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DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE PCE SITE

EXECUTIVE SUMMARY

This Corrective Action Plan (CAP) develops and evaluates potential remedies to clean up shallow
groundwater contaminated with tetrachloroethene (PCE), also known as perchloroethene. The PCE
contamination forms a dissolved-phase plume extending from the Maryland Square Shopping Center (the
Property) to a residential neighborhood that lies downgradient. The extent of the PCE plume in shallow
groundwater defines the site (Site).

The objectives of the CAP are to:

1. Identify and screen general remedial actions (GRA), technology types, and process options to
remediate PCE-contaminated groundwater.

2. Combine process options into general Corrective Action Alternatives and evaluate the Corrective
Action Alternatives against criteria identified in the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP).

3. Identify Corrective Action Alternatives, or specific components thereof, for further evaluation using
bench-scale and pilot testing.

The identification and evaluation of Corrective Action Alternatives is intended to ensure that appropriate
corrective action alternatives are developed and an appropriate corrective action is selected.

A baseline risk assessment predicting and quantifying potential human health risk will be presented in the
final CAP after adequate data are obtained. Preliminary corrective action objectives (CAO) and
preliminary numerical remediation standards were developed based on readily available information to
guide the identification and evaluation of appropriate corrective actions. The preliminary CAOs and
numerical remediation standards will be refined and finalized after completion of a baseline risk
assessment and when a final corrective action is selected in a record of decision (ROD). The preliminary
CAOs developed in the draft CAP are:

1. Prevent inhalation exposure of current residents to concentrations of PCE that exceed the
remediation standard for residential indoor air.

2. Prevent use of shallow groundwater as a source of drinking water and remediate shallow
groundwater where PCE concentrations exceed the remediation standard for groundwater.

The preliminary numerical remediation standard for shallow groundwater is 5.0 micrograms per liter
(ng/L), equivalent to the maximum contaminant level (MCL).

General response actions (GRA) were identified using these preliminary CAOs and numerical remediation
standards, and were evaluated based on implementability, effectiveness, and cost. Those technologies
found to be viable based on these three criteria were subsequently assembled into Corrective Action
Alternatives for detailed analysis based on eight NCP evaluation criteria: (1) overall protection of human
health and the environment; (2) long-term effectiveness and permanence; (3) reduction in toxicity,
mobility, and volume through treatment; (4) short-term effectiveness; (5) implementability; (6) cost;
(7) state acceptance; and (8) community acceptance. The alternatives developed for detailed analysis
include:

e Alternative 1 - No Action

e Alternative 2A - In Situ Chemical Oxidation of Hotspots and Residential Area, Institutional
Controls (IC), Subslab Depressurization (SSD) Systems, and Monitored Natural Attenuation
(MNA)

e Alternative 2B - In Situ Chemical Oxidation, ICs, SSD Systems, and MNA
e Alternative 3 - Permeable Reactive Barrier (PRB), ICs, SSD Systems, and MNA
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e Alternative 4 - Sparge Curtain, ICs, SSD Systems, and MNA
e Alternative 5 - Extraction and Treatment, ICs, SSD Systems, and MNA
e Alternative 6 - In Situ Enhanced Bioremediation, ICs, SSD Systems, and MNA.

All of these alternatives incorporate ICs and SSD systems as well as MNA as a polishing step following
the primary technology for remediation of groundwater. Based on the NCP criteria, the most promising
primary technologies include in-situ chemical oxidation and the sparge curtain. These technologies are
identified for bench-scale testing. Primary technologies with favorable bench-scale test results will
undergo subsequent pilot testing. Given the concentrations of PCE in groundwater at the site, the
subsurface conditions, and the various receptor pathways, it is likely that an integrated approach to
remediation or a combination of general response actions will be required. If in-situ chemical oxidation or
a sparge curtain is proven insufficient during testing, a zero-valent iron (ZVI) PRB, extraction and
treatment, and/or enhanced bioremediation will be further evaluated. Until an adequate understanding of
the environmental conditions and characteristics can be determined through bench-scale and pilot testing,
the practical application or effectiveness of a particular Corrective Action Alternative to meet CAOs and
numerical remedial standards cannot be confirmed.

Based on a review of the existing data, additional data are needed for adequate description and
understanding as follows:

¢ Indoor air data are needed to evaluate current residential conditions and evaluate the efficacy of
mitigation systems previously installed by the Nevada Department of Environmental Protection
(NDEP).

e Soil properties have not been well characterized for the unsaturated and saturated
heterogeneous soils across the Site. Insufficient physical, flow, and contaminant distribution data
have been collected in the unsaturated and saturated zones beneath the Site.
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1.0 INTRODUCTION

The Maryland Square Tetrachloroethene (PCE) Site (the Site) is located near downtown Las Vegas,
Nevada. The Site contains a dissolved PCE plume that extends from the location of the former Al Phillips
the Cleaners (APTC), in the former Maryland Square Shopping Center (the Property) at 3661 South
Maryland Parkway, to more than 4,000 ft east (downgradient) (Figure 1). PCE-contaminated groundwater
was initially reported to the Nevada Department of Environmental Protection (NDEP) in a spill report dated
November 29, 2000, by Converse Consultants (Converse). PCE-contaminated soils are present in the
source area at the former APTC facility (Converse 2002; URS 2005, 2007b).

1.1 Purpose and Organization of the Report

This Corrective Action Plan (CAP) identifies and provides an initial evaluation of technologies to
remediate shallow groundwater and to prevent PCE vapors from entering soil gas, thereby protecting
indoor air quality in homes in the residential neighborhood overlying the PCE plume. The CAP describes
existing information for the Site and presents a scope and schedule for remediation of PCE-contaminated
groundwater.

The CAP summarizes past land uses across the Site and the results of previous investigations (Section
1), the physical setting (Section 2), the nature and extent of contamination (Section 3), and the fate and
transport characteristics of the primary contaminant (PCE) and its breakdown products (Section 4).
Section 5 references the need for a risk assessment. Preliminary remediation standards are described
(Section 6), followed by a screening of possible general remedial actions (GRA) (Section 7). Section 8 is
a detailed evaluation of seven alternatives for the remediation of shallow groundwater. Section 9
includes: (1) recommendations to fill data gaps, (2) a discussion of the need for bench pilot-scale testing
to further assess the corrective action alternatives, and (3) a proposed schedule.

The objectives of the CAP are to:

1. Identify and screen GRAs, technology types, and process options to remediate PCE-
contaminated groundwater and mitigate indoor air during groundwater remediation.

2. Combine process options into general Corrective Action Alternatives and evaluate the Corrective
Action Alternatives against criteria identified in the National Oil and Hazardous Substances
Pollution Contingency Plan (NCP).

3. ldentify Corrective Action Alternatives, or specific components thereof, for further evaluation
using bench-scale and pilot testing.

Corrective Action Alternatives are identified and preliminarily evaluated to ensure that an appropriate
corrective action is selected. Given the heterogeneity of soil at the site, the groundwater’'s geochemistry,
and the issues with vapor intrusion into residences, this CAP establishes a preliminary set of viable
remedial alternatives for further evaluation through bench-scale and pilot-scale testing. Results from
bench-scale testing will be used to develop a pilot test program to confirm field application and establish a
design basis for remedial system implementation.

1.2 Site Background

APTC operated a dry cleaner facility in the Maryland Square Shopping Center at 3661 South Maryland
Parkway, Las Vegas, Nevada from 1969 to 2000. The former APTC facility is on the west side of South
Maryland Parkway, approximately 400 ft north of Twain Avenue, across the street from The Boulevard
Mall (Figure 2).

The former APTC facility has been identified by NDEP as the source of PCE contamination that forms the
Maryland Square PCE plume in the shallow groundwater (Figure 3). This dissolved-phase PCE plume
extends downgradient of the former APTC facility, beneath the Boulevard Mall, residential properties, and

TETRA TECH 1



DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

a golf course. A golf course irrigation well is located near the distal end of the PCE plume at a distance of
approximately 3,200 ft east of the former APTC location.

1.21 Site Description

The Site is located in the Las Vegas Valley (Valley) approximately 1.6 miles northeast of Las Vegas
McCarran International Airport. The surface topography at the Site gently slopes to the east (Figure 4).
Current uses of the Site are commercial/industrial and residential. Residential properties are generally
single-family homes.

1.2.2 Site History

The APTC facility was first developed in 1969 as a dry cleaning operation at the Property. APTC took
over operation of the facility later that same year from the original operator, and continued to operate the
dry cleaning facility until 2000. The facility was owned by the Maryland Square Shopping Center, LLC
until the Clark County School District (CCSD) purchased the property in 2002. During a Phase Il
Environmental Site Assessment conducted in 2000 as part of the property transaction, PCE was detected
in the groundwater at the southeast corner of the APTC facility (Converse 2000). A follow-up investigation
identified PCE in soils beneath the operation area of the former APTC facility (Converse 2002). In 2004,
National Dry Cleaner, Inc. (the owner of APTC) accepted financial responsibility for the investigation and
remediation of PCE.

Maryland Square, LLC purchased the property from CCSD in June 2005, and demolished the former
shopping center, including the concrete floor and foundation, in summer 2006. Currently, the site of the
former shopping center is covered with asphalt, except for the former APTC facility, which is fenced and
covered by uncapped native soil. The adjacent property use is commercial/industrial, with residential use
(apartments) several hundred feet to the northwest, and an elementary school located about 450 ft
upgradient to the west.

In July 2008, National Dry Cleaners, Inc. (the owner of APTC) filed for bankruptcy, and the financial
responsibility for remediating the PCE defaulted to Maryland Square Shopping Center, LLC.

Boulevard Mall

The Boulevard Mall opened in 1968 and is the oldest enclosed Mall in the Valley, currently housing
approximately 140 commercial occupants. During expansion of the Mall circa 1993, several structures
located on the east side of Maryland Parkway and downgradient of the APTC facility were demolished. A
three-level parking garage is currently located on the east side of the Mall next to JCPenney. A three-
level parking garage is also located on the west side of the Mall adjacent to Macys.

Subsurface investigation efforts have included the installation of several monitoring wells across the
Boulevard Mall property that are currently sampled and tested for PCE on a quarterly basis. The
maximum PCE concentration reported in groundwater on the Boulevard Mall property was 5,310 ug/L at
MW-13 in May 2005. The geologic profile logged during monitoring well installation(s) is generally
characterized as sandy silt or clayey sand extending to approximately 19 feet bgs and sandy clay from 19
to 29 feet bgs within the saturated zone. Groundwater elevations fluctuate by as much as 15 or more feet
across the site, which is demonstrated in the November 2010 groundwater monitoring results, wherein the
groundwater elevation at monitoring well MW-6 was 1969.01 ft above mean seal level (amsl) and the
groundwater elevation at monitoring well MW-19 was 1953.00 ft amsl.

Residential Areas
Construction of the residential neighborhoods to the east (downgradient) of the Boulevard Mall began in

the early 1960s. Based on a review of historical aerial photos, the Property was undeveloped prior to
construction of the residential neighborhoods. Traditional slab-on-grade homes are typical for the area.
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Residences are on City of Las Vegas water that comes primarily from Lake Mead, although some City
water (approximately 10 percent) is supplied from deep groundwater wells located in the northern portion
of Las Vegas.

Las Vegas National Golf Course

The Las Vegas National Golf Course was constructed in 1961, and was originally called the Stardust
Country Club. The golf course has at least two deep water wells (PW-1 and PW-2) located on the
property for irrigation (Figure 3). According to the golf course management, more than 8 million gallons of
fresh water are pumped from well PW-1 per week in the summer months. Groundwater samples from
Well PW-1 have contained PCE at concentrations ranging from 130 pg/L in 2002 to 4.9 pg/L in 2006
(NDEP 2007). PW-1 is screened from 500 to 750 ft bgs in the deep aquifer. The irrigation well has an
annular seal from the ground surface to 130 ft bgs. No details are known on the sampling procedures
(such as duration of pumping prior to sampling).

1.2.3 Previous Investigations

A series of environmental investigations have been conducted across the Site since 2000 to assess
groundwater, subsurface soils, and soil vapor migration. Several CAPs were also developed during this
time; however, none proceeded beyond the initial investigation. Investigations were conducted by
Converse Consultants from 2002 through 2004, and from 2008 to 2010, and by URS from 2005 through
2008. Reports relevant to preparation of the groundwater CAP include the following:

Converse. Phase | Environmental Site Assessment. September 28, 1999.

Converse. Limited Phase Il Subsurface Assessment. August 22, 2000.

Converse. A Through K Data Research and Report. August 22, 2001.

Converse. Additional Soil and Groundwater Investigation. November 13, 2002.

Converse. Additional Soil and Groundwater Investigation. May 16, 2003.

Converse. Preliminary Corrective Action Plan. June 27, 2003.

Converse. Well Installation/Slug Testing/Groundwater Monitoring /?eponf-4”7 Quarter 2003 and 1°
Quarter 2004. March 26, 2004.

URS. Report, Subsurface Investigation. July 11, 2005.

URS. Source Removal Corrective Action Plan. November 13, 2006.

URS. Quarterly Groundwater Sampling. December 2005. February 6, 2005.

URS. Quarterly Groundwater Sampling and Additional Monitoring Well Installations. March 2006.
April 25, 2006.

URS. Quarterly Grounadwater Sampling. June 2006. July 31, 2006.

URS. Quarterly Groundwater Sampling. 3° Quarter 2006. November 14, 20086.

URS. Quarterly Groundwater Sampling. 4th Quarter 2006, January 5, 2007.

NDEP. Groundwater Data from Golf Course Well PW-1, February 2007.

URS. Quarterly Source Area Soil Assessment. February 23, 2007.

URS. Quarterly Groundwater Sampling, 1°" Quarter 2007, April 2, 2007.

URS. Off-Site Soil Vapor Assessment Report. April 13, 2007.

URS. Quarterly Groundwater Sampling , 2nd Quarter 2007, July 25, 2007.

URS. /nstallation of Downgradient Groundwater Monitoring Wells, November 26, 2007.
URS. Quarterly Groundwater Sampling , 3rd Quarter 2007, December 6, 2007.

URS. Quarterly Groundwater Sampling , Fourth Quarter 2007, January 16, 2008.

URS. /nstallation of Additional Downgradient Groundwater Monitoring Wells, Letter Report,
March 24. 2008.

URS. Quarterly Groundwater Sampling , First Quarter 2008, April 14, 2008.

o Converse. Groundwater Monitoring Report - 4" quarter 2008. December 9, 2008.

e Converse. Groundwater Monitoring Report - 1 quarter 2009. April 15, 2009.
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Converse. Groundwater Monitoring Report - 2" quarter 2009. July 21, 2009.

Converse. Groundwater Monitoring Report - 3" 7 quarter 2009. October 9, 2009.

TRC. Groundwater Monitoring Well Investigation, Sampling and Capping. December 9, 2009.
Converse. Groundwater Monitoring Report - 4" quarter 2009. January 13, 2010.

Converse. Groundwater Monitoring Report - 1°* quarter 2010. April 14, 2010.

Tetra Tech EM, Inc. (Tetra Tech). Quarterly Groundwater Monitoring Report 2" Quarter 2010.
July, 23, 2010.

Tetra Tech. Quarterly Groundwater Monitoring Report ™ Quarter 2010, October 22, 2010.

o Tetra Tech. Quarterly Groundwater Monitoring Report 4" Quarter 2010, January 21, 2011.

Quarterly groundwater monitoring has been conducted by various consultants at and downgradient of the
Property since late 2005 to assess the extent of PCE contamination in groundwater. Most of the data
consist of analytical data for groundwater samples collected from monitoring wells to define the
distribution and extent of the dissolved-phase PCE plume in the shallow groundwater.

Data characterizing aquifer properties and soil gas for the Site are contained in three reports: an
investigation by Converse (2004) and two investigations by URS (2005, 2007d). During the Converse
2004 investigation, slug tests were performed in six wells at the Site, along with some limited soil property
tests on two soil samples (i.e., soil moisture, grain-size distribution, bulk density, and porosity).

The report for the Off-Site Soil Vapor Assessment (URS 2007d) provided analytical data for soil gas
collected from multiple depths in 16 boreholes, along with soil geotechnical data for six soil samples.
Table 6-1 in this 2007 report reported soil types ranging from clayey silt to sandy gravel. Analytical data
for 32 soil vapor samples (plus four duplicate vapor samples) are presented in Table 6-2 of this 2007
report. Concentrations of PCE in these vapor samples ranged from nondetected to 170,000 micrograms
per cubic meter (Ig/m3). Based on a review of historical documents, data gaps that remain are identified
and discussed in Section 9.0.
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2.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

The Valley covers roughly 1,600 square miles in southern Nevada, with the eastern edge extending to
approximately 5 miles west of Lake Mead and the Colorado River. The Valley is bounded by mountain
ranges that reach a maximum elevation of almost 12,000 ft above mean sea level (amsl) to the west. The
Valley floor elevation ranges from about 3,000 ft in the west to 1,500 ft amsl in the east. (Zikmund 1996).

Precipitation on the Valley floor averages 4.16 inches per year as reported by the Western Region
Climate Center (WRCC 2010). Most precipitation occurs during the months of July and August and during
the winter (Wild 1990). Potential evapotranspiration ranges from 1 to 19 inches per month from winter to
summer months (Shevenell 1996). Mountains surrounding the basin may receive as much as 20 inches
of precipitation per year, usually as snowfall. Surface water flows in the Valley are tributary to Lake Mead
through Las Vegas Wash (Brothers and Katzer 1988).

2.1 Regional Hydrogeology

The Valley is a structural basin filled with 3,000 to 15,000 ft of sediments in the Basin and Range Province
of the northern Mojave Desert (Langenheim and others 1998). Plume (1984) divided the basin into three
physiographic regions: mountain, piedmont, or alluvial apron and lowland. Groundwater generally flows
southeast beneath Las Vegas Wash toward Lake Mead from recharge areas in the Spring Mountains in
the west and the Sheep Range in the north (Figure 5) (Leising 2004).

In the west portion of the basin, sediments consist of coarse-grained sand and gravel alluvial fan deposits.
In the lowland central and east portion of the basin, coarse alluvial sediments interfinger with fine-grained
lacustrine and playa deposits (Plume 1989, Leising 2004). In the east central valley area, including the
Site, coarse-grained sediments interfinger with heterogeneous playa deposits (e.g., sandy silt, silty sand,
clayey sand, sandy clay, caliche) (Plume 1989, Leising 2004). Coarse material generally serves as
aquifers, while the silts, clays, and caliche often act as confining layers (Zikmund 1996). The boundaries
between aquifers and confining units (aquitards) in the basin fill are difficult to delineate due to the
complexity of sediment distribution (Harrill 1976, Bernholtz 1993).

The hydrostratigraphic units of the Valley were redefined by Donovan (1996) and are presented here as
defined by Leising (2004) and illustrated on Figures 6 and 7. The upper unit of heterogeneous sand, silt,
and clay sediments in the central and eastern lowland area of the Valley is termed the Las Vegas Wash
Aquitard. Based on well logs on file with Nevada Department of Water Resources (NDWR), this unit may
be 100 ft thick in the area of the Site. The shallow groundwater system that has been investigated to
define the distribution of the Site’s PCE plume is within the upper 30 to 50 ft of the Las Vegas Wash
Aquitard.

The Las Vegas Springs Aquifer underlies the Las Vegas Wash Aquitard and is subdivided into an upper
unit (Las Vegas Creek Aquifer), a middle unit (Twin Lakes Aquitard), and a lower unit (La Madre Mountain
Aquifer). The Las Vegas Creek Aquifer serves as the primary supply to domestic wells, and the La Madre
Mountain Aquifer serves as the primary source for municipal supply wells. Based on well logs on file with
NDWR, the depths to the upper and lower units of the Las Vegas Springs Aquifer within a few miles of the
Site are estimated to be 100 to 200 ft bgs for the Las Vegas Creek Aquifer, and 550 to at least 750 ft bgs
for the La Madre Mountain Aquifer. The Duck Creek Aquifer underlies the Las Vegas Springs Aquifer.

Recharge to the shallow groundwater system is attributed to: (1) upward vertical flow from the Las Vegas
Springs Aquifer, (2) surface infiltration of runoff, and (3) over-irrigation (either agricultural or residential)
(Bernholtz 1993). However, in some areas where water supply wells produce from the deeper aquifer, the
vertical gradient has been reversed downward, and in some cases, shallow groundwater may be pumped
and blended with groundwater from the deeper aquifer for irrigation and industrial uses (Zikmund 1996).
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2.2 Site Geology

The geology of the Site consists of interbedded sequences of sand, sandy silt, sandy clay, and silty clay
with frequent zones of caliche and intermixed gravel scattered throughout. Lithologic data are available in
borehole logs from 33 monitoring wells installed at the Site between 2000 and 2008. The borehole logs
and well construction diagrams for all monitoring wells at the Site are provided in Appendix A. Additional
lithologic information was obtained from 29 soil borings drilled for subsurface characterization of the
former APTC area, and from borings installed for active soil-gas sampling in and adjacent to the
residential neighborhood. Figures 8 and 9 show cross sections prepared by URS (2007d) representing
the downgradient area east of Algonquin Drive. Figure 8 shows that sediments along Algonquin Drive
consist of gravelly sand and grade into silt in the area of wells MW-23 and MW-25, and then to clay at
approximately 10 ft bgs in the area of wells MW-26 and MW-27. Figure 9 shows gravelly sand in the
upper 5 to 10 ft along Algonquin Drive and silty sand in the upper 10 to 12 ft along Seneca Drive.

Total depth of monitoring wells at the Site vary from 20 to 50 ft, although most wells are completed at
depths between 30 and 35 ft. Heterogeneous mixtures of lower permeability clays and silts (silty clay,
sandy clay, clayey silt, and sandy silt) dominate the saturated intervals across most of the site. An
apparent, alluvial stream-channel sand meanders through the area of the former APTC facility and
portions of the Boulevard Mall in the upper 1 to 5 ft of the saturated zone, as evidenced in the borehole
logs of wells MW-7, MW-8, MW-9, MW-10, MW-11, MW-12, MW-13, MW-14, MW-15, MW-20, MW-23
and MW-25. Sands exist in the lower portions of wells MW-12, MW-14, MW-20, MW-23, MW-25, MW-28,
MW-30, and MW-31, as shown in the corresponding borehole logs.

The borehole logs for wells PT-1 and PT-2 at the National Golf Course indicate that below 80 ft bgs, the
geology consists of interbedded red clay, sand, gravel, and caliche to at least 750 ft bgs.

2.3 Hydraulic Properties of the Shallow Groundwater System

Depth to groundwater generally varies between 9 to 28 ft bgs across the Site. Based on water level data
obtained in June 2010, shallow groundwater flows east with a gradient that ranges from 0.0124 to
0.0132 ft/foot (Figure 10) (Tetra Tech 2010a). Historical groundwater elevations indicate the water table
varied by several ft throughout the monitoring period from 2000 to 2011, as illustrated on Figure 11. The
data show induced drawdown of the water table by pumping of well PW-1 at the National Golf Course
during the months of June through October, with about 6 ft of drawdown in the nearest monitoring well
(MW-27).

Converse (2004) conducted slug tests in monitoring wells MW-2, MW-3, MW-13, MW-15, MW-16, MW-19,
and MW-20 in 2004 to estimate the hydraulic conductivity (K) representative of the Site. Calculated K
values developed using the Bouwer-Rice Method (Bouwer and Rice 1976) ranged from 1.9 to 17 ft/day,
whereas K values calculated using the Hvorslev Method (Hvorslev 1951) ranged from 0.8 to 6.4 ft/day.

Converse (2004) also measured total porosity and bulk density for two samples of sandy clay, yielding
results of 49 to 57% for porosity, and 1.14 to 1.49 grams/cubic centimeter (g/cc) for bulk density. URS
(2007d) conducted bulk density and grain size analyses for soil samples collected from three borings
(SVB-5 at depths of 5.5 and 10 ft bgs, SVB-9 at depths of 3 and 8 ft bgs, and SVB-13 at depths of 8.5 and
18.5 ft bgs). Grain size ranged from clayey silt to sandy gravel, and bulk density ranged from 99.6 to
119 pounds per cubic foot or 1.6 to 1.91 g/cc.

Zikmund (1996) reported results from a study by Western Technologies (1991) to characterize basic
hydraulic parameters for the shallow groundwater system in the Valley. Western Technologies tested
2- and 4-inch-diameter wells completed to depths of 25 to 30 ft bgs in downtown Las Vegas. The results
of this study (summarized below) are considered representative of shallow groundwater characteristics in
the downtown area (near the intersection of U.S. 95 and Interstate 15), approximately 3 miles north-
northwest from the former APTC site:
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e Yield 0.15 to 8.5 gallons per minute (gpm)
e  Average Transmissivity 4.79 x 10 gallons per day/foot (gpd/ft)
e Horizontal Hydraulic Conductivity 7 to 116 gallons per day/foot” (gpd/ft?)

With the complex geology, the rate of groundwater flow within the shallow saturated zone varies, with
preferentially higher flow rates within the gravelly sands and lower flow rates within silty to sandy clays.
However, due to the frequent occurrence of scattered pea gravel and caliche within the mixed clays and
silts, in combination with calcic water (which minimizes swelling of the clays), hydraulic conductivities
within silty clay intervals may be relatively high (within the range of 0.01 to 1.0 ft/day) along predominant
flow paths occurring along soil partings.

24 Geochemistry of the Shallow Groundwater System

Groundwater in the Las Vegas Wash Aquitard is generally brackish and considered non-potable. For
example, total dissolved solids (TDS) range from 900 to 4,300 milligrams per liter (mg/L) in monitoring
wells installed at the Site. Water quality in the Las Vegas Wash Aquitard generally degrades in an
easterly, downgradient direction with increases of TDS, sulfate, and sodium. The elevated salinity results
from evapotranspiration, dissolution of saline minerals in soils and rocks, and infiltration of irrigation water
(Zikmund 1996). Groundwater in the Las Vegas Wash Aquitard in the area of the Site is a calcium-
magnesium-sulfate water with a lesser bicarbonate component (Leising 2004). Some parts of the flow
system also exhibit elevated concentrations of boron and nitrate (Zikmund 1996). Due to irrigation with
chlorinated water from the local water system, chloroform and trihalomethanes may be found in the
shallow groundwater (Leising 2004).

Groundwater samples were collected from eight wells and analyzed for concentrations of major anions
(i.e., nitrate, sulfate, chloride, bicarbonate alkalinity), total iron, dissolved manganese, total organic
carbon, and dissolved oxygen (URS 2005). Results generally agree with the regional geochemical
characterization provided by Leising (2004). Sulfate is the dominant anion, with lesser concentrations of
bicarbonate and chloride. Nitrate generally ranges from 4.5 to 7.3 mg/L in the shallow groundwater (URS
2005), and is attributed to the heavy use of fertilizers across the Valley (Leising 2004). Total organic
carbon (TOC) in shallow groundwater at the Site ranges from 1.2 to 6.0 mg/L (URS 2005).

Field parameters (pH, temperature, specific conductance, turbidity, dissolved oxygen, and oxidation-
reduction potential [ORP]) are routinely measured during quarterly groundwater monitoring. Most TDS
measurements from across the Site are between 2,100 and 2,700 mg/L. URS (2005) reports detectable
iron ranging from 1.2 to 38 mg/L and detectable manganese ranging from 0.0053 to 0.69 mg/L; however,
turbidity is highly variable and can range from non-detectable to >999 Nephlometric Turbidity Units (NTU)
due to the abundance of silt and clay in the saturated zone. Elevated concentrations of metals reported
during prior investigations likely reflect the amount of turbidity (i.e., sediment) in the sample. Reported
ranges of the field parameters are:

e pH 4.67 to 7.41

e Temperature 22 to 27.7 degrees Celsius (°C)

¢ Specific Conductance 1.05 to 6.76 microsiemens/centimeter (mS/cm)
¢ Dissolved Oxygen 0.07 to 7.27 mg/L

e ORP -330 to +634 millivolts (mV)
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Geochemical data from the Site and the regional characterization presented by Leising (2004)
indicate the geochemistry of the shallow groundwater system of the Las Vegas Wash Aquitard is an
aerobic environment that likely inhibits the growth of Dehalococcoides (DHC) bacteria. In the URS
2005 investigation, the presence of DHC bacteria was investigated and reported for two wells (MW-12
and MW-13); the results were below reportable counts. The relatively high concentration of sulfate in
groundwater, with gypsum crystals in the subsurface soils, combined with elevated concentrations of
nitrate and iron, suggest it would be difficult to induce reducing conditions that create the anaerobic
geochemical environment needed to enhance either biodegradation or reductive dehalogenation of
PCE and TCE. However, groundwater conditions at monitoring well MW-10 consistently exhibit a
negative ORP that ranges from -140 to -330 mV. Negative ORP readings have also been observed
periodically in MW-9 and MW-16, indicating the presence of localized areas where reducing
conditions may persist. Given that groundwater at several additional well locations typically exhibits
relatively low ORP values, in the range of 50 to 210 mV, it may be possible to use additives such as
EHC® (a controlled-release, integrated carbon and soluble iron product) to achieve remediation of
targeted areas of the Site. To confirm the efficacy or viability of this treatment technology, bench-
scale testing or pilot testing would be necessary.
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3.0 NATURE AND EXTENT OF CONTAMINATION

This section summarizes the distribution of contaminants in groundwater, soil and soil gas, and indoor air
relevant to the objectives of this CAP.

3.1 Shallow Groundwater

The investigation of groundwater began in August 2000. Additional wells have been installed several
times since 2000 to evaluate the extent of dissolved PCE in groundwater. Regularly scheduled
monitoring of groundwater has been conducted since May 2005. Currently, 33 monitoring wells are
installed at the Site, 31 of which are part of the monitoring program (Figure 3). Eleven wells in the
residential area of the plume are monitored quarterly. Eleven wells in the area of the former APTC facility,
the Boulevard Mall, and the southwestern residential area are monitored semi-annually. All 33 wells in
the program are monitored during the 4™ quarter monitoring event.

The PCE plume extends approximately 4,000 ft east from the APTC source to the east side of the
National Golf Course (Figure 3). The plume width is estimated to be 700 ft at the widest extent near
Spencer Street. The plume extends due east from the source, under the Boulevard Mall, then slightly
curves to the north under the neighborhood between Cherokee Lane and Seneca Lane toward irrigation
well PW-1, located within the Las Vegas National Golf Course. The plume east of PW-1 is estimated to
extend 1200 ft. The center line of the plume is estimated to extend through MW-6, between MW-19 and
MW-20, just north of MW-23 and MW-25, and approximately midway between MW-26 and MW-32 toward
PW-1. PCE concentrations in the shallow groundwater along the centerline are estimated to be 2,500 to
3,000 pg/L near the Boulevard Mall, 1,500 to 2,000 ug/L near MW-18 and MW-23, and approximately
1,000 pg/L between MW-26 and MW-32. The concentration of PCE is below 100 pg/L at wells MW-30
and MW-31, located in the residential area in the central portion of the golf course. Based on the rate of
dissolved PCE migration across 4,000 ft in approximately 30 to 40 years, the average migration rate of the
leading edge of dissolved PCE is estimated to be 100 to 130 ft/year, assuming PCE releases began in
1969 at APTC. The plume has moved with normal groundwater flow, but is attenuated to roughly half the
rate of groundwater. The plume likely only came within the capture zone of irrigation well PW-1 after 18 to
20 years of migration. PCE was initially reported in a sample collected from PW-1 at 8.1 ug/L in 1990.

Assuming a gradient of 0.013 ft/foot (Tetra Tech 2010a), an assumed average hydraulic conductivity of 15
ft/day (based on reported values provided in Section 2.3), and a porosity of 0.30, an annual, average
groundwater flow rate of 237 ft/year for the shallow groundwater is derived. If the plume moved 100 to
130 ft/year, the PCE is attenuated at a factor of 1.8 to 2.4, which is within the expected range for PCE
migration in a low degradation environment.

The plume migration initially would have been through the mixtures of fine sands and gravels as a
preferential flowpath because of the higher hydraulic conductivity. The dissolved PCE then would have
migrated into the silts and clays by diffusion and along soil partings (secondary porosity from differential
stress cracks and desiccation partings that do not reseal due to the calcic water that minimizes clay
swelling). Therefore, preferential flow paths likely allowed the leading edge of the plume to migrate 100 to
130 ft/year, while movement into and through the clay and silt units likely occurred at 1 to 20 ft/year. The
plume at the Site is expected to be stable at its lateral extent, with remnants of later releases (such as
periodic flushing/cleanout of the sump and drain lines) likely still moving through the plume as slugs
(mobile hot spots of higher PCE concentration).

The PCE concentrations in the groundwater have fluctuated over time, with many wells exhibiting
apparent decreases (Figure 12). In the upgradient portion of the plume, changes likely are due to
movement of PCE slugs. For example, the concentration of dissolved PCE in MW-1 varied between
870 and 3,500 pg/L during 2000 to 2005, but decreased to below 1,000 ug/L by June 2007. The
concentration of PCE in groundwater in MW-2 was at 3,000 pg/L in 2000 to 2002, and decreased to below
1,000 pg/L by June 2008. PCE concentrations in MW-6 decreased in late 2005, then increased over the
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next 4 years and are currently near 2,500 ug/L. The groundwater in MW-13 had the highest PCE
concentration ever reported (5,310 pg/L) in May 2005; since that time, the PCE concentrations have
decreased to below 3,000 in 2007, and below 2,000 in 2010. MW-14 and MW-18 previously also had
groundwater with PCE above 3,000 ug/L. PCE concentrations in groundwater at MW-14 were below
1,000 ug/L as of 2007, and in MW-18 have been below 2,000 ug/L since December 2006. PCE
concentrations in groundwater in MW-23 have been below 2,000 ug/L since June 2007. PCE
concentrations in wells MW-19, MW-20, MW-23, MW-25, MW-26, and MW-32 have all decreased to
below 1000 pg/L. In the downgradient area of the plume, these decreases are likely due to lateral
spreading of the plume by diffusion into the finer grained silts and clays.

The chemical results for PCE daughter products indicate limited if any degradation of PCE at the Site.
Low levels of TCE and cis-1,2-dichloroethene (DCE) have been detected in wells MW-2, MW-5, and MW-
6 (concentrations of about 0.5% of the PCE concentration). This is roughly the percentage that TCE
occurs as a trace contaminant in industrial grade PCE. The highest concentrations of daughter products
have been detected in samples from MW-6 (maximum TCE of 41 ug/L; maximum c¢/s-1,2-DCE of 23 ug/L).
Beginning in October 2008, low concentrations of TCE were regularly detected in 10 additional wells; this
coincided with a change in the laboratory that was performing the analyses. The daughter product cis-
1,2-DCE has been detected in a sample from one additional well besides the three wells near the source
area; c¢/s-1,2-DCE was reported twice in late 2005 in samples collected from MW-21.

3.2 Soil Gas

In 2007, URS collected soil gas samples from multiple depths in the central residential area along north-
south transects along Spencer Street and along the eastern edge of the Boulevard Mall. Soil borings
were advanced to 10 and 20 ft bgs at six locations along Spencer Street (Figure 13), at six locations in the
eastern parking lot of the Boulevard Mall property, and at four locations along Ottawa Drive at Algonquin
Drive (Figure 14). Borings were continuously cored, and then soil gas rods were inserted with upper
sections of the hole grouted so that short-term-duration soil gas samples could be collected. A tracer gas
(1,1-difluoroethane) was used to detect leaks in the sampling equipment.

The highest PCE concentratlon found in a soil gas sample along Spencer Street was 46,000 micrograms
per cubic meter (ug/m ) from 5 ft bgs at SVB-03 (Figure 13). The highest PCE concentration in a soil gas
sample collected near the Boulevard Mall was 170,000 pg/m® from 20 ft bgs at SVB-14 (Figure 14). A
total of 39 samples of soil gas were collected and analyzed; seven samples contained no detectable PCE.
Of the 32 samples that contained detectable concentrations of PCE, significant amounts of the tracer gas
were found in four samples, indicating leakage from the atmosphere and invalidating the results.

3.3 Indoor Air

The NDEP conducted neighborhood sampling events between fall 2007 and winter 2007-2008. During
these events, 97 homes and two schools were sampled for PCE and related compounds in indoor air. Of
the homes sampled, 15 homes exhibited PCE concentrations greater than the NDEP indoor air interim
action level of 32 pg/m (Broadbent & Associates [Broadbent] 2010).

Subslab depressurization (SSD) systems were installed at 14 homes, which were subsequently retested
to assure that the systems successfully mitigated indoor air PCE concentrations. If indoor air PCE
concentrations still exceeded the NDEP interim action level, the SSD systems were performance-tested
(e.g., test the in-home pressure differential) and were mod|f|ed to achieve PCE concentrations less than
32 ug/m in indoor air. Subsequent sampling confirmed that homes with the SSD systems, after required
modifications, exhibited PCE concentrations less than 32 ug/m in indoor air (Broadbent 2010).
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4.0 CONTAMINANT FATE AND TRANSPORT
Source Area

PCE was used in dry cleaning operations at the APTC facility from 1969 to 2000. Floor drains collected
spills at the facility, which drained to a sump in the north central portion of the building. A “cooker” was
operated in a half-basement on the north side of the building, and overflow from the cooker would drain to
the sewer. The Property sewer line drained to the City sewer installed along the east margin of South
Maryland Parkway, which drains north toward East Desert Inn Road. PCE may have migrated east of
Maryland Parkway via the sewer line, with releases potentially occurring from leaks at the connection to
city sewer lines.

Site data from the URS 2005 and 2007 source area investigations supported the contention that PCE had
been released though the concrete floor drain, because the highest PCE concentrations were found
adjacent to the sump (B-10 at 120 mg/kg; B-24 at 56 mg/L). The URS investigations, with the previous
Converse (2002) data, involved 77 soil samples from 29 soil borings that delineate the extent of PCE in
unsaturated soils beneath the former APTC facility. Soil sample results indicate the PCE wash seeped
through the concrete drain and floor, continuing to migrate down through the soil until reaching
groundwater. Maryland Square, LLC demolished the buildings of the former shopping center, including
the concrete floor and foundation, in summer 2006.

Converse (2001, 2003a, 2004) and URS (2006b) installed a total of 15 wells in the APTC source area and
about the Boulevard Mall parking garage to evaluate the extent of PCE in shallow groundwater. PCE
concentrations in groundwater were detected between 2000 to 2005 at up to 3,500 pg/L in the source
area. The dissolved PCE plume was observed east across South Maryland Parkway, and was found to
have dispersed laterally (north-south) to a width of 300 ft at the edge of the property along South Maryland
Parkway, and a width of approximately 600 ft at the Mall (east of the parking garage). The lateral spread
may have been due to the influence of the utility lines along the South Maryland Parkway. As of 2010,
PCE in groundwater in the source area had decreased to concentrations below 430 pg/L (Tetra Tech
2011).

The Extended Shallow Groundwater Plume

An additional 18 wells were installed east of the Boulevard Mall in the 2005 investigation and subsequent
investigations (URS 2006a, 2007f, and 2008b) that established the extent of the plume to the east side of
the National Golf Course, an approximate distance of 4,000 ft from the source area (Figure 3). The plume
at the widest transect is estimated to be 700 ft near Spencer Street, approximately 3,000 ft from the APTC
source. As of late 2010, PCE concentrations in the shallow groundwater along the centerline of the plume
were estimated to be 2,500 to 3,000 ng/L near the Boulevard Mall, 1,500 to 2,000 pg/L near MW-18 and
MW-23, and about 1,000 pg/L between MW-26 and MW-32. The PCE concentrations decrease quickly
north and south of the centerline of the plume to below 5 pg/L within 300 to 400 ft. The plume at the Site
is assumed to be stable at its eastern extent. Slugs with higher concentration of PCE from releases in the
late 1990s (such as from flushing/cleanout of the sump and drain lines) are likely still moving through the
central area of the plume.

Deep Groundwater

The golf course operates two irrigation wells, PW-1 and PW-2. Dissolved PCE has been detected at
concentrations ranging from 130 pg/L in 2002 to 4.9 pg/L in 2006 (NDEP 2007) in water from PW-1, the
western irrigation well (Figure 3). PW-1 is screened from 500 to 750 ft bgs in the deep aquifer, although
the filter pack extends to 130 ft bgs. The grout seal extends from 130 ft bgs to the surface. According to
the property management, more than 8 million gallons of fresh water are pumped from well PW-1 per
week in the summer months. The path of the PCE to the production zone of the well is unknown; it could
be through a failure of the well seal or through vertical migration below the 130-foot depth of the seal.
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Migration and Retention of PCE

As presented in Section 3.1, the shallow groundwater flow across the site is from west to east at an
estimated average annual flow rate of 237 ft/yr. Based on the dissolved PCE plume migrating about
4,000 ft in 30 to 40 years, the average migration rate of the leading edge of the PCE plume is estimated to
be 100 to 130 ft/year, with an attenuation factor of 1.8 to 2.4.

The PCE plume is believed to have initially migrated through the preferential path of the sand and gravel
portions of the Las Vegas Wash Aquitard (the shallow groundwater system). Although these intervals are
poorly sorted, with up to 30% silt or clay present, these sand/gravel facies are the higher permeable
portions of the aquitard and would allow migration at the required rates to produce the plume dimensions
observed by 2008, and as indicated by the PCE detected at PW-1 in 1990.

However, a large amount of the aquitard at the Site also consists of heterogeneous clays and silts (silty
clay, sandy clay, silty sand, and clayey sand). Dissolved PCE in groundwater will move by advective
transport and diffusion into the portions of these facies that have greater silt and sand content and where
secondary porosity has developed along soil partings from differential stress cracks and seasonal
desiccation. This inflow into the finer grained units may occur at rates of 1 to 20 ft or more each year.
PCE in these silt and clay units may be retained for a very long time, as little degradation is evident from
the monitoring data. Rebound of PCE into groundwater may occur from the diffusion of PCE that is
entrained in these finer grained sediments after the application of many available remedial treatment
technologies.

Biodegradation and Treatment of PCE

An evaluation of groundwater monitoring data suggests very little if any degradation of PCE occurs within
the shallow groundwater system. Concentrations of PCE have likely persisted for at least 40 years at the
Site, during which time daughter products TCE and c¢is-1,2-DCE have been detected only at low
concentrations that are within the range of concentrations of impurities in industrial grade PCE used in dry
cleaner operations.

The site chemistry is strongly aerobic across most of the site, although there may be pockets of anaerobic
zones, as exemplified by conditions near well MW-10 that exhibits a negative ORP range of -140 to
-330 mV. Biodegradation of PCE occurs under anaerobic conditions through the bioactivity. URS (2005)
submitted two groundwater samples to ascertain the population of DHC bacteria; however, the presence
of DHC bacteria was not evident. Aerobic conditions inhibit the growth of DHC bacteria. In addition, as
sulfate is present in the groundwater at relatively high concentrations, artificially inducing reducing
conditions will produce high concentrations of sulfide that will also inhibit DHC bacteria. Therefore,
inducing reducing conditions by injecting only electron donors (such as HRC®) is not likely to be effective.
However, electron donors combined with zero-valent iron (ZVI) have had some success in high sulfate
groundwater. This suggests that induced reductive dehalogenation using a product such as EHC® may
be possible. This may be cost-effective in areas where the ORP is no higher than 200 mV. Bench-scale
and pilot-scale testing would be necessary to evaluate the feasibility of this treatment option.
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5.0 HUMAN HEALTH RISK ASSESSMENT

It is anticipated that the results of a baseline risk assessment predicting and quantifying potential risk from
indoor air exposure, as well as other potentially complete exposure pathways, will be presented in the
final CAP after adequate data are obtained.
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6.0 IDENTIFICATION OF PRELIMINARY CORRECTIVE ACTION OBJECTIVES AND
REMEDIATION STANDARDS

Preliminary corrective action objectives (CAO) and preliminary numerical remediation standards are
assigned to protect human health and the environment, and are used to guide the evaluation of potential
corrective actions. The preliminary CAOs and numerical remediation standards used for this site were
established to address site-specific chemicals of concern (COC), affected media, and potential exposure
pathways.

Preliminary CAOs address potential risks to human health and the environment. The following CAOs are
specified:

1. Prevent inhalation exposure of current residents to concentrations of PCE that exceed the
remediation standard for residential indoor air.

2. Prevent use of shallow groundwater as a source of drinking water and remediate shallow
groundwater where PCE concentrations exceed the remediation standard for groundwater.

These preliminary CAOs will be refined after completion of a human health risk assessment that will be
presented in the final CAP. CAOs will become final when the corrective action is selected in a record of
decision.

The development of preliminary numerical remediation standards involves four steps:

1. Identification of potentially applicable regulatory standards promulgated under MNevada
Administrative Code (NAC) 445A.226, et seq., as amended under Adopted Regulation R189-08,
that contain health or risk-based numerical values or requirements.

Calculation of risk-based concentrations in the absence of promulgated regulatory standards.
Identification of laboratory practical quantitation limits (PQL).

Comparison of the concentrations identified through the previous steps.

The first step identifies potential regulatory standards potentially applicable to a release from the Property.
NAC 445A.22735 establishes action levels for groundwater. These groundwater action levels are either
maximum contaminant levels (MCL) established under the Safe Drinking Water Act, (and adopted by
reference at NAC 445A.22735(1)(b)), or background concentrations if these exceed the MCL. If a MCL
has not been established for a hazardous substance, hazardous waste, or regulated substance,
provisions for using background concentrations or an appropriate concentration based on protection of
public health and safety and the environment (risk) can be invoked to derive relevant action levels (NAC
445A.22735).

A MCL for PCE of 5 pg/L has been established under the Safe Drinking Water Act. MCLs and drinking
water standards promulgated under the Safe Drinking Water Act are standards applicable to public water
supplies “at the tap,” at the point of end use. A drinking water standard, like the MCL, may not be
appropriate for the shallow groundwater at the Site if naturally occurring groundwater quality is so poor it
is not likely to serve as a potential source of drinking water. Furthermore, Section 14 of Revised
Proposed [and adopted] Regulation R189-08, issued by the NDEP Bureau of Corrective Actions,
prescribes the criteria required to conclude remedial activity, that relies, in part, on source control;
interruption to, or remediation of, exposure pathways; and the likely use of groundwater based on quality
characteristics. However, groundwater is “waters of the state,” (NRS 445A.415) and NDEP asserts that
regulations require “no degradation” of waters of the state (NDEP 2011). No promulgated numerical
standards apply to concentrations of PCE in indoor residential air.

The second step identifies potential site-specific, risk-based concentrations. Risk-based concentrations
are typically calculated in the absence of promulgated regulatory requirements for protection of a
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particular receptor or exposure pathway in a given medium. Risk-based concentrations for groundwater
will be calculated, if necessary, for groundwater exposure pathways identified as complete or potentially
complete in the human health risk assessment to be completed as part of the final CAP. NDEP’s interim
action level of 32 ug/m for PCE is a risk-based concentratlon protective of reS|dent|aI receptor exposure
to PCE in indoor air at a cancer rlsk level of 10*. A cancer risk level of 10° correlates to PCE
concentration in indoor air of 0.32 ug/m .

The third step involves consideration of laboratory PQLs. The PQL is the lowest concentration that can
be reliably measured within specified limits of precision and accuracy by individual analytical methods
under routine laboratory conditions. PQLs are based on a general estimate for an analytical method, and
not a determination for individual chemicals. Numeric remediation standards cannot be set below the
laboratory PQL because concentrations lower than the PQL cannot be reliably measured. The laboratory
PQL for PCE in water is 0.5 pg/L. The laboratory PQL for PCE in indoor air varies by laboratory and
analytical method but is generally less than 10 pg/m NDEP s indoor air sampling program achieved an
average detection limit for PCE in indoor air of 5.6 ug/m (NDEP 2011). Laboratory PQLs are not low
enough to detect PCE concentrations in indoor air of 0.32 ug/m3.

The final step compares the values generated by the previous steps. The only numbers generated in the
previous three steps for PCE in groundwater were the MCL, identified as the Nevada regulatory standard
under NAC 445A.22735, and the laboratory PQL. The MCL for PCE (5.0 pg/L) is used in the draft CAP as
the preliminary remediation standard for groundwater because it is higher than the laboratory PQL, and it
is a regulatory standard that can be reliably measured.

The numbers generated in the prewous three steps for PCE in indoor air were NDEP’s interim action level
(a risk-based concentratlon of 32 pg/m® assomated with a risk factor of 10™), a risk-based concentration
correlating to the 10°® risk level (0.32 ug/m ), and the laboratory PQL. These preliminary values will be
refined after completion of a human health risk assessment, which will be presented in the final CAP.
Numerical remediation standards will become final when the corrective action is selected in a record of
decision.
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7.0 IDENTIFICATION OF SCREENING TECHNOLOGIES

This section presents GRAs, remedial technologies, and process options evaluated to address shallow
groundwater above the remediation standard. In general, the same or similar GRAs, remedial
technologies, and process options are applicable in the source area, Boulevard Mall, and residential
areas; therefore, these areas have been combined for evaluation. Remedial technologies and process
options are developed and screened based on implementability, effectiveness, and cost (United States
Environmental Protection Agency [EPA] 1988). After the remedial technologies are evaluated, they are
combined into corrective action alternatives.

Soil in the source area is being addressed as part of the CAP for Source Area Soil (Tetra Tech 2010).
The CAP for Source Area Soil recommends excavation of soil (to groundwater, which is found at
approximately 18 ft bgs) containing concentrations of PCE in excess of the residential EPA Region IX
Residential Regional Screening Level (RSL) of 550 micrograms per kilogram (ug/kg) for residential soil;
disposal of the soil in a permitted off-site hazardous waste landfill; and addition of a chemical oxidant to
the footprint of the excavation as the preferred corrective action alternative. After excavation and
disposal, the open excavation provides an opportunity for additional treatment of PCE using chemical
oxidation in soil and groundwater below the excavation. Data obtained from corrective action in the
source area can be subsequently used to evaluate effectiveness of chemical oxidation as part of remedy
selection for groundwater.

71 General Response Actions

GRAs were derived from engineering judgment and experience with corrective actions proven successful
for remediation of dissolved phase PCE in groundwater. The following GRAs were identified to achieve
the preliminary remediation standard for groundwater in the source, Boulevard Mall, and residential areas:

e No Action — Required for consideration.
¢ Institutional controls (IC) - land-use and groundwater-use restrictions.

e Engineering controls — mitigation measures like vapor barriers, SSD systems, and well
abandonment.

e Monitored natural attenuation (MNA) — Organic contaminants are allowed to naturally
attenuate via biodegradation, diffusion, dilution, or adsorption.

e Treatment — in situ and ex situ treatment and monitoring of groundwater contamination.

e Containment — capping and vertical barriers to contain the contamination.

Process options for these GRAs are evaluated below.

7.2 Identification, Screening, and Evaluation of Technology Types and Process Options for the
Source, Boulevard Mall, and Residential Areas

This section analyzes the technology types and process options for each GRA in terms of three broad
screening evaluation criteria:  effectiveness, implementability, and cost (EPA 1988). Potentially
applicable GRAs identified for groundwater consist of (1) No Action, (2) ICs, (3) engineering controls, (4)
MNA, (5) treatment, and (6) containment. Process options for containment were not retained after the
initial screening based on difficulty of implementation and ineffectiveness. The five remaining GRAs are
discussed in this section. Given the concentrations of PCE in groundwater at the Site, the subsurface
conditions, and the various receptor pathways, it is likely that an integrated approach to remediation or a
combination of general response actions will be required.
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The screening of process options incorporating the remedial technology types for these GRAs is provided
in Table 7-1. The rationale for eliminating process options from further evaluation is also presented in the
table, and eliminated process options are not discussed further.

No Action

The NCP requires that the No Action alternative be carried through the detailed analysis of alternatives.
Under this GRA, no corrective action is taken. Groundwater would be left without implementing ICs,
engineering controls, removal, treatment, containment, or other mitigating actions. Because groundwater
poses a potential risk to human health of current and future residents, the no-action response is not an
effective alternative. As quarterly groundwater and annual air monitoring are ongoing at the Site, these
monitoring costs were included as part of the no-action alternative.

Institutional Controls

ICs can effectively prevent human contact with PCE in groundwater and can include access restrictions
and deed restrictions executed by legal and/or administrative mechanisms. The main risk for exposure to
contaminants is through vapor intrusion in buildings and residences at the Site. Exposure to volatile
contaminants can be prevented with ICs requiring engineering controls on existing and/or newly
constructed buildings and residences.

Groundwater at the site is not a source of drinking water due to poor water quality; however, groundwater
is considered “waters of the state,” and regulations require “no degradation” of waters of the state.
Domestic water supply wells at the Site are not permitted by the Department of Conservation and Natural
Resources, Division of Water Resources. However, some residents or businesses may continue to pump
and use shallow groundwater without regulatory or municipal authorization (existing wells are to be
abandoned when the business or residence is connected to the municipal water supply). ICs may
mitigate unauthorized use and exposure to shallow groundwater by virtue of education and awareness;
however, unauthorized or unlawful uses of groundwater cannot be reasonably precluded through ICs or
other administrative or engineering controls.

When used properly and as intended, ICs are effective, implementable, and low cost. Therefore, ICs
were retained for development and evaluation of corrective action alternatives.

Engineering Controls

Engineering controls can effectively mitigate vapor intrusion and prevent human contact with PCE in
groundwater when used in conjunction with ICs. Process options pertaining to vapor intrusion mitigation
were evaluated during the initial screening process, including: epoxy coating or subslab vapor barrier for
future construction, SSD systems, and raised floor systems for future construction. SSD systems are
being used effectively to mitigate vapor intrusion at 14 residences. Given the effectiveness of SSD
systems currently in use at the Site, this process option was retained. Subslab vapor barriers could be
effective for future construction; therefore, this process option also was retained. Because (1) the location
and status of unauthorized groundwater wells is unclear and (2) shallow groundwater is not a designated
source of drinking water, engineering controls (e.g. individual wellhead treatment units) addressing
individual unauthorized groundwater wells were not considered.
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TABLE 7-1

GENERAL RESPONSE ACTIONS AND PROCESS OPTIONS FOR GROUNDWATER ABOVE PRELIMINARY REMEDIATION STANDARD

General .
Response Remedial Process Option Description Effectiveness Implementability Cost Comment
. Technology Type
Action
i No actions are taken at the site.
No Action Not a([')\lppl\l)c able NA Low Easy Low Retained for comparison purposes.
Deed Restrictions | Deed Restrictions ;?ulsail?tclugﬁdvx:gll L:(ierst;trrrilfetmr}(s)‘rtiﬁztit]igljglrLr:)?lcw)grair Moderate Moderate Low Potentially applicable in conjunction with other GRAs. Residents impacted by vapor intrusion have
Institutional trez:ltmen>t/‘units q individual subslab depressurization (SSD) systems.
Controls :
Access i Currently, homes are on municipal water; could . . . . ) .
Restrictions Access Restrictions include abandonment of unauthorized wells. Moderate Easy Low Potentially applicable in conjunction with other GRAs.
The floor of the building is sealed with an epoxy- Low - Poor performance record; most effective when implemented in conjunction with subslab
Epoxy Coating based sealant, providing a physical barrier to Low - Moderate Easy - Moderate MOV:; depressurization. It is difficult to ensure that all cracks are sealed, and sealant itself cracks over
vapor migration into buildings. oderate time.
. An impermeable vapor barrier is placed below the Low - Potentially applicable for new buildings/residences. Important to ensure material is compatible with
v B Subslab Vapor Barrier building’s foundation before construction. Moderate Easy - Moderate Moderate contaminant. May be used in conjunction with subslab depressurization for improved effectiveness
apor Barriers
- Blowers and vapor collection points are installed ) Low - . .
Engineering Subslab Depressurization below the building to prevent vapor intrusion. Moderate - High Easy - Moderate Moderate Currently used at 14 residences at the Site.
Controls A :
A new sub floor and depressurization system is n T A F ] - n n
Raised-Floor System installed between the floors to maintain a negative | Moderate - High Moderate High E)f(fiig::vebﬁlrdti)rzj |I(s:l!r}g(sjL\:\ér;(:r(tehseuftzlﬂgt?oizﬂ[esosfli:]lzast![(r): cltill:lem Lufgletwzinialole. Ble Ao Tiplzi s 1
pressure gradient and prevent vapor intrusion. 9 9s: Y :
Abandon unauthorized wells to prevent exposure ] Location and status of potential residential groundwater wells is being assessed; additional
Wellhead el e to tetrachloroethene (PCE) in groundwater. High Easy Ly information is required.
Treatment Granular Activated Carbon | Utilize individual GAC units to treat PCE at High Eas Low Location and status of potential residential groundwater wells is being assessed; additional
(GAC) Treatment Unit individual wells. 9 Y information is required.
Monitored Monitor wells to track natural declines of
Natural contaminants that occur with source removal. Potentially applicable in conjunction with other GRAs. Preliminary assessment of site conditions
Attenuation MNA MNA Organic contaminants are allowed to naturally Low Easy Low shows limited evidence of biodegradation; requires long-term monitoring to assess recovery rates
(MNA) attenuate via biodegradation, dispersion, dilution, and success.
or adsorption
The activity of naturally occurring or augmented
gg:g:ﬁgﬂ}; rt‘it:r:')og) rcr:'rgﬁgﬁs lse?ég?rgr?tggnors Moderate - Potentially applicable. High sulfate concentration in groundwater may reduce effectiveness. May be
L Enhanced Bioremediation y ing ’ Moderate - High Moderate - Difficult oderate difficult to implement in situ; nutrients and other amendments are difficult to deliver. Aquifer shows
In Situ Biological electron acceptors, or nutrients, through High no signs of ongoing biodegradation
Treatment contaminated groundwater to enhance in situ ’
biological degradation of organic contaminants.
- Plants are used to remove, transfer, stabilize, and . .
Phytoremediation destroy contaminants in groundwater Low Difficult Moderate Not effective for deeper groundwater.
Inject air into the saturated subsurface to volatilize
organic contaminants in groundwater. May be
. . . d in conjunction with soil vapor extraction . . . .
Treatment Air Sparging/Soil Vapor use : 3 g ’ . Moderate - Potentially applicable. Design and effectiveness of system depends on geology and depth of
Extraction where a vacuum is applied to soil to induce Moderate - High Moderate High contaminants; operations and maintenance (O&M) intensive. Air stream may require treatment.
controlled air flow and remove volatile and
semivolatile contaminants from the unsaturated
In Situ zone.
Physical/Chemical The subsurface is heated to vaporize VOCs; Typically a source control technology used for gross mass reduction. Success and required
Treatment vaporized contaminants can then be removed treatment time depend heavily on site-specific characteristics such as soil type, contaminant
In Situ Thermal Treatment from the unsaturated zone by vacuum extraction | Moderate - High Difficult High characteristics and concentrations, geology, and hydrogeology; volatilized VOCs are difficult to
and treated. capture and may accumulate in buildings or follow preferential pathways; may require a large number
of wells. Effective for VOCs; depends on the ability to capture vaporized contaminants.
Permeable Reactive A permeable wall is created (often zero-valent Potentially applicable. Limited to subsurface lithology that has a continuous aquitard; can be difficult
iron) to treat contaminated groundwater while High Moderate - Difficult | High to install at depths greater than conventional trenching equipment. Possibility of precipitate formation

Barriers

groundwater passively flows through.

due to site geochemistry.
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TABLE 7-1 (CONTINUED)

GENERAL RESPONSE ACTIONS AND PROCESS OPTIONS FOR GROUNDWATER ABOVE PRELIMINARY REMEDIATION STANDARD

General .
Response Tecﬁ:;‘:d'a.ll. e Process Option Description Effectiveness Implementability Cost Comment
Action ay 1yp
Cgﬁnngﬁafng:cg?;;izﬂ% E:;aZ?\Itl;n;re iniected Moderate - Potentially applicable. Depends on site geology, which may inhibit adequate dispersion of injected
In Situ Chemical Oxidation iFI)’ItO thegcontan:\inated roundwgter to oxidiJze the | Moderate - High Moderate - Difficult H'o hera € chemicals; multiple injections may be necessary to achieve remediation goals. Could add total
contaminants 9 9 dissolved solids (TDS) within the aquifer.
Chemicals (such as zero-valent iron) are injected ’ . . . S . . L
) ) . . . ) . ) ) e Moderate - Potentially applicable. Depends on site geology, which may inhibit adequate dispersion of injected
Treatment In Situ Chemical | 'n Situ Chemical Reduction | into the contamlnat.ed groundwater to chemically | Moderate - High Moderate - Difficult High chemicals; multiple injections may be necessary to achieve remediation goals.
(continued) Treatment reduce the contaminants
Permeable Reactive A permeable wall is created (often zero-valent Potentially applicable. Limited to subsurface lithology that has a continuous aquitard; can be difficult
Barriers iron) to treat contaminated groundwater while High Moderate - Difficult | High to install at depths greater than conventional trenching equipment. Possibility of precipitate formation
groundwater passively flows through. due to site geochemistry.
) Inject ozone into the saturated subsurface to treat . Moderate - Potentially applicable. Design and effectiveness of system depends on geology, depth of
Ozone Sparging organic contaminants in groundwater. Moderate - High Moderate High contaminants, and dispersion of ozone; operations and maintenance (O&M) intensive.
Contaminated groundwater is removed by Potentially applicable. Effective for organic compounds; often generates a secondary waste stream;
pumping, and contaminants are removed or may leave significant concentrations of chemicals of concern (COC) behind as the aquifer is
) Extraction and Treatment destroyed ex situ through treatment such as Moderate - High Moderate High dewatered. Aquifer has exhibited slow recharge of groundwater indicating low hydraulic conductivity;
Removal/ _EX Situ . advanced oxidation processes, air stripping, GAC may be difficult to implement; long remedial time frame. TDS may require additional treatment prior
Treatment Phy§|_|caI/tChent1|caI adsorption, ion exchange, or separation to discharge.
reatmen
A high vacuum system is used to extract liquid : . ; ;
Dual-Phase Extraction and vapor from the subsurface; liquid and vapor Moderate - High Moderate - Difficult | High E%qeuc?gg?;et;?é?e\av;ti Iterzgg)etnhtaanntdo\?hqg:i rggetztdmseonlf/‘er:torrsl :gsp(lelgable to light non-aqueous phase
are then separated and treated.
Asphalt ngebve\”m:gﬁgaﬁig;/n(:irzaersgs :rf iﬁ?ﬁsi?r;n:;lgn' Moderate Eae Low - May prevent vapor intrusion into areas that are not developed; will not reduce concentrations in
[PnEll infiltration P Y Moderate groundwater or reduce vapor intrusion into buildings that have already been constructed.
Concrete Place concrete over areas of contamination. Can
Caooin be used to minimize vapor intrusion and Moderate Eas Low - May prevent vapor intrusion into areas that are not developed; will not reduce concentrations in
pPing infiltration Y Moderate groundwater or reduce vapor intrusion into buildings that have already been constructed.
Containment Place compacted clay and soil over areas of
. R S Low - May prevent vapor intrusion into areas that are not developed; will not reduce concentrations in
Compacted Clay & Soil ?ni?&iﬁhngggr}ﬁfﬁt?;igﬁ used to minimize vapor Moderate Easy Moderate groundwater or reduce vapor intrusion into buildings that have already been constructed.
Grout Curtain Pressure injection of grout in a regular pattern of Moderate Difficult Hiah Contamination has already moved off site; containment technologies would be ineffective in treating
v . drilled holes. 9 the entire plume but could be used to isolate the source area.
ertical Barriers — =
Slurry Wall. Trench around area of contamination is filled with |, Difficult High Contamination has already moved off site; containment technologies would be ineffective in treating

bentonite slurry

the entire plume but could be used to isolate the source area.

Notes:

Gray shading indicates a technology or process option was eliminated from consideration.

Effectiveness and cost scales defined as low, medium, and high.

Implementability scale defined as easy, moderate, and difficult.
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Monitored Natural Attenuation

MNA “... refers to the reliance on natural attenuation processes (within the context of a carefully controlled
and monitored clean-up approach) to achieve site-specific remedial objectives within a time frame that is
reasonable compared to other methods. The ‘natural attenuation processes’ at work in such a
remediation approach include a variety of physical, chemical, or biological processes that, under favorable
conditions, act without human intervention to reduce the mass, toxicity, mobility, volume, or concentration
of contaminants in soil and groundwater. These in situ processes include: biodegradation, dispersion,
dilution, sorption, volatilization, and chemical or biological stabilization, transformation, or destruction of
contaminants (EPA 1997).

MNA was not retained for further evaluation as a stand-alone technology in the corrective action
alternatives. MNA alone would not reduce the concentrations of PCE within a reasonable timeframe and
would not be sufficient to prevent the expansion or migration of the groundwater contaminants. As
described in Section 4, very little if any degradation of PCE occurs within the shallow groundwater system.
As such, any natural attenuation of contaminant concentrations would likely be due to processes other
than biological degradation. Because it may be physically impossible to actively treat all areas of the
plume to completion, abiotic MNA may further reduce the concentrations of contaminants to complete the
attainment of corrective action goals. Therefore, MNA was retained as part of a groundwater treatment
train, in conjunction with a more aggressive primary treatment technology.

Treatment

Treatment processes directly reduce the toxicity, mobility, or volume of contaminants. The following in
situ treatment process options were evaluated and retained during the screening process: in situ
chemical oxidation, sparge curtain (air sparging in conjunction with soil vapor extraction (SVE) or ozone
sparging), PRB using in situ chemical dechlorination, and enhanced bioremediation. Extraction and
treatment was retained as an ex situ process option. Technologies screened out can be identified in
Table 8-1.

In Situ Chemical Oxidation

In situ chemical oxidation involves injection of chemical oxidants into the groundwater to oxidize and
degrade the PCE. Chemical oxidation has been shown to destroy PCE and its breakdown products both
in the laboratory and in the field. The most commonly used oxidants for in situ chemical oxidation are
hydrogen peroxide, Fenton’s reagent, potassium (or sodium) permanganate, ozone, and sodium
persulfate. In situ chemical oxidation can effectively treat PCE, and the costs are expected to be
moderate to high. Chemical oxidation is implementable; however, success implementing the technology
depends on site geology because it influences the ability to distribute the oxidant within the treatment
zone. Chemical oxidant is typically injected via direct push; however, given the presence of caliche at the
site, permanent injection wells would be installed with a drill rig, allowing for repeat applications of the
chemical oxidant.

Bench-scale and pilot testing should be conducted to determine the effectiveness of chemical oxidation
and the associated soil oxidant demand (SOD), as well as the radius of influence (ROIl) achievable under
injection. In addition, careful planning and control is needed when injecting near residences or
underground utilities that could provide preferential pathways; however, given that the depth to
groundwater in most cases is below 17 ft bgs, preferential pathways via utility corridors are not likely. A
contingency plan to detail precautions that would be taken to ensure the safe application of chemical
oxidant at the Site is warranted.
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In Situ Chemical Reduction

Implementation of in situ chemical reduction is similar to in situ chemical oxidation. Chemicals are
injected into groundwater to degrade PCE abiotically through reductive dechlorination. Typically zero-
valent iron (ZVI) or ZVI combined with a carrier (e.g., clay or granular activated carbon [GAC]) are
employed.

Although in situ chemical reduction can effectively treat PCE; the costs are expected to be moderate to
high. Chemical reduction is implementable; however, success implementing the technology depends on
site geology because it influences the ability to distribute the chemical within the treatment zone.
Elevated sulfate concentrations in groundwater may influence the cost and performance of this
technology. While some have suggested that ZVI can directly reduce sulfate to sulfide, it is more
commonly noted that reduction of sulfate is biologically mediated (Environmental Technologies, Inc. [ETI]
2007). Introducing ZVI into groundwater would produce reducing conditions that would allow anaerobic
bacteria to thrive. If sulfate reducing bacteria are present, they would reduce dissolved sulfate to sulfide,
which would in turn react with ZVI and potentially result in some passivation of the ZVI surface. In such
cases, it becomes necessary to provide more ZVI to compensate for this loss of reactive surface.
Consequently, sulfate is an important anion and must be carefully considered when present at such
elevated concentrations. However, elevated concentrations of dissolved sulfate do not automatically
disqualify ZVI as a potential treatment option. Studies have shown that ZVI can still effectively treat
chlorinated ethenes such as PCE in the presence of elevated sulfate concentrations. ETI has performed
column tests on groundwater from various sites containing up to 6,000 mg/L of sulfate with little or no
interference from sulfate (ETI 2007).

Reducing agent is typically injected via direct push, but given the presence of caliche at the site, a drill rig
would be required. If field application is to be further considered, bench-scale and pilot tests should be
conducted to determine the effectiveness of chemical reduction, the influence of site-specific
geochemistry, the effects of sulfate and electron acceptor concentrations on cost, and the ROI for
injection. Careful planning and control is needed when injecting near residences or underground utilities
that will provide preferential pathways; however, given the depth to groundwater in most cases is below
17 ft bgs, preferential pathways via utility corridors are not likely.

Sparging

Air sparging (AS) combined with soil vapor extraction (SVE) is often used for the treatment of volatile
organic compounds (VOC) in groundwater. Air sparging is an in situ technology that injects air into the
saturated zone below or within the chemical plume through a system of injection wells. Injected air flows
vertically and horizontally through permeable (interconnected) void spaces within the geologic media. As
air is driven through these void spaces, it strips, desorbs, and partitions chlorinated solvents from the
geologic media and groundwater into the vapor phase. The function of the SVE system is to capture and
extract VOCs migrating into and through the vadose zone by applying a negative pressure, or vacuum, to
the subsurface.

A blower applies the subsurface vacuum through a network of extraction wells installed within the
contaminated area. The pressure gradient that results from the applied vacuum induces air flow through
the vadose zone to the extraction points, and the soil gas containing vapor-phase contaminant(s) is
removed. VOCs in blower effluent are typically removed or destroyed before treated air is discharged to
the atmosphere. The effectiveness of these technologies depends on the subsurface geology. Pilot tests
should be conducted to determine the effectiveness of AS/SVE, as well as the ROI for injection and
extraction. Because AS/SVE may increase vapors present beneath homes, implementation in residential
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areas should consider if SVE can effectively capture vapors produced by sparging and prevent their
migration into indoor air.

Ozone sparging is similar to air sparging in that ozone is injected into the saturated zone below or within
the chemical plume through a system of injection wells. However, the primary remedial mechanism is in-
situ reaction and not physical removal of contaminants. The ozone dissolves in the groundwater and
oxidizes dissolved contaminants, ultimately producing carbon dioxide and water.

Sparging technologies may be applicable in source areas, areas of higher PCE concentrations, or as a
curtain east of the Boulevard Mall to intersect and treat the plume before it flows under the residential
neighborhood. Pilot tests should be conducted to determine the effectiveness of sparging, ozone
treatment, and/or SVE and associated ROls.

Permeable Reactive Barrier

PRBs can be used to intercept and treat PCE in groundwater. PRBs consist of engineered zones that are
installed in the subsurface perpendicular to the flow path of a groundwater plume. As groundwater flows
through the PRB, contaminants are removed or treated. Often a reactive material, typically ZVI, is utilized
to treat groundwater (however, a biologically active wall could be utilized as well). Depending on the type
of PRB, they are typically installed by excavation into the saturated zone followed by backfilling the trench
with the reactive material; however, drilling, hydraulic fracturing, and pressurized injection can also be
used to install a PRB.

Subsurface geology can influence the performance and longevity of PRBs. If carbonate or other solid-
phase precipitates form within the PRB, hydraulic conductivity and reactivity (treatment efficiency) may
diminish. Bench-scale treatability testing would be necessary to evaluate the likelihood of precipitate
formation, and pilot testing should be conducted to help evaluate installation procedures and determine
how the PRB would perform at the site. Additional information on chemical reduction through use of ZVI
is presented above.

Enhanced Bioremediation

In situ bioremediation involves microbial degradation of contaminants in groundwater. As described in
Sections 2 and 4, bioremediation is not likely occurring at an appreciable rate at the Site. Microbial
populations require a source of carbon, an electron donor, an electron acceptor, nutrients, a suitable
temperature and pH range, and other favorable environmental conditions. Enhanced in situ
bioremediation systems are designed to stimulate the biodegradation of chlorinated solvents by
manipulating these conditions or requirements in the subsurface (biostimulation). Some systems further
augment biodegradation by adding naturally occurring or engineered microorganisms particularly suited
for the breakdown of certain chemicals (bioaugmentation).

Enhanced in situ bioremediation systems for groundwater use various delivery mechanisms, degradation
mechanisms, and nutrient/biological amendments that depend on site-specific characteristics. DHC
bacteria have not been found at the Site; therefore, bioaugmentation would likely be required. The
absence of DHC is likely due to the predominantly aerobic conditions in the aquifer. However, given that
the ORP of groundwater in many of the wells is generally in the range of 50 to 210 mV, it should be cost-
effective to artificially create reducing conditions. In addition, because sulfate is present in the
groundwater at high concentrations, sulfate reducing bacteria will produce high concentrations of sulfide,
which might inhibit DHC. Therefore, biostimulation through injection of electron donors alone is not likely
to be effective. This is evident in the poor performance of HRC® that has been used as a biostimulant at
sites in the Las Vegas area (NDEP 2009). However, electron donors combined with ferrous gluconate
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have had some success in high sulfate groundwater. This may be because dissolved sulfide
concentrations are reduced through reaction with dissolved iron. This suggests that reductive
dechlorination using iron containing product such as EHC® or an alternate electron donor combined with
ferrous gluconate might be possible. Should an integrated remedial approach involve the use of
enhanced bioremediation, bench-scale testing is required to determine the most effective form of
enhancement and/or augmentation.

Extraction and Treatment

Extraction and treatment is an ex situ remediation technology whereby groundwater is removed from the
subsurface through a network of extraction wells. Extracted water is pumped to a treatment facility where
the dissolved contaminants are removed. Air stripping and GAC are typical removal strategies for
chlorinated solvents.

The geology of the Site consists of interbedded sequences of sand, sandy silt, sandy clay, and silty clay
with frequent zones of caliche and intermixed gravel scattered throughout. Heterogeneous mixtures of
lower permeability clays and silts dominate the saturated intervals across most of the site. As presented
in Section 2.2, an alluvial stream-channel sand meanders through the area of the former APTC facility and
portions of the Boulevard Mall in the upper 1 to 5 ft of the saturated zone. In the central area of the site
along the path of the plume, sands exist in the saturated lower portion of intervals screened by the wells.
The geology of the well borings indicates that the sand intervals have limited lateral extent as typical of
stream channel deposits. The change in facies from sand to silt and clay along the margin of the channel
deposits create hydraulic boundaries which limit the extent of the production or capture zone of wells.

Soil samples collected from the Site indicate the sand intervals frequently contain appreciable silt or clay
(as much as 30 to 40%). Hydraulic tests at the site and in nearby areas of the City of Las Vegas indicate
hydraulic conductivities likely range from 0.8 to 20 ft/day or 6 to 150 gpd/ft>. Assuming saturated intervals
of 25 ft and 20 ft of available drawdown, the yields of individual wells may range from 1 to 20 gpm, with
sandy zones at the higher rates and silts at the lower rates. However, considering the numerous
hydraulic barriers and limited unit thicknesses created by the heterogeneous conditions, and
superposition effects from the influence of adjacent extraction wells, steady state production rates can be
expected to be significantly lower-in the range of 0.2 to 8 gpm. The sand zones will likely be depleted
relatively quickly, with the capture zone of the well field likely being dewatered. The use of injection wells
to return treated water to the groundwater system can help minimize the potential negative effects of a
remedial production well field. Although greater production rates can be achieved by installing the wells
to depths of 50 to 60 ft bgs in the Las Vegas Wash Aquitard, such well construction may only lead to
greater dewatering of the shallow groundwater system. The well system would likely operate
intermittently. Saturated clays at the Site would likely dewater and may shrink, potentially resulting in
subsidence in the residential and Boulevard Mall areas.

Production tests should be conducted within several silt, sand and gravel units at the Site to evaluate
whether pump and treat is a viable alternative for remediation of groundwater at the Site. Current data
indicate that Site conditions are not conducive to this option as the primary remedial approach.

Furthermore, treatment by air stripping or GAC will generate a secondary waste stream, and high TDS
concentrations in the treated wastewater discharge may present complications due to water quality
standards and policies imposed by the Colorado River Basin Salinity Forum. If TDS must be removed
from treated water before surface discharge, disposal, or reinjection, costs will be high. Despite these
practical constraints, extraction and treatment may be effective as a hydraulic control; therefore, the
technology was retained for further consideration.
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8.0 DEVELOPMENT AND DETAILED ANALYSIS OF ALTERNATIVES

Preliminary CAOs and numerical remediation standards were identified in Section 6 of the draft CAP.
Corrective action alternatives were developed and evaluated based on the CAOs and numerical
remediation standards. Additional data acquisition is necessary to evaluate current site conditions
(delineation of the 5 pg/L plume and geophysical parameters), evaluate risks, and more fully assess the
viability of the cleanup applications (bench-scale and pilot scale testing and groundwater modeling to
assess the efficacy of extraction and treatment). These sampling data will also be used to ultimately
satisfy provisions for terminating remediation established under Adopted Regulation R189-08, Section 14
(NAC 445A.22725) and Section 15 (NAC 445A.22745).

This section identifies corrective action alternatives for groundwater and provides a detailed analysis of
each corrective action alternative. The alternatives were developed and screened based on the
requirements of NAC 445A.2271; guidance issued and offered by NDEP; and in a manner consistent with
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as amended
by the Superfund Amendments and Reauthorization Act (SARA); the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP); and Guidance for Conducting Remedial Investigations
and Feasibility Studies Under CERCLA (EPA 1988).

The following groundwater alternatives were developed for analysis in this CAP:

e Alternative 1 = No Action

e Alternative 2A - In Situ Chemical Treatment of Hotspots and Residential Area, ICs, SSD
Systems, and MNA

e Alternative 2B - In Situ Chemical Treatment, ICs, SSD Systems, and MNA

e Alternative 3 — Permeable Reactive Barrier, ICs, SSD Systems, and MNA

e Alternative 4 - Sparge Curtain, ICs, SSD Systems, and MNA

e Alternative 5 — Extraction and Treatment, ICs, SSD Systems, and MNA

e Alternative 6 — In Situ Enhanced Bioremediation, ICs, SSD Systems, and MNA.

The following sections describe the evaluation criteria (Section 8.1), describe and evaluate the corrective
action alternatives for groundwater (Sections 8.2.1 through 8.2.7), and provide a comparative analysis of
the alternatives based on the evaluation criteria (Section 8.3). General assumptions made in developing
cost estimates for the alternatives are presented in Appendix B.

8.1 Evaluation Criteria

The NCP details the expectations for remedy selection in 40 Code of Federal Regulations (CFR)
§ 300.430 (a)(1)(iii), and these are described below. Each corrective action alternative was developed
and evaluated according to seven evaluation criteria. After additional data are obtained, the risk
assessment and development and assessment of the treatment alternatives can be refined. Section 9 of
this CAP proposes bench-scale and pilot studies that will allow for better assessment of effectiveness and
cost based on site-specific conditions.

Overall Protection of Human Health and the Environment

This criterion assesses whether each alternative adequately protects human health and the environment.
The overall assessment of protection draws on evaluations of long-term effectiveness and permanence
and short-term effectiveness. Protectiveness focuses on how risks are reduced, eliminated, or controlled
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by each alternative. Risk reductions are associated with the effectiveness of an alternative in meeting the
preliminary remediation standard. This criterion is considered a threshold that the selected alternative
must meet. Given no pathway for exposure of ecological receptors to groundwater at the Site, only
human health was considered as part of this evaluation.

Long-Term Effectiveness and Permanence

Each alternative is evaluated in terms of risk remaining at the site after the preliminary remediation
standard has been met. The primary focus of this evaluation is on extent and effectiveness of controls
used to manage the risk posed by treatment residuals or untreated wastes. This criterion addresses the
long-term adequacy, reliability, and permanence of the corrective action.

Components of this analysis include the following:

e Expected long-term reduction in risk posed by the site

o Level of effort needed to maintain the corrective action and monitor the area for changes in
site conditions

o Compatibility of the corrective action with planned future use of the site.

Reduction in Toxicity, Mobility, and Volume through Treatment

This evaluation criterion addresses the statutory preference for treatment options that permanently and
significantly reduce toxicity, mobility, or volume of the contaminants. This preference is satisfied when
treatment reduces the principal threats through the following:

e Destruction of toxic contaminants
¢ Reduction in contaminant mobility
¢ Reduction of the total mass of toxic contaminants

¢ Reduction of total volumes of contaminated media.

Short-Term Effectiveness

This evaluation criterion addresses the effects of the alternative during the construction and
implementation phase until the preliminary remediation standard is met. Under this criterion, alternatives
are evaluated in terms of their effects on human health and the environment during implementation of the
corrective action. The following factors are considered:

e Protection of the community during the corrective action, including protection from effects of
potential releases from the site, transport of contaminated materials, and air-quality impacts
from on-site treatment

e Exposure of the workers during construction

e Potential environmental impacts of the corrective action, and effectiveness and reliability of
protective measures

o Time required to achieve the remediation standard. It should be noted that current knowledge
of the site parameters and hydrologic and engineering judgment has been used to assume
remediation timeframes for each of the alternatives. Bench-scale and pilot testing will be
conducted to confirm site-specific conditions, and the remedial design will be based on
physical data. Groundwater modeling that interprets field measurements and observations,
and enhances understanding of site-specific parameters and remediation scenarios will be
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conducted for the site when adequate data are obtained. Modeling and bench-scale and pilot
studies will refine projected corrective action timeframes.

Implementability

This criterion addresses the technical and administrative feasibility of implementing an alternative, and
availability of various services and materials required during its implementation. Factors considered in
assessing this criterion include the following:

Technical feasibility

e Construction and operation — technical difficulties and unknowns associated with construction
and operation of a technology

o Reliability of the technology - likelihood that technical problems associated with
implementation would lead to schedule delays

o Ease of undertaking additional corrective actions

¢ Ability to monitor effectiveness of the corrective action

Availability of materials

e Availability of adequate off-site treatment, storage capacity, and disposal capacity and
services

o Reliability of the technology - likelihood that technical problems associated with
implementation would delay the schedule

o Availability of services and materials

¢ Availability of prospective technologies

Administrative feasibility

e Implementability within current and future development scenarios
o Activities needed to coordinate with other offices and agencies

¢ Ability and time required to obtain any necessary approvals and permits from those agencies.

Cost

The cost analysis for each alternative is based on estimates of capital, annual operation and maintenance
(O&M), and periodic cost elements in combination with a calculation of net present value of these cost
elements. Capital costs consist of direct and indirect costs. Direct costs include purchase of equipment,
contractor and subcontractor labor, and materials necessary to construct the corrective action alternative.
Indirect costs include those for engineering, legal, construction management, and other technical and
professional services such as testing and monitoring. Annual O&M costs for each alternative include
maintenance materials, supplies, and utilities, as well as operating labor. Periodic costs are those that
occur only once every few years. These costs may be capital or O&M, but because they are periodic, are
considered separately from other capital and O&M costs. Costs were estimated for 30 years even if the
alternative was projected to take longer.

Cost estimates for the corrective action alternatives are generally based on costs derived from the
following sources:
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e Historical cost data

e Estimates from similar projects

e Engineering judgment

e Site-specific quantities and information
¢ Vendor quotes and estimates.

The present value analysis is a method to evaluate expenditures, either capital or O&M, that occur over
different periods extending into the future. The discount rate used for this project is 5 percent, the
suggested rate for projects extending at least 30 years into the future. This discount rate was used for all
present value analyses, regardless of actual future project duration. A present value analysis of each
alternative is presented in Appendix B of this document.

The accuracy of the cost estimate for each alternative is intended to be within the range of plus 50 percent
to minus 30 percent of actual costs (EPA 1988). However, additional site-specific data are required to
fully assess and estimate costs for the alternatives. The level of detail employed in developing these
estimates is considered appropriate for making choices among alternatives, but the cost estimates are not
intended for use in detailed budgetary planning. Costs for each alternative are compiled in Appendix B.
Upon completion of future bench-scale and pilot studies, additional information regarding design of
corrective actions will allow further refinement of the cost estimates.

NDEP Acceptance

NDEP’s concerns regarding the proposed corrective action alternatives may not be fully assessed until
comments on this and future documents are received. NDEP has indicated its concern with the viability of
in situ reductive treatment and enhanced bioremediation, given the Site’s geochemistry (NDEP 2011).
The Site’s geochemistry, in particular high TDS and sulfate concentrations, may make implementation of
in situ reductive treatment and enhanced bioremediation challenging; however, it is not considered a fatal
flaw. The viability of these technologies with respect to site-specific conditions including the geochemistry
will be further evaluated in this document and through subsequent bench-scale and pilot testing as
appropriate.

Community Acceptance

This involves assessment of community support for, reservations about, or opposition to various
components of the alternatives. This criterion will be evaluated after comments on the proposed plan
have been received from the community. Community comments and concerns will be considered before
final decisions are made on the corrective actions.

8.2 Descriptions and Individual Analyses of Alternatives
8.2.1 Alternative 1: No Action

The No Action alternative is required for analysis according to the NCP (40 CFR § 300.430[e][6]). The No
Action alternative is the baseline alternative against which to judge the effectiveness of all other corrective
action alternatives. Under the No Action alternative, no corrective actions would be conducted at the site.
It was assumed that current groundwater and indoor air monitoring would continue for 30 years. No
additional attempts would be made to control the vapor intrusion of PCE to indoor air.

Overall Protection of Human Health

Groundwater poses a risk to human health through the vapor intrusion pathway. This alternative would
not reduce, eliminate, or control the potential risk; therefore, Alternative 1 is not protective of human
health.
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Long-Term Effectiveness and Permanence

Under Alternative 1, groundwater contamination at concentrations above the remediation goal would not
be addressed. No controls to prevent exposure, and no long-term management measures such as ICs,
would be implemented. Therefore, Alternative 1 would not provide a long-term effective solution for the
permanent protection of human health.

Reduction in Toxicity, Mobility, and Volume through Treatment

Alternative 1 would not reduce the toxicity, mobility, or volume of hazardous substances because no
action would be taken at the site. PCE in groundwater would not be treated, contained, or removed.

Short-Term Effectiveness

The following four factors are considered as part of the short-term effectiveness criterion. These are
assessed below for Alternative 1:

e No corrective actions would occur; the current risks would remain. The on-site community
may be exposed to additional risks from groundwater if higher concentrations migrated under
the residential neighborhood and increased the number of residences with indoor air above
the interim action level.

e Workers conducting groundwater sampling may be exposed to health risks during
implementation of Alternative 1. Because no corrective actions would be taken, construction
workers would not be exposed to human health risk due to the implementation of the
alternative; however, construction workers in the area may be exposed incidentally while
doing work at the Site.

¢ No adverse environmental impacts would result from implementation of Alternative 1 because
no corrective action would be taken.

e No time would be required to complete Alternative 1 because no action would be taken;
however, groundwater would remain contaminated as PCE mass flows off site. Groundwater
modeling with site-specific parameters could predict the timeframe associated with this
process. For purposes of this assessment, groundwater and air monitoring were considered
to continue for 30 years, the typical maximum timeframe for cost estimate purposes, although
contamination would likely remain onsite for significantly longer.

Implementability
No Action, including implementation of ICs or construction and operation of a remedial system, would be
required to implement this alternative. Therefore, Alternative 1 would be easily implemented.

Cost

No capital costs are included. O&M costs associated with quarterly groundwater and annual indoor air
monitoring would total $3,840,000 for the assumed 30-year lifespan.

State Acceptance
Presumably, Alternative 1 would not be acceptable to the NDEP.

Community Acceplance
Presumably, Alternative 1 would not be acceptable to the community.

TETRA TECH 28



DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

8.2.2 Alternative 2A: In Situ Chemical Oxidation of Hotspot and Residential Area, Institutional
Controls, Subslab Depressurization Systems, and MNA

Alternative 2A combines in situ chemical oxidation of the plume hotspot and the plume upgradient of the
residential area, ICs, the SSD systems, and MNA. Under this alternative, a chemical oxidant is injected
into the subsurface in the plume hotspot to treat the greatest mass of PCE, and in a line of injection wells
perpendicular to the plume upgradient of the residential area to treat groundwater as it flows into the
residential area. Abiotic MNA occurring as a residual effect of treatment and subsurface alteration could
further reduce concentrations of PCE in groundwater. ICs and SSDs would protect residents from PCE in
indoor air until groundwater is treated to protective levels.

For this CAP, the oxidant selected for injection is potassium permanganate; however, bench-scale testing
may determine that a different oxidant is preferable based on site-specific conditions. Potassium
permanganate was chosen for this CAP because it is generally more stable and easier to handle than
hydrogen peroxide or ozone; is effective over a large pH range (3.5 to 12); can persist in the soil for
several months; and is the most effective for the site contaminants. Potassium permanganate is typically
provided as a solid. The assumptions made for the purposes of this CAP and costing are detailed in
Appendix B.

Injection would occur over the top 20 ft of the shallow aquifer in the plume hotspot (concentrations of PCE
greater than 1,000 pg/L) and upgradient of the residential area and in a line perpendicular to the plume (in
the Boulevard Mall eastern parking lot). The injection wells in the hotspot would likely require four rounds
of injection of potassium permanganate, and 10 years of annual injections uppgradient of the residential
area. However, additional injection may be required based on the rate of PCE desorption from the soil
matrix. The assumptions made for the purposes of this CAP and costing are detailed in Appendix B.

Bench-scale testing will determine reagent effectiveness, dosing rates, and potential geochemical
interference at the Site. High TDS or reagent demand at the site may be problematic. If bench-scale
testing is successful, pilot studies could be conducted in the area before full-scale implementation of in
situ chemical treatment to establish effective dosage rates, the distance the reagent can be expected to
travel underground (ROI), optimal well spacing, and the injection pumping rates. These tests will also
allow for refinement of costs. The bench-scale and pilot studies will also evaluate the potential increase in
TDS or loss of permeability in the subsurface.

Fourteen SSD systems are currently in use at the site, effectively protecting residents of those
14 properties from risk caused by vapor intrusions of PCE into indoor air. If new SSD systems are
required in other properties as determined by indoor air sampling, they would be installed. These systems
would stay in place until groundwater concentrations decrease to levels protective of indoor air. ICs could
be utilized to ensure the continued operation of SSD systems.

After in situ chemical treatment, residual abiotic MNA activity occurring after subsurface remedial
treatment may further diminish residual PCE concentrations. Upon completion of data gathering and pilot
testing, groundwater modeling could be used to more accurately predict the timeframe in which
remediation standards would be met.

Before, during, and after treatment, groundwater would be monitored to evaluate the effectiveness of the
alternative and whether the remediation standard has been met. Indoor air sampling would be maintained
until groundwater concentrations decrease to levels established through subsequent risk assessment to
be protective of indoor air.

More specific assumptions for costing the alternatives are listed in Appendix B.
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Overall Protection of Human Health

Alternative 2A protects human health and the environment because groundwater that poses an
unacceptable risk to human health would be remediated using in situ chemical oxidation. The injection of
a reagent would reduce concentrations of PCE in groundwater to below the preliminary remediation
standards. While the level of contaminants decrease in groundwater (occurring quickly with chemical
treatment), residents would be protected from the risk of PCE in indoor air by the previously installed SSD
systems, which would be operated until groundwater concentrations decrease to levels protective of
indoor air.

Long-Term Effectiveness and Permanence

PCE in groundwater would be permanently treated in situ with chemical oxidation. Groundwater
monitoring would be conducted to determine that the concentrations of VOCs are reduced to below the
preliminary remediation standards and would not pose a long-term risk to human health. No long-term
activities would be required to maintain the effectiveness of this alternative.

Reduction in Toxicity, Mobility, and Volume through Treatment

This alternative includes treatment of the VOCs in groundwater. Chemical oxidation would reduce the
toxicity and volume of contamination in the groundwater.

Short-Term Effectiveness

Four factors considered as part of the short-term effectiveness criteria are assessed below for
Alternative 2A:

¢ Alternative 2A would present minimal risks to the community because the corrective action would
be applied in situ in commercial areas. Drilling and injection equipment would be required to
implement this alternative; however, risk to the community could be minimized through exclusion
zones and other typical safety measures. Injections would not occur in close proximity to
residences, and given that the depth to groundwater in most cases is below 17 ft bgs, preferential
pathways via utility corridors are unlikely. A contingency plan to detail precautions that would be
taken to ensure the safe application of chemical oxidant at the Site is warranted.

¢ On-site workers may be exposed to risks while installing injection or monitoring wells, handling
the chemicals for injection, or sampling contaminated groundwater; these risks would be
minimized by proper handling and housekeeping, and by use of appropriate personal protective
equipment. Remediation activities would be carried out under a health and safety program
designed to minimize worker exposure.

e Environmental impacts in the injection areas could be minimized through bench-scale and pilot
testing, engineering controls, and proper design. While initial injection of chemical oxidant may
release sorbed PCE into the aquifer, this PCE would subsequently be destroyed after reacting
with the oxidant. The oxidation of trivalent chromium to hexavalent chromium and its consequent
mobilization is not anticipated at this Site; however, as is common with chemical oxidation, even if
hexavalent chromium is formed, it will return to its trivalent state as soon as it migrates out of the
treatment zone. Oxidation and mobility of metals will be evaluated during bench-scale testing.
Chemical treatment may increase TDS in the aquifer, and oxidants like permanganate can reduce
permeability over time due to precipitation of manganese dioxide.

e The corrective action is estimated to take 30 years with four rounds of injections in the plume
hotspot and 10 rounds upgradient of the residences. For cost estimating purposes, it was
assumed that the SSD systems could be turned off after 10 years. Site-specific testing and
groundwater modeling would refine these estimates of remediation time.
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Implementability
Three factors considered as part of the implementability criteria are assessed below for Alternative 2A:

e The alternative is considered technically feasible; however there are several considerations. Well
installation, chemical injection, groundwater and indoor air monitoring, and installation of SSD
systems are fairly routine activities. Bench-scale and pilot testing would be required to assess the
effectiveness of chemical treatment and the impact of site-specific conditions on effective dosage,
ROI, and well spacing. Hydrogeology between the existing monitoring wells is not well defined,
and potential impermeable lenses in the aquifer may influence injection. Groundwater velocities
of 0.5 to 1 foot per day are assumed based on previous site data. However, faster velocities have
been associated with sand and gravel areas found in the subsurface of the Site; flow at higher
rates (e.g., 2 to 4 ft per day) may cause the chemical to wash out of the system too quickly. The
number of injection points may increase significantly if the estimated ROI of the injection is not
achieved. The potential loss of permeability, mobilization of metals, or transformation of
chemicals would be monitored during the pilot study and may affect the implementability and
effectiveness of chemical treatment. Problems with site access or drilling issues could impact the
schedule.

e The materials required for implementation of chemical treatment and any additional SSD system
installation are readily available. Services for well installation, chemical injection, groundwater
and indoor air monitoring, and SSD system installation are also readily available.

e The alternative is considered administratively feasible. A permit for injection of chemical oxidant
would be required.

Cost
The capital cost of Alternative 2A would be $1,070,000. The present value of O&M costs, including

groundwater and indoor air monitoring, would be $4,060,000. The total present value cost for Alternative
2A would be $7,100,000.

State Acceplance

This criterion will be further evaluated after comments on this CAP have been received from NDEP.
However, the NDEP has expressed initial reservations regarding the environmental impacts of this
alternative and indicated that it will require a contingency plan (NDEP 2011).

Community Acceplance

This criterion will be evaluated after comments on the proposed plan have been received from the
community. Community comments and concerns will be considered before final decisions are made on
the corrective actions.

8.2.3 Alternative 2B: In Situ Chemical Oxidation, Institutional Controls, Subslab
Depressurization Systems, and MNA

Alternative 2B combines in situ chemical oxidation, ICs, the SSD systems, and MNA. Under this
alternative, a chemical oxidant injected into the subsurface over the areal extent of the plume would
chemically treat the groundwater at concentrations exceeding 100 pg/L. ICs and SSDs would protect
residents from PCE in indoor air until groundwater is treated to protective levels. Given the developed
nature of the Site and difficulty injecting into the entire plume due to buildings and private residences,
chemical treatment would be unlikely to treat all groundwater to below the remediation standard;
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therefore, after in situ chemical treatment has decreased concentrations of PCE at the site, abiotic MNA
would be relied on to further decrease PCE concentrations.

In situ chemical oxidation (by potassium permanganate) would be applied to groundwater with
concentrations of PCE exceeding 100 pg/L where practicable at the Site, including at the Property; in
streets, public right of ways, and parking lots at the Boulevard Mall; and in streets and public right of ways
within residential areas. Given the depth to groundwater, injectate migration via utility corridors is not
expected; however, careful planning would accommodate conservative safety requirements. It was
assumed that all injection wells would require three rounds of injection of potassium permanganate.
However, additional injection may be necessary depending on the rate of PCE desorption from the soil
matrix. Chemical oxidant or a reducing agent would not be directly injected beneath buildings or private
residences. The assumptions made for the purposes of this CAP and costing are detailed in Appendix B.
Bench-scale and pilot testing are required. See the description of Alternative 2A in Section 8.2.2 for
additional description of chemical treatment and testing requirements.

SSD systems, ICs, groundwater and indoor air monitoring, and MNA would be similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. If new SSD systems are required as determined by indoor air
sampling, they would be installed. SSD systems would stay in place until groundwater concentrations
decrease to levels protective of indoor air. 1Cs could be employed to ensure continued operation of SSD
systems. After chemical treatment, MNA would be relied on to decrease residual PCE concentrations
below the remediation standard. Indoor air sampling would be maintained until groundwater
concentrations decrease to levels protective of indoor air (assumed to be 2 years).

More specific assumptions made for costing the alternatives are listed in Appendix B.

Overall Protection of Human Health

Alternative 2B protects human health and the environment because groundwater that poses an
unacceptable risk to human health would be treated. The injection of an oxidant would reduce
concentrations of PCE in groundwater to below the preliminary remediation standards. While the level of
contaminants decrease in groundwater (quickly occurring with chemical treatment), residents would be
protected from the risk of PCE in indoor air by the previously installed SSD systems, which would be
operated until groundwater concentrations decrease to levels protective of indoor air.

Long-Term Effectiveness and Permanence

PCE in groundwater would be permanently treated in situ. Groundwater monitoring would be conducted
to determine that the concentrations of VOCs are reduced to below the preliminary remediation standards
and would not pose a long-term risk to human health. No long-term activities would be required to
maintain the effectiveness of this alternative.

Reduction in Toxicity, Mobility, and Volume through Treatment

This alternative includes treatment of the VOCs in groundwater. Chemical treatment would reduce the
toxicity and volume of contamination in the groundwater.

Short-Term Effectiveness

Four factors considered as part of the short-term effectiveness criteria are assessed below for Alternative
2B:

e Alternative 2B would present low-level risks to the community because the corrective action
would be applied in situ in all areas of the Site. PCE sorbed to soil may be released and require
treatment. Drilling and injection equipment would be required to implement this alternative;
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however, risk to the community could be minimized through exclusion zones and other typical
safety measures. Careful planning should be used when injecting near residences or
underground utilities that could provide preferential pathways; given the depth to groundwater is
in most cases below 17 ft bgs, preferential pathways via utility corridors are unlikely. A
contingency plan detailing precautions that would be taken to ensure the safe application of
chemical oxidant at the Site is warranted.

¢ On-site workers may be exposed to risks while installing injection or monitoring wells, handling
the chemical for injection, or sampling contaminated groundwater; these risks would be minimized
by proper handling and housekeeping and use of appropriate personal protective equipment.
Remediation activities would be carried out under a health and safety program designed to
minimize worker exposure.

e Environmental impacts in the injection areas could be minimized through bench-scale and pilot
testing, engineering controls, and proper design. Displacement of contaminated groundwater by
site-wide injections may be problematic and increase the treatment area. While initial injection of
chemical oxidant may release sorbed PCE into the aquifer, this PCE would subsequently be
destroyed after reacting with the oxidant. The oxidation of trivalent chromium to hexavalent
chromium is not anticipated at this Site; however as is common with chemical oxidation, even if
hexavalent chromium is formed, it will return to its trivalent state as soon as it migrates out of the
treatment zone. Bench-scale and/or pilot tests should additionally evaluate the potential to
displace groundwater containing dissolved PCE and provide a basis to specify proper engineering
controls to mitigate this ramification. = Chemical treatment may increase TDS in the aquifer, and
oxidants like permanganate can reduce permeability over time due to precipitation of manganese
dioxide.

e The first phase of the corrective action is estimated to take 2 years with three rounds of injections.
An additional 5 years of MNA and groundwater monitoring would be required to evaluate the
reduction in concentrations of VOCs and monitor for rebound of VOCs. It was assumed for cost
estimating purposes that the SSD systems could be turned off after the second round of chemical
injection.  Site-specific testing and groundwater modeling would refine these estimates of
remediation time.

Implementability
Three factors considered as part of the implementability criteria are assessed below for Alternative 2B:

e The alternative is considered technically feasible; however there are several considerations. Well
installation, injection, groundwater and indoor air monitoring, and installation of SSD systems are
fairly routine activities. Bench-scale and pilot testing would be required to assess the
effectiveness of chemical treatment and the impact of site-specific conditions on effective dosage,
the ROI, and well spacing. Access to injection locations may be an issue. The hydrogeology
between the existing monitoring wells is not well defined, and potential impermeable lenses in the
aquifer may influence injection. Groundwater velocities of 0.5 to 1 foot per day are assumed
based on previous site data. However, faster velocities have been associated with sand and
gravel areas found in the subsurface of the Site; flow at higher rates (e.g., 2-4 ft per day) may
cause the chemical to wash out of the system too quickly. The number of injection points may
increase significantly if the estimated ROI of the injection is not achieved. The potential loss of
permeability, mobilization of metals, or transformation of chemicals would be monitored during the
pilot study and may affect the implementability and effectiveness of chemical treatment. Careful
planning should be used when injecting near residences or underground utilities that would
provide preferential pathways. Problems with site access or drilling issues could impact the
schedule.
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o Materials required for implementation of chemical treatment and any additional SSD system
installation are readily available. Services for well installation, chemical injection, groundwater
and indoor air monitoring, and SSD system installation are also readily available.

e The alternative is considered administratively feasible. A permit for injection of the chemical
oxidant would be required.

Cost

The capital cost of Alternative 2B would be $4,660,000. The present value of O&M costs, including
groundwater and indoor air monitoring, would be $18,550,000. The total present value cost for Alternative
2B would be $23,210,000.

State Acceptance

This criterion will be further evaluated after comments on this CAP have been received from NDEP.
However, NDEP has indicated that widespread injection especially in the residential area is likely
unacceptable due to safety concerns (NDEP 2011).

Communily Acceptance

This criterion will be evaluated after comments on the proposed plan have been received from the
community. Community comments and concerns will be considered before final decisions are made on
the corrective actions.

824 Alternative 3: Permeable Reactive Barrier, Institutional Controls, Subslab
Depressurization Systems, and MNA

Alternative 3 combines a PRB, ICs, the SSD systems, and MNA. Under this alternative, a ZVI PRB would
be installed upgradient of the residential area to treat contaminated groundwater as it flows into the
residential area. Abiotic MNA would further reduce concentrations of PCE in groundwater and would be
monitored. ICs and SSDs would protect residents from PCE in indoor air until groundwater is treated to
protective levels.

For the CAP, it was assumed that the ZVI PRB would be placed via trenching across 20 ft below the top of
the shallow saturated zone. Given the estimated installation depth, trenching may be challenging. The
PRB could also be installed via hydraulic fracturing and injection if this method is found preferable. The
PRB would stretch across the plume and treat groundwater with PCE concentrations exceeding 5 pg/L,
the preliminary remediation standard. Groundwater monitoring wells would be installed at the leading
edge and downgradient edge of the PRB to measure effectiveness. The assumptions made for the
purposes of this CAP and costing are detailed in Appendix B.

Bench-scale and pilot testing would determine the effectiveness, dosing rates, and any geochemical
interference at the Site. High sulfate concentrations at the Site may impact barrier performance. If sulfate
is reduced to sulfide it would react with the ZVI and reduce the available reactive surface. Additional ZVI
may have to be provided to compensate for this. When sulfate reduction occurs in PRBs, it is generally
observed in the first few inches of the barrier. Precipitation of iron sulfides (FeS and FeS,) would reduce
permeability of the barrier over time. If bench-scale testing reveals the possibility for such precipitation,
other treatment media could be used upgradient of the PRB to remove sulfate. If bench-scale testing is
successful, pilot studies would be conducted in the area before full-scale implementation to verify
applicability of bench-scale results to field conditions. These tests would also allow for refinement of
costs. The costing purposes installation of a replacement PRB was assumed after 30 years.
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SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. If new SSD systems are required as determined by indoor air
sampling, they would be installed. SSD systems would stay in place until groundwater concentrations
decrease to levels protective of indoor air. ICs could be utilized to ensure continued operation of SSD
systems. In addition to treatment by the PRB, residual MNA may be observed to further diminish PCE
mass at concentrations below the remediation standard. For cost estimating purposes, it was assumed
that groundwater monitoring would be necessary for 30 years. Indoor air sampling would be maintained
until groundwater concentrations in the residential area decrease to levels protective of indoor air
(assumed to be 10 years).

More specific assumptions made for costing the alternatives are listed in Appendix B.

Overall Protection of Human Health

Alternative 3 protects human health and the environment because groundwater that poses an
unacceptable risk to human health would be treated by reductive dechlorination by ZVI within the PRB.
The PRB would reduce concentrations of PCE in groundwater downgradient of the PRB to below the
preliminary remediation standards. While the level of contaminants decreases in groundwater, residents
would be protected from the risk of PCE in indoor air by the previously installed SSD systems, which
would be operated until groundwater concentrations decrease to levels protective of indoor air.

Long-Term Effectiveness and Permanence

PCE in groundwater would be permanently treated in situ. Groundwater monitoring would be conducted
to confirm that concentrations of PCE are reduced to below preliminary remediation standards and would
not pose a long-term risk to human health. PRBs tend to be low maintenance, but depending on site
characteristics, some PRBs require replacement (replacement was assumed after 30 years of life, but it
could be earlier if precipitation is an issue). Bench-scale testing should provide adequate information
regarding the expected life of the PRB.

Reduction in Toxicity, Mobility, and Volume through Treatment

This alternative includes treatment of the VOCs in groundwater. The PRB would reduce the toxicity and
volume of contamination in the groundwater.

Short-Term Effectiveness

Four factors considered as part of the short-term effectiveness criteria are assessed below for
Alternative 3:

e Alternative 3 would present minimal risks to the community because the corrective action would
be applied in situ. Excavation or drilling and injection equipment would be required to implement
this alternative; however, risk to the community could be minimized through exclusion zones and
other typical safety measures.

¢ On-site workers may be exposed to risks while emplacing the PRB, handling the ZVI, or sampling
contaminated groundwater. These risks would be minimized by proper handling and
housekeeping and use of appropriate personal protective equipment. Remediation activities
would be carried out under a health and safety program designed to minimize worker exposure.

¢ Environmental impacts of the PRB would be minimal because the remediation is in situ.

e The corrective action is estimated to take 30 years. For cost estimating purposes it was assumed
that the SSD systems could be turned off after 10 years. Site-specific testing and groundwater
modeling would refine these estimates of remediation time.

TETRA TECH 35



DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

Implementability
Three factors considered as part of the implementability criteria are assessed below for Alternative 3:

e The alternative is considered technically feasible. PRB installation, groundwater and indoor air
monitoring, and SSD system installation are fairly routine activities. Given the estimated
installation depth of approximately 18 to 38 ft bgs, trenching may be challenging. The PRB could
also be installed via hydraulic fracturing and injection if this method would be found preferable
(pilot testing would be required to determine the ROI and effectiveness of hydraulic fracturing and
injection in the formation). Bench-scale and pilot testing would be required to assess the
effectiveness of the technology and the impact of site-specific conditions. Potential loss of
permeability and sulfate reduction would be monitored during the pilot study, and may affect
implementability and effectiveness. Problems installing the PRB could impact the schedule.

e Materials required for the PRB and any additional SSD system installations are readily available.
Services for PRB installation, groundwater and indoor air monitoring, and SSD system installation
are also readily available.

e The alternative is considered administratively feasible. If the wall is installed by injection, a permit
would be required.

Cost

The capital cost of Alternative 3 would be $2,800,000. The present value of O&M costs, including
groundwater and indoor air monitoring, would be $5,340,000. The total present value cost or Alternative 3
would be $8,140,000.

State Acceptance

This criterion will be further evaluated after comments on this CAP have been received from NDEP.
However, NDEP has indicated that this technology does not seem viable given sulfate conditions at the
Site (NDEP 2011). While high sulfate and electron acceptor concentrations at the Site would require the
addition of more ZVI, chemical reducing agents have been utilized effectively at sites with high sulfate.
The feasibility of this alternative and the effect of sulfates can quickly be determined through bench-scale
testing.

Community Acceptance

This criterion will be evaluated after comments on the proposed plan have been received from the
community. Community comments and concerns will be considered before final decisions are made on
the corrective actions.

8.25 Alternative 4: Sparge Curtain, Institutional Controls, Subslab Depressurization Systems,
and MNA

Alternative 4 combines sparging wells upgradient of the residential area (in a sparge curtain), ICs, the
SSD systems, and MNA. This alternative could be implemented in two different ways, the use of ozone
sparging for in situ treatment or AS/SVE. Data obtained during pilot scale testing would provide additional
information necessary to help choose the more effective and efficient sparging method. For consideration
on this alternative, it was assumed that air would be injected into the groundwater in a line of AS wells
perpendicular to the plume, creating a sparge curtain to strip PCE in groundwater as it flows into the
residential area. SVE wells would be utilized to extract the PCE-laden sparged air as it migrates upwards
into the vadose zone. Clean water would flow from the downgradient edge of the sparge curtain. With the
source area cut off, MNA would reduce concentrations of PCE in groundwater downgradient of the
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curtain. ICs and SSDs would protect residents from PCE in indoor air until groundwater is treated to
protective levels.

Sparging, injection of air into the aquifer, would occur over the top 20 ft of the shallow aquifer. AS wells
would be placed perpendicular to groundwater flow west of the residential area (in the eastern Boulevard
Mall parking lot) to treat groundwater flowing into the residential area. The sparge curtain would stretch
across the plume and treat concentrations of PCE currently greater than 5 pug/L. SVE wells would be
utilized to capture PCE-laden sparged air.

The treatment system would conceivably be installed under the eastern mall parking lot (and the system
could be expanded to treat other areas with high PCE concentrations). The parking lot would help trap
vapors in the subsurface for capture. For cost estimating purposes, it was assumed that PCE in the
effluent gas would be removed by two vapor-phase GAC units in series before discharge to the
atmosphere; however, another form of treatment may be used if found economically preferable. An air
permit would be required for the SVE system. Also, an assumed 30 years of treatment would be required
as contaminated groundwater flows toward the residences. O&M of the system would include weekly air
monitoring to assure attainment of discharge standards associated with an air quality permit.

A pilot test should be considered to better determine AS/SVE design parameters, including the ROI of the
AS and SVE wells, stripping effectiveness based on site geology, vapor capture effectiveness, and likely
influent concentrations. These tests would also allow for refinement of costs. The assumptions made for
the purposes of this CAP and costing are detailed in Appendix B. If implementation proves favorable,
additional system expansion to reduce remedial timeframes may be considered.

SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. In addition to the AS/SVE treatment, abiotic MNA could be
relied on to decrease PCE concentrations below the remediation standard. For cost estimating purposes,
it was assumed that groundwater monitoring would be necessary for 30 years. Indoor air sampling would
be maintained until groundwater concentrations decrease to levels protective of indoor air (assumed at
10 years).

More specific assumptions made for costing the alternatives are listed in Appendix B.

Overall Protection of Human Health

Alternative 4 protects human health and the environment because PCE that poses an unacceptable risk
to human health would be removed from groundwater and treated. Sparing would reduce concentrations
of PCE in groundwater in the residential area to below the preliminary remediation standards. While the
level of contaminants decrease in groundwater (occurring fairly quickly in the residential area), residents
would be protected from the risk of PCE in indoor air by the previously installed SSD systems, which
would be operated until groundwater concentrations decrease to levels protective of indoor air.

Long-Term Effectiveness and Permanence

PCE would be removed from groundwater, captured from the air stream, and treated. Groundwater
monitoring would be conducted to determine that the concentrations of PCE are reduced to below the
preliminary remediation standards and would not pose a long-term risk to human health. Air monitoring of
the SVE treatment system discharge would be conducted to ensure PCE would not be released at
unacceptable levels to the atmosphere.
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Reduction in Toxicity, Mobility, and Volume through Treatment

This alternative includes removal of VOCs in groundwater and subsequent treatment. Sparging would
reduce the toxicity, volume, and mobility of contamination.

Short-Term Effectiveness

Four factors considered as part of the short-term effectiveness criteria are assessed below for
Alternative 4:

e Alternative 4 would present minimal risks to the community. Soil gas monitoring should be
conducted to verify that the SVE system is capturing soil gas with elevated concentrations of
PCE. Drilling and injection equipment would be required to implement this alternative; however,
risk to the community could be minimized through exclusion zones and other typical safety
measures.

e On-site workers may be exposed to risks while installing AS and SVE wells, or sampling
contaminated groundwater; these risks would be minimized by safety procedures and use of
appropriate personal protective equipment. Remediation activities would be carried out under a
health and safety program designed to minimize worker exposure.

e Environmental impacts would be minimal.

e The corrective action is estimated to take 30 years. For cost estimating purposes it was assumed
that the SSD systems could be turned off after 10 years of AS/SVE operation.

Implementability
Three factors considered as part of the implementability criteria are assessed below for Alternative 4:

e The alternative is considered technically feasible; however there are several considerations.
AS/SVE well installation, and groundwater, soil gas, and indoor air monitoring are fairly routine
activities. Pilot testing would be required to assess the effectiveness of AS/SVE versus ozone
sparge wells, the impact of site-specific conditions, and the ROI and well spacing of the wells.
Hydrogeology between the existing monitoring wells is not well defined, and potential
impermeable lenses in the aquifer may influence sparging and capture. Careful planning should
be used when sparging near residences or underground utilities that would provide preferential
pathways. Problems with site access or drilling issues could impact the schedule.

e Materials required for implementation of sparging and any additional SSD system installation are
readily available. Services for well installation and for groundwater, soil gas, and indoor air
monitoring are also readily available.

o The alternative is considered administratively feasible. An air permit for the SVE system would be
required. Site-specific testing and groundwater modeling would refine these estimates of
remediation time.

Cost

The capital cost of Alternative 4 would be $770,000. The present value of O&M costs, including
groundwater and indoor air monitoring, would be $6,030,000. The total present value cost for Alternative
4 would be $6,800,000.

State Acceptance
This criterion will be further evaluated after comments on this CAP have been received from NDEP.
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Community Acceplance

This criterion will be evaluated after comments on the proposed plan have been received from the
community. Community comments and concerns will be considered before final decisions are made on
the corrective actions.

8.2.6 Alternative 5: Extraction and Treatment, Institutional Controls, Subslab Depressurization
Systems, and MNA

Alternative 5 combines groundwater extraction and treatment, ICs, the SSD systems, and MNA. Under
this alternative, groundwater would be removed from the subsurface and treated; residual MNA would be
monitored to assess inherent, post-treatment activity that may drive further reductions of PCE
concentrations in groundwater. ICs and SSD systems would protect residents from PCE in indoor air until
groundwater is treated to protective levels.

Groundwater would be extracted from within the plume, treated to remove PCE, then re-injected outside
the plume. Extraction and injection wells would be installed where possible and would cover the entire
plume. An estimated 14 extraction wells and 15 injection wells would be needed. Two treatment systems
(one located in the mall parking lot and the other on the golf course property) would be considered.
Treated water would be delivered to injection wells surrounding the PCE plume. It is expected that wells
in residential areas would be installed in right of ways. The wells would be screened in the top 20 ft of the
shallow aquifer. A number of applicable treatment trains for the extracted groundwater include but are not
limited to aqueous GAC units, ultraviolet (UV) oxidation, and air stripping followed by vapor-phase GAC
units. For this CAP, it was assumed that GAC would be utilized to treat the extracted groundwater. It was
also assumed that extracted groundwater could be reinjected after treatment to remove PCE but without
treatment to reduce TDS. Some or all treated water may also be discharged to the sewer or supplied for
irrigation if these options are later found to be more cost-effective. The assumptions made for the
purposes of this CAP and costing are detailed in Appendix B.

Pumping tests, as well as bench-scale and pilot tests, would be required to determine the effectiveness of
the alternative, aquifer characteristics, design criteria, and best suited water treatment techniques. These
tests would also allow for refinement of costs. Given the geology at the Site, there will likely be localized
dewatering of the formation at each extraction well. The sorbed PCE in the dewatered zone could re-
contaminate groundwater when pumping stops. To reduce the impact of this phenomenon, it is expected
that pumping will be pulsed rather than continuous. This aquifer has exhibited slow recharge of
groundwater, indicating low hydraulic conductivity, which may make this technology difficult to implement
and lead to a long remedial timeframe. The remedial duration is calculated at more than 40 years based
on basic equilibrium partitioning and required pore volume exchanges. However, it is expected that the
actual remedial duration will be much longer because of aquifer material heterogeneity and the tendency
for fine-grained materials to be cleaned up slowly. Groundwater modeling should be completed to
determine well placement. These tests would also allow for refinement of costs.

The potential for dewatering to compromise the geotechnical stability of subsurface clay and silt lithologic
zones will also require careful evaluation to ensure protection of surface structures and infrastructure.
Discharge or reinjection of treated groundwater may be problematic due to elevated concentrations of
TDS in extracted groundwater. Re-injecting groundwater containing elevated TDS (even if from the same
groundwater source) or conducting surface discharge is limited by regulation and may not be permitted.

SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. In addition to extraction and treatment, MNA would be relied
on to decrease residual PCE concentrations below the remediation standard. For cost estimating
purposes, it was assumed that groundwater monitoring would be necessary for 30 years. Indoor air
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sampling would be maintained until groundwater concentrations decrease to levels protective of indoor air
(assumed at 10 years).

More specific assumptions made for costing the alternatives are listed in Appendix B.

Overall Protection of Human Health

Alternative 5 protects human health and the environment because groundwater that poses an
unacceptable risk to human health would be extracted from the aquifer and treated. Extraction and
treatment and MNA would be expected to eventually reduce concentrations of PCE in groundwater to
below the preliminary remediation standards. However, as noted, this is expected to take over 40 years.
While the level of contaminants decrease in groundwater, residents would be protected from the risk of
PCE in indoor air by the previously installed SSD systems, which would be operated until groundwater
concentrations decrease to levels protective of indoor air.

Long-Term Effectiveness and Permanence

PCE would be removed with groundwater and treated. Groundwater monitoring would be conducted to
determine that the concentrations of VOCs are reduced to below the preliminary remediation standards
and would not pose a long-term risk to human health.

Reduction in Toxicity, Mobility, and Volume through Treatment

This alternative includes removal of PCE in groundwater and subsequent treatment. It would reduce the
toxicity and volume of contamination.

Short-Term Effectiveness

Four factors considered as part of the short-term effectiveness criteria are assessed below for
Alternative 5:

e Alternative 5 would present minimal to moderate risks to the community. Drilling and trenching
equipment would be required to implement this alternative; however, risk to the community could
be minimized through exclusion zones and other typical safety measures. There would be a high
level of drilling and trenching, which would disrupt surface activities in the area and would lead to
physical hazards. Groundwater would be extracted from the subsurface and pumped through
piping to a treatment area; appropriate security, signs, and warnings could protect the community
from accidental contact with the contaminated water.

¢ On-site workers may be exposed to physical and chemical risks while installing the wells, piping,
electrical system, treatment plant, system operation and maintenance, or sampling contaminated
groundwater; these risks would be minimized by safety procedures and use of appropriate
personal protective equipment. Remediation activities would be carried out under a health and
safety program designed to minimize worker exposure.

e Environmental impacts would be minimal and would include potential increases to Site TDS if
reinjection is used.

o For cost estimating purposes, a lifetime of 30 years was assumed; it was also assumed that the
SSD systems could be turned off after 10 years of operation. Site-specific testing and
groundwater modeling would refine these estimates of remediation time.

Implementability
Three factors considered as part of the implementability criteria are assessed below for Alternative 5:

TETRA TECH 40



DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

e The alternative is considered technically feasible. Well installation, treatment of PCE-
contaminated water, and groundwater and indoor air monitoring are fairly routine activities. Pilot
and pump testing and subsequent groundwater modeling would be required to assess site-
specific conditions and determine spacing of the extraction wells. Dewatering may lead to
subsidence issues. Hydrogeology between the existing monitoring wells is not well defined, and
potential impermeable lenses in the aquifer may influence hydraulic capture. The high TDS may
lead to precipitate formation and fouling of the extraction and treatment equipment, which can be
costly. Problems with site access or drilling issues could impact the schedule.

e Materials required for implementation of the extraction and treatment system and for any
additional SSD system installation are readily available. Services for well installation and for
groundwater and indoor air monitoring are also readily available.

e The alternative is considered administratively feasible. A Groundwater Discharge Permit for re-
injection or a National Pollutant Discharge Elimination System (NDPES) permit for surface
discharge of treated groundwater would be required. Regulatory limitations applicable to the
discharge of TDS mass to surface water or groundwater may adversely affect the permissibility or
permit options associated with this treatment strategy such that this alternative becomes inhibited.

Cost

The capital cost of Alternative 5 would be $1,740,000. The present value of O&M costs, including
groundwater and indoor air monitoring, would be $8,710,000. The total present value cost for Alternative
5 would be $10,450,000.

State Acceptance

This criterion will be evaluated after comments on this CAP have been received from NDEP. However,
the NDEP has indicated preference of a more modest extraction and treatment system in the east
Boulevard Mall parking lot and near the golf course wells (NDEP 2011); however, this would mainly be
effective as hydraulic capture.

Community Acceplance

This criterion will be evaluated after comments on the proposed plan have been received from the
community. Community comments and concerns will be considered before final decisions are made on
the corrective actions.

8.2.7 Alternative 6: In Situ Enhanced Bioremediation, Institutional Controls, Subslab
Depressurization Systems, and MNA

Alternative 6 combines enhanced in situ bioremediation, ICs, the SSD systems, and MNA. Under this
alternative, enhanced bioremediation would be employed in areas of the plume hotspot and upgradient of
the residential area to treat groundwater as it flows into the residential area (where the aquifer conditions
are amenable to reductive dechlorination as described in Section 4). ICs and SSDs would protect
residents from PCE in indoor air until groundwater is treated to protective levels. MNA would be relied on
to further decrease concentrations of remaining contamination found in groundwater.

Enhanced bioremediation would be applied through injection of substrates or microbes in the plume hot
spot where practicable based on preferable ORP values and where logistically practicable, including at
the Property and in streets, public right of ways, and parking lots in the Boulevard Mall. For the purposes
of this study it was assumed biostimulaltion and bioaugmentation would be required (bench-scale testing
would determine the level of enhancement required). Biostimulation would also be conducted upgradient
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of the residences in the Boulevard Mall’s eastern parking lot. Amendments would be injected into the top
20 ft of aquifer at the site. The assumptions made for the purposes of this CAP and costing are detailed in
Appendix B.

Bench-scale testing would be required to determine the technology’s effectiveness, including substrate
requirements, need for bioaugmentation, dosing rates, and potential geochemical interference at the Site.
The high sulfate concentration found at the site would increase the amount of substrate required. If
bench-scale testing is successful, pilot studies would be conducted in the area before full-scale
implementation to establish the effective dosage rates, ROI, the optimal well spacing, breakdown
products, and potential for degradation to stall. These tests would also allow for refinement of costs. The
bench-scale and pilot studies would also evaluate any potential increase in TDS or loss of permeability in
the subsurface. Based on the aquifer characteristics, very few biostimulants have potential to be
effective,

SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. In conjunction with bioremediation, MNA would be relied on to
decrease residual PCE concentrations below the remediation standard. For cost estimating purposes it
was assumed that groundwater monitoring would be necessary for 30 years. Indoor air sampling would
be maintained until groundwater concentrations decrease to levels protective of indoor air (assumed at
10 years).

More specific assumptions made for costing the alternatives are listed in Appendix B.

Overall Protection of Human Health

Alternative 6 protects human health and the environment because groundwater that poses an
unacceptable risk to human health would be treated through enhanced bioremediation. Biodegradation
would reduce concentrations of PCE in groundwater to below the preliminary remediation standards.
While the level of contaminants decrease in groundwater, residents would be protected from the risk of
PCE in indoor air by the previously installed SSD systems, which would be operated until groundwater
concentrations decrease to levels protective of indoor air.

Long-Term Effectiveness and Permanence

PCE in groundwater would be permanently treated in situ. Groundwater monitoring would be conducted
to determine that the concentrations of VOCs are reduced to below the preliminary remediation standards
and would not pose a long-term risk to human health. No long-term activities would be required to
maintain the effectiveness of this alternative.

Reduction in Toxicity, Mobility, and Volume through Treatment

This alternative includes treatment of the VOCs in groundwater. Enhanced bioremediation would reduce
the toxicity and volume of contamination in the groundwater.

Short-Term Effectiveness

Four factors considered as part of the short-term effectiveness criteria are assessed below for
Alternative 6:

e Alternative 6 would present minimal risks to the community because the corrective action would
be applied in situ. Drilling and injection equipment would be required to implement this
alternative; however, risk to the community could be minimized through exclusion zones and
other typical safety measures. Initially, concentrations of PCE breakdown products would
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increase as microbial degradation occurs. Proper design would minimize the likelihood of the
degradation stalling before complete breakdown of the compounds.

¢ On-site workers may be exposed to risks while installing injection or monitoring wells, handling
the substrate for injection, or sampling contaminated groundwater; these risks would be
minimized by proper handling and housekeeping and use of appropriate personal protective
equipment. Remediation activities would be carried out under a health and safety program
designed to minimize worker exposure.

o Environmental impacts in the injection areas would be minimal because the remediation is in situ.
However, the biostimulation may increase TDS in the aquifer. Site-specific testing and
groundwater modeling would refine these estimates of remediation time.

e The corrective action is estimated to take 30 years with two injections in the plume hotspot and
three injection rounds upgradient of the residences. For cost estimating purposes it was assumed
that the SSD systems could be turned off after 10 years.

Implementability
Three factors considered as part of the implementability criteria are assessed below for Alternative 6:

e The alternative is considered technically feasible; however there are several considerations. Well
installation, injection, groundwater and indoor air monitoring, and installation of SSD systems are
fairly routine activities. Bench-scale and pilot testing would be required to assess the
effectiveness of the treatment technologies, need for bioaugmentation, and impact of site-specific
conditions on the dosage, the ROI, and well spacing. Hydrogeology between the existing
monitoring wells is not well defined, and potential impermeable lenses in the aquifer may
influence the injection. High sulfates may be problematic and require additional substrate; given
sulfate concentrations at the Site, EHC is likely one of the few substrates that will be effective.
Potential transformation of chemicals and residual breakdown products would be monitored
during the pilot study and may affect implementability and effectiveness of the alternative.
Problems with site access or drilling issues could impact the schedule.

e Materials required for implementation of enhanced bioremediation and any additional SSD
system installation are readily available. Services for well installation, injection, groundwater and
indoor air monitoring, and SSD system installation are also readily available.

e The alternative is considered administratively feasible. A permit for injection of the substrates or
microbes would be required.

Cost
The capital cost of Alternative 6 would be $1,240,000. The present value of O&M costs, including

groundwater and indoor air monitoring, would be $15,090,000. The total present value cost for Alternative
6 would be $16,330,000.

State Acceptance

This criterion will be further evaluated after comments on this CAP have been received from NDEP.
However, NDEP has indicated that high sulfate concentrations at the Site may make this alternative
unviable (NDEP 2011). While high sulfate and electron acceptor concentrations at the Site would require
the addition of more EHC, this alternative may be viable. The feasibility of this alternative and the effect of
sulfates can quickly be determined through bench-scale testing.
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Community Acceplance

This criterion will be evaluated after comments on the proposed plan have been received from the
community. Community comments and concerns will be considered before final decisions are made on
the corrective actions.

8.3 Comparison of Corrective Action Alternatives

This section compares the groundwater corrective action alternatives using the seven criteria to assess
relative performances of the alternatives. State acceptance is based on comments received to date
(NDEP 2011), and community acceptance will be evaluated after comments on this CAP have been
received from NDEP and comments on the proposed plan have been received from the community. The
preferred alternative for soil and groundwater will be selected in the proposed plan after:

Data gaps are filled.

The risk assessment is complete.

The CAP is finalized.

Bench-scale and pilot testing have been completed.

A corrective action alternative is recommended in the Corrective Action Report.

Table 8-1 presents a comparative summary of the alternatives and evaluation criteria. Table 8-2 provides
a simplified comparative summary of advantages and disadvantages of each technology.
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TABLE 8-1

COMPARISON OF ALTERNATIVES SUMMARY

Alternative Description Overall Protection of Human Long-Term Effectiveness and Reduction in Toxicity, Mobility, Short-Term Effectiveness Implementability Cost State Acceptance Community Acceptance
Health Permanence and Volume through Treatment
1 No Action Low — The no action alternative Low — The no action alternative Low — The no action alternative Low - Minimal risk to the Easy - This alternative is Capital Costs: The no action alternative would Low - The no action alternative
is not protective of human health. | is not effective. does not reduce the toxicity, residents as there is no technically implementable, None likely be unacceptable to NDEP would likely be unacceptable to
mobility, or volume of implementation but increased O&M Costs: and the community. the community.
contaminants. risk if PCE concentrations in $3,840,000
groundwater and indoor air
increase. It is assumed
monitoring would be required for
30 years.
2A In Situ Chemical High - Residents are protected High - PCE will be destroyed High - The toxicity and volume of | High — Minimal risk as the Moderately Difficult — This Capital Costs: NDEP has expressed concerns This criterion would be
Oxidation of from PCE in indoor air until through in situ chemical contaminants would be reduced corrective action is applied in alternative is considered $1,070,000 regarding the environmental evaluated after comments on
Hotspots and groundwater concentrations are treatment. Several injections of through chemical treatment. situ. Precautions can be taken to | technically feasible, and O&M Costs: impacts of this alterative (NDEP the proposed plan have been
Residential Area, | decreased by in situ chemical chemical are likely. prevent exposure of workers and | materials required are readily $6,030,000 2011). received from the community.
Institutional treatment. Treatment would the community during available. A bench-scale and Total:
Controls, SSD rapidly decrease concentrations implementation. Environmental pilot test should be conducted to $7,100,000
Systems, and in the plume hotspot and in the impacts are expected to be low. better determine efficacy,
MNA residential area. It is assumed the SSD systems geochemical interferences, and
could be turned off after design parameters. The higher
approximately 10 years. flow rate in sand and gravel
channels may cause problems.
This alternative is
administratively feasible. An
underground injection permit
would be required for chemical
application.
2B In Situ Chemical High - Residents are protected High - PCE will be destroyed High - The toxicity and volume of | High — Minimal risk as the Moderately Difficult — This Capital Costs: NDEP has expressed concerns This criterion would be
Oxidation, from PCE in indoor air until through in situ chemical contaminants would be reduced corrective action is applied in alternative is considered $4,660,000 regarding the feasibility and evaluated after comments on
Institutional groundwater concentrations are treatment. Several injections of through chemical treatment. situ. Precautions can be taken to | technically feasible, and O&M Costs: safety of this alternative. (NDEP the proposed plan have been
Controls, SSD decreased by in situ chemical chemical are likely. prevent exposure of workers and | materials required are readily $18,550,000 2011). received from the community.
Systems, and treatment. Treatment would the community during available. A bench-scale and Total:
MNA rapidly decrease concentrations implementation. Environmental pilot test should be conducted to $23,210,000
in the plume. impacts are expected to be low better determine efficacy,
to moderate. It is assumed the geochemical interferences, and
remediation goal would be design parameters. The higher
reached in approximately 5 flow rate in sand and gravel
years. channels may cause problems. It
may be difficult given structures
and utilities to inject chemical
oxidant into the entire plume.
This alternative is
administratively feasible. An
underground injection permit
would be required for chemical
application.
3 Permeable High — Residents are protected High — PCE will be destroyed High — The toxicity and volume of | High — Minimal risk as the Moderately Difficult to Difficult — Capital Costs: NDEP has expressed concerns
Reactive Barrier, | from PCE in indoor air until through reductive dechlorination. | contaminants would be reduced corrective action is applied in This alternative is considered $2,800,000 regarding the viability of this
ICs, SSD, groundwater concentrations are Once installed, the PRB should through reductive dechlorination. | situ. Precautions can be taken to | technically feasible, and O&M Costs: treatment technology due to high
Systems, and decreased by reductive last for the lifetime of the project. prevent exposure of workers and | materials required are readily $5,340,000 sulfate concentrations.
MNA dechlorination. Treatment would the community during available. The depth to Total:
rapidly decrease concentrations implementation. Environmental groundwater makes conventional $8,140,000

in the residential area.

impacts are expected to be low
to moderate; however this
alternative may increase TDS in
the aquifer. It is assumed the
SSD systems could be turned off
after approximately 10 years.

trenching more challenging. A
bench-scale and pilot test should
be conducted to better determine
efficacy, geochemical
interferences, precipitate
formation, and design
parameters. The high TDS may
lead to precipitate formation.
This alternative is
administratively feasible. A
permit may be required if the
PRB is injected.
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TABLE 8-1

COMPARISON OF ALTERNATIVES SUMMARY (CONTINUED)

Alternative

Description

Overall Protection of Human
Health

Long-Term Effectiveness and
Permanence

Reduction in Toxicity, Mobility,
and Volume through Treatment

Short-Term Effectiveness

Implementability

Cost

State Acceptance

Community Acceptance

4

Sparging, ICs,
SSD Systems,
and MNA

High - Residents are protected
from PCE in indoor air until
groundwater concentrations are
decreased by chemical
treatment. Treatment would
rapidly decrease concentrations
in the residential area.

Moderate to High - PCE will be
removed through sparging.
Sparging systems tend to be
O&M intensive. Air from the SVE
will require treatment to remove
PCE.

High - The toxicity, volume, and
possibly mobility of contaminants
would be reduced through
removal and treatment.

Moderate to High - Air
contaminated with PCE would be
brought above ground; however,
precautions can be taken to
prevent exposure of workers and
the community during
implementation. Design would
need to ensure PCE vapors are
captured and do not enter the
residential area. Environmental
impacts are expected to be low.
It is assumed the SSD systems
could be turned off after
approximately 10 years.

Moderately Difficult — This
alternative is considered
technically feasible, and
materials required are readily
available. A pilot test should be
conducted to better determine
design parameters and ensure
PCE vapor capture by the SVE
system. This alternative is
administratively feasible. An air
quality permit would be required.

Capital Costs:

$770,000
O&M Costs:
$6,030,000
Total:
$6,800,000

NDEP has provided few
comments on this alternative
(NDEP 2011).

This criterion would be
evaluated after comments on
the proposed plan have been
received from the community.
(It should be noted that AS/SVE
systems tend to create noise,
which may be objectionable to
some residents.)

Extraction and
Treatment, ICs,
SSD Systems,
and MNA

High — Residents are protected
from PCE in indoor air until
groundwater concentrations are
decreased by extraction and
treatment. Treatment would
decrease concentrations in the
plume over time.

Moderate — PCE will be removed
from the aquifer. Extraction and
treatment tends to require an
extended timeframe to remove
contaminants.

High - The toxicity, volume, and
mobility of contaminants would
be reduced through removal and
treatment.

High — Groundwater
contaminated with PCE would be
brought above ground; however,
precautions can be taken to
prevent exposure of workers and
the community during
implementation. Environmental
impacts are expected to be low.
It is assumed the remediation
goal would be reached in over 40
years, and SSD systems could
be turned off after approximately
10 years.

Moderately Difficult to Difficult —
This alternative is considered
technically feasible, and
materials required are readily
available. Groundwater capture
can be challenging and the
aquifer may dewater in areas
with a tight formation;
groundwater modeling would be
required. Dewatering may lead
to subsidence. The high TDS
may lead to fouling of the
extraction and treatment
equipment. Pump and soil tests
should be conducted to better
determine effectiveness, well
placement, and design
parameters. Discharge of water
with TDS may also be an issue.
This alternative is
administratively feasible. A
NPDES permit would be
required.

Capital Costs:

$1,740,000
O&M Costs:
$8,710,000
Total:
$10,450,000

NDEP has expressed interest in
use of extraction and treatment
(NDEP 2011).

This criterion would be

evaluated after comments on
the proposed plan have been
received from the community.

In Situ Enhanced
Bioremediation,
ICs, SSD
Systems, and
MNA

High - Residents are protected
from PCE in indoor air until
groundwater concentrations are
decreased by bioremediation.
Treatment would decrease
concentrations in the plume
hotspot and in the residential
area.

High - PCE will be destroyed
through microbial degradation.
Multiple injections of
microorganisms
(bioaugmentation) or substrates
(biostimulation) may be required.

The toxicity and volume of
contaminants would be reduced
through microbial degradation.

High - Precautions can be taken
to prevent exposure of workers
and the community during
implementation. Concentrations
of PCE breakdown products
would initially increase.
Environmental impacts are
expected to be low; however this
alternative may increase TDS in
the aquifer. It is assumed the
SSD systems could be turned off
after approximately 10 years.

Difficult — This alternative is
considered technically feasible.
Bioremediation can be more
sensitive to environmental
conditions than other
technologies. Materials required
are readily available. A bench-
scale and pilot test should be
conducted to determine the
effectiveness of the microbial
degradation process,
geochemical interferences, and
design parameters. The high
sulfate conditions at the site may
be an issue. This alternative is
administratively feasible. An
underground injection permit
would be required for substrate
and/or microbe application.

Capital Costs:

$1,240,000
O&M Costs:
$15,090,000
Total:
$16,330,000

NDEP has expressed concerns
regarding the viability of this
treatment technology due to high
sulfate concentrations.

This criterion would be

evaluated after comments on
the proposed plan have been
received from the community.

Notes:

AS Air sparge

GAC
NDEP

PRB
SVE

Granular activated carbon

Nevada Department of Environmental Protection
Operation and maintenance

Permeable reactive barrier

Soil vapor extraction

National Pollutant Discharge Elimination System

CAP Corrective action plan

MNA Monitored natural attenuation
NPDES

PCE Tetrachloroethene

SSD Subslab Depressurization
TDS Total dissolved solids
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TABLE 8-2
SUMMARY OF TECHNOLOGY ADVANTAGES AND DISADVANTAGES
Technology Advantages Disadvantages
In Situ Chemical Oxidation e Potential for short treatment timeframe * Only effective if oxidant reaches PCE, which may be difficult
e Insitu given development at the Site
e Proven for treatment of PCE e Potential for injection issues
o Wil require multiple injections
o NDEP concerned with safety
ZV| Permeable Reactive Barrier, e Passive e Elevated sulfates will require additional ZVI
e Insitu e Installation of the wall may be challenging given the depth to

e Proven for treatment of PCE groundwater
e Expensive
* NDEP questions the effectiveness of reduction at this Site

Sparging, e Insitu ¢ O&M intensive

e Proven for treatment of PCE o Need to control vapors

e Use as a sparge curtain, and could expand to treat areas
with higher concentrations

Extraction and Treatment, e Proven for treatment of PCE e Long remediation timeframe estimated over 40 years.
e Preferred by NDEP o Will likely cause aquifer dewatering which may lead to
subsidence

e Expensive
e O&M intensive
o High sulfates/TDS in aquifer will increase costs

In Situ Enhanced Bioremediation, e Innovative e Biodegradaion is not occurring at the Site

e Insitu ¢ Not many substrates will work; would likely need to include
bioaugmentation

o NDEP does not support this technology at this Site

e Potential for injection issues

o  Will require multiple injections

Notes:

NDEP Nevada Department of Environmental Protection
O&M Operation and maintenance

ZVI Zero-valence iron

TDS Total dissolved solids

PCE Tetrachloroethene
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9.0 RECOMMENDATIONS

This section provides a list of data needs and field activities recommended for obtaining needed data.
These data gaps disallow a sufficient understanding of the Site conditions pertinent to: (1) development
of a human health risk assessment, (2) a complete evaluation of remedial alternatives, and
(3) confirmation of site parameters essential for development of a final remedial design.

9.1 Data Needs

The extent of groundwater contamination and how it impacts soil gas and indoor air are not fully defined in
the downgradient areas of the plume, north of Cherokee Lane in the residential neighborhood and across
the golf course. The pathways of potential concern relate to volatilization of PCE from groundwater to soil
gas and its transport to indoor air in homes and businesses. A work plan is being developed for an
investigation to determine the extent of PCE in groundwater and better understand the volatilization of
PCE from groundwater into soil gas and its migration and transport into indoor air. Data expected to be
obtained via that effort are needed to prepare the risk assessment and develop mitigation measures for
residential indoor air. Additional data representing hydraulic flow parameters for the diverse range of soil
types at the Site are needed for evaluation of the remedial alternatives and development of the remedial
design. Data gaps and additional data acquisition activities are as follows:

e Indoor air data are needed to evaluate current residential conditions and evaluate the efficacy of
mitigation systems previously installed by NDEP:

o0 Indoor air sampling and subslab sampling in the residential area are needed to verify
results from previous investigations, re-assess how well previous data represent current
conditions at the Site, and establish a baseline for monitoring remedial progress.

o Similar indoor air and subslab data are needed for the Boulevard Mall to determine
whether engineered control systems are needed to mitigate indoor air in order to address
potential risks under current conditions.

e Soil properties have not been well characterized for the unsaturated and saturated
heterogeneous soils across the Site. Insufficient physical, flow, and contaminant distribution data
have been obtained in the unsaturated and saturated zones beneath the Site:

0 Additional soil testing (standard measurements of porosity, grain size distribution, organic
carbon, and bacterial analyses) is needed to better understand the geotechnical
properties and lithologic conditions of the heterogeneous subsurface soils as related to
flow dynamics, contaminant transport, and vapor migration; this information is necessary
to assist in evaluating remedy selection and development and implementation of the
remedial design.

9.2 Bench-Scale and Pilot Testing

Given the concentrations of PCE in groundwater at the site, the subsurface conditions, and the various
receptor pathways, an integrated approach to remediation or a combination of general response actions
likely will be required. In Section 8, alternatives were assessed for their overall protection of human
health; long-term and short-term effectiveness; reduction in toxicity, mobility, and volume through
treatment; implementability; and cost. Based on preliminary evaluations of alternatives for the Site,
bench-scale or pilot tests should be conducted to evaluate the potential of a corrective action to meet
project needs. Tests for air permeability, ROI, and groundwater production are needed. Production tests
are necessary to understand the flow capacity and area of influence in the variety of soil types that exist at
the Site, and to predict the locations and effects of the complex flow boundary conditions for developing
the remedial design for a groundwater remedy. Currently, the most promising technologies evaluated
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include chemical oxidation and sparging. If bench-scale tests are successful, the results should be used
to aid in design of pilot studies as needed. A Pilot Study Work Plan will be developed detailing the
requirements, objectives, layout, and schedules for the progression of tests to be conducted for further
refining the selected alternative(s) for the Site.

If testing for chemical oxidation and sparging technologies proves unsuccessful or insufficient as an
overall strategy for treatment of the Site, additional testing for a ZVI PRB, extraction and treatment, and
enhanced bioremediation will be considered. The following provides details on bench-scale testing and a
speculative outline of what some of these pilot tests might include.

In-Situ Chemical Oxidation

In situ chemical oxidation requires bench-scale testing to determine the stoichiometry involved in chemical
demands for the Site soil and groundwater, and the type of chemical and other additives that are suitable.
If bench-scale testing is successful, pilot testing is needed to evaluate the effectiveness of the chemical
for remediating the contaminant to acceptable levels, and to obtain data for full-scale implementation
evaluation including ROI, degradation byproducts, and persistence in the aquifer. Data from post-pilot
test monitoring will assist in determining whether periodic injections would be necessary following
rebound.

Sparging

A pilot test would determine the effectiveness of sparging and evaluate the benefits of ozone sparging
versus AS/SVE. The ROIls of the both injection and extraction wells would be determined for full-scale
implementation. In addition, the test would help predict influent PCE concentrations in order to develop
appropriate air treatment strategies.

9.3 Path Forward

The perceived process to effectively and efficiently advance corrective action evaluation and
implementation is:

Task Schedule
1. Provide bench-scale test protocols. April 15, 2011
2. Complete bench-scale testing. May 31, 2011
3. Submit summary report bench-scale test results and proposed pilot
study protocol(s). June 30, 2011
4. Execute pilot study field efforts. August 31, 2011

5. Finalize the CAP for Groundwater (assumes data for indoor air and
PCE plume delineation have been obtained and analyzed in a risk
assessment). September 30, 2011

6. Maintain operation of pilot study systems and propose appropriate
expansion, as needed, within a remedial design/remedial action
(RD/RA) plan. November 15, 2011

7. Upon approval of the RD/RA, implement full-scale corrective action. January 2012

Schedule dates are subject to change based on NDEP concurrence and subsequent project
developments.
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Summary of PCE Soil Vapor Concentrations

————f—___ l
|

EOULVARDMALLIE &

SVBL
SE201000/3 541

10’5 T DURINAS
@ (

Sample Sample Soil Soil Vapor Concentrations
Number Depth"  Type ug/L ug_;lm“") ppbv
SVB-07-05 5 Silty Sand (Af) 11 11,000 1,623
SVB-08-05 5 Silty Sand (Af) 2.7 2,700 398
SVB-08-10 10 Silty Sand 71 7,100 1,047
SVB-08-910¥ 10 Silty Sand 15 15,000 2,213
SVB-09-05 5 Silty Sand (Af) 9.0 9,000 1,328
SVB-09-10 10 Gravelly Sand 23 23,000 3,393
SVB-10-05 5 Sand 42 42,000 6,196
SVB-10-10 10 Sand 27 27,000 3,983
SVB-11-10 10 Sandy Silt 0.5 500 74
SVB-11-910? 10 Sandy Silt 0.4 400 59
SVB-11-15 15 Sandy Silt ND ND ND
SVB-12-05 5 Gravelly Sand (Af) ND ND ND
SVB-12-10 10 Gravelly Sand 3.0 3,000 433
SVB-13-05 5 Gravelly Sand (Af) 24 24,000 3,541
SVB-13-10.5 10.5 Gravelly Sand (Af) 37 37,000 5,458
SVB-13-910.5% 10.5 Gravelly Sand (Af) 45 45,000 6,639
SVB-13-20 20 Sandy Silt 35 35,000 5,163
SVB-14-10 10 Silt 87 87,000 12,835
SVB-14-20 20 Silty Sand 170 170,000 25,079
SVB-15-15 15 Silt ND ND ND
SVB-15-20 20 Silt 0.2 200 30
SVB-16-05 5 Gravelly Sand (Af) ND ND ND
SVB-16-10 10 Gravelly Sand ND ND ND
SVB-16.20.5  20.5 Silt 0.6 600 89
Legend

® Approximate Location of Monitoring Well Installed by Converse
Showing Concentration (ug/L) of PCE in Groundwater. ND is Non-
detect, NS is Not Sampled. Analytical Data from December 2006.

® Approximate Location of Monitoring Well Installed by URS Showing
Concentration (ug/L) of PCE in Groundwater. Analytical Data from
October and December 2006.

B Approximate Location of Soil Vapor Sampling Borehole Showing
Concentration (ug/m andsppbv) of PCE in Soil Vapor Collected
from Shallow and Deeper Soil Above Groundwater.

m= == Approximate Concentration Contour of PCE in Groundwater
PCE tetrachloroethene

ND Analyte not detected at or above the reporting limit

ug/L Micrograms per liter
ug/m® Micrograms per cubic meter

ppbv Parts per billion by volume
(1) Depth in feet (ft) below ground surface

(2) Soil Samples SVB-08-910, SVB-11-910, and SVB-13-910.5 are duplicates for samples

SVB-08-10, SVB-11-10, and SVB-13-10.5 respectively
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APPENDIX A

Boring Logs and Well Construction Diagrams
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Log No. Mw-4
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Drilter: Converse

LogNo.M -5

Date of Drilling: 10/03/60 l.ocalion: Ground Surlace Elevation (ft):
Barehole Diameter: Equlpments Ais Rotury
Groundwater Deplh (ft): Driving Wt antl Drops

t.opged By: MW

SUMMARY OF SUBSURFACE CONDITIONS

"thsis luge Is part of the vepurt prepared by Converse for (hls project and should
he read with the report. This summary applies only at the loeation ond time of
the exptoratlon. Subsurface conditlons wmay differ al other locations and may
change at this location swith tic passage of tlme. The data presented Is a
simplifled maded of the actual conditions encanntered.
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Log No. MW-5

Date of Dallllng: 10703200 Location: round Surface Rlevalion (f1):
Britier: Converse Borechole Dlameiesr: Equipment: Air Rolary
Lagged By: JIMWV Groundwaier Depth () Driving Wi, and Drap:
SUMMARY OF SUBSURFACE CONDITIONS
g Thix log is part of the veport prepared by Converse for this project and shonld . E < ?_,"
—_ ] be reas with the veport. This summary applies only at the lacation and time of ] ) § g E
£ g the exploration. Subsurface conditions may dilfer at ather locations and may S s op Sg g
"E. a change at hls locatlon with the passage of thme. The data presented s a @ g ,t:-’ g =
8 g slipiificd madel of the actual conditlons cacountered. n'% = &z 3 g
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ogNo. M -6

Date of Prilling: 10/03/00 Lacatlon: Ground Surface Elevation ((¢):
riller: Converse Borchole Diametor: Equipment: An Rotasy
Logged By: JM\_’{__H_" Groundwater Deplh (R): Driving Wi and Drap:
SUMMARY OF SUBSURFACE CONDITIONS
uo ‘This log Is part of the report prepared by Canverse for this g ojort ant shonid - E e '?-_‘,"
— 3 be read with the reporl. This summary applles only at the locatlon and e of 5 o «§ 2
£ £ the explovallon. Subsurface condiilons may differ a¢ other Jocatious and may ] » 5 g ?
-.2_ -9 change ot thts location whh the passape of Hine. ‘The datn presenter is n x g 3 55
a S simplitied model of the actunl condlilons encountered. § & 5,'8
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Log No. MW-6

Date of Didlitng: 10/03/00  Lacation: Ground Surface Elevatlon (f1):
Driller: Converse Borchole Dlameier: Bquipments Air Rotary
J.oppaal By JIMW Groundwater Depth (fi): Didving Wt and Drvop:
SUMMARY OF SUBSUREACK CONDYTIONS
o This log Is part of the report prepared by Converse for this project and shoulit - E g _‘é"
- 3 be vead with e report. This snmmary applics only al the location nid time of ] -] B2E Eb
£ g the exploration. Subisurface conditlons may differ at othier lncalions aondl may 8 » o g g g
'g =3 change at this tocation with the passage of e, The data presented 15 3 £ g § .g s =
8 “5 slmpilficst model of the acinal condltlons enconnteved. = S, 'E'B ;
i (7 CILAY wiSils; shightly moist, light brown
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Log No. M -7

Dale of Drfiling: 09719402 Luocntiont Ground Surface Eievatlon (ft):
Drillers Convense Borchole Dinmeter: Equipment: Air Rolary

Logped By: AMK Groundwater Dupth (R): Driving Wi and Drop:
SUMMARY OF SUBSURFACE CONDITIONS

ot Tils lage is pavt of the report prepared by Canverse for this rajeet and should . E g L
= 3 be reast with the report, This symmary applics only at the locatlon aad inie of £ -2 £ E o
e .EU the exploration. Subsurface conditlons mny difter at ather locations ancl may S > 8 g g
"E_ =3 chinge at this Jocation with the passage of tine, The data presented Is o 2 Qs .E £ -
S g simplificd model of the actunl condltlons encountered. § E 3 3 ;
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l.og No. MW-7

Date of Driiting: 0919/02 Lacation: Ground Suyface Elevation (f1):

Prillers Converse Borehole Dinmeter: Eqgulpment: Air Rotary
Lagged By: AMK Gronmmhwater Deplh (R): Driving W1 and Drop?
SUMMARY OF SUBSURFACE CONDITIONS
o Thls fogg Is pard of the vepost prepared by Converse for thls prafect and shouid - E g o
- ] be read with the report, This summary applies only at the location and time of g < CREEH E Bt
& _‘é the exploration. Subsurface coudliions may Alffer at other lncations anil nay S >l § g, g
":::1 ] change a1 1hls locntlon with the passnge of time. The datn presentedd is a = Q3 _g & s
I3 ‘3 slmplified model of the actual contitlons ciconnteved. g E g é' 8 2
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og No. MW-8

Gronud Surface Elevnilon (f1):

Date of Ddiling: 0V19/02  J.ocation:
Bquipment: Air Rotmy

Drilter: Converse Borchale Dinmeter:
Logged By: AMK Graundwatcor Depth (f1): Dslving Wi and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
o ‘This tog is part of the report prepaved by Converse for thls profeet and shoukd - E 5 g‘ .
= i be read with the report. ‘This smmnary applles ouly al the lueation and time of g . ££ 8¢
£=3 j:".‘ the exploration. Subsurface conditlons may differ o other lncatlons and may S Lo g g g
'g_ a change at this lacation with thie passage of thine, ‘The data presented is o 3 Q3 55 =
3 g slmplificd moddd af the actual conditions encountered. & E g :'- 3 ;
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Log No. MW-8

Mate of Drilling: 09/19/02 f.ocatlon: Graund Surtace ¥icvation (f1):

Dilller: Conveise Bovehole Diameter: Equipmeniz Air Rojwy
Logged By: AMK sroundwater Depth (1) Driving Wi, and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
3 This log is part of the report prepared by Converse for this projeei and should - E_ g 2_-:"
—_ 5 be read with the report. This summary appiics ealy at the taeation nnd time off 5 PR B e h
& £ the expioration, Subsurface conditions may differ nt other joentions and may 8 w o) 8 ,5 g
g a, change at this loention with the passage of thne. The data presenled isa Py 4 B E s -
& s shimplificd mocl of the actual conditlens encountered. g 2 & :;.8 ;
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Log o. MW-9

Date of Prilling: OVi02 J.ocatlon: Ground Snrface Elevation (ft):
Drilier: Converse Borchoie Dinmeter: Equipment: Air Rotary
Logped fly: AMK Gronndwater Depth (11): Briving Wi and Drojy:

SUMMARY OF SUBSURFACE CONDITIONS

This log ix part of the repart prepared by Cavverse for this project and shoudd
be road with the veport. Thils summary applies only at the jocatlon and tlme of
the exploration. Subsurface condltions may differ at other Jocations and may
change at this location wiih the passage of llme. The lala presented Isn
simpilficd model of thie actanl condlilons enconntered.
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Log No. MW-9

Date of Drilllng: 0919402 Lacatlons Ground Surface Elevatlon {It):
Driller: Converse Borchele Diameter: Equipments Air Rolary
Logged By: AMK Groundwater Depth (R): Driving Wt and Draps
SUMMARY OF SUBSURFACE CONDITIONS
o ‘This fog s part of the repost prepaved by Converse for this project nnd should E 5 e
—_~ ] be vead with the veport, Uhis smnmary applics only at the Tocallon aml time of E ) & £ E Eo
LA £ the exploration, Sabsurface condltions may differ at ot hier locatlons amid mny ] PE-A 5 g
',5,, a ehonge al this location witi the passage of e, The data presented ls a 2 g =] (4 < =
8 G simplificd model of the actunl condltions enconnteral. i = g 23 ;
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Log No. MW-9

Date of Drifling: 09/19/02 1.ocatlon: Gromd Surface Eievatlon (ft):
Drillers Converse Borchole Dlamcter: Equipment: Air Rotary
lLoggen By: AMK Groundwater Bepth (R): Wriving Wt and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
sn ‘This log is part of the report prepared by Converse for this project and should El e B
- . O = e
- 3 be vend with the veport. This ssunmary applies unly at the Jocation and thne of [ < £ .8 gt
e 1 the exploratlon. Subsurface condliluns may differ at other lacations and may 3 DR (% g
£ -3 change a1 this focatlon with the passage of time, The data presented Is P4 o3 g% =
g £ impitited model ar' the aclual combitions enconntered 2 83 X o
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Log No. MW-10

Date of Drilling: 09/20/02 Location: Ground Surface Elevalion (ft):
Driller: Converse Borchole Diameter: Equipment: Air Rotary
Logged By: AMK Groundwater Depth (ft): Driving W(. and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
op This log is part of the report prepared by Converse for this project and should - E g f=_° -
= 3 be read with the report. This summary applies only at the location and time of e «2| £S5 &b
& E the exploration. Subsurface conditions may differ at other locations and may S E § ‘@‘ g
"E‘ o change at this location with the passage of time, The data presented is a = Q5 £E =
A 6 simplificd model of the actnal conditions encountered. ’53 E g ﬂ? 8 ;;
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Log No. MW-10

Date of Drilling: 09/20/02 Location: Ground Surface Elevation (ft):
Driller: Converse Borchole Diameter: Eqguipment: Air Rotary
Logged By: AMK Groundwater Depth (ft): Driving Wt. and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
an This log is part of the report prepared by Converse for this project and should - E H _?:_’ -
= = be read with the report. This summary applies only at the location and time of g < CREE- R
< § the exploration. Subsurface conditions may differ at other locatlons and may S > g ;g g
‘g. S change at this location with the passage of time. The data presented Is a ¥ g 515 E =
2 G simplificd moddl of the actual conditions encountered. g ] g 5' 8 ;
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LogNo. M -11

Dale of i liting: U920/02 Locatlon: Ground) Sus face Elevatlon (i)
Deiller: Converse Norchole Diameter: Equipmeni: Ais Rotumy
f.ogged By: AMK Groundwaler Depth (1) Driving Wi. and Drap:
SUMMARY OF SUBSURFACE CONDITIONS
& ‘This Jag Is part of 1he repor] prepaved by Converse for this project and should - B o _‘_é_" .
—_ 3 be 1end with the repord. ‘This summary applics only al the jocation and time of g - g 2 & ob
& -‘é‘ the exploration, Subsurface conditlons may differ at other locatlons mul may 6 > § g g
'g a change at this Jocatlon with the passage of time. The data presented isa Py g § 55 Py
a g simplificd motled of the netual conditions encountered. 5—‘; Be 23 ;’
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DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE PCE SITE

APPENDIX B

Summary of Remedial Action Alternatives Costs for Groundwater
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