free

radical with common environmental pollutants are typically in the range of 107 to 101 M-1s-1
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(e.g., Buxton et al., 1988; Haag and Yao, 1992), and 100-percent mineralization is generally
completed in minutes. Intermediate compounds are primarily naturally occurring
carboxylic acids. The end products of oxidation are primarily carbon dioxide and water,
plus chloride (in the case of chlorinated compounds). None of the injected reagents poses an
environmental hazard. Unconsumed hydrogen peroxide naturally degrades to oxygen and

water within a few days of injection.

The recommended chemical oxidation delivery method uses the Geo-Cleanse® Process
which is a patented technology that simultaneously injects hydrogen peroxide and trace
quantities of metallic salts under pressure to the subsurface to destroy organic contaminants
in soil and groundwater. U.S. patents 5,525,008 and 5,611,642 protect the technology. The
Geo-Cleanse® Process delivers a calculated charge of hydrogen peroxide and catalyst to the
contaminated region via specially designed injection equipment consisting of mixing heads
and subsurface injectors. The injection methodology and equipment are the keys to the Geo-

Cleanse® Process.

Alternative 2 - In situ Chemical Reduction Using Zero-Valent Iron

In sjtu chemical reduction using zero-valent colloidal iron (ZVI) involves the subsurface
injection and dispersion of targeted quantities of ZVI. ZVI, a strong reductant, has
demonstrated effectiveness as a reactive medium for the in situ chemical reduction or
dehalogenation of chlorinated ethenes. The recommended delivery method for ZVI into the
aquifer is the FeroxSM technology process developed by ARS Technologies (ARS).

The FeroxSM technology is a patented in situ subsurface remediation process for the
treatment of chlorinated solvents and dissolved metals. The FeroxsM technology involves the
subsurface injection and dispersion of specific quantities of highly reactive ZVI powder into
saturated or unsaturated contamination zones. The Ferox™ technology has the ability to
inject the ZVI using DPT technology in areas of subsurface utilities and infrastructure. The
ZVlincorporated in the FeroxSM application is a 98+ percent pure, reduced iron powder
imported from Japan. The powder’s particle size, shape, and carbon content result in a
highly reactive material. The small particle size of this ZVI powder, as compared to
domestic-grade iron powder, provides more surface area per unit weight, resulting in this

powder being more reactive in the subsurface.

The ZV1 is delivered into the subsurface through ARS’s patented Liquid Atomized Injection
(LAI) Technology. In conjunction with the LAI process, ARS can apply pneumatic fracturing

(PF) at each injection point, if necessary, prior to introducing the ZVI into the subsurface.
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The use of LAI in conjunction with fracturing provides a unique method to apply the ZVI to

the subsurface and directly access and target contaminants within the subsurface.

Because the heterogeneous geology at SWMU 39 may present limitations for other
conventional hydraulic injection methods, ARS may use incorporate a gas-based delivery
approach for the emplacement of the ZVI into the subsurface. PF is a patented process in
which a gas is injected into the subsurface at pressures that exceed the combined
overburden pressure and cohesive soil strength of the geologic matrix, and at flow rates that
exceed the effective permeability of the undisturbed soil. The result is the propagation of
fractures outward from the injection well to distances of 20 to 25 ft. The use of PF will be
critical to the in situ treatment process since it will allow for effective permeability
enhancement of the clay lenses, sandy silts, and cohesive materials, resulting in a reduction
of geologic heterogeneities present within the subsurface. This occurs prior to and while

emplacing the reactive ZVI in the subsurface.

3.2.2 Corrective Measure Alternatives at the Downgradient Property Boundary
Plume control measures will be implemented as needed to prevent the offsite CVOC
migration beyond the western CNC property boundary. Groundwater COCs have not been
detected in any of the groundwater samples collected beyond the CNC boundary at
concentrations above their MCL. Although the groundwater gradients are not significant in
westward direction, the potential for offsite migration exists due to the close proximity of
contaminants to the CNC boundary. TCE and vinyl chloride were detected at concentrations
slightly greater than their MCL in samples collected from monitoring wells located 45 to 60
ft east of the property boundary and in samples collected from Geoprobe™ borings
advanced approximately 108 to 135 ft east of the property boundary. Based on the EVS
software, TCE and vinyl chloride have the potential to migrate off site. However, this is

based on the limited number of groundwater samples along the western boundary.

Currently, only two monitoring well pairs (i.e., AO39GW022 /22D and A039GW023/23D)
exist on the CNC property immediately west of the rail line, which is 55 to 70 ft east of the
property boundary. These two well pairs are separated by approximately 180 ft. As part of
the corrective measure for contaminant migration control at the property boundary, three
additional well pairs consisting of a intermediate and deep well will be installed
immediately west of the rail line on 90 to 100-ft centers, resulting in five well pairs covering
approximately 380 ft along the western boundary. These monitoring wells, which are

presented on Figure 3-3, will be sampled on a yearly basis. The results will be used to
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evaluate the implementation of future active corrective measures to control the offsite

migration of the dissolved CVOC plume.

Because of the detected TCE concentration of 8.4 ug/L in the recent sample collected from
monitoring well A039GW23D on February 13, 2002 and the previous detection of vinyl
chloride at 4.9 ug/L in the sample collected on July 18, 2000, this CMS will address the
intermediate and deep intervals of the surficial aquifer (i.e., 27 to 37 ft bls} in the
surrounding area of monitoring well AO39GW23D. A 555 yd3-treatment volume, which is
approximately 100 ft long, 15 ft wide, and centered approximately 40 ft north of monitoring
well A0BSGW23D, is also depicted on Figure 3-3 with the EVS-modeled total CYOC plume
at a concentration of greater than 50 pg/L. This proposed treatment volume is intended as a
contingency in the event contaminant migration is moving westward, as indicated in
samples collected from the existing and proposed monitoring wells west of the railroad lines

near the CNC property boundary.

The corrective measure alternatives developed for contaminant migration control at the

property boundary include the following:

» Alternative 1 — Monitoring/Natural Attenuation

s Alternative 2 — In situ Chemical Reduction Using ZVI

e Alternative 3 - Permeable Reactive Barrier

* Alternative 4 - In situ Air Sparging

* Alternative 5 - Enhanced In situ Anaerobic Biodegradation

A description of these alternatives is presented below.

Alternative 1 — Monitoring/Natural Attenuation

Natural attenuation is the reduction of CVOC concentration by the natural processes
present in the aquifer, including volatilization, hydrolysis, dilution, dispersion, adsorption,
and biotic and abiotic degradation. The collective effect of these processes is termed natural
attenuation. MNA is a careful evaluation of natural attenuation mechanisms using
monitoring. EPA has issued a Draft Final OSWER Directive on Monitored Natural
Attenuation (EPA, 1997), in which it recognizes that monitored natural attenuation is
appropriate as a remedial approach, “where it can be demonstrated capable of achieving a
site’s remedial objectives within a time frame that is reasonable compared to that offered by

other methods, and where it meets the applicable remedy selection criteria for that
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particular OSWER program.” EPA clearly states its expectation that “monitored natural
attenuation will be most appropriate when used in conjunction with active remediation
measures (e.g., source control) or as a follow-up to active remediation measures that already

have been implemented.”

Under the natural attenuation alternative, the low-level CVOC plume in the non-source area
of the surficial aquifer would be evaluated using a monitoring system designed to track the
plume location and magnitude. Monitoring data would be compared to the predicted
transport and fate of the CVOCs to check predictions accuracy.

In general, the MNA alternative consists of three major features:
¢ A designed monitoring program
e A tracking and data evaluation program

¢ A contingency response plan in the event that the monitoring indicates downgradient

migration of dissolved CVOCs

A MNA study (EnSafe, 1999) reported that aquifer conditions conducive to natural
attenuation of CVOCs by reductive chlorination processes vary in Zone A. This report
indicated that conditions required generally become more favorable moving southward in
Zone A which include portions of the downgradient CVOC plume. The groundwater
quality data support the conclusion that the natural attenuation is occurring to some degree

in all zones of the shallow aquifer system in this area.

The MNA alternative would be implemented in conjunction with a long-term monitoring
plan. The purpose of the plan is to monitor plume migration over time, and to verify that
natural attenuation is occurring. The plan would specify new and existing wells located
within, upgradient to, crossgradient to, within and downgradient of the dissolved-phase
plume from both the immediate area of Buildings 1608A and 1608B and between Buildings
1605 and 1607.

The monitoring plan may include CVOCs, metals (at selected locations), dissolved oxygen,
nitrates, ferrous iron, sulfates, common cations and anions, and dissolved hydrocarbon
gases, ethene, ethane, and methane. The data would provide characterization of plume
extent, native groundwater quality, oxygen reduction potential (ORP) indicators, and

indicators of biological degradation products of the CVOCs.

However, recent developments in the study of MNA have made it easier to evaluate the

potential success of an MNA alternative. One of these developments include the analysis for
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Dehalococcoides ethenogenes. A variety of halo-respiring bacteria have been shown to
dechlorinate PCE and TCE to cis-1,2-DCE, but only Dehalococcoides ethenogenes has been
documented to cause the compete dechlorination of PCE/TCE to ethene (Hendrickson,
2002). DNA molecular tools are used to provide semi-quantitative population density data
on this microorganism. The advantage of detecting Dehalococcoides is that its presence has
been correlated with complete dechlorination and a single round of groundwater samples
analyzed for the microorganism indicates if and where spatially the potential for complete
dechlorination may occur at SWMU 39.

Assumning that the source of the contamination is controlled or being treated, it is expected
that the CVOC plume would slowly decrease in concentration as a result of natural
attenuation. Because of the slow contaminant migration velocity, declines in concentrations
from the implemented source control areas may not be seen immediately. Additional
contingency remedies would be considered if natural attenuation indicates low performance

as evidenced by one of the following conditions:

e Increasing trends for total CVOC concentrations at offsite and /or downgradient edge of

plume that significantly increase potential exposures or related risks.

* Near-source wells exhibit large concentration increases indicative of a new or renewed

release related to former Navy operations.

Alternative 2 - In situ Chemical Reduction Using Zero-Valent iron
A brief technical description of in situ chemical reduction technology involving colloidal
ZVI with the patented Ferox™ technology injection process is presented in the previous

section which describes in situ chemical reduction using ZVI.

Alternative 3 - Permeable Reactive Barrier

The permeable reactive barrier (PRB) involves the placement of reactive treatment medium
in in situ permeable zones in the target treatment area or across the flow path of
contaminated groundwater. Like the patented Ferox™ technology injection process, the PRB
uses ZVI as an in situ chemical reduction technology. The reducing conditions cause the
CVOCs to abiotically reductively dehalogenate to by-products such as ethene. However, the
process is a passive operation that relies on the natural flow of groundwater to bring
dissolved contaminants in contact with the ZVI. As in the case of PRB, the ZVI is not a
powder but added as a blend of grindings and an inert agent such as sand. A PRB, which is
approximately 30 inches wide, is constructed in a horizontal manner perpendicular to the

direction of groundwater flow. The implementablity of PRB is evaluated by the presence of
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subsurface utilities and obstructions, and the termination depth of the barrier. In addition,
the barrier width can be reduced by constructing low-permeability wings or funnels on the
sides of the PRB to direct groundwater flow through the reactive media. The actual
dimensions of a PRB are governed by the residence time needed for reaction (i.e., treatment
of the CVOCs).

Alternative 4 - In situ Air Sparging

In situ air sparging involves the sparging or injecting compressed air at controlled pressures
and volumes into the aquifer to cause the transfer of CVOCs from groundwater into the air.
Because of natural heterogeneity, most aquifers do not allow air to distribute evenly, and as
a result, the effectiveness of in situ air sparging is dependent on air distribution through the
aquifer. Injected air usually moves upward through a few preferred flow paths or channels.
The airflow paths will be influenced by pressure and flow rate of the injected air and depth
of injection. Contaminant mass removal processes that occur during the operation of air
sparging systemns include: in situ air stripping of dissolved VOCs, volatilization of trapped
and adsorbed phase contamination present below the water table and in the capillary fringe,
and aerobic biodegradation of both dissolved and adsorbed phase contaminants. For
CVOCs the primary mass removal processes include in situ air stripping and direct
volatilization. A pilot study would be required to evaluate design parameters such as air

injection rate and pressure, and sparge well spacing.

In situ air sparging can be applied to a series of vertical air sparge wells or a sparge trench
constructed with coarse backfill. A vertical well system was selected as an engineering
alternative for SWMU 39 because it is less expensive and the installation is less disruptive
than a horizontal trench-based air sparging system. Air sparge well spacing would be
evaluated through a pilot study by estimating the “zone of influence.” This zone of
influence is an approximate indication of the average distance traveled by air channels from
the sparge point in the radial directions, under controlled conditions. The preferred
measuring technique of the zone of influence is: measurement of head space pressure with
sealed saturated zone monitoring probes (i.e., piezometers). For cost estimation purposes
provided in this CMS, it was assumed that the air sparge wells will be installed on 15-ft
centers. Effectiveness may be limited due to the stiff marsh clay located west of Avenue D at

an approximate elevation of 30 to 50 ft bls.

Alternative 5 - Enhanced Anaerobic Biodegradation
The main CVOC biodegradation mechanism in anaerobic-reducing environments is

reductive dechlorination, which involves the sequential replacement of chlorine atoms on
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the alkene molecule by hydrogen atoms. The chlorinated ethenes serve as electron acceptors
in these degradation reactions. Carbon compounds such as sugars, alcohols, fatty acids
serve as electron donors. This natural process is to some extent occurring at SWMU 39. This
alternative would include more active measures in areas of the downgradient dissolved
plume to accelerate the naturally occurring process. In anaerobic reductive dechlorination, a
carbon atom in the chlorinated solvent accepts an electron from an electron donor
(reduction), causing the release of a chlorine atom (dechlorination). The more chlorine
atoms a compound has, the more oxidized its carbon is, and therefore the more susceptible
itis to reductive dechlorination. This results in sequential dechlorination of a contaminant.
The general reductive dechlorination process results in the formation of breakdown

products as detailed below:
PCE = TCE = DCE = vinyl chloride = ethene

The dechlorination process is effective for dissolved-phase CVOCs and has some success
with DNAPL-level concentrations of chlorinated solvents where Dehalococcoides ethenogenes

has been shown to be active at the DNAPL-water interface.

For anaerobic biodegradation to be successful, adequate quantities of electron donor,
carbon, and nutrients must come in contact with the active microbial consortia and the
target contaminants. The dehalogenation process involves the replacement of a halogen,
such as chloride, with hydrogen. In natural anaerobic systems, hydrogen is the most
common electron donor, released by the anaerobic fermentation of organic carbon.
Anaerobic processes can be enhanced by the addition of hydrogen gas or chemicals that
stimulate release of hydrogen gas to the target zone of treatment.

An altemative approach for in situ hydrogen addition is to provide a fermentable substance
such as HRC® into the groundwater. HRCs® release readily biodegradable materials, such
as lactate or similar materials, which are metabolized by indigenous anaerobic
microorganisms, resulting in the release of hydrogen. The hydrogen can then be used by

organisms capable of dechlorinating CVOCs.

Addition of a substrate or other enhancements can be achieved through injection in closely
spaced wells located in a line perpendicular or parallel to groundwater flow or by insertion
of the material(s) directly into the aquifer using direct push technologies. Effectiveness of
any enhancement or anaerobic reductive dechlorination is dependent on the ability to

supply the rate-limiting regent directly to the microorganisms.
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During 2001, HRC® was injected in three distinct locations at SWMU 39 with limited
success. The rate of dissolved-phase CVOC degradation was generally slow. Results of the
2001 pilot study are provided in Appendix A of this report.

At some sites, the activity of the naturally occurring microorganisms is significantly reduced
or potentially inhibited because of site geochemical conditions. Bioaugmenation may also be
applicable at SWMU 39 if incomplete dechlorination of TCE occurs regardless of the
electron donors that are used if the appropriate bacteria are not present. Bioaugmentation
involves the injection of a known microbia consortia of chlorinated solvent-degrading
bacteria. At some sites, conversion of TCE to cis-1,2-DCE occurs, but further degradation
does not occur, even after addition of electron donors and nutrients. Implementation of
bicaugmentation with selected known chlorinated solvent-degrading consortia are known
to be capable of complete dechlorination to ethene (Major et al., 2001). Complete
dechlorination has occurred at these site when bioaugmentation with microbial cultures
known to be capable of complete dechlorination has been employed. Bioaugmentation is
considered potentially applicable in these special cases and can be evaluated through

laboratory microcosm study or pilot testing.

3.2.3 Downgradient Contaminant Migration Control Corrective Measure
Alternatives

A second component to plume control measures will be implemented to mitigate the
downgradient migration of dissolved CVOCs in a manner that creates unacceptable risk.
The dissolved CVOC plume has migrated radially in an eastern to southwestern direction
from apparent source area in the immediate area of Buildings 1608A and 1608B. Localized
areas of the site east of Avenue D and across the northern portion of SWMU 42 were
selected for potential corrective measures based on current plume concentrations and the
potential for downgradient migration. Each of these selected site regions is aligned
perpendicular to the flow path of contaminated groundwater. The locations and

approximate elevations of the individual downgradient areas are provided as follows:

s Between Buildings 1627 and 1606 and encompassing the rail line approximately 120 feet
southwest of Building 1649 — Intermediate interval of the surficial aquifer, 25 to 40 ft bls

» Approximately 30 ft northwest of the northwest corner of Building 1648 — Deep interval
of the surficial aquifer, approximately 30 to 46 ft bls

* Across the northern portion of the SWMU 42 boundary — Intermediate and deep
intervals of the surficial aquifer, approximately 15 to 46 ft bls
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Figure 3-4 presents these proposed downgradient contaminant migration control areas with
the EVS-modeled total CVOC plume at a concentration greater than 50 pg/L. These areas
may be changed based on the results of the additional characterization of CVOCs in

groundwater.

Currently, only three monitoring wells (i.e., A042GW002, A042GW02D, and A042GW001)
exist in these proposed downgradient contaminant treatment areas. As part of the corrective
measure for downgradient contaminant migration control, ten additional monitoring wells
will be installed in these downgradient plume areas. These monitoring wells with their
screen intervals, as shown on Figure 3-4, will be sampled on a yearly basis. The results will
be used to evaluate the implementation of future active corrective measures to control the

downgradient migration of the dissolved CVOC plume.

The corrective measure alternatives developed for downgradient contaminant migration
control at SWMU 39 include the following:

* Alternative 1 - Monitoring/Natural Attenuation
e Alternative 2 ~ In situ Air Sparging/Biosparging
¢ Alternative 3 - Enhanced In situ Anaerobic Biodegradation

A description of these alternatives is presented below.

Alternative 1 — Monitoring/Natural Attenuation

A brief technical description of MNA is presented in the previous section describing the
MNA process. However, due to differences in subsurface lithology, contingent remedies
selected for these downgradient contaminant migration control areas may be different then
the contingent remedies recommended for the area proposed for contaminant migration

control at the property boundary.

Alternative 2 - In situ Air Sparging/Biosparging

A brief technical description of in situ air sparging is presented in the previous section.
Biosparging is the injection of air at low flow rates (i.e., 0.5 cubic feet per minute (cfm) to 2
to 3 cfm per injection point) into the saturated formation to enhance biodegradation. With
biosparging delivery of adequate oxygen to support biodegradation is the primary objective
of air injection, and as a result, the volume of injected air is less than what is required for the
stripping and volatilization processes seen in air stripping. The application of biosparging
would be appropriate for aerobically biodegradable compounds such as cis-1,2-DCE and
vinyl chloride. Because the geology in the proposed target treatment areas consists of sand
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at deeper elevations, it was assumed for cost estimation purposes that the sparge wells will
be installed on 25-ft centers. However, and in addition to the other required design
parameters, this will be evaluated from the pilot test results.

Alternative 3 - Enhanced Anaerobic Biodegradation

A brief technical description of enhanced anaerobic biodegradation with bioaugmentation is
presented in the previous section. Like the contingency remedy, in situ air

sparging /biosparging injector well spacing may be greater than that which was designed
for a contingent remedy at the western property boundary.
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4.0 Detailed Analysis of Alternatives

This section presents the detailed analysis of corrective measure alternatives for
groundwater at SWMU 39.

4.1 Analysis of Source Control Alternatives

Corrective measure alternatives for source control in the deep interval of the surficial
aquifer at SWMU 39 include ISCO and ISCR. These corrective measure alternatives were
evaluated in detail using the evaluation criteria described in Section 2.3. Results of the

detailed evaluations for source control alternatives are presented in Table 4-1.

4.1.1 Alternative 1 - In situ Chemical Oxidation Using Fenton’s Reagent
Application of ISCO for the designated source area would involve injection of Fenton’s
reagent into approximately 76 ft3, as previously discussed in Section 3.2.1. A conceptual
design of a ISCO system would include 3 injection points within the proposed source
control area. This assumes an injector radius of influence of 20 feet. Approximately 300
gallons would be injected per location with an anticipated duration of injection of 2 days.
ISCO with its rapid reaction has a short residence time within the environment creating a
potential for auxiliary “polish” treatments. Typically, the oxidant remains in the
environment for only a few hours once injected. As a result, the entire target treatment area
defined by the total CVOC concentration of 1,000 pg /L including the region under
Buildings 1608A and 1608B would be addressed as part of the ISCO treatment. The cost
estimate has assumed that two “polish” treatments will be required within a year following

the initial injection.

4.1.2 Alternative 2 - In situ Chemical Reduction Using Zero-Valent Iron

A conceptual design of a ISCR system would include injection points within the proposed
source control area to create in situ reactive zones. The reactive zones would be placed in
the groundwater flow paths within the target treatment zones. As a result, because of its
interpreted location under existing structures, the target treatment area in the immediate
vicinity of Buildings 1608A and 1608B would be designed in two separate areas outside the
existing buildings. This design of the target treatment area surrounding Buildings 1608A
and 1608B reduces the volume to approximately 60 [t3, or 21 percent, when compared to the
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target treatment volume proposed by the ISCO alternative. These proposed target treatment

areas are depicted in Figure 3-1.

Groundwater in the designated source area that is upgradient of the in situ reactive zone
would subsequently pass through the reactive zone, thus treating the CVOCs in that
groundwater. Injectors are placed on 12 to 15-foot centers for the more shallow intervals of
less than 20 feet but increases to 20 to 30 feet at the deeper intervals greater than 30 feet as
would be appropriate for the two source control areas. While ISCR using the FeroxsM
technology process is a new technology, ARS has conservatively estimated that in situ
chemical reduction or dehalogenation of chlorinated ethenes can occur up to five years after
injection of the reactive medium. This limits the number of “polish” treatments when
comparing ISCR to ISCO.

4.2 Analysis of Property Boundary Contaminant Migration
Control Alternatives

Corrective measure alternatives for property boundary contaminant migration control in the
intermediate and deep intervals of the surficial aquifer at SWMU 39 include MNA, ISCR,
PRB, air sparging, and enhanced anaerobic biodegradation. These corrective measure
alternatives were evaluated in detail using the evaluation criteria described in Section 2.3.
Results of the detailed evaluations for property boundary contaminant migration control

alternatives are presented in Table 4-2.

4.2.1 Alternative 1 - Monitoring/Natural Attenuation

MNA would consist of the annual monitoring of key monitoring wells near the boundary at
SWMU 39 for VOCs and selected MNA parameters. The MNA alternative would be
implemented in conjunction with a long-term monitoring plan and source control
alternative. The purpose of the plan is to monitor plume migration over time, and to verify
that natural attenuation is occurring. Assuming that the source of the contamination is
controlled or being treated, it is expected that the CVOC plume would slowly decrease in
concentration as a result of natural attenuation. An internal part of plan would include the
selection of contingency remedies if natural attenuation indicates low performance. MNA is

the easiest alternative to implement at the property boundary and also the least expensive.

4.2.2 Alternative 2 — In situ Chemical Reduction Using Zero-Valent Iron
ISCR, if required, would be conceptually implemented over a 555-yd? treatment volume at
the western property boundary as depicted in Figure 3-3. Five injection points on 20-foot
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centers would be used for the 100-foot long target treatment area. This volume was
preliminarily selected as the conceptual basis of design using the dissolved CVOC plume at
a total concentration of 50 pg/L from the EVS software. However, this design volume may
be modified based on the results of the groundwater samples collected annually from the
existing and proposed monitoring wells at the western property boundary. ISCR is
moderately expensive, easy to implement, effective in treating chlorinated ethenes, and has
a longer resistance time in the environment when compared to other alternative such as
I5CO and enhanced biodegradation.

4.2.3 Alternative 3 - Permeable Reactive Barrier

A 30-inch wide, 100-foot long PRB was selected as the preliminary conceptual design at the
western property boundary. Like the ISCR alternative, this conceptual design may be
modified based on the results of the groundwater samples collected annually from the
existing and proposed monitoring wells at the western property boundary. The passive
process that relies on the natural flow of groundwater to bring dissolved contaminants in
contact with the ZVI may be appropriate at SWMU 39 because of the slow site groundwater
velocity. However, there are concerns of iron fouling, the presence of subsurface utilities

and obstructions, and expense of implementation.

4.2.4 Alternative 4 - In situ Air Sparging

Because of the geologic conditions the conceptual air sparge design would consist of eight
air injection points on 15-foot centers covering the 100-foot long target treatment area. A
pilot study would be required to evaluate design parameters such as air injection rate and
pressure and injection well spacing. The application of air sparging would be appropriate
for aerobically biodegradable compounds such as cis-1,2-DCE and vinyl chloride, but may
have little or no effectiveness on anaerobic biodegradable compounds such as TCE and PCE.
Air sparging has been successfully implemented at other sites with aerobically
biodegradable compounds because the capital costs are relatively low and it is easy to
implement. Air sparging concerns include uniform distribution of compressed air in
heterogeneous systems, especially at elevations of stiff marsh clay at the property boundary,

and the added costs associated with operation and maintenance (O&M).

4.2.5 Alternative 5 - Enhanced In situ Anaerobic Biodegradation
A conceptual design of an enhanced in situ anaerobic biodegradation treatment alternative

would include 26 injection points on 8-foot centers within the proposed target treatment

SWMU39ZACMSRPTREV0.DOC 43



o]

G = W

10
11

12
13

14
15
16
17
18
19
20

BRR

24
25
26
27
28

29
30
31
32

CORRECTIVE MEASURES STUDY REPORT, SWMLU 39, ZONE A
CHARLESTON NAVAL CCMPLEX

REVISION 0

OCTOBER 2002

area at the property boundary. However, the location and size of the target treatment area

may be modified and substantially reduced depending on future groundwater conditions.

During 2001, HRC® was injected in three distinct locations at SWMU 39 with limited
success and slow rate of dissolved-phase CVOC degradation. The HRC® material is
expensive and additional “polishing” treatments would be required on a yearly basis since

the HRC® material remains in the environment for only a few weeks once injected.

As a result, alternative viable electron donors such as lactate, chitin, ethanol may be used in
a pilot study application to evaluate its effectiveness. In addition, enhanced anaerobic
biodegradation with biocaugmenation may also be applicable since incomplete
dechlorination of TCE can occur regardless of the electron donors used if the appropriate

bacteria are not present.

4.3 Analysis of Downgradient Contaminant Migration Control
Alternatives

Selected corrective measure alternatives for downgradient contaminant migration control in
the intermediate and deep intervals of the surficial aquifer at SWMU 39 include MNA, air
sparging, and enhanced anaerobic biodegradation. As outlined in Section 3.2.3, three
contingency target treatment areas were identified that comprise approximately 650 linear
feet. These contingency target treatment areas selected perpendicular to groundwater flow
and to preclude excessive downgradient migration will be modified and further designed if
required based on future groundwater data. The downgradient corrective measure
alternatives were evaluated in detail using the evaluation criteria described in Section 2.1.
Results of the detailed evaluations for downgradient contaminant migration control

alternatives are presented in Table 4-3.

4.3.1 Alternative 1 - Monitoring/Natural Attenuation

The MNA alternative, as summarized in Section 4.2.1, would be implemented for
downgradient contamination migration control concurrently with the proposed MNA at the
western property boundary, and would consist of annual monitoring of key monitoring

wells at the downgradient areas.

4.3.2 Alternative 2 - In situ Air Sparging/Biosparging
The application of biosparging, as described in Section 4.2.4, would be appropriate for
aerobically biodegradable compounds such as cis-1,2-DCE and vinyl chloride, which are

present in downgradient areas of the dissolved plume. The conceptual air sparge design
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would consist of 31 air injection points on 25-foot centers covering the three target treatment
areas of up to approximately 650 feet. Because of the separation of the target treatment area
located across the northern portion of the SWMU 42 boundary from the other two areas,
two air sparge systems would be required to treat the entire three areas. However, the
location and size of the target treatment area(s) may be modified and substantially reduced
depending on future groundwater conditions. A pilot study would be required to evaluate
the design parameters such as air injection rate and pressure and sparge well spacing. As
outlined in the previous section, air sparging concems include uniform distribution of
compressed air in heterogeneous systems, added costs associated with O&M, and limited

effectiveness on anaerobic biodegradable compounds.

4.3.3 Alternative 3 — Enhanced In situ Anaerobic Biodegradation

A conceptual design of an enhanced in situ anaerobic biodegradation treatment alternative
would consist of approximately 58 injection points on 13-foot centers within the proposed
three downgradient migration control areas. However, the location and size of the target
treatment area may be modified and substantially reduced depending on future

groundwater conditions.

Substrate or other enhancement material is expensive and additional “polishing” treatments
would be required on a yearly basis since some substrate material for instance HRC®

remains in the environment for only a few weeks once injected.

As a result, alternative viable electron donors such as lactate, chitin, and ethanol may be
used in a pilot study application to evaluate its effectiveness. In addition, enhanced
anaerobic biodegradation with bioaugmentation may also be applicable since incomplete
dechlorination of TCE can occur regardless of the electron donors used if the appropriate

bacteria are not present.

4.4 Comparative Analysis of Alternatives

This section presents the comparative analysis of the corrective measure alternatives for
source control and the plume control alternatives. In this process, the alternatives were
compared in terms of the evaluation criteria to identify relative differences as advantages

and disadvantages that may influence the selection of one alternative.
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4.4.1 Source Control Alternatives

Protect Human Health and the Environment
Both source control alternatives are considered protective of human health and the

environment, provided no one uses the site groundwater for potable uses. As part of the
corrective measures implementation, land use controls (LUCs) will be evaluated for the
potential impact at SWMU 39 based on future land use at the site.

Attainment of MCSs

It is unlikely that, even under the best conditions, nearly complete treatment of the
dissolved-phase CVOCs to below MCLs will be achieved quickly in the source area. Under
optimal conditions, an effective remedial action for the source area may possibly result in up
to a 80-percent reduction (one order of magnitude) of contaminant concentration. However,
at SWMU 39 reduction of CVOCs in localized regions within the source area would require

greater than 95-percent reduction in concentration to meet their respective MCLs.

Both source control alternatives, coupled with the appropriate plume control alternatives,
are expected to achieve MCSs at the western property boundary and at areas of potential
downgradient CVOC migration. Also, by treating the designated source area, downgradient

plume concentrations will significantly decrease overtime.

Control of the Source of Releases

The historical sources of CVOCs no longer exist at SWMU 39. No DNAPL areas have been
identified at the site. Each of the source control alternatives provides an aggressive
approach for the treatment of dissolved CVOCs.

Compliance with Applicable Waste Management Standards

Each source control alternative will accumulate minimal waste during implementation,
limited to solid waste associated with well drilling or direct push applications. Vapor or
liquid discharge is not expected and as a result, permitting will not be required.

Long-Term Reliability and Effectiveness

If effectively applied, each source control alternative has the potential for achieving long-
term effectiveness. Residence time within the aquifer using ZVI is expected to be greater
than with the rate of reactions associated with the hydrogen peroxide injection during in
situ chemical oxidation. Because each of the source control alternatives were developed and

implemented over the last decade, the long-term reliability and effectiveness are not proven.

SWMU3SZACMSAPTREV(.00C 46



w N

Ny G

=R -]

10
11

12
13
14
15
16
17
18

19

20
21

23
24
25
26

27
28
29

CORRECTIVE MEASURES STUDY REPORT, SWMU 39, ZONE A
CHARLESTON NAVAL COMPLEX

REVISION ¢

OCTOBER 2002

Reduction of Toxicity, Mobility, or Volume of Wastes
Each of the source control alternatives provides an aggressive reduction potential in

contaminant concentration of up to 80 percent.

Short-Term Effectiveness
Each source control alternative provides immediate contaminant reduction observed within

the first year of implementation. Both alternatives do not adversely impact the environment

with minimal waste accumulation during field application.

implementability
Source control alternatives involve a relatively low level of site disruption. Each alternative
uses pressure or pneumatic injection methods of reactive materials which have been

implemented at dozens of other project sites with relative ease and with few incidents.

Estimated Cost

A summary of the estimated cost for each source control corrective meastutre alternative is
provided in Table 4-1. The summary table presents the estimated capital and O&M costs,
and the calculated present worth for each alternative. Detailed cost estimate tables are
provided in Appendix C. The order-of-magnitude level cost estimates are based on
conceptual descriptions of the alternatives, not detailed design information. These estimates

have an expected accuracy of -30 percent to +50 percent.

4.4.2 Property Boundary Contaminant Migration Control Alternatives

Protect Human Health and the Environment
All property boundary contaminant migration control alternatives are considered protective

of human health and the environment.

Attainment of MCSs

Each property boundary contaminant migration control alternative, coupled with the
appropriate source control alternative, is expected to achieve MCSs at the western CNC
property boundary.

Control of the Source of Releases
This criterion is addressed during evaluation of the source control component of the overall

remedial strategy, and is not applicable for plume control alternatives.
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Compliance with Applicable Waste Management Standards
Each alternative will accumulate small quantities of soil and liquid waste during
implementation, limited to solid waste associated with well drilling. In the case of the PRB a

larger volume of waste would be accumulated during the trenching activities.

Long-Term Reliability and Effectiveness
Each property boundary contaminant migration control alternative is considered effective

and reliable in the long term.

Reduction of Toxicity, Mobility, or Volume of Wastes

Each property boundary contaminant migration control alternative is expected to reduce all
dissolved-phase CVOCs migrating offsite to below MCSs. The MNA alternative however
will gradually reduce the dissolved-phase CVOCs to the MCSs through biodegradation via

reductive dechlorination.

Short-Term Effectiveness
Each property boundary contaminant migration control alternative does not adversely
impact the environment, has minimal waste accumulation, and has no or minimal risk to

on-site workers and the surrounding community during construction and implementation.

Implementability

Construction of the PRB, when compared to the in situ chemical reduction and in situ air
sparging, will have the highest level of site disruption. In situ chemical reduction and
enhanced in situ anaerobic biodegradation use injection wells and PF with litile required
O&M when compared to the other alternatives. Air sparging, which uses a rotary vane or
rotary screw air compressor, has been implemented at hundreds of other project sites with
relative ease and without incident. MNA involves a minimal degree of site construction
activity and is considered the easiest alternative to technically and administratively

implement.

Estimated Cost

A summary of the estimated costs for each property boundary contaminant migration
control corrective measure alternative is provided in Table 4-2. The summary table presents
the estimated capital and O&M costs, as well as the calculated present worth for each
alternative. Detailed cost estimate tables are provided in Appendix C. The order-of-

magnitude level cost estimates are based on conceptual descriptions of the alternatives, not
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detailed design information. These estimates have an expected accuracy of -30 percent to

+50 percent.

4.4.3 Downgradient Contaminant Migration Control Alternatives

Protect Human Health and the Environment
All downgradient contaminant migration control alternatives are considered protective of

human health and the environment.

Attainment of MCSs
Each downgradient contaminant migration control alternative, coupled with the
appropriate source control alternative, is expected to achieve MCSs at areas of potential

downgradient CVOC migration.

Control of the Source of Releases
This criterion is addressed during evaluation of the source control component of the overall

remedial strategy, and is not applicable for plume control alternatives.

Compliance with Applicable Waste Management Standards

Each alternative will accumulate small quantities of soil and liquid waste during
implementation, limited to solid waste associated with monitoring well drilling and
installation of injection wells in the case of the in situ air sparging/biosparging and

enhanced in situ anaerobic biodegradation alternatives.

Long-Term Reliability and Effectiveness
Each downgradient contaminant migration control alternative is considered effective and

reliable in the long term.

Reduction of Toxicity, Mobility, or Volume of Wastes

MNA will gradually reduce the dissolved-phase CVOCs to the MCSs at areas of potential
downgradient migration through biodegradation via reductive dechlorination. In situ air
sparging /biosparging and enhanced in situ anaerobic biodegradation provide more of an
aggressive reduction in contaminant concentration at the areas of potential CVOC
downgradient migration. Each downgradient contaminant migration control alternative is

expected to reduce all dissolved-phase CVOCs migrating downgradient to below MCSs.
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Short-Term Effectiveness
Each alternative does not adversely impact the environment, has minimal waste
accumulation, and has no or minimal risk to onsite workers and the surrounding

community during construction and implementation.

Implementability

MNA involves the minimal degree of site construction activity and is considered the easiest
alternative to technically and administratively implement. In situ air sparging and enhanced
in situ anaerobic biodegradation involves the installation of injection wells which results in
a low degree of site disruption. Because of the mechanical equipment involved the air
sparging /biosparging alternative will involve minimal O&M when compared to the other

alternatives.

Estimated Cost

A summary of the estimated costs for each downgradient contaminant migration control
corrective measure alternative is provided in Table 4-3. The summary table presents the
estimated capital and O&M costs, as well as the calculated present worth for each
alternative. Detailed cost estimate tables are provided in Appendix C. The order-of-
magnitude level cost estimates are based on conceptual descriptions of the alternatives, not
detailed design information. These estimates have an expected accuracy of -30 percent to

+50 percent.
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Evaluation Criteria

In situ Chemical OxIdation Using
Fenton’s Reagent

In situ Chemical Reduction Using
Zero-Valent Iron

Protection Of Human Health and the
Environment

Attainment of Media Cleanup Standards

Control of the Source of Releases

Compliance with Applicable Waste
Management Standards

Process wiil be protective of human health and
the environment.

Potential for 80 percent of the source area to
achieve MCSs within six months of
implementation.

Qriginal source of the release is no longer
present. Process will graduaily reduce
contaminant mass in the source area.

Not expected to accumulate significant
quantities of waste requiring management,

Process will be protective of human health and
the environment.

Potential for 80 percent of the source area to
achieve MCSs within one year of
implementation.

Original source of the release is no longer
present. Process wiil gradually reduce
contaminant mass in the source area.

Not expected to accumulate significant
quantities of waste requiring management.

Long-Term Reliability and Effectiveness

Magnitudte of Residual Risk

Adequacy of Reliability of Controls

Extensive reduction of residual risk within the
source area.

Expected to provide adequate control over the
long term. Application is short due to rapid
reactions associated with the technology.

Extensive reduction of residual risk within the
source area.

Expected to provide adequate control over the
long term.

Reduction of Toxiclty, Mobility, or Volume of Wastes

Amount of Hazardous Materials Anticipated to
be Destroyed/Treated

Degree and Quantity of Reduction

Irreversibility of Reduction

Type and Quantity of Treatment Residuals

SWMUISZACMSRPTREV0.DCC

if properly implemented, the process is expected
to result in an approximate 80-percent reduction
of source area CVOCs.

High. Process is expected to remove most of the
source area CVOCs.

High. Reactions associated with Fenton's
reagent are irreversible.

Carbon dioxide, water, and chloride.

If properly implemented, the process is expected
to result in an approximate 80-percent reduction
of source area CVOCs.

High. Process is expected to remove most of the
source area CVOCs.

High. Chemical reductive dechlorination is
irreversible.

Minimal treatment residuais (Fetrous Iron).
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TABLE 4-1

Detailed Analysis of Source Contral Corrective Measurs Alternatives
Corrective Measures Study Report, SWMU 38, Zone A, Charleston Naval Complex

CORRECTIVE MEASURES STUDY REPCRT, SWI IONE A
CHARLESTON NAV:._ .JMPLEX

REVISION 0

OCTOBER 2002

Evaluation Criteria

In situ Chemical Oxidation Using
Fenton’s Reagent

In situ Chemical Reduction Using
Zero-Valent iron

(Reduction of Toxicity, Mobllity, or Volume of Wastes)

Preference for Treatment as a Principal Element

Treatment is the principal component of this
alternative.

Treatment is the principal component of this
alternative.

Short-Term Effectiveness

Protection of Workers During Remadial Action
Construction

Protection of Community During Remedial
Action

Environmental impacts of Remedial Action

Implementation poses a moderate degree of
safety and hsealih hazards to workers. Requires
a Site Health and Safety Plan.

Implementation poses a minimal degree of

safety or health hazards to the CNC community.

Process should not create adverse impacts on
the environment.

Implementation poses a moderate degree of
safety and health hazards to workers, Requires
a Site Health and Safety Plan.

Implementation poses a minimal degree of
safety or healith hazards to the CNC community.

Process should not create adverse impacts on
the environment.

Impiementabllity

Technical Feasibility

Administrative Feasibility

High. Precess uses industry proven and readily
available technology.

High. Will require UIC permit. Pilot test may be
required {c evaluate site effectiveness.

High. Process uses industry proven and readily
available technology.

High. Will require UIC permit. Pilot test may be
required to evaluate site effectiveness.

Estimated Costs®

Capital Cost $108,200 $109,600
Annual O&M Cost $11,000 $12,000

Present Value 20-Year Q&M Cost’ $160,700 $175,300
Total Cost $269,000 $285,000

* Order-of-magnitude level cost esfimates with expected accuracy of plus 50 to minus 30 percent.

® Assumes percent interest and a 20-year operation period.

SWMU3SZACMSRPTREY0.D00C
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TABLE 4-2

Detailed Analysis of Property Boundary Contaminant Migration Control Corrective Measure Altematives
Corrective Measures Study Report, SWMU 39, Zone A, Charleston Naval Complex

CORRECTIVE MEASURES STUDY REPORT, SWE

FONE A
CHARLESTON NAVA. OMPLEX
REVISION 0

OCTOBER 2002

Evaluation Criteria

Monlitoring/Natural
Attenuation

In situ Chemical
Reduction Using Zero-
Valent iron

Permeable Reactlve
Barrier

In situ Air Sparging

Enhanced In situ
Anaeroblc
Biodegradation

Protection Of Human
Health and the
Environment

Attainment of Media
Cleanup Standards

Control of the Source of
Release

Compliance with
Applicable Waste
Management Standards

Process will be protective
of human health and the
environment.

Altermative can potentially
maintain MCSs at the
target treatment area.

Not applicable.
Addressed in the source
control component of the
overall site remediation
strategy.

Not expected to
accumulate significant
quantities of waste
requiring management.

Process will be protective
of human health and the
environment.

Alternative should mest
MCSs at the target
treatment area.

Not applicable.
Addressed in the source
control compeonent of the
overal! site remediation
strategy.

Not expected to
accumulate significant
quantities of waste
requiring management.

Process will be
protective of human
health and the
anvironment.

Itis expected that the
altemative will meet
MGCSs at the target
treatment area.

Not applicable.
Addressed in the
source control
component of the
overall site remediation
strategy.

Not expected to
accumulate significant
guantities of waste
requiring management.

Process will be
protective of human
health and the
environment.

Alternative may not
meet MCSs at the target
treatment area based ¢n
limited offectiveness in
low permeability
lithology.

Not applicable.
Addressed in the source
control component of the
overall site remediation
strategy.

Alternative not expected
to accumulate significant
quantities of waste
requiring management.

Process will be
protective ol human
health and the
environment.

Alternative can
potentially meet MCSs
at the target treatment
area.

Not applicable.
Addressed in the source
control component of the
overall site remediation
strategy.

Not expected to
accumulate significant
quantities of waste
requiring management.

Long-Term Rellability and Effectiveness

Magnitude of Residual Risk

SWMU39ZACMSRPTREV0.DCC

Gradual reduction of
residual risk within
dissolved-phase plume,
resulting in adequate
reduction in residuai risk
at the target treatment
areas.

Residual risk with
exposurs at the CNC
property boundary

reduced to minimal levels.

Residual risk with
exposure at the CNC
property boundary
reduced te minimal
levais.

Residual risk with
exposure at the CNC
property boundary
reduced to minimal
levals.

Residual risk with
exposure at the CNC
property boundary
reduced to minimal
lovels.
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TABLE 4-2

Detailed Analysis of Property Boundary Contaminant Migration Control Corrective Measure Alternatives
Corrective Measures Study Report, SWMU 39, Zone A, Charleston Naval Complex

CORREGTIVE MEASURES STUDY REPORT, SWE

ONE A
CHARLESTON NAVA. JOMPLEX
REVISION 0

OCTOBER 2002

Evaluation Crlterla

Monitoring/Natural
Aftenuation

In situ Chemical
Reduction Using Zero-
Valent iron

Permeable Reactive
Barrler

In situ Alr Sparging

Enhanced In situ
Anaerobic
Blodegradation

{Long-Term Rellabiilty and Effectiveness)

Adequacy of Reliability of
Controls

Monitoring and
contingency measures
would be adequate to

Process would
adequately and reliably
control exposure at the

Process would
adequately and reliably
control exposure at the

Process has the
potential to adequately
and refiably control

Process wouid
adequately and reliably
control exposure at the

manage exposure at the contingent target contingent target exposure at the contingent target
contingent target treatment area. treatment area, contingent target treatment area.
treatment area. treatment area.
Reduction of Toxlcity, Mobility, or Volume of Wastes
Amount of Hazardous Variable. In conjunction Contingent on CVCOC Contingent on CVOC Contingent on CVOGC Contingent on CVOC
Materlals Anticipated to be with source control, migration west of Avenue  migration west of migration west of migration west of
Destroyed/Treated process is expected to D. Expected to treat any Avenue D, Expsctedto  Avenue D. Potential for Avenue D. In

Degree and Quantity of
Reduction

[rreversibility of Reduction

Type and Quantity of
Treatment Raesiduals

SWMU3SZACMSRPTREVO.DOC

reduce dissolved-phase

CVQCs to their respactive

MCSs before reaching
the contingent target
treatment area.

Coupled with a source
control alternatlve is
expected to reduce
dissolved-phase CVOCs
fo MCSs at the target
treatment area near the
western property
boundary.

High. Biodegradation of
CVOCs via reductive
dechlorination is
irreversible.

Minimal treatment
residuals is anticipated.

CVOCs reaching the
contingent target
treatment area.

Because of the expected
low levels of CVOCs,
greater than 80 percent
raduction of any
dissolved-phase CVOC
reaching the contingent
target treatment arsa.

High. Chemical reductive
dechlorination is
irreversible.

Minimal treatment
residuals is anticipated.

treat any CVOCs
reaching the contingent
target treatment area.

Because of the
expected low levels of
CVQCs, greater than
80 percent reduction of
any dissolved-phase
CVOC reaching the
contingent target
treatment area.

High. Chemical
reductive
dechlorination is
irreversible.

Minimal treatment
residuals is anticipated.

limited success based
on presence of stiff
marsh clay at the
elevation of contingent
treatment,

Because of the expected
low lavels of CVOCs,
greater than 80 percent
reduction of any
disscived-phase CYOC
reaching the contingent
target treatment area.

High. Physical removal
of CVOCs from the
groundwater is
irreversible.

Minimal treatment
residuals is anticipated.

conjunction with source
control, expacted to treat
any CVOCs reaching
the contingent target
treatment area,

Because of the expected
fow levels of CVOCs, 50
to 75 percent reduction
of any dissclved-phase
CVOC reaching the
proeposed contingent
treatment area.

High. Chemical
reductive dechlorination
is irreversible.

Minimal treatment
residuals is anticipated.
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TABLE 4-2

Detailed Analysis of Property Boundary Contaminant Migration Control Cerrective Measure Alternatives
Corrective Measures Study Report, SWMU 38, Zone A, Charleston Naval Complex

CORRECTIVE MEASURES STUDY REPORT, SWi

ZONE A
CHARLESTON NAVAL GOMPLEX
REVISION 0

OCTOBER 2002

Evaluation Criteria

Monitoring/Natural
Attenuation

In situ Chemical
Reduction Using Zero-
Valent Iron

Permeable Reactive
Barrler

In situ Air Sparging

Enhanced In situ
Anaerobic
Blodegradation

Reduction of Toxicity, Mobility, or Volume of Wastes

Preference for Treatment as

a Principal Element

Active treatment is not a
component of this
alternative.

Treatment is the principal
component of this
alternative.

Treatment is the
principal component of
this alternative.

Treatment is the
principal component of
this alternative,

Treatment is the
principal component of
this alternative.

Short-Term Effectlveness

Protection of Workers
During Remedial Action
Construction

Protection of Community
During Remedial Action

Environmental Impacts of
Rermedial Action

Implementation poses a
minimal degree of safety
and health hazards to
workers. Requires a Site
Heaith and Safety Pian.

Implementation poses a

minimal degree of safety
or health hazards to the

CNC community.

Process should not create
adverse impacts on the
environment,

Implementation poses a
low degree of safety and
health hazards to
workers. Requires a Site
Health and Safety Plan,

Implementation poses a

minimal degree of safsty
or heaith hazards to the

CNC community.

Process should not create
adverse impacts on the
environment.

Implementation poses
a low degree of safety
and health hazards to
workers. Requires a
Site Health and Safety
Plan.

Implementation poses
a minimal degree of
safaty or health
hazards to the CNC
community.

Process should not
create adverse impacts
on the environment,

implementation poses a
low degree of safety and
health hazards to
workers. Requires a Site
Health and Safety Plan.

Implementation poses a
minimal degree of safety
or health hazards to the

CNC community.

Process should not
create adverse impacts
on the environment.

Implementation poses a
low degree of safety and
health hazards o
workers. Requiras a Site
Health and Safety Plan.

Implementation poses a
minimal degree of safety
or health hazards to the

CNC community,

Process should not
create adverse impacts
on the environment.

Impliementability

Technical Feasibility

Administrative Feasibility

High. Except for the new
innovative analytical
techniques process uses
conventional and readily
available technology.

High. Few major
administrative issues are
expected.

High. Process uses
industry proven and
readily available
technology.

High. Will require UIC
permit. Pilot test may be
required to evaluate site
effectivaness.

High. Process uses
conventional and
readily available
technology.

High. Few major
administrative issues
are expected.

High. Process uses
conventional and readily
available technology.

High. Pilot test may be
required as part of the
design process.

High. Process uses
industry proven and
readily available
technology.

High. Will require UIC
permit.

SWMUJ9ZACMSRPTREY(.DOC
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TABLE 4-2
Detailed Analysis of Property Boundary Contaminant Migration Control Corrective Measure Alternatives
Corrective Measures Study Report, SWMU 39, Zone A, Charleston Naval Complex

CORRECTIVE MEASURES STUDY REPORT, Swk FONE A
CHAALESTON NAVAL COMPLEX
REVISION 0

OCTOBER 2002

In sltu Chemical

Enhanced In situ

Monitoring/Natural Reduction Using Zero- Permeable Reactive Anaerobic
Evaluatlon Criteria Attenuation Valent Iron Barrier In situ Air Sparging Biodegradation

Estimated Costs"

Capital Cost $27,900 $164,400 $679,100 $135,100 $79,300

Annual O&M Cost $16,000 $15,000 $13,000 $31,000 (Yrs. 1-5) $55,000

$12,800 (Yrs. 6-20)
(F;resbent Value 20-Year O&M  $233,700 $219,100 $189,900 $269,900 $803,300
ost
Total Cost $262,000 $383,000 $869,000 $405,000 $883,000

* Order-of-magnitude level cost estimates with expected accuracy of plus 50 to minus 30 percent.

® Assumes percent interest and a 20-year operation period.

SWMU3IZACMSRPTREV.DOC
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TABLE 4-3

CORRECTIVE MEASURES STUDY REPORT, SW‘

Detailed Analysis of Downgradient Contarninant Migration Control Corrective Measure Alternatives

Corrective Measures Study Report, SWMU 39, Zone A, Charleston Naval Complex

ZONE A
CHARLESTON NAVAL COMPLEX
REVISION 0

QOCTOBER 2002

Evaluation Criteria

Monitoring/Natural Attenuation

In situ Air Sparging/Biosparging

Enhanced In situ Anaerobic
Biodegradation

Protection Of Human Health and
the Environment

Attainment of Media Cleanup
Standards

Control of the Source of Release

Compliance with Applicable
Waste Management Standards

Process will be protective of human
health and the environment.

Alternative can potentiaily
eventually meet MCSs at the
downgradient treatment zones.

Not applicable. Addressed in the
source control component of the
overall site remediation strategy.

Not expected to accumulate
significant quantities of waste
requiring management.

Process will be protective of human
health and the environment.

It is expected that the alternative
will meet MCSs at the
downgradient treatment zones.

Not applicable. Addressed in the
source control component of the
overall site remediation strategy.

Because vapor recovery will not be
part of the alternative it is not
expected to accumulate significant
quantities of waste requiring
management.

Process will be protective of human
health and the environment.

Alternative can potentially meet
MCSs at the downgradient
treatment zones.

Not applicable. Addressed in the
source control component of the
overall site remadiation strategy.

Not expected to accumulate
significant quantities of waste
requiring management.

Long-Term Reliability and Effectiveness

Magnitude of Residual Risk

Adequacy of Reliability of Controls

SWMU3EZACMSRPTREV0.DOC

Gradual reduction of residual risk
within dissolved-phase plume,
resulting in adequate reduction in
residual risk at areas of potential
downgradient migration.

Monitoring and contingency
measures would be adequate to
manage exposure at potential
areas of downgradient CVOC
migration.

Residual risk with exposure at
areas of potential downgradient
CVOC migration reduced to
minimal levels.

Process would adequately and
reliably control exposure at
potential areas of downgradient
CVOC migration.

Residual risk with exposure at
areas of potential downgradient
CVOC migration reduced to
minimal levels.

Process would adequately and
reliably control exposure at
potentiai areas of downgradient
CVOC migration.
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TABLE 4-3

CORRECTIVE MEASURES STUDY REPORT, sw{

Detailed Analysis of Downgradient Contaminant Migration Gontrol Corrective Measure Alternatives

Corrective Measures Study Report, SWMU 39, Zone A, Charlesion Naval Complex

. ZONEA
CHARLESTON NAVAL UOMPLEX
REVISION 0

OCTOBER 2002

Evaluation Criteria

Monitoring/Natural Attenuation

In situ Air Sparging/Biosparging

Enhanced In situ Anaerobic
Biodegradation

Reduction of Toxicity, Mobility, or Volume of Wastes

Amount of Hazardous Materials
Anticipated to be
Destroyed/Treated

Degree and Quantity of Reduction

Irreversibility of Reduction

Type and Quantity of Treatment
Residuals

Preference for Treatment as a
Principal Element

Variablg. In conjunction with source
control, process is expectad to
reduce dissolved-phase CVOCs to
their respective MCSs before
reaching areas of potential
downgradient migration.

Process is expected to reduce
dissolved-phase CVQOCs to MCSs
on the CNC property.

High. Biodegradation of CVOCs via
reductive dechlorination is
irreversible,

Minimal treatment residuals is
anticipated.

Natural treatment is a component of
this alternative.

Contingent on downgradient CVOC
migration. In conjunction with
source control, expected to treat
any CVOCs reaching the proposed
areas of downgradient migration
treatment.

Because of the expected low levels
of CVOCs, greater than 80 percent
reduction of any dissolved-phase
CVOC reaching the proposed areas
of downgradient migration
treatment.

High. Biodegradation of CVOCs
from groundwater is irreversible.

Minimal treatment residuals is
anticipated.

Treatment is the principal
component of this alternative.

Contingent on dewngradient CVOC
migration. In conjunction with
source control, expected to treat
any CVOCs reaching the proposed
areas of downgradient migration
treatment.

Because of the expected low levels
of CVOCs, 50 {o 75 percent
reduction of any dissolved-phase
CVOC reaching the proposed areas
of downgradient migration
treatment.

High. Chemical reductive
dechlorination is irreversible.

Minimal treatment residuals is
anticipated.

Treatment is the principal
component of this alternative.

Short-Term Effectiveness

Protection of Workers During
Remedial Action Construction

Protection of Community During
Remedial Action

SWMU3SZACMSRPTREV0.00C

Implementation poses & minimal
degree of safety and health
hazards to workers. Requires a Site
Health and Safsty Plan.

Implementation poses a minimal
degree of safety or health hazards
to the CNC community.

implementation poses a low degree
of safety and health hazards to
workers. Requires a Site Health
and Safety Plan.

Implementation poses a minimal
degree of safety or health hazards
to the CNC community.

Implementation poses a low degree
of safety and health hazards to
workers. Requires a Site Health
and Safety Plan,

Implementation poses a minimal
degree of safety or heaith hazards
to the CNC community,
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TABLE 4-3

CORRECTIVE MEASURES STUDY REPORT, § \ ZONE A

Detailed Analysis of Downgradient Contaminant Migration Control Corrective Measure Alternatives

Corrective Measures Study Report, SWMU 39, Zone A, Charleston Naval Complex

CHARLESTON NAV~. JOMPLEX
REVISION 0
OCTOBER 2002

Evaluation Criteria

Monitoring/Natural Attenuation

In situ Air Sparging/Biosparging

Enhanced In situ Anaerobic
Biodegradation

(Short-Term Effectiveness)

Environmental impacts of Remedial
Action

Process should nol create adverse
impacts on the envircnment.

Process should not create adverse
impacts on the environment.

Process should not create adverse
impacts on the environment.

Implementabitity

Technical Feasibility

Administrative Feasibility

High. Except for the new inncvative
analytical technigques process uses
conventional and readily available
technology.

High. Few major administrative
issues are expected.

High. Process uses conventional
and readily available technology.

High. Pilot test may be required as
part of the design process.

High. Process uses industry proven
and readily available technology.

High. Will require UIC permit.

Estimated Costs®

Capital Cost $28,100 $437,700 $141,600

Annual O&M Cost $16,000 $35,000 (Yrs. 1-5) $87,000
$16,800 (Yrs. 6-20)

Present Value 20-Year O&M Cost®  $233,700 $328,300 $1,270,700

Total Cost $262,000 $766,000 $1,412,000

¢ Order-of-magnitude level cost estimates with expected accuracy of plus 50 to minus 30 percent.

® Assumes percent interest and a 20-year operation period.

SWMU39ZACMSRPTREV0.DOC
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CORRECTIVE MEASURES STUDY REPORT, SWMU 39, ZONE A
CHARLESTON NAVAL COMPLEX

REVISION 0

OCTOBER 2002

5.0 Recommended Corrective Measure
Alternative

Based on the preceding evaluation of available viable technologies and conditions at SWMU
39, a corrective measure approach employing ZVI using the Ferox™ technology as the
source control measure combined with MNA is considered by CH2M-Jones as the preferred
alternative. In addition, enhanced anaerobic degradation, air sparging, ZVI or a
combination thereof are identified as contingent remedies for plume control. Because the
subsurface lithology varies with depth and location throughout SWMU 39, the contingent
remedy if required will be selected based on site-specific conditions.

Groundwater conditions at SWMU 39 indicate ongoing reductive dechlorination processes,
which when coupled with a source control alternative are potentially effective in controlling
property boundary and downgradient migration of CVOCs. In situ chemical reduction
using ZVI is recommended as the source control alternative for SWMU 39. The ZVI will be
injected into the subsurface as a reactive medium for the in situ chemical reduction of
chlorinated solvents. A pilot study may be required to evaluate its effectiveness and to
determine the optimal ZV{ addition rate in a full-scale operation if the pilot study is deemed
successful.

A MNA program, as generally described in Section 3.2.2, will be implemented to monitor
the attenuation of the CVOC plume at SWMU 39. An initial step of the MNA program will
include the analysis for Dehalococcoides ethenogenes. In addition, the program will be
structured based on the findings presented in the Zone A SWMU 39 Corrective Measures
Study Technical Memorandum on Monitored Natural Attenuation Feasibility (EnSafe, 1999). As
previously discussed, a contingent remedy will be selected based on site-specific conditions.
In the case of in situ air sparging /biosparging, a pilot study may be required since TCE may
only be susceptible to aerobic degradation under highly reducing conditions associated with
methanogenic reactions. Enhanced anaerobic biodegradation, coupled with
bicaugmentation to treat cis-1,2-DCE and vinyl chloride, may be considered if required.
This alternative will evaluate viable electron donors in a pilot study application to evaluate
their effectiveness. Bioaugmenation will also be considered as part of the alternative since
incomplete dechlorination of TCE can occur regardless of the electron donors used if the

appropriate bacteria are not present.

Because of the subsurface geology, in situ chemical reduction using ZVI may also be a viable

contingent remedy for property boundary contaminant migration control.

SWMU39ZACMSRPTREVO.DOC 51
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Appendix A

HRC Injection Pilot Study Summary
SWMU 39, Zone A
Charleston Naval Complex
Introduction

The chlorinated volatile organic compounds (CVOCs) in groundwater can be biologically
degraded by naturally occurring microorganisms. When CVOCs are naturally degraded
under anaerobic conditions, the process is termed “reductive dechlorination.” The microbes
substitute a hydrogen atom for a chlorine atom on the CVOC molecule, thereby reducing
the chlorination state of the compound. The addition of a suitable organic substrate such as
hydrogen-release compound® (HRC®) to the aquifer can increase the rate of dechlorination
by one order of magnitude or more, ultimately producing a non-toxic ethene end-product

(Regenesis, 2000).

Purpose

CH2M-Jones conducted pilot-scale testing of HRC as a remedial alternative in 2001. The
purpose of the test was to attempt to enhance the natural reductive dechlorination
{bioremediation) of groundwater by injecting HRC into the subsurface. Using a direct-push
technology (DPT) system, HRC was introduced into three subsurface test grids surrounding
monitor wells known to have previously detected CVOCs.

Pre-Injection Baseline and Geochemical Monitoring

Approximately two weeks prior to HRC injection activities, a baseline geochemical
groundwater monitoring event was conducted on selected existing monitor wells. Natural
attenuation parameters including: dissolved gases; organic acids; dissolved iron and
manganese; water quality parameters including chloride, nitrate/nitrite, sulfate/sulfide,
pH, dissolved oxygen, and oxidation-reduction potential. Wells sampled were the monitor
well clusters around which the HRC injection grids were installed; wells A039GW012, 121
and 12D; A039GW013, 131, and 13D; A039GW251 and A039GW?28I.

GNAHAC INJECTION PILOT STUDY.DOC 1



APPENDIX A: HAC INJECTION PILOT STUDY SUMMARY, SWMU 39, ZONE A, CNC

Approximately 2 months after the HRC was injected, the wells were sampled again and the
geochemical parameters were compared to the baseline values to determine whether HRC
was creating the changes in aquifer reducing conditions necessary to induce and enhance

reductive dechlorination of VOCs.

New Monitor Well Installation and Sampling

Monitor wells AGBGIGW25I and A039GW28I were installed along the western Zone A
boundary between existing wells AO39GWO09D and A039GW23D, to assist in evaluating
HRC behavior at the leading edge of the VOC plume.

In August and November, 2001, and February 2002, the existing and new wells were
sampled and analyzed for VOCs to determine if the presence of HRC in the aquifer was
creating any changes in the concentrations and ratios of dissolved VOCs in groundwater.
During the last event in February 2002, monitor well A039GW23D was also sampled, as it is
slightly farther downgradient of the injection grid.

Two additional well pairs, A039GW261/26D and A039GW271/27D were installed to
monitor the dissolved VOC plume interior, away from the HRC injection test locations.
These wells were also sampled at the same time as the other wells, and the results were used

to fill in data gaps in plume interior delineation.

Well boring logs and monitor wells construction details are presented in the attached

figures and tables.

HRC Injection Methodology

The HRC injection work started on May 15, 2001 at the well cluster 039GW013 area grid, by
installing an intermediate and deep boring at each of 9 locations with the Geoprobe as
described in the approved HRC Pilot Test Work Plan (CH2M-Jones, January 2001). HRC
was then injected through the Geoprobe rods, using a grout pump specially modified to
meet Regenesis’ specifications, at a rate of 2 pounds per vertical foot. The approximate
injection depth intervals were 10 to 30 feet bls for intermediate borings, and 30 to 50 feet bls
for the deep borings, as lithology permitted. A total of approximately 720 gallons of HRC
were injected at this grid, as planned. Small amounts of drinking water were used as a

primer and chaser during the pumping of HRC to prevent pumping air into the formation.
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APPENDIX A: HRC INJEGTION PILOT STUDY SUMMARY, SWMU 38, ZONE A, CNC

The geochemical baseline groundwater monitoring was accomplished as planned prior to
starting HRC injections, with the addition of monitor well A039GWO009I as an additional

monitoring point.

The second injection grid is located around the monitor well 039GWO012 cluster, located
between buildings 1604 and 1605. This grid also consisted of nine injection locations, with
injection occurring in the shallow (5-15 feet bls), intermediate (10-30 feet bls), and deep (30-
50 feet bls) aquifer zones. The HRC was injected at a rate of 4 pounds per vertical foot for
this potential VOC source area, with a total HRC injection volume of approximately 1,080

pounds. The injections went as planned at this grid.

The third grid is located by monitor well clusters 039GW023 and 039GW009, and was
injected with approximately 720 pounds of HRC. The injection strategy differed slightly
from the test design specifications at this grid. Because the deep zone (greater than 30 feet
bls) was found to consist mainly of tight clays, HRC was injected in the intermediate and
shallow zones, but not into the deep zone. The grid geometry was adjusted slightly, dictated
by site conditions. The injection rate was also increased from the design rate of 2 pounds per
vertical foot to 3 pounds per vertical foot, to compensate for the reduced vertical injection

interval thickness in this area.

HRC injections were completed on May 29, 2001. Each boring at all injection grids was
abandoned upon removal of tools by tremie pipe grouting to the land surface with Portland
cement grout. All boring locations were surveyed for position by a registered land surveyor

using GPS equipment.

Exact injection intervals in each boring varied based on lithology, and were determined
using pumping presstres to indicate permeable zones into which to inject HRC. Injections
occurred in 1 foot vertical increments in each interval. HRC was pre-heated to
approximately 100 degrees F prior to injection using a water bath, to liquefy it and to
enhance pumping characteristics. During injection, no surface emergence of HRC was
observed away from any borehole, and very little HRC returned to the surface at any

boreholes during pumping, indicating successful injections.
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APPENDIX A: HRC INJECTION PILOT STUDY SUMMARY, SWMU 39, ZONE A, CNC

The second round of geochemical groundwater monitoring was performed in July, 2001.
The VOC bioremediation performance verification sampling events were conducted in

August and November 2001, and in February 2002 as planned.

Results and Data Interpretation

Analytical results for the geochemical and VOC groundwater monitoring are presented in
the attached Excel spreadsheets, organized by well number. Data are also presented for each
well in histogram graph format for geochemical and VOC parameters. The graphs show
concentration variances in color, and each graph has a comment box that indicates the

trends expected for that parameter after injection.

Conclusions
Based on the results of the pilot test, HRC is not likely to be selected as the final full scale

groundwater remedy.

Although the HRC was observed to affect the site groundwater geochemistry at several
locations, HRC did not significantly enhance the existing rate of natural attenuation during
the 9 month test period.

Natural attenuation of VOCs in groundwater by reductive dechlorination is still feasible and
is occurring, but aquifer concentrations of VOCs may not be high enough at this site for
HRC to display a distinct advantage over natural attenuation.
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swmut _i2cluster.xls

Date
ParamClass ParamName StatlonlD SamplelD Collected |Concentration Qualifler |Units
VOA 1,1-Dichloroethene AQ39GW012 [039GWD0D12L2 5/14/Q01 24\J ug/L
VOA 1,1-Dichloroethene A039GW012 |039GW012L4 8/16/01 1.9J ug/L
1,1-Dichioroethene A039GWO012 |039GWO012M1 2/13/02 10|U ug/L
1,1-Dichioroethene AC039GW12D [039GW12DM1 2/13/02 5U ug/t.
VOA 1,1-Dichioroethene AQ39GW12|  |039GW121L2 5/14/01 26\J ug/L
VOA 1.1-Dichloroethene A039GW12l  |039GW121L4 8/16/01 6.6J ug/L
1,1-Dichloroethense AD39GW 12I 039GW12IM1 2/13/02 3|J ug/L
GENCHEM Acstic Acid AQ39GWD12 039GW012L3 7/19/01 8.8]= mg/l
GENCHEM Acetic Acid AO39GWO012 | 038GW012L4 8/16/01 13.6/= mg/l
GENCHEM Acstic Acid AQ39GWO012 |038GWO012M1 2/13/02 321 = MG/L
GENCHEM Acetic Acid A039GW12D [039GW12DL3 7/18/01 25|= mg/l
GENCHEM Acstic Acid A039GW12D |039GW12DL4 8/16/01 21.7|= mg/}
GENCHEM Acstic Acid A039GW12D |039GW12DL5 10/29/01 26.1|= mg/l
GENCHEM Acetic Acid A0O39GW12D |039GW12DM1 2/13/02 41.4\= MG/L
GENCHEM Acetic Acid AD39GW12]  |039GW12IL3 7/19/01 126|= mg/l
GENCHEM Acstic Acid A039GW12| |039GW12IL4 8/16/01 203|= mg/l
GENCHEM Acetic Acid AQ39GW12|  |039GW12IM1 2/13/02 204|= MG/L
GENCHEM Alkalinity, Total {as CaCQ3) AQ39GWO012 |039GWO012L2 5/14/01 175|= mg/L
GENCHEM Alkalinity, Total (as CaCO3) A039GW012 |039GW012L4 8/16/01 1781= mg/L
GENCHEM Alkalinity, Total (as CaCO3) A039GW12D |039GW12DL2 5/14/01 129 = mg/L.
GENCHEM Alkalinity, Total {as CaCQO3} AQ39GW12D |039GW12DL4 8/16/01 186 = mg/L
GENCHEM Alkalinity, Total (as CaCO3) AQ39GW12l  038GWwW121L2 5/14/01 198)= mg/L
GENCHEM Alkalinity, Total (as CaCQ3) AQ39GW121  |039GW121L4 8/16/01 583|= mg/L
GENCHEM Butyric Acid A039GW012 |039GW012L.3 7/18/01 6= mg/l
GENCHEM Butyric Acid A039GWO012 |039GW012L4 8/16/01 3.5|= mg/l
Butyric Acid A039GWO012 1039GWO012M1 2/13/02 11U MG/L
GENCHEM Butyric Acid A039GW12D [038GW12DL3 7/19/01 4.9|= mg/l
GENCHEM Butyric Acid A039GW12D | 039GW12DL4 8/16/01 6.8|= mg/|
GENCHEM Butyric Acid A039GW12D |039GW12DL5 10/29/01 21i= mg/l
Butyric Acid A039GW12D |039GW12DM1 213/02 5.7|= MG/L
GENCHEM Butyric Acid AD3gGW12l  |039GW12IL3 7/19/01 73.9|= mg/l
GENCHEM Butyric Acid AQ39GW12l  |039GW12IL4 8/16/01 221|= mg/l
Butyric Acid AD39GW121  |039GW12IM1 2/13/02 37.9|= MG/L
CH4/C02 Carbon Dioxide A039GWO012 |039GWO012L2 5/14/01 37|= mg/l
CH4 /CO2 Carbon Dioxide AQ39GWOQ12 |039GWO012L3 7/19/01 26|= mg/
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Date

ParamClass ParamName StatlonlD SamplelD Collected Concentration [Qualifier |Units
CH4/CO2 Carbon Dioxide A039GWO012 |039GWO012L4 8/16/01 69|= mg/!
CH4 / CO2 Carbon Dioxide AQ39GWO012 (039GWO12M1 2/13/02 59|= mg/L
CH4/CO2 Carbon Dioxide AD39GW12D [039GW12DL2 5/14/01 8.4|= mg/|
CH4/CO2 Carbon Dioxide A039GW12D |038GW12DL3 7/19/01 7.7|= mg/l
CH4 /CO2 Carbon Dioxide AQ39GW12D [039GW12DL4 8/16/01 19|= mg/l
CH4/C0O2 Carbon Dioxide A039GW12D |039GW12DM1 2/13/02 15|= mg/L
CH4/CQO2 Carbon Dioxide AQ39GW12I 039GW12IL2 5/14/01 22|= m
CH4/CO2 Carbon Dioxide AD39GW12i  |039GW12IL3 7118/01 100!= mg/l
CH4/CO2 Carbon Dioxide A039GW121 |039GW12IL4 8/16/01 240|= m
CH4 /CO2 Carbon Dioxide A039GW12l |039GW12IM1 2/13/02 87|= mg/L
GENCHEM Chloride A039GW012 |039GwW012L2 514/ 8.58|= mg/L
GENCHEM Chloride A039GWO012 |039GW012L3 7/19/01 9.34|= mg/L
GENCHEM Chloride A039GW12D |039GW12DL2 5/14/01 27.3|= mg/L
GENCHEM Chloride AQ39GW12D 039GW12DL3 7/19/01 24.8|= mg/L
GENCHEM Chloride A039GW12| |Q39GW121L2 5/14/Q01 11.7i= mg/l
GENCHEM Chloride A039GW12]  |039GW12IL3 7/19/01 12.8 = mg/L
VOA cis-1,2-Dichloroethylene AQ39GWO012 |039GWO12L2 5/14/01 159|= ug/L
VOA cis-1,2-Dichloroethylene A039GWO012 |039GWO012L4|H 8/16/01 116|J ug/L

cis-1,2-Dichloroethylene A039GWO012 |039GWD12M1 213/02 96.4|= ug/L
VOA cis-1,2-Dichloroethylene AQ38GW12D |039GwW12DL4 8/16/01 0.37|J ug/L

cis-1,2-Dichloroethylene A039GW12D |033GW12DM1 2/13/02 5/U ug/L
VOA ¢is-1,2-Dichloroethylene A039GW12]  [039GW121L2 5/14/01 310|= ug/L.
VOA cis-1,2-Dichloroethylene A039GW12]  |039GW121L4LH 8/16/01 599|J ug/L

039GW12IM1L

cis-1,2-Dichloroethylene A039GW12! [R 2/13/02 314/= ug/L.
CH4/CQO2 Ethane A039GWO012 [039GWO012L2 5/14/01 500(= ng/L
CH4/CO2 Ethane AO39GW012 |039GWO012L3 7/19/01 360|= ng/L
CH4/CO2 Ethane A039GW012 |039GWO012L4 8/16/01 830|= n
CH4 /CO2 Ethane AQ39GW012 |039GWO012M1 2/13/02 5(U ng/L
CH4/CO2 Ethane AQ039GW12D |033GW12DL2 5/14/01 50|= ng/L
CH4 / CO2 Ethane A039GW12D |039GW12DL3 7/19/01 160|= ng/L
CH4/CO2 Ethane A039GW12D |039GW12DL5 10/29/01 59i= ng/L
CH4/CO2 Ethane A039GW12D 039GW12DM1 2/13/02 100|= ng/L
CH4/CO2 Ethane AO39GW12]  |039GW12IL2 5/14/01 490|= ng/L
CH4 / CO2 Ethane A039GW12] |039GW12IL3 7/19/01 420|= ng/L
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Date

ParamClass ParamName StationlD SamplelD Collected |Concentration |Qualifier |Units
CH4/CO2 Ethane AO39GW12l  |039GW12IL4 8/16/01 580!= ng/L
CH4 /CO2 Ethane AD39GW12| |038GW12IM1 2/13/02 100i= ng/L
CH4/CO2 Ethene A039GWO012 |033GWO012L2 5/14/01 760|= ng/L
CH4 /CO2 Ethene AD39GWO012 |038GWO012L3 7/19/01 550 = ng/L
CH4/CO2 Ethene A039GWO012 |033GWO012L4 8/16/01 1300 = ng/L
CH4 /CO2 Ethene A039GWO012 |039GWO12M1 2/13/02 6600!= ng/L
CH4/CO2 Ethene A039GW12D |039GW12DI2 5/14/01 9= ng/L
CH4/CO2 Ethene A039GW12D |039GW12DL3 7/19/01 16|= ng/L
CH4/CO2 Ethene AQ39GW12D |039GW12DL5 10/29/01 250|= ng/L
CH4 /CO2 Ethene A039GW12D |039GW12DM1 2/13/02 8.2|= ng/L
CH4 /CO2 Ethene A039GW121  |039GW12IL2 5/14/01 810|= ng/L
CH4 /CO2 Ethene A039GW12l  |039GW12IL3 7/19/01 1000|= ng/L
CH4/CO2 Ethene AO39GW12] 039GW12IL4 8/16/01 2000|= ng/L
CH4/CO2 Ethens A039GW12l  |039GW12IM1 2/13/02 9800!= ng/L
CH4 /CO2 Hydrogen A039GWO012 1039GW012L2 5/14/01 43 = nM
CH4 /CO2 Hydrogen AQ39GWO012 |039GWO012L4 8/16/01 8.8 = nM
CH4 /CO2 Hydrogen AQ39GWO012  |039GWO12M1 2/13/02 2.6i= nM
CH4/CO2 Hydrogen AQ39GW12D 1039GW12DL2 5/14/01 3.6|= nM
CH4/CO2 Hydrogen AQ39GW12D |039GW12DL3 7/19/01 840|= nM
CH4/CO2 Hydrogen AQ39GW12D 1039GW12DL4 8/16/01 910|= nM
CH4 /CO2 Hydrogen A033GW12D 038GW12DL5 10/29/01 1.1]= nM
CH4/CQO2 Hydrogen AQ39GW12D |039GW12DM1 2/13/02 1300|= nM
CH4/CO2 Hydrogen AO39GW12l  |039GW12IL2 5/14/01 1.2|= nM
CH4/CO2 Hydrogen A039GW12i  |039GW12IL3 7/19/01 570|= nM
CH4/C02 Hydrogen A039GW12|  |038GW12IL4 8/16/01 310|= nM
CH4/CO2 Hydrogen A039GW12i  |039GW12IM1 2/13/02 8.4|= nM
METAL Iron A039GWO012 |038GWD12L2 5/14/01 86.7|J ug/L
METAL Iron (Ferrous) AQ33GW012  038GWO012L.2 5/14/01 1.49|J mg/L

{ron {Ferrous) AQ39GW012 |038GWD12M1 2/13/02 8.04(J mg/L

iron (Ferrous) A039GW12D |039GW12DM1 2/13/02 0.236{UJ mg/L

Iron (Ferrous) AQ38GW12| |039GW12IM1 2/13/02 1.21J mg/L
FLTMET Iron {Ferrous), Dissoived AQ38GW012 |039GWO012L3 7/19/01 4.74/J mg/L
FLTMET Iron {Ferrous), Dissoived A039GW12l  039GW12IL3 7/19/01 5.02\J mg/L
FLTMET Iron, Dissolved AQ39GWO012 |039GW012L3 7/19/01 167 = ug/L
FLTMET fron, Dissolved A038GW12| |039GW12IL3 7/19/01 3280 = ug/L
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swmu39_12cluster.xls

Date
ParamClass ParamName StationlD SamplelD Collected | Concentration |Qualifier Units
FLTMET Iron, Dissolved AQ39GW12]  1039GW121L4 8/16/01 14700|= ug/L
Iron, Dissolved, Dissolved AQ39GWO012 |039GWO012M1 2/13/02 510|= ug/l
Iron, Dissolved, Dissolved AQ39GW12D |039GW12DM1 2/13/02 49|U ug/L
Iron, Dissolved, Dissolved AQ39GW121 039GW121IM1 2/13/02 283\= ug/L
Lactic Acid A039GW012 |039GW012M1 2/13/02 11U MG/L
GENCHEM Lactic Acid A039GW12D |039GW12DL3 7/18/01 3.3|= mg/l
GENCHEM Lactic Acid AQ039GW12D |039GW12DL4 8/16/01 30.1|= mg/l
Lactic Acid A039GW12D |039GW12DM1 2/13/02 1|U MG/L
GENCHEM Lactic Acid AQ39GW 121 |039GW12IL3 7/19/01 114|= mg/
GENCHEM Lactic Acid A039GW12l |038GW12iL4 8/16/01 174|= mg/|
Lactic Acid AQ39GW121  |039GW12IM1 2/13/02 11U MG/L
METAL Manganese AO39GW012 [039GWO12L2 5/14/01 2940|= ug/L
METAL Manganese AQ39GW12D [039GW12DL2 5/14/01 12|d ug/L.
METAL Manganese AQ39GW121  |038GW121L2 5/14/01 582|= ug/L
FLTMET Manganese, Dissolved AQ39GW012 [039GW(Q12L3 7/19/01 2150I= ug/L
FLTMET Manganase, Dissolved AQ39GWQ12 |039GWO012L4 8/16/01 2760|= ug/l
Manganese, Dissolved A039GW012 |039GWO12M1 2/13/02 5510|J ug/L
FLTMET Manganese, Dissolved AQ39GW12D |039GW12DL3 7/19/01 28.2|= ug/L
FLTMET Manganess, Dissolved A039GW12D [039GW12DL4 8/16/01 71.4|= ug/L
Manganese, Dissolved AD39GW12D |039GW12DM1 2/13/02 66.7]J ug/lL
FLTMET Manganese, Dissolved AQ39GW12] 039GW12IL3 7/19/01 3070|= ug/L
FLTMET Manganese, Dissolved A039GW12] |039GW121L4 8/16/01 8570 |= ug/lL
Manganesse, Dissolved AD39GW12I  |039GW12IM1 2/13/02 2770|J ug/L
CH4 /CO2 Methane AQ39GWO012 |039GWO12L2 5/14/01 430!= ug/L
CH4 /CO2 Meathane A03SGW012 |039GW012L3 7119/01 290|= ug/L
CH4 /CO2 Methane AQ39GWO012 |039GW012L4 8/16/01 1700|= ug/L
CH4/CO2 Methane AO38GWO012 |039GWO12M1 2/13/02 8400|= ug/l
CH4 /CO2 Methane A039GW12D |039GW12DL2 5/14/1 19|= ugic
CH4/CQ2 Methane AD39GW12D |039GW12DL3 7/19/01 76|= ug/L
CH4/CQO2 Methane A039GW12D (039GW12DL4 8/16/01 220|= ug/L
CH4 /CO2 Methane A039GW12D |038GW12DL5 10/29/01 42|= ug/l
CH4/CO2 Methane AD39GW12D |039GW12DM1 2/13/02 1600|= ug/L
CH4/CQ2 Methane A039GW121  [039GW12IL2 5/14/01 530|= ug/L
CH4/CQ2 Methane A039GW121 |039GW12IL3 7/19/01 380i= ug/L
CH4 /CO2 Methane AQ39GW12|  [039GW12IL4 8/16/01 2500|= ug/t
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Date
ParamClass ParamName StationlD SamplelD Collected |Concentration |Qualifier |Units
CH4 /CO2 Methane AQ39GW12]  [039GW12IM1 2/13/02 11000|= ug/L
GENCHEM Propionic Acid AD39GWO12 |039GW012L3 7/19/01 19.3|= mg/|
GENCHEM Propionic Acid AQ39GWO012 |039GWO012L4 8/16/01 16.2|= mg/l
Propionic Acid A039GWO012 |039GWO012M1 2/13/02 28.8|= MG/L
GENCHEM Propionic Acid A039GW12D :039GW12DL3 7/19/01 20.2(= mg/t
GENCHEM Propionic Acid A039GW12D (039GW12DL4 8/16/01 43.8|= mg/l
GENCHEM Propicnic Acid A039GW12D [039GW12DL5 10/29/01 34.3|= mg/l
Propionic Acid AQ39GW12D 039GW12DM!1 2/13/02 41i= MG/L
GENCHEM Propionic Acid A039GW12l  [038GW12IL3 7/19/01 256|= mg/l
GENCHEM Propionic Acid AQ39GW12l [039GW12IL4 8/16/01 412{= mg/l
Propionic Acid A039GW12l {039GW12IM1 2/13/02 248|= MG/
GENCHEM Pyruvic Acid AQ39GWO012 1039GWO012L2 5/14/01 0.4|= mg/l
GENCHEM Pyruvic Acid AQ39GWD12 1039GW012L3 7/19/01 0.1|= mg/l
GENCHEM Pyruvic Acid AQ39GWO012 [039GWO012L4 8/16/01 0.2|= mg/l
Pyruvic Acid AQ39GWO012 039GWO012M1 2/13/02 0.1;U MG/L
GENCHEM Pyruvic Acid A039GW12D |039GW12DL5 10/29/01 0.2|= mgh
Pyruvic Acid A039GW12D |039GW12DM1 2/13/02 01U MG/L
GENCHEM Pyruvic Acid AQ39GW12l [039GW12|l.2 5/14/01 0.1|= mg/|
GENCHEM Pyruvic Acid AQ39GW12l {039GW12IL3 7/19/01 0.5|= mg/l
GENCHEM Pyruvic Acid A039GW12]  1039GW12IL4 8/16/01 0.2[= mg/|
Pyruvic Acid A039GW12l  (039GW12IM1 2/13/02 0.1V MG/L
GENCHEM Sulfate (as SO4) AQ39GWO012 1039GWO012L2 5/14/01 3.79|= mg/L
GENCHEM Sulfate (as SO4) AQ39GWO012 |039GW012L3 7/19/01 5.03|= mg/L
GENCHEM Sulfate (as SO4) AQ39GW12D {039GW12DL2 5/14/01 13|= mg/L
GENCHEM Sulfate (as SO4) A039GW12D 1039GW12DL3 7/19/01 10.5]= mg/L
GENCHEM Sulfate (as SO4) AO39GW12l {039GW1211.2 5/14/01 9.571= ma/L
GENCHEM Sulfate (as SO4) AO39GW12l  j039GW12IL3 7/19/01 1.01]= mg/L
GENCHEM Sulfide A039GW12D j039GwW12DL2 5/M14/01 0.026|J mg/L
GENCHEM Sulfide A039GW12D [039GW12DL3 7/18/01 0.536|= mg/L
GENCHEM Sulfide A039GW12D [039GW12DL4 8/16/01 0.328)= ma/L
GENCHEM Sulfide A039GW12l  |039GW121L4 8/16/01 0.0667 = mg/L
Tetrachlorosthylene (PCE) A039GW012 (039GWO012M1 2/13/02 10iUJ ug/L
Tetrachlorosthylene (PCE) AQ39GW12D j039GW12DMA1 2/13/02 5|UJ ug/L
Tetrachloroethylene (PCE) A039GW12I  {039GW12IM1 2/13/02 12.5lU ug/L
GENCHEM Total Organic Carbon A039GW012 {039GWo012L.2 5/14/01 4.03|= mg/L
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Date
ParamClass ParamName StatloniD SamplelD Collected Concentration |Qualifier Units
GENCHEM Total Organic Carbon A039GW012 [O039GWO012L3 7/19/01 16.9].J mg/l.
GENCHEM Total Organic Carbon A039GWO012 |039GWO012L4 8/16/01 18.2]= mg/l
GENCHEM Total Organic Carbon A039GWO012 |039GWO012M1 2/13/02 36.4|= mg/L
GENCHEM Total Organic Carbon A039GW12D |039GwW12DL2 5/14/01 1.79|= mo/L
GENCHEM Total Organic Carbon A039GW 12D |[039GW12DL3 719/01 43.8J mg/L
GENCHEM Total Organic Carbon AQ39GW12D |039GW12DL4 8/16/01 52.9)J mg/L
GENCHEM Total Organic Carbon A039GW12D [039GW12DM!1 2/13/02 47.5|= mg/L
GENCHEM Total Organic Carbon A039GW12] |039GW121L2 5/14/01 2.95|= mg/L
GENCHEM Total Organic Carbon A039GW12]  {038GW12IL3 7/19/01 405|J mg/L
GENCHEM Total Organic Carbon A039GW12I {039GW121L4 8/16/01 576[J mg/L
GENCHEM Total Organic Carbon AQ39GW12[ |039GW12IM1 2/13/02 204|= mg/L
VOA trans-1,2-Dichloroethens AQ39GW012 [039GWO012L2 5/14/01 3.41J ug/l.
VOA trans-1,2-Dichloroethene A039GWO12 [039GWO012L4 8/16/01 1.81J ug/L
trans-1,2-Dichlorosthene AQ39GWO012 |039GWO012M1 2/13/02 1.8]J ug/L
trans-1,2-Dichloroethene AQ39GW12D |039GW12DM1 2/13/02 55U ug/i
VOA trans-1,2-Dichloroethene AD39GW12]  [039GW121L2 5/14/01 2.2|J ug/L
VOA trans-1,2-Dichloroethene AQ39GW12]  [039GW121L4 8/16/01 3.2]J ug/l
trans-1,2-Dichloroethense A039GW12| 039GW12IM1 2/13/02 1.2{J ug/L
VOA Trichloroethylene (TCE) AD33GWO012 |039GWO012L2 5/14/01 33.5|= ug/L
VOA Trichloroethylene (TCE) AD39GWO012 [039GWO012L4 8/16/01 19.41J ug/L.
Trichloroethylene (TCE) AD39GW012 |039GWO12M1 2/13/02 10U ug/L.
Trichloroethylene (TCE) AQ39GW12D |039GW12DM1 2/13/02 5[U ug/l
VOA Trichlorosthylens (TCE) AQ39GW12! |03aGW121L2 5/14/01 49.3]= ug/L
VOA Trichloroethylense (TCE) AQ39GW12] |039GW121L4 8/16/01 8.6[J ug/L
Trichloreethylense (TCE) AQ39GW12I 038GW12IM1 2/13/02 12,5|U ug/L
VOA Vinyl chloride A039GW(Q12 1039GW012L.2 5/14/01 9.6{J ug/L
VOA Viny| chloride AQ39GW012 [039GW012L4 8/16/01 6.1{J ug/L
Vinyl chloride A039GWO012 [039GW012M1 2/13/02 52.7|= ug/L
Vinyl chloride A038GW12D |039GW 12DMH1 2/13/02 10[U ug/L
VOA Vinyl chloride AQ38GW12] |039GW121L4 8/16/01 3.3)J ug/L
Vinyl chloride A038GW12] |039GW12IM1 2/13/02 17.1}J ug/L
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Alkalinity and TOC Axis

Geochemical Indicators
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PCE, TCE, VC, and 1,1-DCE Axis
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Date
ParamClass ParamName StationID SamplelD Collected Concentration Quallfier |Unlits
CH4 /CO2 Carbon Dioxide AQ39GW013 039GW013L4 8/15/01 99 = mg/|
CH4 / CO2 Carbon Dioxide AD39GWO013 039GW013L3 7/18/01 72|= mg/l
CH4 /CO2 Carbon Dioxide A039GWO013 039GW013L2 5/11/01 84,= mg/|
CH4/CO2 Carbon Dioxide A039GWO013 03gHWO013L2 5/11/01 91|= mg/|
CH4 / CQ2 Ethene A039GW013 039GWO013L4 8/15/01 9= ng/L
CH4 / CO2 Ethene A039GWO013 039GW013L3 718/01 13|= ng/L
CH4 / CO2 Ethene AO038GW013 039HWO013L2 5/11/01 8|= ng/L
CH4 /CO2 Ethene AQ39GW013 039GW013L2 5/11/01 7|= ng/L
CH4/CO2 Hydrogen AQ39GW013 039GW013L2 5/11/01 0.6|= nM
CH4/CO2 Hydrogen A039GW013 039GWO013L4 8/15/01 1.1|= nM
CH4 /CO2 Hydrogen A039GW013 039HWO013L2 5/11/01 0.94|= nM
CH4 / CO2 Methane A039GWO013 039GWO013L2 5/11/01 0.33|= ug/lL
CH4 / CO2 Methane A03SGWO13 039HWO013L2 5/11/01 0.03= ug/L
FLTMET Iron, Dissolved AD3SGW013 039GW013L4 8/15/01 79.6/J ug/l
FLTMET Iron, Dissolved A039GW013 039GWO013L3 7/18/01 4.36/J ug/l.
FLTMET Manganese, Dissolved A039GW013 039GWO013L3 7/18/01 12.9|J ug/L
FLTMET Manganese, Dissolved A038GW013 039GW013L4 8/15/01 17.7|= ug/L
GENCHEM Alkalinity, Total {as CaCOg3) A039GWO013 039GWO013L2 5/11/01 30.2{= mg/L
GENCHEM Alkalinity, Total (as CaCO3) A03SGWO013 039GW013L3 7/18/01 22|= mg/L
GENCHEM Alkalinity, Tota! (as CaC03) AQ39GWO013 039HWO013L2 5/11/01 25.1|= mg/L
GENCHEM Alkalinity, Total (as CaCQ3) AQ38GW013 039GW013L4 8/15/01 21|J mg/L
GENCHEM Chloride AQ39GWO013 039GW013L3 7/18/01 6.75|= mg/L
GENCHEM Chloride AOQ3SGWO013 039GW013L2 5/11/01 6.5|= mg/L
GENCHEM Chloride AQ3SGWO013 039HWO013L2 5/11/01 6.55|= mg/L
GENCHEM Chloride AQ3SGWO013 039GW013L4 8/15/01 5.35|J mgiL
GENCHEM Nitrate-Nitrite-N AQ39GWO013 039GW013L3 7/18/01 0.43|= mg/L
GENCHEM Nitrate-Nitrite-N A039GWO013 039GW013L4 8/15/01 0.34|= mg/L.
GENCHEM Sulfate (as SO4) A039GWO013 039GWO013L4 8/15/01 24.9|J mg/L
GENCHEM Sulfate (as SO4) A039GWO013 039HWO13L2 5/11/01 25.7|= mg/L
GENCHEM Sulfate (as SO4) A039GWO013 039GW013L2 5/11/01 26.5!= mg/L
GENCHEM Sulfate (as SO4) A039GWO013 039GWO013L3 7/18/01 27.9|= mg/L
GENCHEM Sulfide A039GWO013 039GW013L3 7/18/01 0.032,J mg/L
GENCHEM Total Organic Carbon A039GWO013 039GW013L3 7/18/01 1.23]J mg/L
METAL Manganese A039GW013 039HWO13L2 5/11/01 3.93|J ug/L
VOA ¢is-1,2-Dichloroethylene A039GWO013 039GWO013L2 5/11/01 23.8|= ug/L
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ParamClass ParamName StationlD SamplelD Collected Concentration Qualifier |Units
VOA cis-1,2-Dichloroethylene A038GW013 039HWO13L2 5/11/01 12.7= ug/L
VOA cis-1,2-Dichloroethylene A039GW0Q013 039GW013L4 8/15/01 12.6|J ug/t
VOA Tetrachloroethylene (PCE) AQ039GW013 039GWO013L2 5/11/01 411 ug/L
VOA Tetrachioroethylene (PCE) AQ33GW013 Q39HWO013L2 5/11/01 2.3|J ug/L
VOA Tetrachloroethylene (PCE) A039GWO013 039GWO013L4 8/15/01 2.11J ug/l
VOA trans-1,2-Dichloroethene AQ39GWO013 039GWO013L2 5/11/01 0.4\J ug/L.
VOA Trichloroethylens (TCE) AQ39GW013 039HWO013L2 5/11/01 1J ug/L
VOA Trichloroethylene (TCE) A039GW013 039GW013L4 8/15/01 0.86/J ug/L
VOA Trichloroethylene (TCE) AQ39GW013 039GW013L.2 5/11/01 2J ug/L
CH4 / CO2 Carbon Dioxide AD39GW13D 039GW13DL4 8/15/01 110= mg/l
CH4/CQ2 Carbon Dioxide AQ39GW13D 039GW13DL3 7/18/01 32|= mg/l
CH4/CQ2 Carben Dioxide A039GW13D Q39GW13DL2 5/14/01 81 = mg/l
CH4 /CQ2 Carbon Dioxide A039GW13D 039GW13DL5 10/29/01 110|= mg/l
CH4 /CO2 Ethane AQ39GW13D 039GW13DL3 718/ 69 = ng/L
CH4/CO2 Ethane A039GW13D 039GW13DL5 10/29/01 230|= ng/L
CH4/CO2 Ethane AQ39GW13D 039GW13DL2 5/14/01 150|= ng/L
CH4/CO2 Ethense A039GW13D 039GW13DL4 8/15/01 310|= ng/L
CH4 /CO2 Ethere AQ39GW13D 039GW13DL3 7/18/01 85= ng/L
CH4/CO2 Ethene A039GW13D 039GW13DL2 5/14/01 200|= ng/L
CH4 / CO2 Ethene A039GW13D 039GW13DL5 10/29/01 400 = ng/L
CH4 /1 CO2 Hydrogen A039GW13D 039GW13DL5S 10/29/01 26|= nM
CH4/CO2 Hydrogen A039GW13D 03gGw13DL2 5/14/01 1.3|= nM
CH4/CQ02 Hydrogen AQ39GW13D 038GW13DL3 7/18/01 320|= nM
CH4/CO2 Hydrogen AQ39GW13D 039GW13DL4 8/15/01 330|= nM
CH4/CQ2 Methane A033GW13D 039GW13DL4 8/15/01 340|= ug/L
CH4/CO2 Methane AQ39GW13D 039GW13DL3 7/18/01 42|= ug/L
CH4/CQ2 Methane AQ39GW13D 039GW13DL5 10/29/01 210|= ug/L
CH4/CO2 Methane AQ39GW13D 039GW13DL2 5/14/01 100|= ug/L
FLTMET Iron (Ferrous), Dissolved AQ39GW13D 039GW13DL4 8/15/01 1.59 = mg/L
FLTMET fron, Dissolved A039GW13D 039GW13DL3 7/18/01 91.3J ug/L
FLTMET Iron, Dissolved A039GW13D Q39GW13DL4 8/15/01 496 = ug/L
FLTMET Manganese, Dissolved AQ39GW13D 039GW13DL3 7/18/01 40.5/= ug/L
FLTMET Manganese, Dissolved A039GW13D 039GW13DL4 8/15/01 80.4|= ug/L
GENCHEM Acstic Acid AQ39GW13D 039GW13DL5 10/29/01 28.5|= mg/l
GENCHEM Acetic Acid AQ39GW13D 039GW13DL3 7/18/01 8.8/= mg/l
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GENCHEM Acetic Acid AC39GW13D 039GW13DL4 8/15/01 32.6|= mg#
GENCHEM Alkalinity, Total (as CaCO3) AG33GW13D 039GW13DL2 5/14/01 119|= mg/L
GENCHEM Alkalinity, Total (as CaCO3) A038GW13D 039GW13DL3 7/18/01 15/= mg/L
GENCHEM Alkalinity, Total (as CaCO3) A038GW13D 039GW13DL4 B/15/01 158:J mg/L
GENCHEM Butyric Acid A039GW13D 039GW13DL5 10/29/01 46i= mg/l
GENCHEM Chloride A039GW13D 038GW13DL4 8/15/01 12.2J mg/L
GENCHEM Chloride AO39GW13D 039GW13DL3 7/18/01 12.3|= mg/L
GENCHEM Chloride A039GW13D 039GW13DL2 5/14/01 12.7|= ma/L
GENCHEM Lactic Acid A039GW13D 039GW13DL4 8/15/01 14.5|= mg/l
GENCHEM Lactic Acid A039GW13D 039GW13DL3 7/18/01 10.7|= mg/|
GENCHEM Propionic Acid A039GW13D 039GW13DL5 10/29/01 49.2|= mg/l
GENCHEM Propionic Acid AQ39GW13D 039GW13DL3 7/18/01 133|= mg/|
GENCHEM Propionic Acid A039GW13D 039GW13DL4 8/15/01 421 |= mg/|
GENCHEM Pyruvic Acid A039GW13D 039GW13DL4 8/15/01 0.2|= mg/!
GENCHEM Pyruvic Acid A038GW13D 039GwW13DL2 5/14/01 01|= mg/l
GENCHEM Sulfate (as SO4) A039GW13D 039GW13DL2 5/14/01 28.5|= mg/L
GENCHEM Sulfate (as SO4) A039GW13D 039GW13DL4 8/15/01 12.9|J mg/l.
GENCHEM Sulfate (as SO4) A033GW13D 039GW13DL3 7/18/01 25.5|= mg/L
GENCHEM Sulfide A039GW13D 039GW13DL4 8/15/01 0.538 = mg/L
GENCHEM Sulfide A039GW13D 039GW13DL3 7/18/01 0.192,J mg/L
GENCHEM Total Organic Carbon AQ39GW13D 039GwW13DL4 8/15/01 58.6{J mg/L
GENCHEM Total Organic Carbon AQ39GW 13D 039GW13DL3 7/18/01 47.7|J mg/L
GENCHEM Total Organic Carbon A039GW 13D 039GW13DL2 5/14/01 2.5|= mg/L
METAL Manganese AQ38GW13D 039GW13DL2 5/14/01 31.2[= ug/L
VOA 1,1-Dichloroethene AQ39GW13D 039GW13DL4 8/15/01 2.7|J ug/L
VOA 1,1-Dichloroethene A039GW13D 039GwW13DL2 5/14/01 2.8J ug/L
VOA cis-1,2-Dichloroethylene AQ39GW13D 039GwW13DL2 5/14/01 130|= ug/L
VOA cis-1,2-Dichlorosthylene A039GW13D 039GW13DL4LH 8/15/01 120|J ug/l
VOA Tetrachloroethylene (PCE) A039GW13D 038GW13DL4 8/15/01 45.6|J ug/L
VOA Tetrachloroethylene (PCE) AQ39GW13D 038GW13DL2 5/14/01 57.6|= ug/L
VOA trans-1,2-Dichlorosthene AQ39GW13D 033GW13DL4 8/15/01 0.83|J ug/L
VOA trans-1,2-Dichloroethene AD39GW13D 039GW13DL2 5/14/01 0.78|J ug/L
VOA Trichloroethylene (TCE) A039GW13D 039GW13DL2 5/14/01 62.6|= ug/t.
VOA Trichloroethylene (TCE) A038GW13D 039GW13DL4 8/15/01 42.2\J ug/L
VOA Vinyl chloride AD38GW13D 039GW13DL4 8/15/01 3.31J ug/L
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VOA Vinyl chloride A039GW13D 039GW13DL2 5/14/01 7.8J ug/L
CH4/CO2 Carbon Dioxide AQ39GW13| 039GW13IL3 7/18/01 37\= mg/!
CH4/CO02 Carbon Dioxide A039GW 13| 039GW13IL4 8/15/01 110|= mg/
CH4 /CO2 Carbon Dioxide AQ39GW 13| 039HW13IL3 7/18/01 51i= mg/l
CH4 /CO2 Ethane A039GW13I 039GW13IL3 7/18/01 74i= ng/L
CH4/CO2 Ethane AQ39GW13| 039HW13IL3 7/18/01 100|= ng/L
CH4 /CO2 Ethene AQ39GW13l 039GW13IL3 7/18/01 220|= ng/L
CH4 /CQ2 Ethene AQ39GW13| 039HW13IL3 7/18/01 310|= ng/L
CH4/CO2 Ethene A039GW 13| 039GW13IL4 8/15/01 720|= ng/L
CH4/CQO2 Hydrogen AO39GW13! 039GW13IL4 8/15/01 1.2|= nM
CH4/CO2 Methane A039GW 13| 039HW13IL3 7/18/01 140|= ug/L
CH4/CQO2 Methane A039GW13| 039GW13IL3 7/18/01 100|= ug/L
CH4 / CO2 Methane AQ39GW13| 039GW13IL4 8/15/01 310|= ug/L
FLTMET Iron (Ferrous), Dissoived AQ39GW13l 039HW131L4 8/15/01 1.02|= mg/L
FLTMET Iron, Dissolved A039GW13| 039HW13iL3 7/18/01 37.8J ug/L
FLTMET Iron, Dissolved A039GW13| 039GW13H.3 7/18/01 28.7|d ug/L
FLTMET Manganese, Dissolved AQ39GW13I 039HW131L4 8/15/01 243|= ug/L
FLTMET Manganese, Dissolved AQ39GW13I 039GW13IL3 7/18/01 242|= ug/lL
FLTMET Manganese, Dissolved AQ39GW13l 039HW13IL3 7/18/01 222|= ug/L
FLTMET Manganese, Dissolved AQ39GW13I 039GW131L4 8/15/01 227 |= ug/L
GENCHEM Alkalinity, Total (as CaCO3) AQ39GW 13| 039HW13IL3 7/18/01 95i= mg/L
GENCHEM Alkalinity, Total (as CaCO3) A039GW13| 039HW 13114 8/15/01 94.5\J mg/L
GENCHEM Alkalinity, Total (as CaCQ3) A039GW13I 039GW13IL3 7/18/01 92.5/= mg/L
GENCHEM Alkalinity, Total (as CaCO3) A039GW13I 039GW131L4 8/15/01 94.51J mg/L
GENCHEM Alkalinity, Total (as CaCQ3) AQ39GW13I 039GW131L2 5/11/01 90.5/= mg/L
GENCHEM Chloride AQ39GW 13l 039HW131L4 8/15/01 8.12|J mg/L
GENCHEM Chloride A039GW13I 039GW1311L4 8/15/01 6.16|J mg/L
GENCHEM Chloride AQ39GW13I 039HW13IL3 7/18/01 7.47|= mg/L
GENCHEM Chloride AQ39GW13I 038Gw131L2 5/11/01 7.39|= mg/t
GENCHEM Chloride A039GW13I 039GW13IL3 7/18/01 7.32|= mg/L
GENCHEM Pyruvic Acid AQ39GW13I 039GWO013IL2 5/11/01 0.2|= mg/l
GENCHEM Sulfate {(as SO4) A039GW 13l 038GW131L4 8/15/01 17.6|J mg/L
GENCHEM Sulfate (as SO4) A039GW13lI 039HW131L4 8/15/01 17.6|J mg/L
GENCHEM Sulfate (as SO4) A039GW13| 039GW131L2 5/11/01 19|= mg/L
GENCHEM Sulfate (as SO4) AQ39GW13I 039HW13IL3 7/18/01 20|= mg/L

Page 4



swmu39_13cluster.xls

)

Date
ParamClass ParamName StationID SamplelD Collected Concentration |Qualifier |Units
GENCHEM Sulfate (as SO4) A039GW13lI 039GW13IL3 7/18/01 19.7{= mg/L
GENCHEM Total Organic Carbon A039GW13i 039GW131L4 8/15/01 3.31|= mg/L
GENCHEM Total Organic Carbon AQ39GW13I 039GW13IL3 7/18/01 4.38|J mg/l
GENCHEM Total Organic Carbon AQ39GW 13| 039HW131L4 8/15/01 3.05|= mg/L
GENCHEM Total Organic Carbon AQ39GW13lI 039HW13IL3 7/18/01 4.22|J mg/L
GENCHEM Total Qrganic Carbon A039GW13I 039GW131L2 5/11/01 2.84|= mg/L
METAL Iron (Ferrous) AD39GW 13l 038GW131L2 5/11/01 0.025/J mg/L
METAL Manganese AQ39GW 13l 039GW131L2 5/11/01 129 )= ug/l
VOA 1,1-Dichloroethene AQ39GW 13| 039HW131L4 8/15/01 3.6/J ug/L.
VOA 1,1-Dichloroethene A039GW 13| 039GW131L4 8/15/01 4.1\J ug/L
VOA cis-1,2-Dichloroethylene AD39GW13lI 039GW131L2 5/11/01 152|= ug/t
VOA ¢is-1,2-Dichloroethylene AQ39GW13I 039HW131L4LR 8/15/01 188|J ug/L
VOA cis-1,2-Dichloroethylene A039GW13I 039GW131L4LR 8/15/01 136|= ug/l
VOA Tetrachloroethylene (PCE) A039GW13I 039HW131L4 8/15/01 49.5/J ug/L
VOA Tetrachlorosthylene (PCE) A039GW13I 039GW131L4 8/15/01 57.8/J ug/L
VOA Tetrachloroethylene (PCE) A039GW13I 039GwW131L2 5/11/01 55.4|= ug/L
VOA trans-1,2-Dichlorosthene AQ39GW 13l 039GW131L4 8/15/01 3.6/J ug/l
VOA trans-1,2-Dichloroethene A039GW13I 039GW131L2 5/11/01 2.6|J ug/L
VOA trans-1,2-Dichloroethene AQ39GW13| 039HW131L4 8/15/01 3/J ug/L
VOA Trichloroethylene (TCE) A038GW13I 039GW131L4 8/15/01 35.5J ug/L
VOA Trichloroethylene (TCE} AQ39GW13I 038GW131L2 5/11/01 38.8!= ug/l
VOA Trichloroethylene (TCE) A039GW13| 039HW131L4 8/15/01 32.2|J ug/k
h\-/OA Vinyi chloride AD39GW13l 039HW131L4 8/15/01 16.6|J ug/L
VOA Vinyl chtoride AQ39GW 13| 039GW131L4 8/15/01 23.3/J ug/L
VOA Vinyl chloride AQ39GW13I 039GW131L2 5/11/01 14.5|J ug/l.
CH4/CO2 Carbon Dioxide A039GW013 039GWO13M1 2/13/02 70|= mg/L
CH4/CO2 Ethane AD39GWQO13 039GW013M1 2/13/02 2\J ng/L.
CH4/CO2 Ethene A039GWO013 039GWO013M1 2/13/02 6.9|= ng/L
CH4 /CO2 Hydrogen A033GWO013 039GW013M1 213/02 0.79i= nM
CH4/CO2 Methane A039GWQ13 039GW013M1 2/13/02 0.16|= ug/L
CH4/CO2 Carbon Dioxide AQ39GW13D 039GW13DM1 2/13/02 100|= mg/L
CH4/CO2 Ethane AQ39GW13D 039GW13DM1 2/13/02 35|= ng/L
CH4 /CO2 Ethene AQ39GW13D 039GW13DM1 2/13/02 360/= ng/L
CH4/C0O2 Hydrogen A039GW13D 039GW13DM1 2/13/02 4.6|= nM
CH4 / CO2 Methane AQ38GW13D 039GW13DMA1 2/13/02 5300{= ug/L
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CH4 /CO2 Carbon Dioxide A039GW13| 039GW13IM1 2/13/02 7= mg/L
CH4/CO2 Ethane A039GW13| 039GW13IM1 2/13/02 120= ng/L
CH4/CO2 Ethene A039GW13l 039GW13IM1 2/13/02 370;= ng/L
CH4 / CO2 Hydrogen AO39GW13| 039GW13IM1 2/13/02 7.9 = nM
CH4/CO2 Methane A039GW13| 039GW13IM1 2/13/02 220/= ug/L
VOA 1,1-Dichlorosthene AQ039GW013 039GW013M1 2/13/02 50 gl
acd  ‘Acetic Acid A039GW013 039GWO013M1 2/13/02 1y MG/L
GENCHEM Alkalinity, Total {as CaCQO3) A039GWO013 039GW013M1 2/13/02 29.6/U mg/L
acd Butyric Acid AQ39GWO013 039GWO013M1 2/13/02 1iU MG/L
GENCHEM Chloride AO039GW013 039GW013M1 2/13/02 6.35:U mg/L
VOA cis-1,2-Dichioroethylene AQ39GW013 039GW013M1 2/13/02 29|= ug/L
METAL Iron (Ferrous) A039GW013 039GW013M1 2/13/02 0.066|U.J mg/L
FLTMET Iron, Dissolved, Dissolved A039GW013 039GW013M1 2/13/02 43.5\U ug/L
acid Lactic Acid A039GWO013 039GW013M1 2/13/02 1]U MG/L
FLTMET Manganese, Dissolved A039GW013 039GW013M1 2/13/02 8.05/U ug/L
GENCHEM Nitrate-Nitrite-N AO33GWO013 039GW013M1 2/13/02 0.28/U mg/L
acid  iPropionic Acid A033GW013 039GW013M1 2/13/02 11U MG/L
acid IPyruvic Acid A039GWO013 039GwW013Mt1 2/13/02 01U MG/L
GENCHEM ISulfate (as SO4) AQ39GW013 039GW013M1 2/13/02 26.2/U mg/L
GENCHEM :Sulfide A039GW013 1039GW013M1 2/13/02 0.023:U mg/L
VoA I Tetrachloroethylene (PCE) AC39GW013 039GWO013MT1 2/13/02 3.61J ug/L
GENCHEM i Total Organic Carbon AQ039GW013 039GWO013M1 2/13/02 1.25|= mg/L
VOA ‘trans-1,2-Dichloroethene A039GW013 038GW013M1 2/13/02 0.441J ug/L
VOA Trichloroethylene (TCE) AQ039GW013 039GW013M1 2/13/02 2.31J ug/L
VOA Vinyl chloride A039GWO013 039GW013M1 2/13/02 101U ug/l
VOA 1,1-Dichloroethene AQ39GW13D 039GW13DM1 2/13/02 4.31J ug/L
acid Acetic Acid A039GW13D 033GW13DM1 2/13/02 46.8|= MG/L
GENCHEM Alkalinity, Total (as CaCO3}) AQ39GW13D 039GW13DM1 2/13/02 167|= mg/L
acid B Butyric Acid A039GW13D 033GW 13DM1 2/13/02 24.3|= MG/L
GENCHEM Chlaride A039GW13D 039GW 13DM1 2/13/02 12.3{U mg/L
VOA cis-1,2-Dichloroethylene A039GW13D 039GW13DM1 2/13/02 197!= ug/L
METAL Iron (Ferrous) A039GW13D 039GW 13DM1 2/13/02 3.09,J mg/L
FLTMET Iron, Dissolved, Dissolved A039GW13D 038GW13DMH1 2/13/02 1890 = ug/L
acid Lactic Acid A039GW 13D 039GW13DM1 2/13/02 11U MG/L
FLTMET Manganese, Dissolved A039GW13D 038GW13DM1 2/13/02 127\J ug/t.
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GENCHEM Nitrate-Nitrite-N AQ39GW13D 039GW13DM1 2/13/02 0.0069|U mg/L
acid Propionic Acid AQ39GW13D 039GW13DM1 2/13/02 46.6|= MG/L
acid Pyruvic Acid A039GW13D 039GW13DM1 2/13/02 0.1|U MG/L
GENCHEM Sulfate (as S0O4) A039GW13D 039GW13DM1 2/13/02 15.5{U mg/L
GENCHEM Sulfide A039GW13D 039GW13DM1 2/13/02 0.056i= mg/L
VOA Tetrachloroethylene (PCE) A039GW13D 039GW13DM1 2/13/02 35.1}= ug/L
GENCHEM Total Organic Carbon AO39GW13D 039GW13DM1 2/13/02 76/= mg/L
VOA trans-1,2-Dichloroethene A039GW13D 038GW13DM!1 2/13/02 1.11J ug/L
VOA Trichloroethylene (TCE) A039GW13D 039GW13DM1 2/13/02 62.3|= ug/L
VOA Vinyl ¢hloride A039GW13D 039GW13DM1 2/13/02 13.5]J ug/L
VOA 1,1-Dichloroethene A039GW 13l 039GW13IM1 2/13/02 3.8(J ug/'L
acid Acetic Acid A039GW13| 039GW13IM1 2/13/02 8.8(= MG/L
GENCHEM Alkalinity, Total (as CaCO3) AQ38GW13I 039GW13IM1 2/13/02 98.5|U mg/L
acid Butyric Acid A039GW 13l 039GW13IM1 2/13/02 11U MG/L
GENCHEM Chioride A039GW 13| 039GW13IM1 2/13/02 7.24/U mg/L
VOA c¢is-1,2-Dichioroethylene A033GW13I 039GW13IM1 2/13/02 194i= ug/L
METAL Iron (Ferrous) A039GW13i 039GW13IM1 2/13/02 1.10J mg/L
FLTMET Iron, Dissolved, Dissolved A039GW13l 039GW13IM1 2/13/02 1210|= ug/L
acid Lactic Acid A039GW13| 039GW13IM1 2/13/02 10.6/= MG/L
FLTMET Manganesse, Dissolved A039GW 13| 039GW13IM1 2/13/02 609(J ug/L
GENCHEM Nitrate-Nitrite-N A039GW 13l 039GW13IM1 2/13/02 0.0069|U mg/L
acid Propionic Acid A039GW13I 039GW13IM1 2/13/02 19.8|= MG/L
acid Pyruvic Acid AQ39GW13I 039GW13IM1 2/13/02 0.1/U MG/L
GENCHEM Sulfate (as SO4) AQ39GW13I 039GW13IM1 2/13/02 16|V mg/L
GENCHEM Sulfide AD39GW13I 039GW 13IM1 2/13/02 0.023|U mg/L
VOA Tetrachioroethylene (PCE) A039GW13I 039GW13IM1 2/13/02 43.8|= ug/L
GENCHEM Total Organic Carbon A039GW13I 039GW13IM1 2/13/02 271|= mg/L
VOA trans-1,2-Dichloroethene A039GW13I 039GW13IM1 2/13/02 2.8/J ug/l.
VOA Trichloroethylene (TCE) A039GW13! 039GW13IM1 2/13/02 35.8|= ug/L
VOA Vinyl chloride A039GW13I 039GW13IM1 2/13/02 26.4i= ug/L
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ParamClass |ParamName StationID SamplelD Date Collected |Cancentration Qualifier Units
CH4/CO2 Carbon Dioxide A039GW25I 039GWa25IL2 5/16/01 87|= mg/l
CH4/CO2 Carbon Dioxide A039GW25i 039GW25IL3 7/18/01 50|= mg/i
CH4/CO2 Carbon Dioxide A039GW25i 039GW25IL4 8/15/01 99|= mgfl
CH4/CO2 Ethane A039GW25I 039GW25IL2 5/16/01 430|= ng/L
CH4 /CO2 Ethane A039GW25I 039GW25IL3 7/19/01 280|= ng/L
CH4/CO2 Ethene A039GW25] 039GW25IL2 5/16/01 3700|= ng/L
CH4/CO2 Ethene AQ39GW25) 039GW25IL3 7/18/01 2100|= ng/iL
CH4/CO2 Ethene A039GW25! 039GW25IL4 8/15/01 4000 = ng/L
CH4/CO2 Hydrogen A0389GwW2s! 039GWasIL2 5/16/01 2.2/ = nM
CH4/CO2 Hydrogen A039GW25] 039GW25IL4 8/15/01 1.2|= nM
CH4 /CO2 Methane A039GW25! 039GW2sIL2 5/16/01 530|= ug/L
CH4/CO2 Methane A039GW25! 039GW25IL3 7/19/01 340i= ug/L
CH4 /CO2 Methane A039GW25i 039GW25IL4 8/15/01 690|= ug/L
FLTMET Iron {Ferrous), Dissolved  |AQ39GW25!  |039GW25IL3 7/18/01 1.55(J mg/L
FLTMET Iron (Ferrous), Dissoived |A039GW25i 039GW251L4 8/15/01 4|= mg/L
FLTMET Iron, Dissolved A039GW 25| 033GW25IL3 7/19/01 1630|= ug/L
FLTMET Manganese, Dissolved A039GW25I 039GW25IL3 7/19/01 284|= ug/L
FLTMET Manganese, Dissolved AO39GW25  |03gGw251L4 8/15/01 296|= ug/L
GENCHEM Alkalinity, Total (as CaCO3)|A039GW25i 038GWa51L4 8/15/01 136|J mg/L
GENCHEM Chloride A039GW25i 038GW25IL2 5/16/01 6.24|= mg/L
GENCHEM Chloride A039GWa25I 039GW25IL3 7/18/01 6.38|= mg/L
GENCHEM Chloride A039GW25I 039GW251L4 8/15/01 5.46|J mg/L
GENCHEM Sulfate (as SO4) A039GW25| 039GW25IL2 5/16/01 6.28|= mg/L
GENCHEM Sulfate {as SO4) A039GW25! 039GW25IL3 7/19/01 6.12|= mg/L
GENCHEM Sulfate (as SO4) A039GW25I 039GW251L4 8/15/01 5.52|J mg/L
GENCHEM Total Organic Carbon A039GWas| 039GwW25IL2 5/16/01 3.83|= mg/L
GENCHEM Total Organic Carbon A039GWa25| 039GW25IL3 7/19/01 3.7|J mg/L
GENCHEM | Total Organic Carbon AQ39GW25]  |039GW251L4 8/15/01 3.72|= mg/L
METAL iron A039GW25I 033GW25IL2 5/16/01 7.76!J ug/l
METAL Iron {Ferrous) A039GW25i 039GW25IL2 5/16/01 5.53J mg/L
METAL Manganese A039GW25I 039GW25IL2 5/16/01 275 = ug/L
VOA 1,1-Dichloroethene A039GW25I 039GwasIL2 5/16/01 0.82)J ug/l.
VOA 1,1-Dichlorosthene A039GWa2s| 039GwW251L4 8/15/01 11J ug/L
VOA cis-1,2-Dichloroethylene  |A039GW25I 039GWa25sIL2 5/16/01 69.2|= ug/L
VOA cis-1,2-Dichloroethylene A039GW25I 039GW251L4 8/15/01 72.6(J ug/L
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ParamClass |ParamName StationIiD SamplelD Date Collected |Concentration Qualifier Units
VOA trans-1,2-Dichloroethene | AO39GW25I 039GWasiL2 5/16/01 1.4/J ug/L
VOA trans-1,2-Dichloroethene {A039GW25I 039GW251L4 8/15/01 1.8|J ug/L
VOA Trichloroethylene (TCE) A039GW 25l 039GW25IL.2 5/16/01 1.9(J ug/L
VOA Trichloroethylene (TCE) AQ39GW25I 039GW251L4 8/15/01 2.11J ug/L
VOA Vinyl chloride AQ39GW25I 039GwWasil2 5/16/01 21.5|= ug/L
VOA Vinyl chloride AQ39GW25I 039GW251L4 8/15/01 17.6J ug/L
CH4/CQO2 Carbon Dioxide AQ39GwW2sl 039GwW28IL2 5/16/01 90|= mg/l
CH4/CQ2 Carbon Dioxide A039Gwa2sl 039GW28IL3 7/19/01 52|= mg/|
CH4 /CQO2 Carbon Dioxide AQ38GW28lI 039GwW28IL4 8/15/01 81l= mg/|
CH4 / CO2 Ethane A039Gwa2sl 039Gw28IL2 5/16/01 280!= ng/L
CH4 /CO2 Ethane A039GW28lI 039GW28IL3 7/19/01 200|= ng/L
CH4 /C02 Ethene A039Gwa2asl 039GwaslL2 5/16/01 1600|= ng/L
CH4/CO2 Ethene A039Gwasl 039GW28IL3 7/19/01 1200|= ng/L
CH4 /CO2 Ethene A039GwWa2s8l 039GW28IL4 8/15/01 2100{= ng/L
CH4/C02 Hydrogen A039GW28| 039GwW28IL2 5/16/01 1.9= nM
CH4 /CO2 Hydrogen AQ39GwW28l 039GW28IL4 8/15/01 31i= nM
CH4/CQ2 Methane AQ39GW28l 039GwW2asIL2 5/16/01 340(= ug/L
CH4 / CO2 Methane A039GW28| 039GW28IL3 7/18/01 270i= ug/L
CH4/CO2 Methane AD39GwW2zsl 039GwW28IL4 8/15/01 490 = ug/L
FLTMET Iron, Dissolved A039Gwasl 039GW28IL3 7/19/01 1690 = ug/L
FLTMET Iron, Dissolved AQ39GW28| 039GwW281L4 8/15/01 715|= ug/L
FLTMET Manganese, Dissolved AQ39GwW28I 039GW28IL3 7/19/01 406|= ug/L
FLTMET Manganese, Dissolved A039GwW28I 039Gwa81L4 8/15/01 548 = ug/L
GENCHEM Acetic Acid A039Gwasl 039GW28IL3 7/19/01 13.8|= mg/l
GENCHEM Acetic Acid AD39GW2a8l 039GwW28iL4 8/15/01 41.8|= mg/i
GENCHEM Alkalinity, Total (as CaCO3) A039GW28I 039GW281L4 8/15/01 211]J mg/L
GENCHEM Butyric Acid A039Gwasl 039GW28IL4 8/15/01 5.7|= mg/!
GENCHEM Chloride A039Gwasl 039GwasiL2 5/16/01 51.1= mg/L
GENCHEM Chloride AD39GwaslI 039GW28IL3 7/19/01 39.1/= mg/L
GENCHEM Chloride A039GW2sl| 039Gw281L4 8/15/01 30.31J mg/L
GENCHEM Lactic Acid AD39GW28I 039GwW28IL3 7/19/01 18.7 = mg/l
GENCHEM Lactic Acid A039GW28I 039Gw28IL4 8/15/01 24.2 = mg/|
GENCHEM Propionic Acid A039GwWa2slI 039GW28IL3 7/18/01 229 = mg/l
GENCHEM Propionic Acid A039GwW28| 039GW28IL4 8/15/01 70.4|= mg/l
GENCHEM Pyruvic Acid AQ39GW28I 039GW28IL3 7/19/01 0.1= mg/l
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ParamClass ParamName StationiD SamplelD Date Collected |Concentration Quallfier Units
GENCHEM Pyruvic Acid A039GwW2slI 039GW28IL4 8/15/01 0.1|= mg/l
GENCHEM Sulfate (as SO4) A039GW28lI 039GwW28IL2 5/16/01 7.25|= mg/k
GENCHEM Sulfate (as SO4) A039Gwasl 039GW28IL3 7/19/01 4.11|= mg/L
GENCHEM Sulfate (as SO4) A039GwW28| 039Gw281L4 8/15/01 2.57\J mg/L
GENCHEM Sulfide A03gGwasl 039GW28IL3 7/19/01 0.023|J mg/L
GENCHEM Totai Organic Carbon A039GW28I 039GW28IL2 5/16/01 4.51|= mg/L
GENCHEM  |Total Organic Carbon AQ39GWw28l  |039GW28IL3 7/19/01 46.8/J mg/L
GENCHEM  |Total Organic Carbon AQ39GW28l  |039GW281L4 8/15/01 99.4J mg/L
METAL Iron (Ferrous) Ao3gGwasl 039GwasIL2 5/16/01 9.41)J mga/l.
METAL Manganese A03gGWasl| 039GW28IL2 5/16/01 323 /= ug/l.
VOA cis-1,2-Dichloroethylene  |A039GW28I  |039GW28IL2 5/16/01 254 = ug/t
VOA cis-1,2-Dichloroethylene  |AQ39GW28]  |039GW281L4 8/15/01 33.7J ug/t
VOA trans-1,2-Dichloroethene  |AQ39GW28]  |039GW28IL2 5/16/01 0.46J ug/L
VOA trans-1,2-Dichloroethene  |AO39GW28I 039GW281L4 8/15/01 0.75\J ug/L
VOA Trichloroethylene (TCE) A039GwWa2sl 039GWa2aslL2 516/01 0.57{J ug/L
VOA Trichloroethylens (TCE)  |AO38GW2s8l 038GwW281L4 8/15/01 0.82|J ug/L
VOA Vinyl chloride A039GwWasl| 039GwasiL2 5/16/01 8.8J ug/L
VOA Vinyl chloride A039GwWasl| 039GwW281L4 8/15/01 9.3|J ug/L
VOA 1,1-Dichloroethene AD39GW25| 039GW25IM1 2/13/02 5|U ug/L
GENCHEM Acetic Acid A038GW25I 039GW25IM1 2/13/02 657|= MG/L
GENCHEM Butyric Acid A038GW25I 039GW25IM1 2/13/02 235|= MG/
VOA cis-1,2-Dichloroethylene  |A039GW25I 033GW25iM1 2/13/02 36.8|= ug/lL
METAL Iron (Ferrous) AD39GW25I 039GW25IM1 2/13/02 16{J mg/L
FLTMET Iron, Dissolved, Dissolved |A038GW25I 033GW25IM1 2/13/02 177000(= ug/L
GENCHEM iLactic Acid A039GW25I 039GW25IM1 2/13/02 1{U MG/L
FLTMET  |Manganese, Dissolved A039GW25! 039GW25IM1 2/13/02 3760}J ug/L
GENCHEM Propionic Acid AQ39GW25i 033GW25IM1 2/13/02 688i= MG/L
GENCHEM Pyruvic Acid AQ39GW25! 039GW25IM1 2/13/02 0.5|= MG/L
VOA Tetrachloroethylene (PCE) |AG39GW25! 039GW25IM1 2/13/02 51UJ ug/iL
GENCHEM | Total Organic Carbon AQ39GW251  |039GW25IM1 2/13/02 743i= mg/L
VOA trans-1,2-Dichloroethene  |A039GW25I 039GW25IM1 2/13/02 0.88{J ug/L
VOA Trichloroethyiene (TCE)  |A039GW251  [039GW25IM1 2/13/02 0.72J ug/L
VOA Vinyl chioride A039GW25I 039GW25IM1 2/13/02 16.1|= ug/L
VOA 1,1-Dichlorosthene AD39GW2s8I 039GW28IM1 2/13/02 0.76|J ug/L
GENCHEM Acstic Acid A039GW28I 039GW28IM1 2/13/02 1{U MG/L
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ParamClass |ParamName StationID SamplelD Date Collected |Concentration Qualifier Units
GENCHEM Butyric Acid AO39GW28lI 039GW28IM1 2/13/02 11U MG/L
VOA cis-1,2-Dichloroethylene ~ |AO39GW28I 039GW28IM1 2/13/02 64.3|= ug/L
METAL Iron (Ferrous) AO39Gw2gl  1039GW28IM1 2/13/02 0.115/UJ mg/L
FLTMET Iron, Dissolved, Dissolved |AO39GW28| 039GW28IM1 2/13/02 34/U ug/L
GENCHEM Lactic Acid AQ39GwW28I 039GW28IM1 2/13/02 11U MG/L
FLTMET Manganese, Dissolved AQ39GW28I 039GwasiM 2/13/02 299/J ug/L
GENCHEM Propionic Acid AQ39GwW28I 039Gw28IM1 2/13/02 11U MG/L
GENCHEM  [Pyruvic Acid AQ39Gwasl 039GW28IM1 | 2/13/02 0.3i= MG/
VOA Tetrachloroethylene (PCE) |AQ39GW 28! 039GW28IM1 | 2/13/02 5{UJ ug/L
GENCHEM Total Organic Carbon AQ39Gw28I 039GW28IM1 | 2/13/02 4.06|= mg/L
VOA  ltrans-1,2-Dichloroethene  |AO39GW28] 039GwW28IM1 2/13/02 L 1.4J _ ug/L
VOA Trichloroethylene (TCE)  1AO39GW28I 039GW28IM1 | 2/13/02 1.4{J ug/L
VOA |Vinyl chloride AQ39GW 28| 039GW28IM1 2/13/02 19.1i= ug/L
CH4/CQO2  Carbon Dioxide AO39GW 251 039GW25IM1 2/13/02 250i= mg/L
CH4/CO2  iEthane AD39GW25I 039GW25IM1 | 2/13/02 5(U ng/L
CH4/C0O2  iEthene A039GW25I 039GW25IM1 ¢ 2/13/02 920i= ng/L
CH4/C0O2  Hydrogen AD39GW25I 039GW25IM1 | 2/13/02 3.3|= nM L
CH4/C0O2  Methane AQ039GW25I 039GW25IM1 | 2/13/02 8500i= ug/L
CH4/CO2 Carbon Dioxide AQ39GW2slI 039GW28IM1 2/13/02 74i= mg/L
CH4 /CO2 Ethane A039GwW28lI 039GW28IM1 2/13/02 360!= ng/L
CH4/C0O2  |Ethene A039GW28) 039GW28IM1 2/13/02 2600/= ng/L
CH4/CO2  |Hydrogen A039Gw2s8| 039GW28IM1 2/13/02 0.81i= nM
CH4/CO2 " Methane AD3SGW28I __ [039GW2BIM{ | 3/13/02 agol= ugll
{
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Alkalinity and TOC Axis

A039GW25I
Geochemical Indicators

800 54
Reductive Dechlorination and HRC Injection Trends
Alkalinity Increase {due to dissolution of minerals by CO2) /‘
700 4 TOC Increase
Chioride Increase (Daughter Product) / 148
500 | Sulfate Decrease
pH Decrease
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300
/ / 1 18
200
/ | / i +9
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Chloride and Sulfate Axis



A039GW28I
Geochemical Indicators

800 54
Reductive Dechlorination and HRC Injection Trends
Alkalinity Increase (due to dissolution of minerals by CO2)
700 TOC Increase
Chloride Increase (Daughter Product) T45
600 Sulfate Decrease
pH Decrease
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Chioride and Sulfate Axis



CO,, MEE, and H2 Axis

AQ39GW025I
Dissolved Gasses

11000 5
Reductive Dechlorination and HRC Injection Trends
10000 €O, Produced (Possible competing Electron Acceptor)
Methane Produced
9000 1 Ethene/Ethane Produced
HRC Increase L 4
—
8000 11pO Decrease (Competing Elactron Acceptor) /-//-—-f
7000
/ N
6000 /
5000
A E
3000 \N / \
2000 \ / //' \ - 1
1000 —
o_ﬁl — : 1,
5/9/01 6/28/01 8/17/01 10/6/01 11/25/01 1/14/02

| ——C02 (mg/L) —i—Methane (ug/L) —&—Ethane (ng/L} —— Ethene (ng/L) —¥— Hydrogen (nM) —@— Oxygen (mg/L) J

DO Axis



CO,, MEE, and H2 Axis

A039GWO028I
Dissolved Gasses

11000

10000 L|Reductive Dechlorination and HRC Injection Trends

CO, Produced (Possible compsting Electron Acceptor)

Methane Produced
Ethene/Ethane Produced
HRC Increase
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DO Axis



Organic Acids (mg/L)

A039GW025I
Organic Acids

700

|Reductive Dechlorination and HRC Injection Trends

All Organic Acids Increase /
600 -
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Organic Acids {mg/L)

A033GW028I
Organic Acids

700

Reductive Dechlorination and HRC Injection Trends
All Organic Acids Increase
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Dissolved Metals (ug/L)

AQ39GW025I1
Dissolved Metals

180000

140000 1

Reductive Dechlorination and HRC Injection Trends
160000 |-|Dissolved Iron Increase
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Dissolved Metals (ug/L)

A039GWO028I
Dissolved Metals

15000

Reductive Dechlorination and HRC Injection Trends
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Dissolved Manganese Increase
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PCE, TCE, VC, and 1,1-DCE Axis

AO39GW25I
Volatile Organic Compounds
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PCE, TCE, VC, and 1,1-DCE Axis

A039GWwW2sI
Volatile Organic Compounds
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Reductive Dechlorination Pathway:
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Well N

umber: A039GW25I Sheet: 1 of 1
Driller: Environmental Enterprise Group (EEG)

Client: Naval Facilities Engineering Command  Drilling Method: Simco trailer-mounted HSA rig
Project: Charelston Naval Complex
Location: SWMU 39
Project Number: 158814.ZA.PR.01

Sampling Method: N/A

Logged by: Kim-Lee Murphy
Start/Finish Date: 05/03/01 - 05/04/01

2 >
P @
2E! o Soil Description o Well Diagram Well Construction Notes
58| 3 £
HE :
oo | o Q
3] =111
Ground Surface .
TH Surface Conditions: ) ITaTd V!ellhead Protection Cover Type:
Grass and topsoil ] RooE 8' Man'holeCover
BRITE 10 2' by 2' Concrete Pad
Dark, grayish brown, silty N )T N =
fine SAND o™ I o -
b h -] B '\ ° o~ Diameter/Type of Well Casing:
____________________ L3N [ * | 2 Diameter, Schedule 40 PVC
Very dark brown, "Marsh | S Nl s E
Clay", sticky, ptastic, 2l BANs o Typelslot size of screen:
organic odor A h : £ h e 2" Diameter, Schedule 4¢ PVC,
I I B I 0.010 slot
Logged from Drill =l 1 G
Cuttings G L
=N I TN
Nl 1Y Type Screen Filter:
S I #2 Filter Sand
_____________________ R R R (7.7 50-Ib bags)
4| Dark brown, silty 13 N &
medium to fine SAND \ \ i Type of Seal:
with some clay, \ \ 3 3/8" Bentonite Pellets
saturated, poorly sorted, N k % w (2 5-gallon buckets)
3 no odor, still organic S BB _i_c_’
Wmucky) A7 : g Grout:
Brownish gray, silty § Portiand Type 1 Cement
CLAY with some sand,
dense o Method of Placement:
S Trimie
R — »
4 Gray, siity SAND, lcose, [ 21 5
saturated |5
K4
10
| e
Green-gray CLAY, 25 &
dense, plastic : J
29

End of Log




chzMHlLL Well Number: A039GW26D Sheet: 10f 2

Driller: Environmental Enterprise Group (EEG)
Client: Naval Facilities Engineering Command Drilling Method: Simco trailer-mounted HSA rig

™ Project: Charleston Naval Complex Sampling Method: N/A
Location: SWMU 39 Logged by: Kim-Lee Murphy
Project Number: 158814.ZA.PR.01 Start/Finish Date: 05/03/01 - 05/04/01

—

Soil Description Well Diagram Well Construction Notes

Depth Below
Surface(ft)
Soil Log
Depth / Elev

Ground Surface

Surface Conditions:
. Asphait

Wellhead Protection Cover Type:
8" ManholeCover
2' by 2" Concrete Pad

o
[=

Diameter/Type of Well Casing:
2" Diameter, Schedule 40 PVC

SAND, trace silt, fairly

_ Typelslot size of screen:
1 well-sorted

2" Diameter, Schedule 40 PVC,

1

. &
1 Logged from Dril} “—_ 2 0.010 slot
| Cuttings = ©
K [ 1]
N

- 10 e — e B
1141 Very Loose material 10 E o

: = Type Screen Filter:

Medium brown, silty fine 3 #2 Filter Sand

§ SAND SN I Siee (3.5 50-Ib bags)

Type of Seal:
3/8" Bentonite Pellets

15-}
; {2 5-gallon buckets)

3251

Grout:
Portland Type 1 Cement

Method of Placement:
Trimie

20

Green-gray silty CLAY, 20
dense, wet

I

: #2 Grade Filt.e.rléand Pack

25+

.....

%
%

30

o
o)
e
Cad
e




. CH2MHILL
-

Well Number: A039GW26D Sheet: 2 of 2

Client: Naval Facilities Engineering Command  Drilling Method: Simco trailer-mounted HSA rig
Project: Charieston Naval Complex
Location: SWMU 39

Project Number: 158814.ZA PR.O1 Start/Finish Date: 05/03/01 - 05/04/01

Drilter: Environmental Enterprise Group (EEG) oo,

Sampling Method: N/A
Logged by: Kim-l.ee Murphy

50

60

End of Log

PN

2 >
S °
K3 % o Soil Description w Well Diagram Well Construction Notes
£8| 3 s
§5 3 §
AR a
$HE Brown, Silty fine sand, siat
very loose S
L
e Note: Flowing sands occurred during
e installation. Complicated installation of
e sand pack. Only able to place 3.5
e[ bags of filter sand; rest of sand pack is
el filled with native flowing sands and
e collapsed material. Well seal placed
T high above top of screen.
ghoo
alo:
l.f). -
2] M
43
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zc*l?-MHlLL Well Number: A039GW26I Sheet: 2 of 1

Driller: Environmental Enterprise Group (EEG)
Client: Naval Facilities Engineering Command Drilling Method: Simco trailer-mounted HSA rig

™ Project: Charleston Naval Complex Sampling Method: N/A
Location: SWMU 39 Logged by: Kim-Lee Murphy
Project Number: 158814.ZA PR.01 Start/Finish Date: 05/02/01 - 05/04/01

Soil Description Well Diagram Well Construction Notes

Depth Below
Surface(ft)
Soil Log
Depth / Elev

Ground Surface

Surface Conditions:
1 Asphalt

Wellhead Protection Cover Type:
8" ManholeCover
2' by 2' Concrete Pad

o
L=

Diameter/Type of Well Casing:
2" Diameter, Schedule 40 PVC

“T Grangems o medium | 5
SAND, trace silt, fairly
well-sorted

Typelslot size of screen:
2" Diameter, Schedule 40 PVC,
0.010 slot

DTW = 3.96 ft —

L4 S

Logged from Drill
Cuttings

Medium brown, silty fine | 10 \
SAND, liquified \\

§ I Type Screen Filter:

#2 Filter Sand
(6 50-1b bags)

Type of Seal:
3/8" Bentonite Pellets
(2 5-gallon buckets)

Bentonite Seal ‘I

Grout:
Portland Type 1 Cement

Method of Placement:
Trimie

20
7] Green-gray silty CLAY, 20
plastic, wet

Note: Flowing sands during
installation.

— #2 Grade Filter éand Pack

M2 fte— 101t

I

7 End of Log 2
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2.‘:"'2“’“'"'-'- Well Number: A039GW27D Sheet: 1 of 2

Driller: Environmental Enterprise Group (EEG) s

Client: Naval Facilities Engineering Command  Drilling Method: Simco trailer-mounted HSA rig

Project: Charleston Naval Complex Sampling Method: N/A

Location: SWMU 39 Logged by: Kim-Lee Murphy

Project Number: 158814.ZA.PR.01 Start/Finish Date: 05/01/01 - 05/02/01

—_—
8o 3
g % o Soil Description E Well Diagram Well Construction Notes
s&| 3 5
ot | = o
84| @ ]
o Ground Surface Wellhead Protection Cover T
——— ) ver Type:
i i::ﬁ:g Conditions: mﬁa&g&g’_ 8" ManholeCover
| S 2' by 2' Concrete Pad

Diameter/Type of Well Casing:
2" Diameter, Schedule 40 PVC

--‘I:z;ﬁ-é;ﬁ\_tw_l_D_,_some silt:““ 5
with occasional gray
clay.

Typelslot size of screen:
2" Diameter, Schedule 40 PVC,
0.010 slot

Water content increasing
greatly with depth.

Logged from Drill
Cuttings

DTW=701f"

Type Screen Filter:
#2 Filter Sand
(3 50-1b bags)

Grout :

Type of Seal:
3/8" Bentonite Pellets
(1.5 5-gallon buckets)

38t

Grout:
Portland Type 1 Cement

Method of Placement:
Trimie

»

1 Green-gray sity CLAY, | 25
dense, wet

Bentcnite Seal
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. CH2ZMHILL
-

Well Number: A039GW27D

Sheet: 20f 2

Driller: Environmental Enterprise Group (EEG)

Client: Naval Facilities Engineering Command Drilling Method: Simco trailer-mounted HSA rig

Sampling Method: N/A

60

End of Log

» Project: Charleston Naval Complex
Location: SWMU 39 Logged by: Kim-Lee Murphy
Project Number: 158814.ZA PR.01 Start/Finish Date: 05/01/01 - 05/02/01
3= 3
2 % - Soil Description i Well Diagram Well Construction Notes
o| @ =
8|2 g
o3 [+ [
on| w (a)
% : E
/ : -
" S . _
TEER Brown, Silty fine sand 35 : -] Note: Flowing sands occurred during
very loose ' . installation. Complicated installation of
: 5 sand pack. Only able to place 3 bags
: 8 of filter sand; rest of sand pack is filled
x| e with native flowing sands and
: 3 collapsed material. Well seal placed
: 15 high above top of screen.
E 1E
: 18
: o
: O
. N
=1 3
ol ]
x
t .
79 T *




@ chzmnie Well Number: A039GW27! Sheet: 1 of

Driller: Environmental Enterprise Group (EEG)
Client: Naval Facilities Engineering Command Drilling Method: Simco trailer-mounted HSA rig

Project: Charleston Naval Complex Sampling Method: N/A
Location: SWMU 39 Logged by: Kim-Lee Murphy
Project Number: 158814.ZA.PR.01 Start/Finish Date: 04/30/01 - 05/02/01
5 3
g % o Soil Description _m_ Well Diagram Well Construction Notes
£8| 3 £
at| = o
3 Q []
omn| » o
0 Ground Surface .
Surface Conditions: 0 \A!ellhead Protection Cover Type:
T Asphalt x 8" ManholeCover
2' by 2' Concrete Pad
| =
“ Q Diameter/Type of Well Casing:
51 ™ 2" Diameter, Schedule 40 PVC
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Client: Naval Facilities Engineering Command
Project: Charelston Naval Complex

Location: SWMU 39

Project Number: 158814.ZA.PR.01

Well Number: A039GW28lI

Sheet: 1 of 1

Driller: Environmental Enterprise Group (EEG)

Drilling Method: Simco trailer-mounted HSA rig
Sampling Method: N/A

Logged by: Kim-Lee Murphy

Start/Finish Date: 05/04/01 - 05/07/01
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APPENDIX B
Analytes Detected in Groundwater — AprilfMay and July/August 2002 investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region il
Termination Tap Water
Sample Depth Date Concentration MCL RBC (HI=0.1)
Analyte Location (ftbls)  Collected {rg/L) Qualifier (pg/L) (ra/L)
1,1-Dichloroethane  A039GP054 27 04/16/02 9.3 = NA 80
A039GP055 46 04/16/02 33 J
A039GP059 46 04/18/02 1.7 J
A039GP0O60 40 04/19/02 14 J
A039GP063 40 04/22/02 47 J
A039GP064 10 04/23/02 3.3 J
AQ39GP064 48 04/23/02 1 J
AQ039GP064 46 04/23/02 1 J
A039GP071 46 04/25/02 15 J
AQ39GP073 27 04/26/02 0.81 J
A039GP073 48 04/26/02 58 J
A039GP074 48 04/29/02 94 J
A039GP074 48 04/29/02 12 J
A039GPO75 10 04/28/02 7.8 J
A039GPO76 10 04/30/02 10 =
AQ39GPO76 27 04/30/02 0.71 J
AO39GPO77 10 04/30/02 15 J
A039GPO077 27 04/30/02 3.3 J
AD39GP079 10 04/30/02 1 J
A038GP080 10 04/30/02 8.8 =
A039GP081 10 05/01/02 8.3 =
AQ39GP082 27 05/01/02 0.74 J
A039GP082 48 05/01/02 14 =
AQ39GP083 10 05/01/02 8.9 J
A039GP084 10 05/01/02 6.2 =
A039GP085 10 05/01/02 14 J
AO39GP086 27 05/01/02 3 J
A033GP087 10 05/02/02 0.66 J
A039GP087 27 05/02/02 13 J
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APPENDIX B
Analytes Delected in Groundwater — AprilMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region lll
Termination Tap Water
Sample Depth Date Concentration MCL RBC (HI=0.1)
Analyte Location (ft bls)  Collected (rg/L) Qualifier (pg/L) {(wrg/L)
1,1-Dichloroethane  A039GP088 48 05/02/02 1.3 J NA 80
A039GP095 27 07/25/02 8.7 J
A039GP095 48 07/25/02 19 J
A039GP096 10 07/25/02 47 J
A039GP098 44 07/29/02 3.3 J
A039GP108 10 08/01/02 3.5 J
A038GP108 44 08/01/02 3.2 J
1,1-Dichloroethene  A039GP0493 32 04/02/02 1.6 J 7 0.044

A038GP050 32 04/02/02 29 J
A039GP054 27 04/16/02 7.2 J
A039GP054 46 04/16/02 42 J
AD39GP055 46 04/16/02 1.6 J
A039GP063 40 04/22/02 241 J
A039GP064 10 04/23/02 1.8 J
A039GP064 46 04/23/02 23 J
A039GP064 46 04/23/02 22 J
A038GP071 46 04/25/02 17 J
A038GP072 27 04/26/02 0.7 J
A039GP072 46 04/26/02 1.8 J
A039GP073 27 04/26/02 0.88 J
A039GP073 48 04/26/02 8 J
A039GP074 48 04/29/02 21

AD39GP074 48 04/29/02 24 J
A039GP075 10 04/29/02 3.2 J
AD39GPO76 10 04/30/02 7.3 J
AQ39GP077 10 04/30/02 0.91 J
A039GP079 10 04/30/02 0.98 J
AQ39GP080 10 04/30/02 9.6 =
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APPENDIX B
Analytes Detected in Groundwater — AprilMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Ill
Termination Tap Water
Sample Depth Date  Concentration MCL RBC (HI=0.1)
Analyte Location {ftbis) Collected (/L) Qualifier (ug/L) (ug/L)

1,1-Dichloroethene  A039GPO0BO 27 04/30/02 0.79 J 7 0.044

AQ39GP08B1 10 05/01/02 4.3 J

AQ39GP0B2 27 05/01/02 1.1 J

AQ39GP082 48 05/01/02 10 =

A039GP083 10 05/01/02 47 J

A039GP084 10 05/01/02 36 J

A039GP084 48 05/01/02 0.89 J

A039GP085 10 05/01/02 12 J

A039GF086 27 05/01/02 27 J

AD39GP087 27 05/02/02 21 J

AQ39GP088 48 05/02/02 22 J

A039GP091 32 05/29/02 1 J

A039GP094 27 07/24/02 49 J

AQ039GP095 27 07/25/02 3.9 J

A039GP095 48 07/25/02 6.3 J

A039GP096 10 07/25/02 43 J

A039GP098 44 07/29/02 08 J

A039GP108 10 08/01/02 0.65 J

A039GP111 27 08/01/02 0.81 J
1.1.1- AQ039GP108 10 08/01/02 1.4 J 200 320
Trichloroethane
1,1,2,2- A039GP107 10 Q7/31/02 0.78 J 0.053
Tetrachloroethane
1,2,3- A039GP054 10 04/186/02 16 J NA NA
Trichlorobenzene

A039GP106 44 07/31/02 0.9 J NA NA

AQ39GP107 10 07/31/02 24 J
1,2-Dichlorobenzene A039GP107 44 07/31/02 0.48 J 600 55
t,2-Dichloroethane  A039GP(049 32 04/02/02 1.3 J 5 0.12
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APPENDIX B
Analytes Detected in Groundwater — AprifMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region lll
Termination Tap Water
Sampie Depth Date Concentration MCL RBC (HI=0.1)
Analyte Location (ft bls) Coliected (vgfL) Qualifier (ug/L}) {ug/L)

t,2-Dichloroethane A039GP081 48 05/01/02 0.57 J 5 0.12

A039GP084 48 05/01/02 0.87 J

A039GP085 48 05/02/02 1.1 J

A039GP085 48 05/02/02 0.98 J

A039GP0986 10 07/25/02 16 J
1,2-Dichloroethene A039GP049 32 04/02/02 280 = NA 55
(total)

A039GP050 32 04/02/02 220 =

A039GP051 32 04/03/02 26 J

AD39GPO51 56 04/03/02 1.4 J

A039GP052 32 04/03/02 12 =

A039GP054 10 04/16/02 54 =

A039GP054 27DL 04/16/02 380 =

A039GP054 46 04/16/02 220 =

A039GP055 27 04/16/02 1.1 J

A039GP055 46 04/16/02 99 =

A039GP056 10 04/17/02 5.6 =

A039GP057 27 04/17/02 1.8 J

A039GP057 46 04/17/02 1.3 J

A039GP059 46 04/18/02 57 =

A039GP080 40 04/19/02 49 =

A039GP062 40 04/19/02 1.6 J

A039GP063 10 04/22/02 24 N

A039GP0863 40 04/22/02 160 =

A039GP064 10 04/23/02 160 =

A039GP064 46 04/23/02 120 =

A039GP064 48 04/23/02 120 =

A039GP066 48 04/23/02 53 =

AQ39GPO70 27 04/25/02 9.7 =
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APPENDIX B
Analytes Detected in Groundwater — AprilMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date  Concentration MCL  RBC (HI=0.1)
Analyte Location {ftbls) Collected {zrg/L) Qualifier (ug/L) {rglL)
1,2-Dichloroethene  AG39GP070 46 04/25/02 11 = NA 55
(total)
A039GP071 27 04/25/02 22 =
A039GP071 48 04/25/02 870 =
A039GPO071 27 04/25/02 22 =
A039GP072 27 04/26/02 1.7 J
AD39GP072 46 04/26/02 32 =
AD39GP073 27 04/26/02 28 =
AD39GP073 48 04/26/02 300 =
A039GP074 27 04/29/02 0.9 J
AO038GP074 48DL 04/29/02 840 =
A039GP074 48 04/29/02 900 =
A039GP075 10 04/29/02 420 =
A039GP075 27 04/29/02 25 J
AO039GP076 10 04/30/02 300 =
A039GP076 27 04/30/02 25 =
A039GP076 48 04/30/02 0.73 J
AO033GP077 10 04/30/02 50 =
AO039GP077 27 04/30/02 120 =
AD39GP078 10 04/30/02 20 =
A039GP079 10 04/30/02 36 =
A039GP080 10DL 04/30/02 470 =
A039GP080 27 04/30/02 9.9 =
A039GP080 48 04/30/02 29 =
A039GPO081 10 05/01/02 330 =
AO39GP081 27 05/01/02 0.69 J
A039GP081 48 05/01/02 69 =
AQ39GP082 10 05/01/02 29 =
AD39GP082 27 05/01/02 42 =
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APPENDIX B
Analytes Detected in Groundwater — ApriMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region lll
Termination Tap Water
Sample Depth Date Concentration MCL  RBC (HI=0.1)
Analyte Location (ftbls)  Collected (rg/L) Qualifier {pg/L) {(zg/L)
1,2-Dichloroethene  A039GP082 48DL 05/01/02 780 = NA 5.5
(total}
A039GP082 10 05/01/02 33 =
A039GP083 10 05/01/02 280 =
A039GP083 27 05/01/02 31 =
A039GP084 10 05/01/02 240 =
A039GP084 27 05/01/02 54 =
A039GP0B4 48 05/01/02 8.6 =
A039GP085 10 05/01/02 85 =
A039GPOB5 48 05/02/02 12 =
A039GP0B5 48 05/02/02 12 =
A039GP086 10 05/01/02 30 =
A039GP0B6 27 05/01/02 200 =
A039GP087 10 05/02/02 26 =
A039GP087 27 05/02/02 120 =
AO33GP088 48 05/02/02 220 =
A039GPOH 32 05/29/02 180 =
A039GP091 46 05/29/02 99 =
AO039GP092 32 05/29/02 48 J
A039GP092 42 05/29/02 5.9 =
A039GP094 27 07/24/02 120 =
AD39GP095 27 07/25/02 220 =
A039GP095 10 07/25/02 2 J
A039GP095 48 07/25/02 400 =
A039GP096 10 07/25/02 580 =
A039GP096 27 07/25/02 0.96 J
A039GPQ96 46 07/25/02 0.78 J
AO039GP097 27 07/29/02 10 =
AQ39GP097 27 07/29/02 11 =
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APPENDIX B
Analytes Detected in Groundwater — April/May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region lli
Termination Tap Water
Sample Depth Date Concentration MCL RBC (HI=D.1)
Analyte Location (ftbls) Collected {pg/L) Qualifier (ug/L) (xrg/t)

1,2-Dichloroethene  A039GP098 44 07/29/02 8.1 = NA 556
{total)

AQ39GP099 27 07/30/02 42 J

A039GP101 10 07/30/02 0.69 J

A039GP104 27 07/31/02 0.75 J

AO39GP105 10 07/31/02 2 J

A039GP108 10 08/01/02 6.8 =

A039GP108 27 08/01/02 12 J

A039GP111 27 08/01/02 22 =

A039GP111 44 08/01/02 33 J
1,2-Dichloropropane  A039GP092 32 05/29/02 0.51 J 5 0.16

A039GP092 42 05/29/02 0.45 J
1,3-Dichlorobenzene A039GP094 27 07/24/02 0.64 J NA 0.55
1,4-Dichlorobenzene A039GP091 32 05/29/02 0.54 J 75 0.47

A0329GP092 32 05/29/02 0.32 J

AQ39GP094 27 07/24/02 0.7 J
2-Hexanone A039GPO73 48 04/26/02 9.3 J NA NA
Acetone A039GP051 10 04/03/02 21 = NA 61

A039GPO051 56 04/03/02 14 =

AO39GP053 56 04/03/02 15 =

A039GP058 27 04/17/02 12 =

A039GP058 46 04/17/02 13 =

A039GP059 46 04/18/02 23 =

AO39GP073 48 04/26/02 36 J

A039GP074 27 04/29/02 10 J

AQ39GP0786 27 04/30/02 30 J

A039GPO77 27 04/30/02 18 J

A032GPO78 27 04/30/02 27 J
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APPENDIX B
Analytes Detected in Groundwater — Apri/May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date  Concentration MCL  RBC (HI=0.1)
Analyte Location (ftbls)  Collected (vglL) Qualifier (ug/L) (rgll)
Acetone A039GP078 27 04/30/02 18 J NA 61
A039GP079 27 04/30/02 18 J
A039GPO081 27 05/01/02 16 =
AQ39GP085 48 05/02/02 20 =
A039GP086 27 05/01/02 13 =
AQ39GP094 44 07/24/02 140 =
A039GP098 10 07/28/02 14 J
A039GPC99 27 07/30/02 31 =
A039GP099 46 07/30/02 80 =
A038GP100 46 07/30/02 220 =
A039GP101 27 07/30/02 14 J
A039GP102 44 07/30/02 59 J
AQ39GP105 44 07/31/02 11 J
AQ39GP106 44 07/31/02 41 J
A039GP107 44 07/31/02 34 J
A039GP108 27 08/01/02 12 J
AQ39GP111 44 08/01/02 25 J
A039GP112 44 08/01/02 15 =
Benzene A039GP050 32 04/02/02 0.52 J 5 0.32
AQ039GP051 56 04/03/02 0.33 J
A039GP054 27 04/16/02 1.5 J
AQ39GP055 46 04/16/02 0.63 J
AQ39GP059 46 04/18/02 045 J
AQ39GP063 40 04/22/02 0.82 N)
A039GPO64 10 04/23/02 0.53 J
A039GP064 46 04/23/02 0.75 J
A039GP064 46 04/23/02 0.79 J
A039GPO71 46 04/25/02 3.8 J
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APPENDIX B
Analytes Datected in Groundwater — April/May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region IlI{
Termination Tap Water
Sample Depth Date Concentration MCL RBC (HI=0.1)
Analyte Location {ftbls) Collected (rg/L) Qualifier (ug/L) (rg/L)
Benzene A039GP072 46 04/26/02 0.34 J 5 0.32
AQ39GP073 48 04/26/02 0.97 J
A039GP074 48 04/29/02 1.2 J
A039GPO75 10 04/29/02 57 J
A039GPO76 10 04/30/02 0.99 J
A039GPO77 27 04/30/02 0.32 J
A039GP08B0 10 04/30/02 1.2 J
A039GP081 10 05/01/02 1.1 J
A039GP081 48 05/01/02 0.74 J
A039GP082 27 05/01/02 0.34 J
A039GP082 48 05/01/02 48 J
A039GP083 10 05/01/02 0.76 J
A039GP084 10 05/01/02 0.64 J
A039GP084 27 05/01/02 0.32 J
A039GP084 48 05/01/02 0.44 J
A039GP085 10 05/01/02 0.65 J
AD39GP085 48 05/02/02 0.31 J
A039GP086 27 05/01/02 26 J
A039GP087 27 05/02/02 0.62 J
A039GP088 48 05/02/02 0.8 J
A039GP0g1 32 05/29/02 2.3 J
A039GP092 32 05/29/02 6.5 =
A039GP092 42 05/29/02 29 J
AD39GP094 27 07/24/02 0.66 J
A039GP094 44 07/24/02 0.43 J
AQ39GP096 10 07/25/02 48 =
AQ39GP099 46 07/30/02 03 J
A039GP100 46 07/30/02 0.48 J
AD39GP105 44 07/31/02 0.38 J
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APPENDIX B
Analytes Detected in Groundwater — April/May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region il
Termination Tap Water
Sample Depth Date Concentration MCL RBC (HI=0.1)
Analyte Location {ftbls) Collected (xg/.) Qualifier (pg/L) (g/L)

Benzene A039GP107 10 07/31/02 0.3 J 5 0.32

AQ39GP107 44 07/31/02 0.6 J

A039GP108 10 08/01/02 0.38 J

A039GP108 27 08/01/02 0.54 J

A039GP108 44 08/01/02 0.4 J

AQ38GP110 44 08/01/02 0.27 J

A039GP111 27 08/01/02 0.66 J

A039GP111 44 08/01/02 0.53 J

A039GP112 44 08/01/02 0.57 J

A039GP113 44 08/02/02 0.35 J
Carbon Disulfide A039GP058 46 04/17/02 1.7 J NA 100

A039GP076 48 04/30/02 2.3 J

A039GP078 27 04/30/02 1.5 J

A039GP082 27 05/01/02 15 J

A039GP094 44 07/24/02 1.5 J

A039GP096 27 07/25/02 1.8 J

A039GP096 46 07/25/02 24 J

A039GP098 10 07/29/02 2.2 J

A038GP099 10 07/30/02 1.9 J

A033GP100 10 07/30/02 5 =

A033GP100 27 07/30/02 18 J

A039GP104 10 07/31/02 9.4 J

A039GP107 44 07/31/02 1.6 J

A039GP111 27 08/01/02 1.7 J
Chloroethane A039GP108 10 08/01/02 39 J 80° 36
Chloroform A039GP053 56 04/03/02 22 J NA 0.15
Chloromethane A039GP095 48 07/25/02 42 J 80° 21

A039GP105 44 07/31/02 3.2 J
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APPENDIX B
Analytes Detected in Groundwater — ApriMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Cornplex

Sample
Collection EPA Region 1l
Termination Tap Water
Sample Depth Date Concentration MCL RBC {HI=0.1)
Analyte Location (ftbls)  Collected {zg/L) Qualifier (pg/L) (ug/L)
cis-1,2- A039GP049 a32 04/02/02 260 = 70 6.1
Dichloroethene
A039GP050 32DL 04/02/02 190 =
A039GP051 32 04/03/02 24 J
A039GP051 56 04/03/02 1.4 J
A039GP052 32 04/03/02 11 =
A039GP054 10 04/16/02 49 =
A038GP054 27DL 04/16/02 340 =
A038GP054 46 04/16/02 200 =
AQ39GP055 27 04/16/02 1 J
A039GP055 46 04/16/02 89 =
A039GP056 10 04/17/02 5.1 =
A039GP057 27 04/17/02 14 J
A039GP057 46 04/17/02 1.2 J
AD39GP059 46 04/18/02 52 =
A039GP060 40 04/19/02 49 =
A039GP062 40 04/19/02 1.6 J
A039GP063 10 04/22/02 2.4 J
A039GP063 40 04/22/02 150 =
A039GP064 10 04/23/02 160 =
A039GP064 46 04/23/02 110 =
A033GP064 46 04/23/02 110 =
AD39GP0O66 48 04/23/02 53 =
A039GP070 27 04/25/02 9.7 =
AQ39GP070 46 04/25/02 11 =
A039GPO71 27 04/25/02 22 =
A039GP071 46 04/25/02 860 =
AD39GPO71 27 04/25/02 22 =
AD39GP072 27 04/26/02 1.7 J
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APPENDIX B
Analytes Detected in Groundwater — ApritMay and July/August 2002 Investigations
GMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Hl
Termination Tap Water
Sample Depth Date Concentration MCL  RBC (HI=0.1)
Analyte Location (ftbls)  Collected {ro/L) Qualifier (pg/L) {rg/L)
cis-1,2- A039GP072 46 04/26/02 32 = 70 6.1
Dichloroethene
AQ39GP073 27 04/26/02 27 =
A039GP073 48 04/26/02 300 =
A039GP074 27 04/29/02 0.9 J
A039GP074 48DL 04/28/02 820 =
A039GP074 48 04/29/02 890 =
A039GP075 10 04/29/02 380 =
A039GP075 27 04/29/02 25 J
A039GPO76 10 04/30/02 290 =
A039GP076 27 04/30/02 24 =
A039GP076 48 04/30/02 0.73 J
A039GP077 10 04/30/02 48 =
A039GP077 27 04/30/02 120 =
A039GP078 10 04/30/02 19 =
A039GP079 10 04/30/02 34 =
A039GP080 10DL 04/30/02 470 =
A039GP080 27 04/30/02 99 =
A039GP080 48 04/30/02 28 =
AQ39GP081 10DL 05/01/02 310 =
AO039GP081 27 05/01/02 0.69 J
A039GP081 48 05/01/02 68 =
A039GP082 10 05/01/02 29 =
A039GP082 27 05/01/02 40 =
AD39GP082 48DL 05/01/02 760 =
AQ39GP082 10 05/01/02 33 =
A039GP083 10 05/01/02 280 =
A039GP083 27 05/01/02 31 =
A039GP084 10DL 05/01/02 230 =
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APPENDIX B
Analytes Detected in Groundwater — ApriliMay and July/August 2002 Investigations
CMS Report, SWMLUI 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date  Concentration MCL  RBC (HI=0.1)
Analyte Location {ft bis) Collected (rg/L) Qualifier {vg/L) {irg/L)

cis-1,2- A039GP084 27 05/01/02 53 = 70 6.1
Dichloroethene

A039GP0B4 48 05/01/02 8.1 =

A039GP085 10 05/01/02 83 =

AD39GP0OB5S 48 05/02/02 12 =

A039GP085 48 05/02/02 11 =

A039GP086 10 05/01/02 29 =

A039GP086 27 05/01/02 190 =

A033GP087 10 05/02/02 26 =

A039GP087 27 05/02/02 120 =

A039GP088 48 05/02/02 220 =

A039GP091 32 05/29/02 165 =

A039GP091 46 05/29/02 9.3 =

A039GP092 32 05/29/02 33 J

A039GP092 42 05/29/02 53 =

A039GP094 27 07/24/02 81 =

AQ38GP095 27 07/25/02 220 =

A039GP095 10 07/25/02 2 J

A039GP095 48 07/25/02 390 =

AO039GP096 10 07/25/02 580 =

A039GP03g6 27 07/25/02 0.96 J

A039GP0396 46 07/25/02 0.78 J

A038GP097 27 07/28/02 10 =

A039GP097 27 07/29/02 11 =

A039GP098 44 07/29/02 8.1 =

A0C39GP099 27 07/30/02 4.2 J

AD39GP101 10 07/30/02 0.69 J

A039GP104 27 07/31/02 0.75 J

A039GP105 10 07/31/02 2 J
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APPENDIX B
Analytes Detected in Groundwater — ApriMay and Julty/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date Concentration MCL  RBC (HI=0.1)
Analyte Location {ft bls) Collected (zg/L) Qualifier (pgl) {rg/L)

cis-1,2- AQ39GP108 10 08/01/02 6.8 = 70 6.1
Dichloroethene

A039GP108 27 08/01/02 12 J

A039GP111 27 08/01/02 20 =

A039GP111 44 08/01/02 33 J
Ethylbenzene A039GP091 32 05/28/02 0.93 J 700 130

A039GP106 44 07/31/02 1 J

A039GP112 A4 08/01/02 11 J
m+p Xylene AQ39GP091 32 05/29/02 1.7 J NA 1,200

AQ39GP112 44 08/01/02 22 J
Methyl ethyl ketone  AD39GP078 27 04/30/02 34 = NA 190
(2-Butanone)

A0D39GP094 44 07/24/02 14 =

AQ39GP102 44 07/30/02 13 J
Methylene Chloride  AO39GP053 56 04/03/02 0.71 J NA 41
o-Xylene AQ39GP09t 32 05/29/02 18 J NA 1,200

AQ39GP092 32 05/29/02 0.51 J

AQ39GP096 10 07/25/02 24 J
PCE A039GP057 27 04/17/02 1.6 J 5 11

AQ39GP057 46 04/17/02 54 =

A039GP059 27 04/18/02 3.2 J

A039GP063 27 04/22/02 2.7 J

A039GP063 40 04/22/02 3.2 J

A039GP064 10 04/23/02 35 J

AQ39GP070 27 04/25/02 18 =

AQ39GP070 46 04/25/02 24 =

AQ39GP071 46 04/25/02 g J

AQ39GP072 46 04/26/02 16 =
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APPENDIX B
Analytes Detected in Groundwater — April/May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region ili
Termination Tap Water
Sample Depth Date Concentration MCL  RBC (HI=0.1)
Analyte Location {ftbls) Collected (pg/L) Qualifier {g/L) (rrg/L)

PCE A039GP073 27 04/26/02 10 = 5 11

AQ39GP073 48 04/26/02 22 =

A039GP077 10 04/30/02 27 =

A039GP0O77 27 04/30/02 18 J

A039GP079 10 04/30/02 59 =

A039GP080 10 04/30/02 23 J

A039GP094 27 07/24/02 1.8 J

A039GP095 27 07/25/02 8.4 =

AQ39GP095 48 07/25/02 130 =

A039GP097 27 07/28/02 24 J

A039GP097 27 07/29/02 26 J
Toluene A039GP054 27 04/16/02 0.59 J 1,000 75

A039GP073 27 04/26/02 0.53 J

A039GP076 27 04/30/02 18 J

A039GP076 43 04/30/02 0.92 J

A039GP085 27 05/02/02 0.62 J

A039GP091 32 05/29/02 3.9 J

A039GP092 32 05/29/02 0.43 J

A039GP093 42 05/29/02 0.46 J

AQ39GP100 46 07/30/02 0.59 J

A039GP105 44 07/31/02 0.54 J

AQ39GP106 27 07/31/02 0.57 J

AQ039GP106 44 07/31/02 1.7 J

A039GP 107 27 07/31/02 1.1 J

A039GP107 44 07/31/02 12 J
trans-1,2- AQ39GP049 32 04/02/02 11 = 100 12
Dichloroethene

A039GP050 32 04/02/02 6.1 =
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APPENDIX B
Analytes Detected in Groundwater — ApriMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date  Concentration MCL  RBC (HI=0.1)
Analyte Location (ftbls) Collected {(ug/L) Qualifier (pg/L) {ug/L)
trans-1,2- AQC39GP054 10 04/16/02 0.91 J 100 12
Dichloroethene
A039GP054 27 04/16/02 8.9 =
A039GP054 46 04/16/02 32 J
A039GP055 46 04/16/02 1.1 J
A039GP060 40 04/19/02 0.49 J
A039GP063 40 04/22/02 46 J
A039GP064 10 04/23/02 4.7 J
A039GP064 46 04/23/02 24 J
AQ39GP064 46 04/23/02 25 J
A039GPO71 46 04/25/02 13 J
A039GP072 46 04/26/02 0.68 J o
A039GP073 27 04/26/02 0.82 J
A039GP073 48 04/26/02 5.1 J
A039GP074 48 04/29/02 13 =
A039GP074 48 04/29/02 12 J
A039GPO75 10 04/29/02 36 =
A039GPO76 10 04/30/02 6 J
A039GP076 27 04/30/02 0.48 J
A039GPO77 10 04/30/02 1.9 J
A039GP078 10 04/30/02 0.5 J
AD39GP079 10 04/30/02 2.1 J
A039GP080 10 04/30/02 24 =
A039GP080 48 04/30/02 0.58 J
AO39GPO&t 10 05/01/02 8.3 =
A039GP081 48 05/01/02 1 J
A039GP082 10 05/01/02 0.75 J
A039GP082 27 05/01/02 1.8 J
A039GP082 48 05/01/02 23 J
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APPENDIX B .
Analytes Detected in Groundwater — AprifMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Hl
Termination Tap Water
Sample Depth Date  Concentration MCL RBC (HI=0.1)
Analyte Location {ft bls)  Collected (ug/L) Qualifier (g/l) {(pag/L)

trans-1,2- A039GP082 10 05/01/02 0.6 J 100 12
Dichloroethene

A039GP083 10 05/01/02 46 J

A039GP084 10 05/01/02 6.7 =

A039GP084 27 05/01/02 0.74 J

A039GP084 48 05/01/02 0.47 J

AQ39GP085 10 05/01/02 2 J

A039GP085 48 05/02/02 0.5 J

AD39GP086 10 05/01/02 0.85 J

AD39GP086 27 05/01/02 6.8 =

AQ39GP087 27 05/02/02 5 =

AD39GP088 48 05/02/02 34 J

AD39GPOHN 32 05/29/02 14.8 =

AD39GPO9N 46 05/29/02 0.63 J

AD39GP092 32 05/29/02 1.5 J

A039GP092 42 06/29/02 0.59 J

A038GP094 27 07/24/02 36 =

A039GP095 27 07/25/02 47 J

AD39GP09S 48 07/25/02 8.7 J

AO39GP0Y6 10 07/25/02 36 =

A039GP111 27 08/01/02 23 J
TCE A039GP(48 34 04/01/02 0.48 J 5 1.6

A039GP049 32 04/02/02 92 =

A039GP049 57 04/02/02 04 J

A039GP0O50 32 04/02/02 110 =

A039GPO051 32 04/03/02 1.4 J

AQ39GP051 56 04/03/02 0.3 J

AD39GP0O52 32 04/03/02 10 =

A033GP053 32 04/03/02 0.98 J

APPENDIX B.DOG B-17



APPENDIX B
Analytes Detected in Groundwater — Apri¥May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Hi
Termination Tap Water
Sample Depth Date Concentration MCL  RBC (HI=0.1)
Analyte Location (ftbls) Collected (vg/L) Qualifier (wg/L) (xg/L)
TCE AD39GP054 10 04/16/02 14 = 5 1.6
AQ39GP054 27 04/16/02 110 =
A039GPC54 46 04/16/02 100 =
A039GP055 27 04/16/02 5.1 =
AQ039GP055 46 04/16/02 16 =
A039GPO057 27 04/17/02 26 J
A039GP057 46 04/17/02 48 J
A039GP058 27 04/17/02 0.42 J
A039GP059 27 04/18/02 26 J
A038GP059 46 04/18/02 2 J
A039GP060 40 04/19/02 3.4 J
A039GP063 27 04/22/02 1.3 J
A039GP063 40 04/22/02 15 =
A039GP064 i0 04/23/02 52 =
AQ39GP064 46 04/23/02 130 =
AQ39GP064 46 04/23/02 130 =
AQ39GP066 48 04/23/02 09 J
AQ39GP069 46 04/25/02 1 J
AQ39GP070 27 04/25/02 7.4 =
A039GP070 46 04/25/02 9.3 =
A039GPO71 27 04/25/02 7 =
A039GPO71 46 04/25/02 340 =
A033GP071 27 04/25/02 7 =
A039GP072 27 04/26/02 5 =
A039GP072 46 04/26/02 170 =
A039GP073 27 04/26/02 7 =
A039GP073 48 04/26/02 74 =
AD39GP0O74 48 04/29/02 280 =
AQ39GPC74 48 04/29/02 280 =

APPENDIX B.DOC B-18



APPENDIX B
Analytes Detected in Groundwater — ApriMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date  Concentration MCL RBC (HI=0.1)
Analyte Location (ftbls}  Collected (rg/L) Qualifier (ug/t) (rg/L)
TCE A039GP075 10 04/29/02 0.81 J 5 1.6
A033GP076 10 04/30/02 56 =
A033GP076 27 04/30/02 14 J
A033GPO77 10 04/30/02 6.7 =
AQ39GPO77 27 04/30/02 4.3 J
AO39GP0O78 10 04/30/02 1.7 J
AO039GP079 10 04/30/02 54 =
AG39GP080 10 04/30/02 190 =
A039GP080 27 04/30/02 14 =
A039GP080 48 04/30/02 6.4 =
A039GP081 10 05/01/02 51 =
A039GP081 48 05/01/02 14 =
A039GP082 10 05/01/02 5.4 =
A039GP082 27 05/01/02 27 =
A039GP082 48 05/01/02 3 J
A039GP082 10 05/01/02 7.2 =
AQ39GP083 10 05/01/02 22 =
A039GP083 27 05/01/02 0.69 J
AC39GP084 10 05/01/02 44 =
A039GP084 27 05/01/02 19 =
A039GP084 48 05/01/02 9.5 =
A039GP085 10 05/01/02 26 =
AQ39GP085 48 05/02/02 14 =
A038GP085 48 05/02/02 12 =
A039GP0B6 27 05/01/02 4.5 J
AQ39GP087 10 05/02/02 3.7 J
AD38GP087 27 05/02/02 89 =
A039GP090 32 05/28/02 14 J
A039GP090 48 05/28/02 22 J
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APPENDIX B
Analytes Detected in Groundwater — ApriMay and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date Concentration MCL RBC (HI=0.1)
Analyte Location (ftbls)  Collected (rg/L) Qualifier (upg/L) (ugiL)
TCE AQ39GP091 32 05/29/02 32 J 5 1.6
A039GP091 46 05/29/02 22 J
AQ39GP092 32 05/29/02 0.68 J
AQ39GP092 42 05/29/02 1.2 J
A039GP093 42 05/29/02 0.72 J
A039GP094 27 07/24/02 220 =
A039GP095 27 07/25/02 70 =
A039GP095 48 07/25/02 120 =
A039GP097 27 07/29/02 41 J
A039GP097 27 07/29/02 4.2 J
A039GP098 44 07/29/02 5.5 =
A039GP105 27 07/31/02 1.1 J
A039GP111 27 08/01/02 51 =
A039GP111 44 08/01/02 0.7 J
Vinyl chloride A039GP049 32 04/02/02 84 J 2 0.04
A039GP050 32 04/02/02 34 J
A039GP051 32 04/03/02 0.84 J
A039GP054 10 04/16/02 1.5 J
A039GP054 27 04/16/02 33 =
AQ39GP054 46 04/16/02 5.8 J
A039GPO055 46 04/16/02 13 =
A039GP056 10 04/17/02 1 J
A039GP059 46 04/18/02 29 J
A039GPO60 40 04/19/02 34 J
A039GP063 40 04/22/02 36 J
A039GP064 10 04/23/02 30 J
A039GP064 46 04/23/02 1.1 J
A039GP064 46 04/23/02 1 J
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APPENDIX B
Analytes Detected in Groundwater — April/May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Region Il
Termination Tap Water
Sample Depth Date  Concentration MCL RBC (HI=0.1)
Analyte Location (ftbls)  Collected (rg/L) Qualifier (wg/L) (pg/l)
Vinyl chioride A039GP071 46 04/25/02 36 N| 2 0.04
AQ39GP073 27 04/26/02 1.8 J
A039GP073 438 04/26/02 22 =
A039GP074 48 04/29/02 53 =
AQ39GP074 48 04/29/02 58 J
A039GP075 10 04/29/02 310 =
AQ39GP075 27 04/29/02 t J
A039GPO76 10 04/30/02 60 J
A039GP0O76 27 04/30/02 1.2 J
A039GP077 10 04/30/02 15 =
A039GP077 27 04/30/02 88 J
A039GP078 10 04/30/02 76 J
A039GP079 10 04/30/02 14 =
A039GP080 10 04/30/02 67 =
A033GP080 48 04/30/02 1.9 J
A039GP081 10 05/01/02 33 =
A033GP082 10 05/01/02 1.2 J
A039GP082 27 05/01/02 28 J
A0D39GP082 48 05/01/02 64 J
A039GP082 10 05/01/02 24 J
AQ039GP083 10 05/01/02 43 =
A039GP083 27 05/01/02 1.8 J
AQ38GP084 10 05/01/02 19 =
AD39GP085 10 05/01/02 38 J
A039GP086 10 05/01/02 7.4 J
A039GP086 27 05/01/02 65 =
A039GP087 10 05/02/02 1.1 J
A039GP087 27 05/02/02 3.6 J
A039GP088 48 05/02/02 1.9 J
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APPENDIX B
Analytes Detected in Groundwater - April/May and July/August 2002 Investigations
CMS Report, SWMU 39, Zone A, Charleston Naval Complex

Sample
Collection EPA Reglon Il
Termination Tap Water
Sample Depth Date Concentration MCL  RBC (HI=0.1)
Analyte Location {ft bls} Collected {wg/L) Qualifier (pg/L) {rg/L)
Vinyl chloride A039GP0g1 32 05/29/02 6 d 2 0.04
A039GP092 32 05/29/02 8.7 J
A039GP092 42 05/29/02 27 J
A039GP094 27 07/24/02 40 =
A039GP095 27 07/25/02 25 =
A039GP035 48 07/25/02 50 =
A039GP096 10 07/25/02 420 =
A039GP098 44 07/28/02 0.63 J
A039GP105 10 07/31/02 0.69 J
A039GP108 10 08/01/02 1.7 J
A039GP111 27 08/01/02 1.5 J
Xylenes, Total A039GP091 32 05/29/02 34 J 10,000 1,200
AQ39GP092 32 05/29/02 0.51 J
A039GP096 10 07/25/02 24 J
AQ39GP112 44 08/01/02 22 J

2 MGL for total trihalomethanes (TTHMs) is 80 ug/L.

MCL - Maximum Contaminant Level

HI - Hazard Index

H#g/L - micrograms per liter

= - The analyte was detected at the concentration shown.

J - Indicates an estimated value. A "J" qualifier may signify that the concentration is below the PQL, or that the “J*
has been applied as a result of data validation.

NA - Screening criteria not available for the referenced compound.
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COMPARISON OF TOTAL COST OF REMEDIAL SOLUTIONS
Source Control Alternatives

Site: Charleston Naval Complex Base Year: 2002
Location: SWMU 39 Date: 09/01/02
Phase: Corrective Measures Study
Altemative Number 1 Adternative Number 2
In-Situ Chemical Oxidation In-Situ Chemical Reduction
Using Fenton's Reagent Using Zero Valent Iron
Total Project Duratlon (Years) 20 20
Capital Cost $108,200 $109,600
Annual O&M Cost (Years 1 through 20) $11,000 $12,000
Total Present Worth of Solution $269,000 $285,000

Disclaimer: The information in this cost estimate is based on the best available information regarding the anticipated scope of the remedial atternatives.
Changes in the cost elements are likely 10 occur as a resull of new information and data collected during the engineering design of the remedial atternative.
This is an order-of-magnitude cost estimate that is expected 1o be within -30 to +50 percent of the actual project costs.
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Alternative 1:  In-Situ Chemicai Oxidation Using Fenton's Reagent COST ESTIMATE SUMMARY
Site: Charleston Naval Complex Description:
In-situ chemical oxidation using Fenton's reagent in the source
Location: SWMU 39 control area in the deep interval of the surficial aquifer.
Phase: Comective Measures Study
Base Year: 2002
Date: 09/D1/02
CAPITAL COSTS
UNIT
DESCRIPTION [*1a 4 UNIT COST TOTAL NOTES
Sample 4 Exisling and 2
Basgeline Groundwater Sample Proposed Monitoring Wells
Collection Event 1 €A $4,400 $4,400 tor VOCs
Two Deep Moniloring Wells
Monitoring Well Installation 1 EA 57,300 $7,300 @ 501t deep
SUBTOTAL $11,700
In-Situ Chemical Oxidation Subcontracier Cosls
Project Design 1 EA $9,000 $9,000
Assuma 20 1t mdive @
Injector Fabrication / Instaltation 3 EA $800 $2,400 depth of 55 {t
Assume 10-Hour Work Days
- Labor and Materials and
Injection of 500 gals/day
On Site Reagent Injection 2 Day $6,250 $12,500
Assume 300 galsAnjection
Reagents 9,000 LB $05 $4.500 polnt @ 10 Ibs/pal.
Project Documentation 1 EA $8,000 $8,000
Mobilization  Demabifization 1 EA $15,000 $15,000
SUBCONTRACTOR SUBTOTAL $51,400
Assumed two polish
treatments within one year
{ollowing initlal infection @
25% of total Subcontractor
Polish Treatment 2 EA $12,850 $25,700 Subtotal
SUBTOTAL $88,300
Project Management 1% of $88,800 $888
Technical Support 2% of $88,800 $1,776
Construction Management 2% of £88,800 $1,776
Subcontractor General Requirements 1% of $88,800 $888
SUBTOTAL $94,128
Contingency 15% of $94,128 514,119
TOTAL CAPITAL COST [ $108.200 |
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIFTION [*1ad UNIT COST TOTAL NOTES
Annual Groundwater Sample Collection Event 1 EA $4,400 $4,400
Annual Report
Labor - Project Manager 12 HR $125 31,500
Labor - Englneer/Hydrogeciogist 2 HR $90 52,880
Labor - Editor 12 HR $65 3780
Labor - CAD Technician 24 HR $65 31,560
SUBTOTAL $11,120
TOTAL ANNUAL OAM COST
PRESENT VALUE ANALYSIS Discount Rate = 3.2%
TOTAL
TOTAL COST PRESENT
End Year COST TYPE TOTAL COST PER YEAR WORTH NOTES
1 FIRST YEAR CAPITAL COST $108,200 $108,200 $108,200
120 ANNUAL O&M COST (Year t through 20} $11,000 $11,000___ $160,667 Annual Sampling Event
$268,887
TOTAL PRESENT WORTH OF ALTERNATIVE $269,000

SOURCE INFORMATION

1. Uniled States Environmental Proleclion Agency. July 2000. A Guide to Preparing and Documenting Cost Estimates

During the Feasibility Study. EPA 540-R<00-002. {USEPA, 2000).
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Alternstive 2: In-Situ Chemical Reduction Uslng Zero Valent lron COST ESTIMATE SUMMARY
Site: Chartesion Naval Complex Description:
In-situ chemical reduction using zero valent iron in the scurce
Location: SWMU 39 control area in the deep interval of the surficial aguiter.
Phase: Corrective Measwes Study
Base Year: 2002
Date: 09/01/02
CAPITAL COSTS
UNIT
DESCRIPTION qQry UNIT €OosT TOTAL NOTES
Sampie 4 Existing and 2
Basaline Groundwaler Sample Proposed Monitoring Wells for
Coltection Event 1 EA $4.400 $4,400 VOCs
Baseline Groundwater Sample
Collection Event - Hydrogen Analysis 6 EA $100 $600
Two Deep Monitoring Wells @
Monitoring We Instaliation 1 EA $7,300 $7,300 50t deep
SUBTOTAL $12,300
Estmale Provided by
In-Site Chemical Reduction Subcontractar Costs ARS Technokogies, Inc.
Project Planning and Design, Injection
implementation Plan, Health and
Safety Plan Addendum i EA $9,000 $9,000
Structural Analysts and Modeding of Buildings.
Within the Target Troatment Area 1 EA $15,000 $15,000
Mobilizatioss / Demobiization 1 €A $10,500 $10,500  Includes Freight for ZVI
3 Injection Points
Injector installation
Subcoetracior, Equipment and
Fiold Implementation 1 EA $21,150 $21,150 Labor
Material Costs - Zero Valant Iron 4,500 L8 $1.7 $7,650
Matsrial Costs - Nitrogen 1 EA $6,120 $6,120
NHT Royalty - Injection Technotogy 1 EA $1,200 $1,200  $100njection
Injection Summary Report 1 EA $7,000 $7,000
SUBCONTARACTOR SUBTOTAL §77,620
SUBTOTAL $89,920
Project Management 1% of $89.920 $859
Technical Support 2% of $689,920 $1,798
Construction Managemeni 2% of $89.920 $1,798
Subcontractor General Requirements t% of $69,920 $899
SUBTOTAL $95,315
Contingency 15% of $95.315 $14,297
TOTAL CAPITAL COST [ $109.600 ]
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION ary UNIT. COST TOTAL NOTES
Annual Groundwater Sample Collection Event 1 EA $4,400 $4,400
Anpual Groundwater Sample Collection Event
Additional Analysis - Hydrogen 6 EA $100 $600
Annual Report
tahor - Project Manager 12 HR 8125 $1,500
Labor - EnginserHydrogeologist w» HA $90 $2.880
Labor - Editor 12 HR $65 $780
Labor - CAD Tecwdcian 24 HR $65 $1,560
SUBTOTAL $11.720
TOTAL ANNUAL D&M COST
PRESENT VALUE ANALYSIS Discount Rate = 32%
TOTAL
TOTAL COST PRESENT
End Year COST TYPE TOTAL COST  PER YEAR WORTH NOTES
1 FiRST YEAR CAPITAL COST $109,600 $109,600 $109,600
1-20 ANNUAL O&M COST {Year 1 through 20) $12,000 $12,000 $175.273  Anrwat Sampling Event
$284,873
TOTAL PRESENT WORTH OF ALTERNATIVE

SOURCE INFORMATION

1. United States Environmentat Protection Agency. July 2000. A Guide to Preparing and Documnenting Cost Estimates

During the Feasibiily Study. EPA 540-R-00-002. (USEPA, 2000),
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COMPARISON OF TOTAL COST OF REMEDIAL SOLUTIONS
Downgradient Contaminant Migration Control Alternatives

$16,800 (Year 6 - 20)

Total Present Worth of Solution $262,000 $766,000

Site: Charieston Naval Complex Base Year: 2002
Location: SWMU 39 Date: 09/01/02
Phase: Corrective Measures Study
Alternative Number 1 Alemative Number 2 Alternative Number 3
Monitoring/ In-Situ Air Sparging/ Enhanced Anaerobic
Natural Attenuation Biosparging Bioremediation using HRC®
Total Project Duration (Years) 20 20 20
Capital Cost $28,100 $437,700 $141,600
Annual O&M Cost $16,000 (Year 1 - 20) $35,000 (Year 1 - 5) $87,000 (Year 1 - 20)

$1,412,000

cost estimate that is expected to be within -30 o +50 percent of the actual project costs.

Disclaimer: The information in this cost estimats is based on the best available information regarding the anticipated scope of the remedial alternatives. Changes in the
cost elements are likely to occur as a result of new information and data collected during the engineering design of the remedial atemative. This is an order-of-magnitude;




K
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Aternative t:  Monitoring/Natural Attenuation COST ESTIMATE SUMMARY
Site: Charleston Naval Complex Description: Monitoring/natural attenuation o the surficial aquifer.
Location: SWMU 39
Phase: Cormrective Measures Study
Base Year: 2002
Date: 09/01/02
CAPITAL COSTS
UNIT
DESCRIPTICN aTy UNIT COST TOTAL NOTES
No Monitoring Well
Instaliation - Use Exsting
Monitoring Well Installation 1 EA $0 $0  Network
Monitoring/Natural Attenuation Work Plan
Groundwater Contingency Plan
Labor - Project Manager 12 HR $125 $1,500
Labor - Engineer'Hydrogeciogist 40 HR $90 $3,600
Labor - Editor 16 HR $85 $1,040
Labor - CAD Technician 16 HR $65 $1,.040
Monitoring/Natural Attenuation Sample 8 Existing and 10
Groundwater Sample Collection Event 1 EA $14,100 $14,100  Proposed Monitoring Wells
SUBTOTAL $21,280
Project Management 5% of $21,280 $1,064
Fechnical Support 5% of $21,280 $1,064
Construction Managerent 0% ol $21,280 %0
Subcontractor Genaral Requirements 5% of $21,280 $1,064
SUBTOTAL $24,472
Contingency 15% of $24,472 $3,671
TOTAL CAPITAL COST
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION ary UNIT COST TOTAL NOTES
Sample cost withoul
Dehalococooides
Annual Groundwater Sample Collection Evert 1 EA $9,100 $9,100 Ethenogenses analysis
Annual Report
Labaor - Project Manager 12 HR $125 $1,500
Labar - Engineer/Hydrogeolegist 32 HR $90 $2,880
Labor - Editor 12 HR $65 $780
Labor - CAD Technician 24 HR $65 $1,560
SUBTOTAL $15,820
TOTAL ANNUAL O&M COST
PRESENT VALUE ANALYSIS Discount Fiate = 32%
TOTAL
TOTAL COST PRESENT
End Year COST TYPE TOTAL COST PER YEAR WORTH NOTES
1 FIAST YEAR CAPITAL COST $28,100 $28,100 $28,100
1-20 ANNUAL CEM COST (Year 1 - 20) $16,000 $16,000 $233,697  Annual Sampling
$261,797
TOTAL PRESENT WORTH OF ALTERNATIVE

SOURCE INFORMATION

1. United States Environmental Protection Agency. July 2000. A Guide to Preparing and Documenting Cost Estimates

During the Feasibility Study. EPA 540-R-00-002. (USEPA, 2000).




Avrmtve > In-Situ Alr Sparging/Biosparging COST ESTIMATE SUMMARY
Sum; Charlaston Naval Gomphe Dascription:
Alr aparging In three downgradient comaminant migration control
Loeation: SWMU 29 arens in the Intarmadiale and deep intarvals of the surficl acuifer
Phass: Comective Measuren Shudy
Bued Yoat: 2002
Dute: man1ne
CAPITAL COSTS
unNIT
DESCRIPTICN ary UNIT COST TOTAL NOTES
Baswiine Groundwator Sampio Sampla B Exstiog and 10
Collaction Event 1 EA 510,500 $10.500  Propasad Moniforing Wl
Four intormedizbe Wols €
30 % Deep andd Six Deep
Monitoring Well Instaielion 1 EA 25,000 600 Walks 8 50 it deep
SUBTOTAL $38,100
Instnllation of Air Sparge Systom.
Aasumn 55 fl Daop @ $50M
Wratabalicn of A Sparge Wels H EA 82,750 EZ50  on 25-doat Certtars
ExcavaraFit bor A Spargo Pipo Tronching Arass Assuma 130 Ridey. Four
(800 RX2Rx 31} Peraon Crew with Excavaior,
{inchudes Bedding Malerisl, Campaction, Pickup Truck, and
and othar Malosilo} 13 Cay 1,500 §19,500  Compachd
Air Spargs Fips (HOPE - Ait Pro) 1,000 FT 35 $8,000
Air Sparge Ppe Fitings and Valves.
(90, Tom, 45, Bal Vaivan, Heducers} t EA $21,800 521,800
Assume 66 vday. Three
Perscn Grew with Misc. Hard
natall Ak Sparge Pips 24 Dey $650 15800  Tooks
Troraportagon and Disposal of Well Cuttings Assume Non-Hazardous
(Air Sparge Weabs ard Pipo Tronching) 550 Ten 35 $19.250 Watto
Asoums Two Al Sparge
All Sparpe Sysiem (Inchudes Bulkdng) 2 EA 525,000 $50,000  Systems
N Sparge Sysiem .
(frokuias Fiow Metera, Reguistors, Gaugea) 2 EA £1.000 52,000
A Sparpgo Web Manvaya AN EA 500 815,500
Assume 43 Derys for Marway
Insaiagion. Fous Person
tnatedl Air Sparge System, Instramentation, Craw with Miac, Hand Tools
and Marrmays » Day 3300 $35,100  and Concrois Vibrator
Site Restorion 1 Ea 52500 $2.500  Inckodes Labor and Matartals.
Wl Concstote Padi lor Alr Sparps Systsm 2 Ea £1.500 $3,000  Inckudes Labor and Matorisls.
Insial Cariral Panel, Gondul,
Wirng. and Systom
Insiad Control Panel z €A 519,500 $39,000  Connectians
SUBCONTRACTOR SUBTOTAL $318,300
SUBTOTAL $352,400
Project Maragesmont % o $352,400 7,008
Remadal Deslgr 2% of $352,400 57,048
Conetruction o) of $352,400 7,048
Subcontmctor Genarnl Requirrments 2% of $352,400 $7,0¢8
SUBTOT 1380,562
Cartingercy 15% o $380,592 $57,088
TOTAL CAPITAL COBT $437 T00
OPERATIONS AND MAINTENANCE COST
UNITT
DESCRIPTION [*104 uNIT cosT TOTAL NOTES
Sample @ Existing nnd @
Anrval Groundwater Sarmple Colootion Event 1 EA £90.500 $10,500  Propased Monioring Wals
Blecrical 1 EA £2.600 2,800 Costs.
Labor - OXM Technician 260 HR s85 $15,800 Aseuma 20 hra'month
Ancusd Report
Labor - Project Manages 2 HA $125 $1.500
Labor - EnginesnHydrogeckogiet = HA S0 220
Labor - Ecior 12 HR 585 5780
Labox - CAD Fechnician 24 HR $6s $1,500
SUBTOTAL - Annusd Report 335,420
TOTAL ANNUAL OAM COST
PRESENT VALUE ANALYSIS Olscount Rate 7%
TOTAL
TOTALCOST  PRESENT
End Year LOST TYPE TOTAL COST _PER YEAR VYALUE MOTES
1 FIRST YEAR CAPIVAL COST 437,700 $437,700 $437, 700
Arrwal Yrs 120
15 ANNUAL 04M GOST (Yow 1 -5) 35,000 35,000 s128.25 & it
&2 ANNUAL OBM COST (Yoar 8 - 20) $18,000 $16,800 Oparation
§785 958
TOTAL PRESENT WORTH OF ALTERNATIVE
SOURCE INFORMATION

1. United Stales Ermironmental Protaction Agency. July 2000. A Guide o Prepanng and Documenting Cost Extimates

During the Fomibilty Sudy. EPA 540-R-00-002. {USEPA, 2000)




Ansmatives:  Enhanced Anaeroblc Bioremediation using HRC®

COST ESTIMATE SUMMARY

Sha; Charlesion Naval Complex Dy Er ¥] ¥ bi using HRG" in three
downgradiem control areas in the irtermediale and deep itervals
Locetion: SWMR 3g of the surficial aquiter.
Phans: Conrective Maasures Siudy
Base Year: 2002
Cte: DN
CAPITAL COSTS
UNIT
CESCRIPTION Qry UMT COsT TOTAL NOTES
Basaline Groundwater Sample Sample 8 Existing and 10
Collection Event 1 EA $10,500 $10,500 Proposed Monitoring Walls
Baseine Groundwaler Sample
Collaction Event - Methans, Ethene, and Ethane
Analysis 8 EA $138 $2,430
Baadline Groundwater Sample
Collection Event - Hydmgen Analysis 18 EA $100 $1,800
Four Intermediale Weils €@ 30
i Doap and Six Deep Wells
Moniloring Well installation 1 EA £25,600 25,600 8 50t daop
SUBTOTAL $40,320
Enhanced Bicramedialion Subcontraclor Cosls
Project Planning and Design 1 EA $0 50 Provided with purchase of HRC
Assums 53 Injection Pors
on |31t Carters
Assume Injaction of
3 tbsivartical foot; with HRC
HFC Material Costs 4,350 LB &7 $a0.450  Iniection from 25 o 50 i pls
Agsuma 32 by
Bucket for Total of 258
HRC Shipping Costs 136 EA 0 $1,256  Ouckats
Injection Grout Pump 15 Day Rk 2,250
Injection Subcontractor Costs
Mobilization # Demobiization 1 $2.000 52,000
Diract Push Technology: 10-
Houwr Work Days - Labor and
On Site Injeclion 15 Day £2.500 $37.500 Matorials
SUBCONTRACTOR SUBTOTAL $73,696
SUBTOTAL $114,028
Project Management 2% of $114,026 22281
Tochnical Support i of $114,026 52,28t
Censtruction Managemant 2% ol $114,026 2,281
Subconiracicr Genenal Requiremens % ol $114,026 $2.281
SUBTOTAL $123,138
Contingency 15% of $123,148 $18,472
TOTAL CAPITAL COST
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION QrY UNT cOosT JOTAL NOTES
Sample 3 Exieting snd 13
Annual Groundwater Sample Collaction Event 1 EA $10,500 $10,500  Proposad Monitoring Wells
Annual Goundwater Sample
Collection Evant - Methane, Ethera, and Ethane
Analyais 18 EA $135 £2,430
Annuat Groundwaler Sample
Collection Evant - Hydrogen Analysis 18 EA, $100 $1.800
Annual Raport
Lebor - Project Maneger 2 HR $125 RI%
Labor - EnginearHydrogaologist 66 HA $90 35,540
Labor - Editor 22 HA 365 £1,430
Labar - CAD Technician a2 R %65 $2.720
SUBTOTAL 527,580
Polish Treatment 0% of $73.5%% $55,000  Ysarly Reinjection
TOTAL ANNUAL OAM COST $87,000
PRESENT VALUE ANALYSIS Discount Rala = 32%
TOTAL
TOTAL COST PRESENT
End Year COST TYPE TOTAL COST _ PER YEAR WORTH NOTES
1 FIRST YEAR CARITAL COST $141,600 $144 800 5141600
Annual Sampiing Yrs. 1 - 20
I-20 ANNUAL O&M COST (Year 1 - 20) $87,000 $67,000 $1.270,727  Yearly Remnjactiom
$1.412.327
TOTAL PRESENT VALUE OF ALVERNATIVE

SOURCE INFORMATION

1 Unrled Statos Envipnmental Proteclion Agency July 2000. A Guide to Preparing and Cocumenting Cosl Estimates
During the Feasilty Stuy  EPA 540-R-00-002  {(USEPA, 2000}
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COMPARISON OF TOTAL COST OF REMEDIAL SOLUTIONS
Property Boundary Contaminant Migration Control Aternatives

Sha: Charleston Naval Complex Base Year: 2002
Location: Swiu 38 Date: X012
Phase: Corractive Measures Study
Altemative Number 1 Altemative Number 2 Alarnative Mumber 3 ARtemative Number 4 Alternative Number 5
Monitoring/ In-Situ Chemical Reduction Permesable Reaclive Enhanced Anserobic
Natural A Using Zaro Yalsnt fron Sarvier Wall In-Situ Alr Sparging _ Bloremediation using HRC®
Totaf Projact Duration (Years) 20 20 20 20 20
Capital Cost $27,900 $164,400 $679,100 $135,100 $79,300
[Anaual O&M Cost $16.00Q (Year 1 -20) $15,000 (Yoar 1 - 20) $13.000 (Year 1 - 20) $31,000 (Year 1 -5) $55,000 (Year 1 - 20)
$12,800 (Year 6 - 20)
Total Present Worth of Selution $262,000 $353,000 $869,000 $405,000 $883,000

Disciaimar. Tha indormation in thia cost e38Mmale i based on the best ayalkable
Leobectod during the ngineasing dosign of the tamadial

X 2c0pe of the remedial alamathves, Changes in tho cost slamants are ikely 1o 0CCIr as & result of naw rdomMation and datay
Thia s an aider-of md-ﬂnauMulxp.chdbb-M@bﬁOumdhomﬂpmpdmd&




Atemative 1:  Monitoring/Natural Attenuation COST ESTIMATE SUMMARY
Site: Charleston Naval Complax Description: Monitering/natural atenuation of the surlicial aquifer.
Location: SWMU 39
Phase: Corrective Measures Study
Basa Yearn: 2002
Date: Q5/01/02
CAPITAL COSTS
UNIT
DESCRIPTION ary UNIT COST TOTAL NOTES
Ne Monitoring WeH
Installation - Use Existing
Monitoring Wall instailation 1 EA 30 $0  Network
Monitosing/Natural Attenuation Work Plan
Groundwater Contingency Plan
Labor - Project Manager 12 HAR $125 $1,500
Labor - Engineer/Hydrogeciogist 40 HA $90 $3,600
Labor - Editor 18 HR $65 $1,040
Labor - CAD Technician 16 HR $65 $1,040
Initial Monitoring/Natural Attenuation Sampls 8 Existing and &
Groundwater Sample Collection Event 1 EA $13,900 $13900  Proposed Manitoring Wells
SUBTOTAL $21,080
Project Management 5% of $21,080 $1,054
Technical Support 5% of $21,080 $1,054
Construction Management 0% of $21,080 $0
Subcontractar General Raquiremenis 5% of $21,080 $1,054
SUBTOTAL $24,242
Contingency 15% of 324,242 $3,636
TOTAL CAPITAL COST
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION ary UNIT COST TOTAL NCTES
Sample cost without
Dehalococcoides
Annual Groundwater Sample Collection Event 1 EA $8,900 $8,900 Ethenogenss analysis
Annual Repon
Labor - Project Manager 12 HR $125 $1,500
Labor - Engineer/Hydrogeologist 32 HA $90 $2,880
Labor - Editor 12 HR $65 $780
Labor - CAD Technician 24 HR $65 $1,560
SUBTOTAL $15,620
TOTAL ANNUAL O&M COST $16,000
PRESENT VALUE ANALYSIS Discount Rate = 32%
TOTAL
TOTAL COST PRESENT
End Year COST TYPE TOTAL COST PER YEAR WORTH NOTES
1 FIRAST YEAR CAPITAL COST $27,900 $27,900 $27,900
1-20 ANNUAL O&M COST (Year { - 20) $18,000 $16,000 $233,697  Annual Sampling Event
$261,597
TOTAL PRESENT WORTH OF AL TERNATIVE $262,000
SOURCE INFORMATION

1. Unrted States Environmental Protection Agency. July 2000. A Guide to Preparing and Documenting Cost Estimates

Dunng the Feasibility Study. EPA 540-R-00-002. {USEPA, 2000).




Aternative2:  In-Situ Chemical Reduction Using Zero Valent iron COST ESTIMATE SUMMARY
Site: Charleston Naval Complex Description: In-situ chemical reduction using zero valent iron at the property
boundary in the intermediate and deep intervals of the surficial
Location: SWMU 39 aguiler.
Phase: Comective Measures Study
Base Year: 2002
Date: 00102
CAPITAL COSTS
UNIT
DESCRIPTION ary UNIT COST TOTAL NOTES
Baseline Groundwater Sample Sample 8 Exsting and 6
Collection Event 1 EA $6,400 $6,400 Proposed Monitoring Wells
Baseline Groundwater Sample
Collaction Event - Hydrogen Analysis 14 EA $100 $3,400
Tivee Inlermediate Wells @
30 it Deep and Three Deep
Monitoring Well installation 1 Ea $15,000 $15000  Wells @ 50 ft deep
SUBTOTAL $22,800
Estimate Provided by
In-Situ Chemical Reduction Subcontractor Costs ARS Technologies, Inc.
Project Planning and Design, injection
Implamentation Plan, Health and
Safety Plan Addendum 1 EA $33,000 $13,000
Mcbilization / Demoliflization 1 EA $14,500 $14,500
S Injecton Points on 20 ft
Centers, injactor installation
Subcontracier, Equipment and
Field Implementation 1 EA $44,100 344,100 Labor
Matesial Costs - Zero Valent Iron 8,700 e 5.7 $14,790
Material Costs - Nitrogen ) EA $11,900 $11,900
MNJTT Royafty - infection Technology 1 EA $1,800 $1,800
Imection Summary Report 1 EA $12,000 $12,000
SUBCONTRACTOR SUBTCTAL $112,090
SUBTOTAL $134,890
Project Management 1% of $134,890 $1.349
Technical Suppon 2% of $134,890 $2,698
Construction Managemert 2% of $134,890 2,698
Subcontractor General Aequirements 1% of $134,890 $1,349
SUBTOTAL $142,982
Contingency 15% ot £142,983 $21,448
TOTAL CAPITAL COST
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION oY UNIT COST. TOTAL NCTES
Sample 8 Existing and &
Annual Groundwater Sampla Cotlection Event 1 EA $6,400 $6,400 Proposed Monitoring Wells
Annual Grounkiwater Sample Collection Event
Additional Analysis « Hydropen 14 EA $100 $1,400
Annual Report
Labor - Project Manager 12 HA $125 $1,500
tabor - Enginessr/Hydrogeologist a2 HR $90 $£2,880
Labor - Editor 12 HR $65 $780
Labor - CAD Tachewcian 24 HR $65 1,560
SUBTOTAL $14520
TOTAL ANNUAL O&M COST [ si5000]
PRESENT VALUE ANALYSIS Discount Rate = 32%
TOTAL
TOTAL COST PRESENT
End Yeor COSY TYPE TOTAL COST _ PER YEAR WORTH NOTES
1 FIRST YEAR CAPITAL COST $164,400 $164,400 $164,400
1-20 ANNUAL O2M COST [Year 1 - 20) $15,000 $15,000__ $219091 Annual Sampling Event
$383.491

TOTAL PRESENT WORTH OF ALTERNATIVE

000

SOURCE INFORMATION

1. United States Erwironmental Protection Agency. July 2000. A Guide to Preparing and Documenting Cost Estmates

During the Feasibility Study. EPA 540-R-00-002. (USEPA, 2000}
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Alernative 3:  Permeable Reactive Barrier Wall COST ESTIMATE SUMMARY
Slte: Charleston Naval Complax Description: ofa p ble raactive barrer wall at the property
poundary in the intermediate and deep intervals of the surfictal
Location: SWMU 39 aquiter.
Phase: Coirective Measures Study
Bass Year: 2002
Onte: Q3I01/02
CAPITAL COSTS
UNIT
DESCRIPTION ary UNIT COST TOTAL NOTES
Baseline Groundwater Sample Sample 8 Existing and 6
Collection Event 1 EA $8.400 $6.40¢ Proposed Monitoring Wells
Three Intermediate Wells @
30 1t Deep and Threa Deep
Monitoring Well instalagion 1 EA $15,000 315000 Wells @ 50 fl dasp
SUBTOTAL $21,400
Installation of Permeable Reactive Barier
Conwmuous Aeactive Caft Configuration
Pradesign - Bench Scale Colurrin Test 1 EA $70,000 $70,000
Pregesign - Groundwater Flow Modeling 1 EA $50,000 $50,000
Mobilization / Demabilization 1 EA $20,000 $20,000
Emplacement Techrtiqua - Biopolymer Slurry
(100ORx50ftx25H) 1 EA $63.650 $63,650 Sowrce Information No, 2
Transportation and Disposal of Soil Excavated Assumes Non-Hazardous
trom Continuous Reactiva Cell 625 Ton $35 $21,875 Wasle
Source informatien No. 3
Granular ren {Granutar iron Wib Ba Placed
(100 ft x 47 ftx 2.5 tt x 140 lbs/cf / 2,000 Ibs'ton) B25 Ton $350 $288,750 from 3 to 50 ft bls)
Pea Gravel 12-inch Layer Betwesn
(100 fix1 Rx251) 10 cY $65 8650  Granualr Iron and Backfill
Backfil Site Soil
(100 x2ftx25H 19 CY $to $190
Grading and Reskvation 0.02 Ac $15,000 00
SUBCONTRACTOR SUBTOTAL $515,415
SUBTOTAL $538,815
Project Management 2% of $536,815 $10,738
Remedia) Design 4% of $536,815 $21.473
Construcbon Management 2% ol $536,815 $10,736
Subcontractor General Requisements 2% of $536,815 $10,736
SUBTOTAL $590,487
Contingency 15% of 3590,497 $68,574
TOTAL CAPITAL COST
OPERATIONS AND MAINTENANCE COST
UNIT
DESCRIPTION ary UNIT COST TOTAL NOTES
Sample 8 Existing and 6
Annual Groundwalter Sampla Colisction Event b] EA $6,400 $6,400 Proposed Monitoring Wells
Annual Repont
Labor - Project Manager 12 HA $125 $1,500
Labor - Engineer/Hydrogeologist 32 HA $90 32,880
Labor - Editor 12 HR $65 $780
Labor - CAD Technician 24 HR $85 $1.560
SUBTOTAL $13,120
TOTAL ANNUAL O&M COST
PRESENT VALUE ANALYSIS Discount Rate = 32%
TQTAL
TOTAL COST PRESENT
End Year CcosT TYPE TOTAL COST PER YEAR VALUE NOTES
1 FIRST YEAR CAPITAL COST $679,100 $675,100 $679,100
1-20 ANNUAL O&M COST (Year 1 - 20) $13,000 $13,000 $189.879  Annwal Sampling Event
$868,979
TOTAL PRESENT WORTH OF ALTERNATIVE
SOURCE INFORMATION
1. Unned States Environmental Protection Agency. Juby 2000. A Guide to Prep and D irg Cost E:

During the Feasibilty Study  EPA 540-R-00-002. (USEPA, 2000}

2. Gost Estimate iom Maezone Supertund Site Modified Based on SWML 39 Site Conditions.

3 Gavashar, Aun R, et al. F Barrters for G Ri

1. Design, Cc

ion, and Monitoring. Battells Press, Columbus, Ohio. 1998,

oorRA002



Avemative ¢ In-Shtu Alr Sparging

COST ESTIMATE SUMMARY

Sire: Charleston Naval Complex Duscription: Air sparging st the property boundary in the ntermediate and
doep inlarvals of the surficial aquiler
Location: SWMU 39
Phase: Comective Measwes Study
Base Year: 2002
Date: oB0102
CAPITAL COSTS
uNIT
OESCAIPTION ary UNIT COST TFOTAL NOTES
Basaline Groundwates Sampie Sample 8 Exising and 6
Colaction Event 1 EA 36,40 58,400 Proposed Monkoring Welks
Thiee Intemeaciate Wels 6
30 fi Doop and Thiwe Doop
Moniloring Wel installation 1 EA $15,000 $15,000 Wels @ 50 hdeap
SUBTUTAL $21,400
Instalsiion ol Akt Sparge System
Assume 45 H Deep & $50M
Instakation of A¥ Sparge Wels 8 EA 2,750 $22000 o 15 Centers
ExravataF B lor Air Sparga Pipe Trenching Ares Assume 130 WMoy, Fous
(00hx2fx3M Parson Crew whh Excavato:,
(nchudes Badding Matariel, Compacticn, Pickup Truck, and
and other Materials) 2 Day $1.500 23000 Compactor
Axr Sparge Pipe (MDPE - Ak Pro) 200 T 55 $1.000
Ar Spargs Pipa Filtings and Vaves
(90, Tea, 45, Ball Vahws, Raduoers) 1 EA 32,000 $2,000
Assume 68 Nday. Three
Porson Crew with Misc.
Instal Ak Sparge Pipa 3 Day 850 $1.850 Hand Tools
Transportation and Daposel of Wal Cutings Asusumea Non-Hazardous
(Air Sparge Wil and Pipo Trench) 55 Ton 535 $1.925 Wasto
Ar Sparge Systam (Includes Bulding) 1 EA $20,000 $20,000
Al Spame System inatnamentation
(Inctudea Fiow Melers, Ragators, Gaugos) ’ EA $1,000 $1.000
A Sparge Wel Manways 8 EA £500 54,000
Assuma 10 Days for Manway
Instalation. Fow Person
Instal As Sparge Syslem, Instrumaniation, Craw with Misc, Hand Tooks
and Marvways 10 Oay 5900 $9.000  and Concrela Vibrator
Sha Restoration 1 EA $500 $500  Includes Labot and Materiais
Insial Concraie Pad hor A Sparge Systsm 1 EA $t.500 $1,500  nchudes Labor and Materiafa
Insiall Comrol Panel,
Conduk, Wiring, and Syster
Install Control Pansl § EA $19,500 $19,500 Conneclions
SUBCONTRACTCR SUBTCTAL $87.375
SUBTOTAL $108,775
Projoct Managernacn % ol $108,775 $2,178
Remediat Design % ol $108.775 2178
Construction Managerment % of $108,775 2.17¢
8¢ Genoral Requi 2% al 3108,775 52,178
SUBTOTAL 197 AT7
Contingency 15% of $117,477 817,822
TOTAL CAPITAL COST
OPERATIONS AND MAINTENANCE COST
UNT
DESCHRIPTION ary UNIT COST TOTAL NOTES
Sampile 8 Exivting and 6
Annual Groundwater Sample Gollaction Ever 1 EA $6,400 58,400  Propased Monkoring Wals
Elactrica 1 EA $2,600 52,600 Eleciicly Costs
Labor - DAM Technician 240 HR $es $15,600  Assume 20 hisfmonth
Annual Reporl
Labor - Project Manager 12 HA $125 $1,500
Labor - EngineanHydrogeciagist iz A $90 $2,8680
Labswr - Editor 12 HA 05 $780
Labor - CAD Technician 24 HR 585 $1.560
SUBTOTAL - Annual Report $31,320
TOTAL ANNUAL O&M COST $31,000
PRESENT YALUE ANALYSIS Disoourt Rata = 3%
TOTAL
TOTALCOST  PRESENT
t  End Year COST TYPE TOTAL COST PER YEAR VALUE NOTES
—
1 FIRST YEAR CAPITAL COST $135,100 $135,100 $135,400
Annual Sampling Yrs 1-20
15 ANNUAL Q&M COST [Year 1-5) 31,000 531,000 s269.854 msws,u-:
820 ANNUAL O8M COST (You § - 20) $12600  $12300 Oporaton
$404,034
TOTAL PRESENT WORTH OF ALTERNATIVE $405,000
SOURCE INFORMATION

1 Unisd Stales Envifonmema? Prolection Agency. Suly 2000, A Quide to Preparng and Documenting Cosl Estimales:

Dring tha Feasbity Study. EPA 540-R-00-002. (USEPA, 2000).
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Amrmatvey:  Enhanced Anaerobic Bioremediation using HRC® COST ESTIMATE SUMMARY
Site: Charlasion Naval Complex Description: E; ion using HRC* =t tha property
boundary it the intermeniate and deep INtonals of the suricial
Looation: SWMU 39 aquiter.
Fhase: Comiclve Measures Study
Base Year: 2002
Date: o812
CAPITAL COSTS
UNST
DESCRPTION Ty UNIT CcOST TOTAL NOTES
Rassiing Qroundwatet Sarmpia Sample & Exsting and 8
Colaction Event 1 EA $6.,400 $6,400 Proposed Monioring Wels
Baseline Groundwater Sampie
Cobaction Evert - Mativane, Ethene, end Ethans.
Analysis 14 EA $138 $1.090
Baseline Groundwakt Samp
Collaction Evant - Hydrogen Analysis 14 EA $100 51,400
Thiee Intermediale Weals @
30 R Coop and Three Desp
Monioring Wal (nstallation t EA 515,000 $15.000 Wels @ 50 ft deop
SUBTOTAL 324,890
r i Costs
Project Planning and Design 1 EA 30 50 Provided with purchase of HRC
Assume 26 Injection Poirts
on Bt Centors.
Assume Injaction of
3 betveriical foot, with HAC
HAC Matexia) Costs 2340 33 57 $18,380  Injeciion from 20 to 50 f bis
Assuma 32 ba's galon
Bucket jor Telal of 81
HAC Shipping Costs 74 EA m $814  Buckols
Injaction Gl Purmp a Day 3150 $1,200
njection Subcontracics Costs
Mobization / Derobdizaton 1 €A $2.000 $2,000
Drect Push Technology: +0-
Holr Work Days - Labor and
On She Injecion ] Cay $2,500 $20,000  Malerialy
SUBCONTRACTOR SUBTOTAL 340,394
SUBTOTAL $6%5,084
Project Maragament 1% ol $65,004 $851
Technical Support 2% of $85,084 $4,302
Consiruction Management 2% ol 365,084 51302
Subcontractor General Requirarmants 1% of $65,084 $651
SUBTOTAL $88 560
Contingency 15% of 588,989 $10.348
TOTAL CAPrTAL GOST —r
OPERATIONS AND MAINTENANCE COST
UNT
DESCRIPTION arny UNIT COST TOTAL NOTES
Sampia B Existing and 8
Anrua Grouncwater Sampla Collection Evern t EA 56,400 $6.400 Proposad Monkoring Wola
Annual Qroundwaisr Sampie
Galaction Event - Mothana, Ethena, and Ethane
Analysis “ EA 5135 51,890
Annual Groundwaler Sample
Coleciion Eveml - Hydrogen Analysia 14 EA $io0 $1.400
Annual Repont
Labor - Projact Manager 22 HA 3125 $2,750
Labot - Enginserrydrogeciogist 68 HR $9%0 $5,940
Labuf - Editor 22 HR 585 51,43
Labor - CAD Technician 42 HR $86 $2,730
SUBTOTAL $22,540
Pofish Troatment 0% o $40,38¢ $32,300 Yearly Renjection
TOTAL ANNUAL O&M COST DOD
PRESENT YALUE ANALYSIS Discount Rate = 3.2%
TOTAL
TOTAL COST PRESENT
End Year COST TYPE TOTAL COST__ PER YEAR WORTH NOTES
1 FIAST YEAR CAPITAL COST 379,300 §79,300 $79,300
Annual Sampling
.20 ANNUAL O&M COST {Year 1 - 20) $55,000

TOTAL PRESENT YALUE OF ALTERNATIVE

$55,000 $803,333  Yearly Renjoction
$382,533

900

SOURCE INFORMATION

*. Uniled Siples Envirenmental Protection Agency. July 2000 A Guide Io Prapamng and Docurmenting Cosl Estimales

During tha Feashity Susty EPA 540-R-00-002. (USEPA, 2000)
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