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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 primary purpose of the Corrective Action Plan (CAP) is to establish a process, schedule and criteria
by which a remedy for shallow groundwater will be evaluated and proposed for selection. The overall
process is consistent with the National Oil and Hazardous Substances Contingency Plan (NCP). A
secondary purpose of the CAP is to propose additional data collection, analysis and reporting needed to
complete remedy selection and start design. Therefore, 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.

Further, the CAP is intended to ensure that appropriate corrective action alternatives are developed and
an appropriate corrective action is selected.

A Human Health Risk Assessment (HHRA) predicting and quantifying risk to human health will be
presented in the Corrective Action Report scheduled to be completed after additional data is obtained
from (1) subsequent bench-scale tests and pilot studies recommended in this draft CAP, and (2) indoor air
and PCE plume delineation data are obtained and compiled as prescribed in the Final Work Plan for
Mitigation of Indoor Air and Well Water (Tetra Tech pending).

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 the HHRA and when a final corrective action is selected in a Proposed Plan
and record of decision (ROD).

Preliminary CAOs, consistent with NAC and Adopted Regulation R189-08, are:

1. Protect human health by reducing inhalation exposure to PCE and daughter products emanating
from groundwater containing PCE concentrations above the remediation standard.

2. 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
(ug/L), the maximum contaminant level (MCL) promulgated under the Safe Drinking Water Act. The
preliminary numerlcal remediation standard for the concentration of PCE in indoor air is the value
equivalent to a 10°® carcinogenic risk level. The Environmental Protection Agency’s (EPA) Region IX
Regional Screening Level (RSL) for residential exposure to indoor air associated with a 10 level of risk is
currently 0.41 microgram per cubic meter (ug/m®), but subject to change.
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Although CAOs apply to the overall corrective action, immediate intervention to address health risk
concerns in the residential area is a priority and relevant objective of the corrective action. For this
reason, an interim corrective action is planned that will focus on the interruption of PCE migration and on
remediation of groundwater beneath the downgradient residential area and the area of higher
concentrations on the west side of the Boulevard Mall. Thus, “farget areas” for the interim corrective
action have been identified as the area east of the Boulevard Mall immediately upgradient of the
residential area and along the east and west sides of the Boulevard Mall west parking garage.

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 all 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 Target Areas, Institutional Controls (IC),
Subslab Depressurization (SSD) Systems, and Long-Term Monitoring (LTM)

e Alternative 2B - In Situ Chemical Oxidation of the Entire Plume, ICs, SSD Systems, and LTM

e Alternative 3 - Permeable Reactive Barrier (PRB) Upgradient of the Residential Area, ICs,
SSD Systems, and LTM

e Alternative 4 - Sparge Curtain Upgradient of the Residential Area, ICs, SSD Systems, and
LTM

e Alternative 5 - Groundwater Extraction and Treatment, ICs, SSD Systems, and LTM

e Alternative 6 - In Situ Enhanced Bioremediation of Target Areas, ICs, SSD Systems, and
LTM.

All of these alternatives incorporate ICs and SSD systems as well as LTM to monitor decreasing PCE
concentrations due to plume attenuation following implementation of the primary technology for
remediation of groundwater. Based on the NCP criteria, the most promising technologies include in-situ
chemical oxidation and the sparge curtain. Given the concentrations of PCE in groundwater at the site
and the subsurface conditions (in particular the heterogeneity of the subsurface), an integrated approach
to remediation or a combination of general response actions may be required. If in-situ chemical oxidation
or a sparge curtain is proven insufficient during testing, corrective actions integrating extraction and
treatment will be further evaluated. If extraction and treatment options fail, more challenging technologic
applications such as a zero-valent iron (ZVI) PRB, and/or enhanced bioremediation will be reconsidered;
however, given Site conditions, these technologies may have limited applicability. Until a better
understanding of the field conditions and characteristics in the remediation target areas can be
determined through aquifer, 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 selection and design of the
corrective action (A Work Plan For Bench And Pifot Tests is included as Appendix C providing details on
the testing required and information to be gained):

e Aquifer testing including constant rate pumping tests, step-drawdown pumping tests and
downhole resistivity testing will be conducted in the target area. Aquifer characteristics such as
hydraulic conductivity, transmissivity, and ion and mineral chemistry, is required to profile
relevant subsurface features within the target areas. This data will support design of in situ
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chemical oxidation, sparging, and extraction and treatment systems, as well as influence
considerations associated with other treatment techniques.

Vertical delineation using FloVision® and downhole resistivity surveys in conjunction with
previously collected passive bag diffusion sampling results will be used to evaluate contaminant
mass migration through the subsurface in the target areas. This data will support design of in situ
chemical oxidation, sparging, and extraction and treatment systems, as well as influence
considerations associated with other treatment techniques.

A bench scale test will be conducted to assess the in situ efficacy of the chemical oxidant, sodium
persulfate, and determine soil oxidant demand, optimum activator, and metals mobility. If
effective, a subsequent pilot test for chemical oxidant injection will be conducted.

Pilot testing for in situ chemical oxidation with sodium persulfate, air sparging with soil vapor
extraction, and ozone sparging with hydrogen peroxide will also be conducted to determine
effectiveness and design parameters, including ROI, migration pathways, relative dosing
requirements, mass removal rates and rate-of-reaction.

Soil properties have not been well characterized for the target areas. Data are required for soil
properties such as moisture content, porosity, grain size, horizontal and vertical permeability and
contaminant distribution data; this data will be useful during well installation for aquifer testing
and other pilot testing.
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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). The historical release of PCE
was initially reported to the Nevada Division of Environmental Protection (NDEP) in a spill report dated
November 29, 2000, by Converse Consultants (Converse) based on a groundwater sample collected
during an Environmental Site Assessment at the Property. 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: a discussion of the need for aquifer testing, vertical delineation, and bench and pilot-scale
testing to further assess the corrective action alternatives and a proposed schedule.

The primary purpose of the Corrective Action Plan (CAP) is to establish a process, schedule and criteria
by which a remedy for shallow groundwater will be evaluated and proposed for selection. The overall
process is consistent with the National Oil and Hazardous Substances Contingency Plan (NCP). A
secondary purpose of the CAP is to propose additional data collection, analysis and reporting needed to
complete remedy selection and start design. Therefore, 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. Identify 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
corrective action 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 corrective action system implementation.

In conjunction with this effort, a draft Work Plan for the Mitigation of Indoor Air and Well Water (IA/WW
Work Plan) has been submitted to NDEP (Tetra Tech 2011b). When finalized, this work plan is intended
to:

e develop and document strategies and protocols for routine sampling of indoor air in homes
overlying groundwater exhibiting PCE concentrations at or above 100 micrograms per liter (pg/L);
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e establish a program for the design, installation, and optimization of subslab depressurization
systems as needed in response to current or future site conditions;

o delineate the PCE groundwater plume in the downgradient (eastern) direction to a concentration
of 5 ug/L; and,

e identify domestic wells within the described plume boundaries and define and execute
appropriate action to ensure PCE and associated degradation products are not exceeded in
water supply wells.

The work described in the IA/WW Work Plan is to be performed concurrent with the tasks and activities
prescribed in the Groundwater CAP, and it is expected that data collected for the two plans will be
mutually considered, where relevant or appropriate, for the benefit of the overall remediation.

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
a golf course. Several golf course irrigation wells are located in the downgradient area of the PCE plume
at distances ranging from approximately 3,500 to 5,600 ft east of the former APTC location. An
investigation is planned for the summer of 2011 to delineate the downgradient extent of the plume to 5
pg/L PCE (Tetra Tech, pending).

1.2.1 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.

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 data for samples of soil and groundwater identify the former APTC facility as a 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 a golf course. Several golf course irrigation wells are located in the
downgradient area of the PCE plume at distances ranging from approximately 3,500 to 5,100 ft east of the
former APTC location. An investigation is planned for the summer of 2011 to delineate the downgradient
extent of the plume to 5 pg/L PCE, that will be outlined in a Final Work Plan for Mitigation of Indoor Air and
Well Water IA/\WW Work Plan) (Tetra Tech pending).




CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

1.2.1 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. 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 Property was owned by the Maryland Square Shopping Center, LLC
until the Clark County School District (CCSD) purchased the Property in 2002. During a Phase |l
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 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.

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.
Water for the residences is provided by the Las Vegas Valley Water District and comes primarily from
Lake Mead, although some water (approximately 10 percent) is supplied from deep groundwater wells
located in the northern portion of Las Vegas. There may be homes and acreage properties east of
Eastern Avenue which have, or have had, domestic wells. An investigation is planned for the summer of
2011 to delineate the downgradient extent of the plume to 5 pg/L PCE, and identify any domestic water
supply wells that exist within the 5 pg/L contour of the PCE plume as detailed in the IA/'WW Work Plan
(Tetra Tec, pending).

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 three deep water wells (PW-1, PW-2 and PW-3) located on the
property for irrigation (Figure 3). According to golf course management, more than 8 million gallons of
fresh water are pumped from well PW-1 per week in the summer months. The golf course management
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has sampled Well PW-1 and has detected PCE at concentrations ranging from 130 pg/L in 2002 to 4.9
pg/L in 2006; the PCE detections were reported to NDEP in a letter dated May 12, 2004. NDEP wrote a
letter to DCI Management Group Ltd., the owner of APTC on February 27, 2007, acknowledging their
2004 letter reporting the detection of PCE in the golf course well (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) used by the Golf Course’s environmental consultant. Additional plume delineation will be
performed in the area during summer 2011 as part of the IA/WW Work Plan (Tetra Tech pending)

1.2.3 Previous Investigations

A series of environmental investigations have been conducted across the Site since 2000 to assess PCE
migration. PCE contamination in soil has only been found in investigations at the Property. The extent of
PCE in soil at the former APTC facility was investigated and reported in 2005 and 2007 (URS 2005; URS
2007b). Several investigations have also been conducted to assess PCE in groundwater at and
downgradient of APTC. In addition, a study of PCE vapors in soil gas was conducted at Boulevard Mall
and in the residential neighborhood (URS 2007d). 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.
Table 1-1 shows a summary of the information collected in previous investigations. 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 Report-4" 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, 2006.

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

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

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

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

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

Converse. Groundwater Monitoring Report - 1°° quarter 2009. April 15, 2009.

Converse. Groundwater Monitoring Report - 2" quarter 2009. July 21, 2009.

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

TRC. Grounadwater Monitoring Well Investigation, Sampling and Capping. December 9, 2009.

Converse. Groundwater Monitoring Report - 4" quarter 2009. Janua ry 13, 2010.
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e Converse. Groundwater Monitoring Report - 1 quarter 2010. April 14, 2010.

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

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

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

e Tetra Tech. Quarterly Groundwater Monitoring Report 1°* Quarter 2011, April 20, 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 describes 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 vagor samples ranged from below the analytical reporting limit to
170,000 micrograms per cubic meter (-g/m”).

TABLE 1-1
SUMMARY OF EXISTING DATA

Data Type Parameters/Number of Locations Frequency / Study

Chlorinated Volatile

Organic Compounds

Method 8260B analytical data for groundwater
samples from 32 wells (assuming MW-4 out of

Annual to quarterly data

(CVOCs) in service; MW-11 sampled annually)
Groundwater
CVOCs in Soil 77 samples from 29 borings in source area Converse, 2003; URS, 2007

Field Parameters

Dissolved oxygen (DO), oxidation-reduction
potential (ORP), temperature, pH, conductivity,
total dissolved solids (TDS), turbidity, water
level at 32 wells

Annual to quarterly data, 160 or
more samples

Inorganic Total iron, dissolved manganese, chloride, Irregular, 32 or more samples
parameters nitrate (NO3 as Nitrogen), sulfate (SO4),

alkalinity
Bacterial Dehalococcoides (DHC) bacteria, two wells URS, 2005

(MW-12, MW-13)

Geotechnical

Soil moisture, grain-size distribution, bulk
density, porosity

Converse, 2004; URS, 2007d

Aquifer tests Slug tests 6 wells; Converse, 2004
Tracer tests None

Total Organic 32 wells Irregular, 32 or more samples
Carbon

Ambient Air 1 sample, summa canister with TO-15 BAI, March 2010

Soil Gas 32 samples from 16 borings URS, 2007

Indoor Air 97 homes, 2 schools, summa canister with TO- Two phases, plus additional

15

indoor hair for mitigated homes
(subslab depressurization
systems installed)

Source: NDEP 2011. Draft Corrective Action Plan for Groundwater, Maryland Square Shopping Center. Letter
and attachments to Mr. Irwin Kishner and Mr. Tim Swickard. April 26
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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).

21 Regional Hydrogeology

The Valley lies within the Basin and Range Province of the northern Mojave Desert, and is a structural
basin filled with 3,000 to 15,000 ft of sediments (Langenheim and others 1998). Groundwater generally
flows southeast from recharge areas in the Spring Mountains in the west and the Sheep Range in the
north, toward the Las Vegas Wash and Lake Mead (Figure 4) (Leising 2004).

In the western portion of the basin, alluvial fan deposits consist of coarse-grained sand and gravel. In the
lowland central and eastern portion of the basin, coarser-grained sediments interfinger with finer-grained
lacustrine and playa deposits (Plume 1989, Leising 2004). In the east central area of the Valley, which
includes the Site, coarser-grained deposits interfinger with layers and lenses of sandy silt, silty sand,
clayey sand, sandy clay, and caliche (Plume 1989, Leising 2004). Coarser-grained deposits generally
serve as aquifers, whereas silts, clays, and caliche may act as confining layers (Zikmund 1996).

The hydrostratigraphic units of the Valley are presented here as defined by Leising (2004) and illustrated
on Figures 5 and 6. The upper unit consisting of a heterogeneous package of sand, silt, and clay
sediments in the central and eastern areas of the Valley is termed the Las Vegas Wash Aquitard. Based
on well logs on file with Nevada Division of Water Resources (NDWR), this unit may be 100 ft thick in the
area of the Site. The Maryland Square PCE plume lies within the Las Vegas Wash Aquitard, but has
been studied only within the upper 30 to 50 ft across the Site.

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 (i.e., the Las Vegas Wash Aquitard) 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).

2.2 Site Geology
The geology of the Site consists of interbedded layers and lenses of sand, sandy silt, sandy clay, and silty

clay, along with discontinuous zones of caliche and gravel scattered throughout. Lithologic data are
available for borehole logs from 33 monitoring wells installed at the Site between 2000 and 2008. The
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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 characterization of source
area soils (URS 2007b), and from borings installed for active soil-gas sampling in and adjacent to the
residential neighborhood (URS 2007d). The depths for monitoring wells at the Site range between 20 to
50 ft, although most wells are completed at depths between 30 and 35 ft.

Cross sections show that sediments along Algonquin Drive consist of gravelly sand and grade into silt with
depth to the east (URS, 2007d). Within the neighborhood, groundwater is hosted in predominantly silty
and clayey layers, with the amount of clay increasing in the eastern portion (Figure 8). Lower permeability
clays and silts (silty clay, sandy clay, clayey silt, and sandy silt) dominate the saturated zone of the
shallow groundwater system across most of the Site; however, the upper few feet of this zone consists of
sands and silty sands in the source area and extending eastward across the Boulevard Mall property, and
into the western portion of the neighborhood. This mainly sandy zone may represent portions of a
paleochannel within the alluvial deposits.

Borehole logs for irrigation wells PW-1 (DWR #5675) and PW-2 (DWR #16296) at the Las Vegas National
Golf Course are driller's logs, and, therefore, fairly generalized. The lithology in PW-1 is described as
mainly clay/shale deposits (reddish color) with some sand and gravel “streaks” from 0 to 706 ft, and the
main water-bearing gravel layer from 706 to 746 ft bgs. The well seal extends from the ground surface to
130 ft, with a screened interval from about 500 to 746 ft. The lithologic description for PW-2 notes a
greater occurrence of caliche zones throughout much of the boring (total depth of 620 ft), but in particular
above about 250 ft depth. Red clay and sandstone are listed as the dominant lithologies on the driller's
borelog, along with a screened interval from 220 to 620 ft.

23 Hydraulic Properties of the Shallow Groundwater System

Depth to groundwater generally ranges between 9 to 28 ft bgs across the Site, but varies annually in each
well. 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 9) (Tetra Tech 2010a). Historical groundwater elevations
indicate the water table has fluctuated by several feet over the monitoring period from 2000 to 2011, as
illustrated on Figure 10. Data for wells adjacent to the golf course show seasonal fluctuations in water
levels of approximately six feet (Figure 10). However, it is unclear whether these fluctuations represent
drawdown or mounding or some degree of both.

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) show hydraulic characteristics of the shallow groundwater system in the
downtown area (near the intersection of U.S. 95 and Interstate 15), approximately 3 miles north-northwest
from the former APTC site:




CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

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)

Groundwater likely exhibits a range of flow velocities within the generally unconsolidated and
heterogeneous geologic deposits that host the shallow groundwater at the Site. Higher rates of flow occur
through the coarser grained layers (sands and gravels) and lower rates of flow through the finer grained
layers (silty sands, silts, and clays). Data from two wells, USGS 43 and USGS 5 (Leising 2004) indicate
that shallow groundwater northwest and southeast of the Site may best be characterized as a calcium-
magnesium sulfate water, as discussed below in Section 2.4.

24 Geochemistry of the Shallow Groundwater System.

Groundwater in the Las Vegas Wash Aquitard is generally brackish and non-potable. Water quality in the
Las Vegas Wash Aquitard generally degrades in an easterly, downgradient direction with increasing
concentrations of TDS, sulfate, and sodium. The salinity of shallow groundwater is the result of
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 also be found in the
shallow groundwater (Leising 2004).

Groundwater samples collected from 12 wells were analyzed for concentrations of major anions (i.e.,
nitrate, sulfate, chloride, bicarbonate alkalinity), total iron, dissolved manganese, total organic carbon, and
dissolved oxygen (URS 2008a). Results generally agree with the regional geochemical characterization
provided by Leising (2004). Sulfate is the dominant anion and ranged from 1,500 to 3,700 milligram per
liter (mg/L) (URS 2008), with lesser concentrations of bicarbonate and chloride. Nitrate generally ranges
from 4.5 to 23.9 mg/L in the shallow groundwater (URS 2008a), 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, with one outlier of 24 mg/L in a data set of 49 samples (URS 2008a).

Field parameters (pH, temperature, specific conductance, turbidity, dissolved oxygen, and oxidation-
reduction potential [ORP]) are routinely measured during quarterly groundwater monitoring. The
concentrations of total dissolved solids (TDS) range from 900 to 4,300 mg/L in monitoring wells installed
across the Site. URS (2008a) 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 Nephelometric 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 and selected summary statistics for
the field parameters are presented in Table 2-1.
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TABLE 2-1
STATISTICAL SUMMARY OF FIELD PARAMETERS
pH | Temp SC Turbidity DO TDS ORP
°C mS/cm ntu mg/L g/L mV

Arithmetic Mean 6.66 | 245 4.03 153 4.11 25 188
Standard Deviation 047 | 1.95 4.33 211 2.08 0.51 166
Median 6.8 | 24.45 3.68 37 4.12 24 170
Minimum 4.67 | 18.8 1.32 0 0.54 0.9 -321
Maximum 741 | 325 69.4 999 9.84 4.3 634
Count (n) 217 | 240 240 166 225 200 223
gc())t?%issolved oxygen g/L - gram per liter mg/L - milligram per liter
mS/cm - microSiemen per centimeter mV - millivolts ntu - Nephelometric Turbidity Units
ORP -oxidation-reduction potential SC - specific conductance TDS - total dissolved solids

Temp - Temperature

Source: NDEP 2011. Draft Corrective Action Plan for Groundwater, Maryland Square Shopping Center. Letter and
attachments to Mr. Irwin Kishner and Mr. Tim Swickard. April 26

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,
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.

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 isolated areas where reducing conditions may persist. However, these wells
contain non-detect to low concentrations of contaminants as measured in 4" quarter 2010 (Tetra Tech
2011a). Several additional well locations typically exhibit relatively low ORP values, in the range of 50 to
210 mV, therefore, it may be possible to use additives such as EHC® (a controlled-release, integrated
carbon and soluble iron product) to achieve remediation at localized areas of the Site. However, the
highly oxidizing conditions across most of the site do not favor enhanced biotreatment or reductive
dechlorination for remediation of PCE. To confirm the efficacy or viability of this treatment technology for
limited applications, 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, soil gas, and indoor air
relevant to the objectives of this CAP.

3.1 Shallow Groundwater

The investigation of groundwater began in August 2000, with a limited Phase Il Environmental Site
Assessment of the Property (Converse, 2000a). Following the discovery of PCE in groundwater at the
Property, an offsite investigation began to delineate the extent of the PCE plume, with the installation of
five wells downgradient of the property (Converse, 2000b). Since that time, additional wells have been
installed in a phased approach to further define the plume. Regularly scheduled monitoring of
groundwater has been conducted across the Site since May 2005. Currently, 33 monitoring wells are
installed at the Site, 32 of which are part of the monitoring program (Figure 3). Eleven wells in the
residential area of the plume are sampled quarterly. Eleven wells in the area of the former APTC facility,
the Boulevard Mall, and the southwestern residential area are sampled semi-annually. All 32 wells in the
program are sampled during the 4" quarter monitoring event, and water-level measurements are collected
quarterly from all 32 wells.

The PCE plume extends at least 4,000 ft east from the APTC source to the east side of the National Golf
Course (Figure 3) and will be fully delineated as part of the IA/'WW Work Plan (Tetra Tech pending).
Approximately 700 feet east of Algonquin Drive, the width of the PCE plume increases, with expansion
observed along the northern edge of the plume.(Figure 3). The width of the plume is estimated to be
approximately 1,100 ft near Spencer Street. Determining the downgradient extent of the plume is the
subject of the IA/WW Work Plan (Tetra Tech, pending).

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 flow. 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 g/L in 1990.

The plume migration initially would have been through the fine sands and gravels as a preferential
flowpath because of the higher hydraulic conductivity. 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.

v = K*(dh/dl)/n*t
v = 15 ft/day * (0.013 ft/ft)/.3 * 365 days/yr
v =237.25 ftlyr

R¢ = (velocity of water)/(velocity of contaminant)
R¢=237/130=1.8
R¢=237/100=2.4

The analytical data 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 g/L; maximum cis-1,2-DCE of 23 -g/L).

10



CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

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 12), at six locations in the
eastern parking lot of the Boulevard Mall property, and at four locations along Ottawa Drive at Algonquin
Drive (Figure 13). 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 concentration of PCE found in soil gas within the residential neighborhood was in a sample
collected along Spencer Street. This sample collected from 5 feet bgs at location SVB-03 contained
46,000 micrograms per cubic meter (ug/m ) (Figure 12). 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 13). 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, thereby invalidating the results for
these four samples.

3.3 Indoor Air

The NDEP conducted neighborhood sampling events between fall 2007 and winter 2007-2008. Between
September 2007 and March 2008, the NDEP collected indoor air samples from 97 homes and two
schools (Broadbent & Associates [BAI] 2008). Samples were collected in 6-liter Summa canisters over a
24-hour sampling period and then shipped to the laboratory for analyses of PCE, TCE and vinyl chloride
using USEPA Analytical Method TO-15 GC/MS. Samples from fifteen of the homes contained
concentrations of PCE that exceeded the NDEP’s interim action level of 32 ug/m for PCE in residential air
(BAI 2010). The data for the indoor air samples and the BAI reports are being kept confidential by NDEP
in order to respect the privacy of the homeowners. The data is available to attorneys (and their
consultants) upon signing a confidentiality agreement.

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 pg/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 (BAI 2010).

11
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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 junction of the
Property’s line to the city sewer lines.

Site data from 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) (URS 2005 and 2007b). A total of 77 soil samples from 29 soil borings
delineate the extent of PCE in unsaturated soils beneath the former APTC facility (Converse, 2002, URS,
2007b). Soil sample results indicate that PCE-laden water 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.

In 2002, an additional investigation of PCE distribution in soil and groundwater provided analytical data for
source area soils and groundwater (Converse, 2002). Groundwater samples collected from 12 monitoring
wells showed that PCE had migrated due east from the source area, not southeast as originally thought:
PCE was not detected in groundwater samples from wells MW-10 and MW-11 (Converse, 2002).

PCE concentrations up to 3,500 pg/L were detected in source area groundwater (see results for May 2005
sample from MW-1 (URS 2006a). As of 2010, PCE in groundwater in the source area had decreased to
concentrations of 430 pg/L (MW-1) or less (MW-7, MW-8, MW-9, MW-12, MW-17) (Tetra Tech 2011a).

Extent of the PCE Plume in Shallow Groundwater

By mid-2005, a total of 25 wells had been installed in the APTC source area, the western and eastern
parking lots at the Boulevard Mall, and into the residential neighborhood to evaluate the extent of PCE in
shallow groundwater. The dissolved-phase PCE plume was found to have dispersed laterally (north-
south) to a width of 300 ft at the eastern edge of the Property, and to a width of approximately 600 ft on
the Mall just east of the western parking garage and in the eastern parking lot. (Converse, 2001, 2003a,
2004 and URS 2005). The URS 2005 report demonstrated that the PCE plume extended beneath the
residential neighborhood, with concentrations of PCE exceeding 1,600 ug/L.

Subsequent investigations (URS 2006a, 2007f, and 2008b) established the extent of the plume to the
middle of the National Golf Course (Figure 3). The width of the plume is estimated to be approximately
800 feet along Spencer Street approximately 3,000 ft from the APTC source. The downgradient extent of
the plume to 5 pg/L will be delineated under work proposed in the IA/WW Work Plan (Tetra Tech
pending). 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 pg/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.

12



CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

Deep Groundwater

The golf course operates three irrigation wells, PW-1, PW-2 and PW-3. The golf course management has
sampled well PW-1 and has detected PCE at concentrations ranging from 130 pg/L in 2002 to 4.9 pg/L in
2006; the PCE detections were reported to NDEP in a letter dated May 12, 2004. NDEP wrote a letter to
DCI Management Group Ltd., the owner of APTC on February 27, 2007 informing them that their 2004
letter reporting a detection of PCE in golf course well PW-1 had been inadvertently filed in the case file for
a different golf course, and this had delayed the NDEP’s response (NDEP 2007).

Well 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. Investigation of the golf course well and
the interaction of shallow and deep groundwater are proposed in the IA/WW Work Plan (Tetra Tech
pending).

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 approximately 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.

Interbedded sands and silty to sandy gravels likely provide a preferential flow path that has allowed
migration of the plume at a rate faster than the “average” flow rate for the aquitard. These sands and silty
to sandy gravels 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.

As previously discussed, the aquitard at the Site is a heterogeneous package of alluvial deposits,
consisting of interbedded layers and lenses of clay, silt, sand, and gravel (e.g., silty clay, sandy clay, silty
sand, clayey sand, and sandy gravel). PCE in silt and clay beds and lenses may be retained and act as a
secondary source as the more transmissive zones are cleaned up more quickly. In other words, rebound
of PCE into groundwater may occur from the diffusion of PCE that is retained in these finer grained
sediments, after the application of corrective action treatment technologies.

Biodegradation and Treatment of PCE

Biodegradation of PCE occurs under anaerobic (i.e., reducing) conditions. 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¢/s-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. However, MW-10 has a low to below the analytical reporting limit concentration of PCE. Two
groundwater samples were analyzed to ascertain the population of DHC bacteria; however, DHC bacteria
were not found at measurable quantities (URS, 2005). Aerobic conditions inhibit the growth of DHC
bacteria, so the results are consistent with the lack of reducing conditions in the shallow groundwater
system. Sulfate is present in the groundwater at relatively high concentrations (1,500 to 3,700 mg/L, URS
2008c), so artificially inducing reducing conditions would require infusion of many moles of electron
donors, which likely would produce high concentrations of sulfide, which inhibits the growth of DHC
bacteria. Therefore, inducing reducing conditions by injecting only electron donors (such as HRC®) is not
likely to be effective. However, induced reductive dehalogenation using a product such as EHC® may be
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possible where PCE occurs in areas that have low or negative ORP readings (i.e. in limited areas of the
Site). 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. As of the date of
this report, ORP measured within the PCE plume indicates oxidizing conditions that would inhibit the
growth of DHC bacteria.

14



CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE PCE SITE

5.0 HUMAN HEALTH RISK ASSESSMENT

A screening level risk evaluation (SRE) was completed by the NDEP (NDEP 2008); mitigation measures
taken at the residences were based on this SRE and an identified indoor air interim remediation standard
of 32 ug/m3 risk level of corresponding t0o10®. The HHRA will be developed with existing historical data
and data collected in the upcoming sampling events for groundwater, indoor air and well water (Tetra
Tech pending). The HHRA will be utilized to evaluate final remedies and be presented in the Corrective
Action Report.
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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.

The following preliminary CAOs address potential risks to human health and the environment, and are
consistent with NAC and Adopted Regulation R189-08:

1. Protect human health by reducing inhalation exposure to PCE and daughter products emanating
from groundwater containing PCE concentrations above the remediation standard.

2. 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.

Although CAOs apply to the overall corrective action, immediate intervention to relieve health risk
concerns in the residential area is a priority and relevant objective of the corrective action. For this
reason, preliminary corrective actions will focus on the interruption of PCE migration and remediation of
groundwater quality beneath the downgradient residential area and the area of higher concentrations on
the west side of the Boulevard Mall. These preliminary “farget areas”for remediation are defined as the
area east of the Boulevard Mall, immediately upgradient of the residential area, and along the east and
west sides of the Boulevard Mall west parking garage.

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
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Proposed [and adopted] Regulation R189-08, issued by the NDEP Bureau of Corrective Actions,
prescribes the criteria required to conclude corrective action 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 2011a). 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
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 concentration protectlve of residential receptor exposure
to PCE in indoor air corresponding to a cancer risk level of 10, A risk-based concentratlon of PCE in
indoor air that is not expected to cause an increased incidence of cancer greater than 10°® is considered
protective for long-term exposure. This value is also considered the point-of-departure dictating corrective
action, and is established by the EPA Region IX Regional Screenlng Level (RSL) for residential exposure.
Currently, the RSL for residential indoor air is 0.41 ug/m however, this value is subject to update and
revision biennially.

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 Iaboratory PQL for PCE in indoor air varies by laboratory and
analytical method but can be as low as 0.03 pg/m using the Environmental Protection Agency Method
(EPA) Method Toxic Organic-15 (TO-15) for the determination of volatile organic compounds in ambient
air and employing quadrapole mass spectrometry for select ion monitoring (SIM) TO-15 analyses
employing Iess sophisticated detection methods commonly achieve PQLs of 0.3 pg/m® (TO-15 low level)
or 1.4 ug/m® (standard TO-15). Laboratory PQLs are low enough to detect PCE concentrations in indoor
air of associated with a risk level of 10°°.

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.

Because commonly available analytlcal methods can accurately detect concentrations below the 10°® risk
level, the RSL associated with the 10° cancer risk level is designated as the preliminary remediation
standard for purposes of designing and implementing corrective action. If the RSL value decreases below
analytical PQLs, the PQL will supersede the RSL as the preliminary remediation standard. In addition,
these preliminary values are expected to be refined after completion of a human health risk assessment,
which will be presented in the Corrective Action Report. Numerical remediation standards will become
final when the corrective action is selected in a Record of Decision.
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7.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES

This section presents GRAs, remedial technologies, and process options 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. However, considerations like safety issues, noise, and
property access, among other factors, limit options in the residential neighborhood. 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 containing concentrations of PCE in excess
of the residential EPA Region IX Residential Regional Screening Level (RSL) of 550 micrograms per
kilogram (pg/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. After soil excavation (to groundwater,
which is found at approximately 18 ft bgs) 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.

7.1 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:

¢ No Action — Required for consideration.
e 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. LTM can be utilized in
conjunction with MNA to monitor decrease in contaminant concentrations due to plume
attenuation.

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

¢ 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 and/or LTM, (5) treatment, and (6) containment. Process options strictly 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, 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, this type of groundwater use cannot be reasonably precluded through ICs or other
administrative or engineering controls. Individual domestic water supply wells are being addressed in the
IA/WW Work Plan (Tetra Tech pending).

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 groundwater wells were not considered. Individual domestic water supply wells are being
addressed in the IA/WW Work Plan (Tetra Tech pending).
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TABLE 7-1
GENERAL RESPONSE ACTIONS AND PROCESS OPTIONS FOR GROUNDWATER ABOVE PRELIMINARY REMEDIATION STANDARD
General Remedial
Response Process Option Description Effectiveness Implementability Cost Comment
. Technology Type
Action
i No actions are taken at the site.
No Action Not a([')\ﬂ\l)c able NA Low Easy Low Retained for comparison purposes.
Deed Restrictions | Deed Restrictions Eﬂ?u'l?ejl?tdugr?dvﬁn Eﬁztrrri](g:]c;r;(s),rtiﬁztii\zgljglrti]rgfggrair Moderate Moderate Low Potentially applicable in conjunction with other GRAs. Residents impacted by vapor intrusion have
Institutional trees?tmen>tl‘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
Subslab Vapor Barrier building’s foundation before construction. Moderate Easy - Moderate Moderate contaminant. May be used in conjunction with subslab depressurization for improved effectiveness
Vapor Barriers
o 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 ; T e Fmm F 8 - ; ;
Raised-Floor System installed between the floors to maintain a negative | Moderate - High Moderate High E)f(‘l;zggvebfuoiil’ dt;rt:IIg!nrgtsjLﬁr;esrtehseufzﬂgt?oi?l)i{eso?‘mzast;?:cltiPeOt Lugeletiwsinialiie. BIe.feke Tujplaiie b
pressure gradient and prevent vapor intrusion. 9 9s; Yy :
Abandon unauthorized wells to prevent exposure ] Location and status of potential residential groundwater wells is being assessed; additional
Wellhead Bl e T e to tetrachloroethene (PCE) in groundwater. e ey L 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:ﬁgg; rt]it:r:')og) g:'rgﬁ;gﬁ; lse?ég?rgr?tggnors Moderate - Potentially applicable. High sulfate concentration in groundwater may reduce effectiveness. May be
. . . Enhanced Bioremediation | Y Ing h h ’ 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
Treatment Air Sparging/Soil Vapor used in conjunction W'th. sail vapor extraction, . 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 9 ’ : :
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 Remedial Process Option Description Effectiveness Implementability Cost Comment
. Technology Type
Action
Cgr?nngﬁafng:d;?sso%zig;e‘ ggstﬁlizlt:;nare iniected Moderate - Potentially applicable. Depends on site geology, which may inhibit adequate dispersion of injected
In Situ Chemical Oxidation | P 9 ) P >N Moderate - High Moderate - Difficult oderate chemicals; multiple injections may be necessary to achieve remediation goals. Could add total
into the contaminated groundwater to oxidize the High dissolved solids (TDS) within the aquifer
contaminants q ’
Chemicals (such as zero-valent iron) are injected . . . . L . . .
. . . : ; : . e Moderate - Potentially applicable. Depends on site geology, which may inhibit adequate dispersion of injected
Treatment In Situ Chemical | In 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.
) reduce the contaminants g ’
(continued) Treatment
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
groundwater passively flows through. formation 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
R " . 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
emova _EX Situ . advanced oxidation processes, air stripping, GAC conductivity; may be difficult to implement; long remedial time frame. TDS may require additional
Containment/ | Physical/Chemical adsorption, ion exchange, or separation treatment prior to discharge.
Treatment Treatment A high vacuum system is used to extract liquid
igh vacuum sy isu X iqui . . . . .
Dual-Phase Extraction and vapor from the subsurface; liquid and vapor Moderate - High Moderate - Difficult | High :Telﬂg:;r ?Set;?;:]envﬁqt?;|g§2ten;)e{]htaanntdo\i:ahﬁgrri;I;Iet?atjmsec;}:;enr?? :glggsp‘lalgable to lght non-aqueous phase
are then separated and treated. q p
Asphalt Egﬁebvewtjhsgjligar:i(r?;/n(:irzaersgs :rf iﬁtt)at:i?r;n:r?gn' Moderate Eae Low - May prevent vapor intrusion into areas that are not developed; will not reduce concentrations in
Phet infiltration P y Moderate groundwater or reduce vapor intrusion into buildings that have already been constructed.
Concrete Place concrete over areas of contamination. Can
Cappin 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
n = R Low - May prevent vapor intrusion into areas that are not developed; will not reduce concentrations in
Compacted Clay & Soil contamination. Can be used to minimize vapor | Moderate Easy Moderate groundwater or reduce vapor intrusion into buildings that have already been constructed.
intrusion and infiltration
Grout Curtain Pressure injection of grout in a regular pattern of . . inati ite: i i i ive i i
T holeé ¢} {¢] p: Moderate Difficult High Contamlnatlon has already moved off.sne, containment technologies would be ineffective in treating
. the entire plume but could be used to isolate the source area.
Vertical Barriers SI Wall T h d f contamination is filled with
urry Wall. rench around area of contamination is filled wi - . inati ite: i i i ive i i
y Moderate 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 corrective action 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 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, LTM may be utilized to monitor
the reduction of contaminant concentrations as the concentrations approach and drop below corrective
action goals. Therefore, LTM 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. Groundwater
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 may 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. A contingency plan to detail precautions that would be taken to ensure the safe application of
chemical oxidant at the Site is warranted.

If injection were to proceed in the residential area, consideration should be given to safety issues and
disruptions to residents. 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 more than 17 ft bgs, preferential pathways via utility corridors are not likely.
It should be noted that groundwater has been measured at less than 9 feet bgs in MW-8, which is located
in the western part of the residential neighborhood in May 2005 (NDEP 2011b). It may be difficult to inject
oxidant in the residential area and achieve an adequate ROI, assuming that injection would only occur in
the public right of ways and that overhead utilities must be avoided. Injection via direct push or a hollow
stem auger drill rig is noisy and can be disruptive to traffic if done in roadways. Given the size of and
concentrations in the plume, multiple injections are likely.
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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

If injection were to proceed in the residential area, consideration should be given to safety issues and
disruptions to residents. 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. It
should be noted that groundwater has been measured at less than 9 feet bgs in MW-8 located in the
western part of the residential neighborhood in May 2005. (NDEP 2011b). It may be difficult to inject in
the residential area and achieve an adequate ROI, assuming that injection would only occur in the public
right of ways and that overhead utilities must be avoided. Injection via direct push or a hollow stem auger
drill rig is noisy and can be disruptive to traffic if done in roadways.

Sparge Curtain

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
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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
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.

Installation and operation of air sparging and/or AS/SVE in the residential area would be challenging. The
design would need to be overly conservative to ensure that vapors were captured and not infiltrating into
homes. Installation would be challenging with wells likely required on both private property and the public
right of way. The installation and operation of the system might be considered a nuisance by residents
due to the presence of work crews, noise, etc.

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,

24



CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

which might inhibit DHC. Therefore, biostimulation through |nJect|on 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
have had some success in high sulfate groundwater. This may be because dissolved sulfide
concentrations are reduced through reaction with dlssolved 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 corrective action approach involve the use of
enhanced bioremediation, bench-scale testing is required to determine the most effective form of
enhancement and/or augmentation.

Containment, Removal and Treatment

Groundwater Extraction and Treatment

Extraction and treatment of groundwater is an ex situ remediation technology whereby groundwater is
removed from the subsurface through a network of extraction wells. Extracted groundwater 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 layers and lenses of sand, sandy silt, sandy clay, and silty
clay, along with discontinuous zones of caliche and gravel scattered throughout. As presented in Section
2.2, the upper few feet of this zone consists of sands and silty sands in the source area and extending
eastward across the Boulevard Mall property, and into the western portion of the neighborhood. This
mainly sandy zone may represent portions of a paleochannel within the alluvial deposits. 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. 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.

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. If TDS must be removed from treated water before surface discharge, disposal, or reinjection,
costs will be high. As with sparging and AS/SVE, installation and operation of a extraction system in the
residential area might be considered a nuisance by residents due to the presence of work crews, noise,
etc. Despite these practical constraints, extraction and treatment may also 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 Target Areas, ICs, SSD Systems, and LTM

e Alternative 2B — In Situ Chemical Treatment of the Entire Plume, ICs, SSD Systems, and
LTM

e Alternative 3 — Permeable Reactive Barrier Upgradient of the Residential Area, ICs, SSD
Systems, and LTM

e Alternative 4 - Sparge Curtain Upgradient of the Residential Area, ICs, SSD Systems, and
LTM

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

e Alternative 6 — In Situ Enhanced Bioremediation of Target Areas, ICs, SSD Systems, and
LTM.

The following sections describe the evaluation criteria (Section 8.1), describe and evaluate the corrective
action alternatives for groundwater (Section 8.2), 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.
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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
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:

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

e 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

e 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.

o Exposure of the workers during construction.

¢ 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
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physical data. Groundwater modeling that interprets field measurements and observations,
and enhances understanding of site-specific parameters and remediation scenarios will be
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

e 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

o 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

¢ Engineering judgment

e Site-specific quantities and information

e 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 2011a).
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.

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.

29



CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

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.

Communily Acceptance
Presumably, Alternative 1 would not be acceptable to the community.
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8.2.2 Alternative 2A: In Situ Chemical Oxidation of Target Areas, Institutional Controls,
Subslab Depressurization Systems, and Long-Term Monitoring

Alternative 2A combines in situ chemical oxidation of the target areas (the plume with concentrations
above 1,000 pg/L near the Boulevard Mall western parking lot and upgradient of the residential area), ICs,
the SSD systems, and LTM. Under this alternative, a chemical oxidant is injected into the subsurface in
the target areas of the plume 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. LTM would measure attenuation of the plume occurring as a residual effect of treatment
and subsurface alteration further reducing 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 sodium persulfate; however, bench-scale testing may
determine that a different oxidant is preferable based on site-specific conditions. Sodium persulfate 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 for several months; does not decrease
permeability in the subsurface; and is the most effective for the site contaminants. 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 area near the Boulevard Mall with
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 in the
area near the Boulevard Mall with concentrations of PCE greater than 1,000 pg/L would likely require four
rounds of injection of sodium persulfate, 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; however, bench-
scale testing conducted at the source area has shown a fairly low soil oxidant demand. 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, LTM will track further reduction of residual PCE concentrations due to
plume attenuation. 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.

31



CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE SHOPPING CENTER

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:

e 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.

e 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 in
the area near the Boulevard mall with concentrations of PCE greater than 1,000 pg/L 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:

o 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. The lithology and contaminant distribution in the target areas needs
additional delineation, 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 bench-scale and 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 Acceptance

This criterion will be further evaluated after comments on this CAP have been received from NDEP and
subsequent to pilot testing. However, the NDEP has indicated that a contingency plan will be required
(NDEP 2011a).

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 of the Entire Plume, Institutional Controls,
Subslab Depressurization Systems, and LTM

Alternative 2B combines in situ chemical oxidation of the entire plume (as practical), ICs, the SSD
systems, and LTM. 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; 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.
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In situ chemical oxidation (by sodium persulfate) 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 sodium persulfate. 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 LTM 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. ICs could be employed to ensure continued operation of SSD
systems. After chemical treatment, LTM would be relied on to monitor decreasing residual PCE
concentrations due to attenuation of the plume. 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;
however, risk to the community could be minimized through exclusion zones and other typical
safety measures. Drilling and injection in the public right of ways in the residential area may be
considered a nuisance to residents due to noise and traffic issues. 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. It should be noted that groundwater has been measured at less
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than 9 feet bgs in MW-8 located in the western part of the residential neighborhood in May 2005.
(NDEP 2011b), 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 target 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.

o The first phase of the corrective action is estimated to take 2 years with three rounds of injections.
An additional 5 years of LTM 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.

e 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.
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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 unacceptable
due to safety concerns (NDEP 2011a).

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.

824 Alternative 3: Permeable Reactive Barrier Upgradient of the Residential Area,
Institutional Controls, Subslab Depressurization Systems, and LTM

Alternative 3 combines a PRB, ICs, the SSD systems, and LTM. 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. LTM would monitor the further reduction of concentrations of PCE in groundwater due to
plume attenuation. 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.

SSD systems, ICs, groundwater and indoor air monitoring, and LTM 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, LTM would be utilized to observe decreases in PCE
concentrations due to plume attenuation. 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.
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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.

Implementability

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

o The alternative is considered technically feasible; however, Site conditions (e.g. high sulfate
concentrations) may make its application challenging. 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.
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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 2011a). 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 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 Upgradient of the Residential Area, Institutional Controls,
Subslab Depressurization Systems, and LTM

Alternative 4 combines sparging wells upgradient of the residential area (in a sparge curtain), ICs, the
SSD systems, and LTM. 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, LTM would be utilized to measure concentrations of PCE in groundwater due to
plume attenuation downgradient of the 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.
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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. In addition the potential for groundwater mounding could be initially assessed
during pilot testing. 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 LTM are similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. In addition to the AS/SVE treatment, LTM would monitor
decreases in PCE concentrations due to plume attenuation. 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. Groundwater level monitoring would be conducted after system
startup to ensure that sparging was not causing groundwater mounding; varying sparging regimes
(pulsing, etc) can be evaluated for their effects on groundwater mounding as part of optimization
procedures.

Reduction in Toxicity, Mobilily, 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.
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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.

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

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.

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

Alternative 5 combines groundwater extraction and treatment, ICs, the SSD systems, and LTM. Under
this alternative, groundwater would be removed from the subsurface and treated; LTM would be utilized to
monitor post-treatment activity and additional reductions of PCE concentrations in groundwater due to
plume attenuation. 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, and then re-injected.
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
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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.

Discharge or reinjection of treated groundwater may be problematic due to elevated concentrations of
TDS in extracted groundwater. Residents may find the installation of wells and the piping system in the
right of way in neighborhood to be a nuisance.

SSD systems, ICs, groundwater and indoor air monitoring, and LTM are similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. In addition to extraction and treatment, LTM would be relied on
to monitor decreasing residual PCE concentrations due to plume attenuation. 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 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 LTM would monitor concentrations of PCE in groundwater to below the preliminary
remediation standards as they decreased due to plume attenuation. 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.
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Short-Term Effectiveness

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

5:

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. The noise and construction during installation in the residential area may be
considered a nuisance by residents. Groundwater would be extracted from the subsurface and
pumped through piping to a target 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.

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

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:

Cost

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 is likely.
Hydrogeology between the existing monitoring wells is not well defined in the target area, 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.

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.

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.

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 Acceplance

This criterion will be 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.

8.2.7 Alternative 6: In Situ Enhanced Bioremediation of the Target Areas, Institutional
Controls, Subslab Depressurization Systems, and LTM

Alternative 6 combines enhanced in situ bioremediation, ICs, the SSD systems, and LTM. Under this
alternative, enhanced bioremediation would be employed in areas of the plume in the target area to treat
groundwater. (This design was for conceptual purposes, and it should be noted that this does not
necessarily coincide with the areas 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. LTM would monitor decreasing concentrations of remaining
contamination found in groundwater due to plume attenuation.

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
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 LTM are similar to the descriptions
detailed in Alternative 2A in Section 8.2.2. In conjunction with bioremediation, LTM would be utilized to
monitor decreasing residual PCE concentrations due to plume attenuation. 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.
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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
increase as microbial degradation occurs. Proper design would minimize the likelihood of the
degradation stalling before complete breakdown of the compounds.

e 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.

¢ 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 in the area near the
Boulevard mall with concentrations of PCE greater than 1,000 pg/L 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 challenging, and there are several considerations. Much
of the Site is not conducive to bioremediation. 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.
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e Materials required for implementation of enhanced bioremediation and any additional SSD
system installation are 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 2011a). While high sulfate and electron acceptor concentrations at the Site would
require the addition of more EHC, this alternative may be viable in certain areas of the Site with favorable
ORP values. The feasibility of this alternative and the effect of sulfates can be determined through bench-
scale testing.

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.

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 2011a), 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:

e Agquifer testing and vertical delineation are conducted in the target area.

¢ Additional data for effectiveness and design are gathered from bench scale and pilot testing.

o The risk assessment is complete.

e 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 table of additional data requirements for each technology.

45



CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE PCE SITE

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 is unacceptable to 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 NDEP. would likely be unacceptable to
mobility, or volume of implementation but increased O&M Costs: the community.
contaminants. risk if PCE concentrations in $3,840,000
groundwater and indoor air
increase. Itis 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: The NDEP has indicated a 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 contingency plan will be required | evaluated after comments on
Target Areas, groundwater concentrations are treatment. Several injections of through chemical treatment. situ. Precautions can be taken to | technically feasible, and O&M Costs: (NDEP 2011a). the proposed plan have been
Institutional decreased by in situ chemical chemical are likely. prevent exposure of workers and | materials required are readily $6,030,000 received from the community.
Controls, SSD treatment. Treatment would the community during available. A bench-scale and Total:
Systems, and rapidly decrease concentrations implementation. Environmental pilot test should be conducted to $7,100,000
LTM in the plume in the area near the impacts are expected to be low. better determine efficacy,
Boulevard mall with It is assumed the SSD systems geochemical interferences, and
concentrations of PCE greater could be turned off after design parameters. The higher
than 1,000 pg/L and in the approximately 10 years. flow rate in sand and gravel
residential area. 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 | Moderate — Minimal risk as the Moderately Difficult to Difficult — Capital Costs: NDEP is concerned with the This criterion would be
Oxidation of the from PCE in indoor air until through in situ chemical contaminants would be reduced corrective action is applied in This alternative is considered $4,660,000 safety of injecting in the evaluated after comments on
Entire Plume, groundwater concentrations are treatment. Several injections of through chemical treatment. situ; however, injection in the technically feasible, and O&M Costs: residential neighborhood (NDEP | the proposed plan have been
Institutional decreased by in situ chemical chemical are likely. residential area public right of materials required are readily $18,550,000 2011a). received from the community.
Controls, SSD treatment. Treatment would ways may be considered a available. A bench-scale and Total:
Systems, and rapidly decrease concentrations nuisance by residents. pilot test should be conducted to $23,210,000
LTM in the plume. Precautions can be taken to better determine efficacy,
prevent exposure of workers and | geochemical interferences, and
the community during design parameters. The higher
implementation. Environmental flow rate in sand and gravel
impacts are expected to be low channels may cause problems. It
to moderate. It is assumed the may be difficult given structures
remediation goal would be and utilities to inject chemical
reached in approximately 5 oxidant into the entire plume.
years. 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 This criterion would be

Reactive Barrier
Upgradient of
the Residential
Area, ICs, SSD,
Systems, and
LTM

from PCE in indoor air until
groundwater concentrations are
decreased by reductive
dechlorination. Treatment would
rapidly decrease concentrations
in the residential area.

through reductive dechlorination.

Once installed, the PRB should

last for the lifetime of the project.

contaminants would be reduced
through reductive dechlorination.

corrective action is applied in
situ. Precautions can be taken to
prevent exposure of workers and
the community during
implementation. Environmental
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.

This alternative is considered
technically feasible, and
materials required are readily
available. The depth to
groundwater makes conventional
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.

$2,800,000
O&M Costs:
$5,340,000
Total:
$8,140,000

regarding the viability of this
treatment technology due to high
sulfate concentrations (NDEP
2011a).

evaluated after comments on
the proposed plan have been
received from the community.
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TABLE 8-1
COMPARISON OF ALTERNATIVES SUMMARY (CONTINUED)
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

4 Sparge Curtain High — Residents are protected Moderate to High - PCE will be High - The toxicity, volume, and Moderate to High - Air Moderately Difficult — This Capital Costs: This criterion would be
Upgradient of from PCE in indoor air until removed through sparging. possibly mobility of contaminants | contaminated with PCE would be | alternative is considered $770,000 evaluated after comments on
the Residential groundwater concentrations are Sparging systems tend to be would be reduced through brought above ground; however, | technically feasible, and O&M Costs: the proposed plan have been
Area,, ICs, SSD decreased by chemical O&M intensive. Air from the SVE | removal and treatment. precautions can be taken to materials required are readily $6,030,000 received from the community.
Systems, and treatment. Treatment would will require treatment to remove prevent exposure of workers and | available. A pilot test should be Total: (It should be noted that AS/SVE
LT™M rapidly decrease concentrations PCE. the community during conducted to better determine $6,800,000 systems tend to create noise,

in the residential area. implementation. Design would design parameters and ensure which may be objectionable to
need to ensure PCE vapors are PCE vapor capture by the SVE some residents.)
captured and do not enter the system. This alternative is
residential area. Environmental administratively feasible. An air
impacts are expected to be low. quality permit would be required.
It is assumed the SSD systems
could be turned off after
approximately 10 years.

5 Extraction and High - Residents are protected Moderate — PCE will be removed | High — The toxicity, volume, and High - Groundwater Moderately Difficult to Difficult - Capital Costs: NDEP has expressed interest in This criterion would be
Treatment, ICs, from PCE in indoor air until from the aquifer. Extraction and mobility of contaminants would contaminated with PCE would be | This alternative is considered $1,740,000 use of extraction and treatment evaluated after comments on
SSD Systems, groundwater concentrations are treatment tends to require an be reduced through removal and | brought above ground; however, | technically feasible, and O&M Costs: (NDEP 2011a). the proposed plan have been
and LTM decreased by extraction and extended timeframe to remove treatment. precautions can be taken to materials required are readily $8,710,000 received from the community.

treatment. Treatment would contaminants. prevent exposure of workers and | available. Groundwater capture Total:
decrease concentrations in the the community during can be challenging and the $10,450,000
plume over time. implementation. Environmental aquifer may dewater in areas
impacts are expected to be low. with a tight formation;
It is assumed the remediation groundwater modeling would be
goal would be reached in over 40 | required. Dewatering is likely
years, and SSD systems could The high TDS may lead to fouling
be turned off after approximately | of the extraction and treatment
10 years. 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.

6 In Situ Enhanced | High - Residents are protected High - PCE will be destroyed The toxicity and volume of High - Precautions can be taken | Difficult — This alternative is Capital Costs: NDEP has expressed concerns This criterion would be
Bioremediation from PCE in indoor air until through microbial degradation. contaminants would be reduced to prevent exposure of workers considered technically feasible. $1,240,000 regarding the viability of this evaluated after comments on
of Target Areas, groundwater concentrations are Multiple injections of through microbial degradation. and the community during Bioremediation can be more O&M Costs: treatment technology due to high | the proposed plan have been
ICs, SSD decreased by bioremediation. microorganisms implementation. Concentrations | sensitive to environmental $15,090,000 sulfate concentrations and high received from the community.
Systems, and Treatment would decrease (bioaugmentation) or substrates of PCE breakdown products conditions than other Total: ORP found across the Site.

LTM concentrations in the plume in (biostimulation) may be required. would initially increase. technologies. Materials required $16,330,000
the area of higher concentrations Environmental impacts are are readily available. A bench-
at the Boulevard mall expected to be low; however this | scale and pilot test should be
(concentrations of PCE greater alternative may increase TDS in conducted to determine the
than 1,000 pg/L and in the the aquifer. It is assumed the effectiveness of the microbial
residential area. SSD systems could be turned off | degradation process,
after approximately 10 years. 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.
Notes:
AS Air sparge CAP Corrective action plan GAC Granular activated carbon LTM Long-term monitoring
NDEP  Nevada Division of Environmental Protection NPDES National Pollutant Discharge Elimination System Oo&M Operation and maintenance ORP Oxidation reduction potential
PCE Tetrachloroethene PRB Permeable reactive barrier SSD Subslab Depressurization SVE Soil vapor extraction
TDS Total dissolved solids
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TABLE 8-2

SUMMARY OF TECHNOLOGY ADVANTAGES AND DISADVANTAGES

Technology

Current Data and Use for Evaluation

Data Needed

In Situ Chemical

PCE concentrations in groundwater

Aquifer pump tests.

Oxidation (concentrations are within the treatment range of Vertical delineation of lithology and
in situ chemical oxidation). tetrachloroethene (PCE) distribution in target
Metals concentrations in soil and groundwater areas .
(concentrations are low enough that metals Bench scale testing including soil oxidant
mobility should not be an issue, but additional demand, dosing requirements, optimal
testing required) activator, and metals mobility testing.
Lithologic logging, soil type, and groundwater Geotechnical testing to determine porosity,
velocity (current boreholes in target area, grain size distribution, soil type.
however, more contiguous vertical delineation is Pilot testing for effectiveness, radius of
needed). influence (ROI), preferential pathways, injection

method.
Sparging, PCE concentrations in groundwater Aquifer pump tests.

(concentrations are within the treatment range of
sparging).

Lithologic logging (current boreholes in target
area, however, more contiguous vertical
delineation is needed).

Vertical delineation of lithology and PCE
distribution in target areas.

Geotechnical testing to determine porosity,
grain size distribution, and soil type.

Pilot testing for effectiveness, ROI, air
permeability, flow rates, and vapor capture.

Extraction and
Treatment,

PCE concentrations in groundwater
(concentrations are within the treatment range of
chemical reduction).

Total dissolved solids data (elevated
concentrations may make system operation
challenging).

Lithologic logging (current boreholes in target
area, however, more contiguous vertical
delineation is needed).

Aquifer pump tests.

Vertical delineation of lithology and PCE
distribution in target areas.

Geotechnical testing to determine porosity,
grain size distribution, and soil type.

Pilot testing for ROI and treatability of
groundwater.

ZV| Permeable
Reactive Barrier,

PCE concentrations in groundwater
(concentrations are within the treatment range of
chemical reduction).

Anion concentrations (high sulfate
concentrations make implementation
challenging).

Lithologic logging (current boreholes in target
area, however, more contiguous vertical
delineation is needed).

Aquifer pump tests.

Vertical delineation of lithology and PCE
distribution in target areas.

Bench scale testing including dosing required
and fouling potential.

Geotechnical testing to determine porosity,
grain size distribution, and soil type.

Pilot testing for effectiveness and preferred
installation method.

In Situ Enhanced
Bioremediation,

PCE concentrations in groundwater
(concentrations are within the treatment range of
chemical reduction) and presence of PCE-
daughter products (daughter products not
present at concentrations that would indicate
degradation is occurring)

Presence of anaerobic conditions (negative
oxidation reduction potential (ORP) values at
limited locations across Site that are not
associated with target areas)

Limited microbial speciation data indicates
relative absence of specific degraders and
hindered ability to introduce cultured bacteria
and/or enhancing substrates (no DHC bacteria
present at Site)

Vertical delineation of lithology and PCE
distribution in target areas.

Bacterial analysis.

Bench-scale testing to assess inoculation and
amendment effectiveness

Pilot testing to determine effectiveness of
application and treatment.
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9.0 RECOMMENDATIONS

This section (1) recommends the preferred corrective action alternatives based on the NCP evaluation
criteria; (2) provides a list of field activities for obtaining data to evaluate and implement a corrective
action, and (3) provides a schedule for bench-scale and pilot testing and submittal of the Corrective Action
Report.

9.1 Recommended Corrective Action Alternative

Given the concentrations of PCE in groundwater at the site and the subsurface conditions (in particular
the heterogeneity of the subsurface), an integrated approach to remediation or a combination of general
response actions may 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 the NCP criteria, the most promising technologies
include:

e in-situ chemical oxidation; and,

e asparge curtain

If in-situ chemical oxidation or a sparge curtain, or a combination of both, is proven insufficient or
problematic during field testing, corrective actions integrating the remedial effects of extraction and
treatment will be further evaluated. If extraction and treatment options fail, more challenging technologic
applications, such as a zero-valent iron (ZVI) PRB, and/or enhanced bioremediation, will be reconsidered;
however, given Site conditions, these technologies may have limited applicability. Until an a better
understanding of field conditions and characteristics in the remediation target areas can be determined
through aquifer, bench-scale, and pilot testing, the practical application or effectiveness of a particular
Corrective Action Alternative to meet CAOs and preliminary remediation standards cannot be confirmed.

9.2 Additional Testing

Based on preliminary evaluations of alternatives for the Site, bench-scale or pilot tests should be
conducted to provide site-specific application data and to refine the evaluations of the alternatives. Based
on a review of the existing data, the following tests and additional data collection are recommended:

e Aquifer testing including constant rate pumping tests and step-drawdown pumping tests will be
conducted in the target area. Aquifer characteristics such as hydraulic conductivity,
transmissivity, and ion and mineral chemistry, is required to profile relevant subsurface features
within the target areas. This data will support design of in situ chemical oxidation, sparging, and
extraction and treatment systems, as well as influence considerations associated with other
treatment techniques.

e Vertical delineation using FloVision® and downhole resistivity surveys in conjunction with
previously collected passive bag diffusion sampling results (Appendix E) will be used to evaluate
contaminant mass migration through the subsurface in the target areas. This data will support
design of in situ chemical oxidation, sparging, and extraction and treatment systems, as well as
influence considerations associated with other treatment techniques.

¢ A bench scale test will be conducted to assess the in situ efficacy of the chemical oxidant, sodium
persulfate, and determine soil oxidant demand, optimum activator, and metals mobility. If
effective, a subsequent pilot test for chemical oxidant injection will be conducted.
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o Pilot testing for in situ chemical oxidation with sodium persulfate, air sparging with soil vapor
extraction, and ozone sparging with hydrogen peroxide will also be conducted to determine
effectiveness and design parameters, including ROI, migration pathways, relative dosing
requirements, mass removal rates and rate-of-reaction.

e Soil properties have not been well characterized for the target areas. Data are required for soil
properties such as moisture content, porosity, grain size, horizontal and vertical permeability and
contaminant distribution data; this data will be useful during well installation for aquifer testing
and other pilot testing.

A Work Plan For Bench And Pilot Tests is included as Appendix C providing details on the testing
required and information to be gained.

9.3 Schedule

The planned schedule for implementation of the recommended tests and additional data collection efforts
is:

Task Timeline

Obtain treated water discharge permits for | Within 3 weeks of work plan approval
aquifer testing
Solicit bids for well installation and aquifer | Within 3 weeks of work plan approval
testing equipment
Collect soil samples for persulfate bench-scale | Within 2 weeks of work plan approval
testing
Complete persulfate bench-scale testing Within 2 weeks of collecting soil samples

Award work for well installation and pumping | Within 2 weeks of soliciting bids

tests
Obtain underground injection control (UIC) | Within 7 weeks of completing persulfate
permit for pilot tests bench-scale test

Install new wells, start aquifer tests and collect | Within 3 weeks of bid award
baseline soil samples from pilot test areas

Complete aquifer tests and sample collection Within 2 weeks of starting pumping tests

Solicit bids for pilot testing equipment/services | Within 4 weeks of completing bench-scale

Award subcontract for pilot tests b?/?ttlfin 1 week of obtaining UIC permits
Start pilot tests Within 1 week of awarding subcontracts
Complete pilot tests Within 8 weeks of starting pilot tests
Complete pilot tests data analysis Within 2 weeks of completing pilot tests
Complete Corrective Action Report Within 180 days of work plan approval.

1 - The schedule is dependent upon work plan approval by NDEP, client execution, ability to gain access to the
Site, and the timely issuance of permits.
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Note: Nondetected results are shown in the chart by a concentration of 0.1 ug/L. MARYLAND SQUARE SHOPPING CENTER

3661 South Maryland Parkway
Las Vegas, Nevada

FIGURE 11
GROUNDWATER PCE CONTAMINATIONS OVER TIME
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Summary of PCE Soil Vapor Concentrations

Sample Sample  Soil Soil Vapor Concentrations
Number Depth®  Type ug/l  ug/m®  ppbv
SVB-01-05 5 Silty Sand (Af) 25 2,500 369
SVB-02-04 4 Silty Sand (Af) 3.0 3,000 443
SVB-02-10 10 Silty Sand ND ND ND
SVB-03-05 5 Silty Sand (Af) 46 46,000 6,786
SVB-03-12 12 Silty Sand 0.8 800 118
SVB-04-05 5 Sand (Af) 0.4 400 59
SVB-04-12 12 Silty Sand 1.0 1,000 148
SVB-05-08 8 Silty Sand 25 25,000 3,688
SVB-05-98? 8 Silty Sand 17 17,000 2,508
SVB-05-13 13 Silty Sand 11 1,100 162
SVB-06-08 8 Silty Sand ND ND ND
SVB-06-12 12 Silty Sand 12 12,000 1,770
Legend

® 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®and ppbv) 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

,u,g/L Micrograms per liter

/,(g/m(3)Micrograms per cubic meter

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

(2) Soil Sample SVB-05-98 is a duplicate for sample SVB-05-08

SVB-05
\\ g BT~ 250003688
\ 8 FT DUP. - 17,000/2,508
\ 13 FT - 1,100/162
\\ ® Mw-27 (380)
@ MW-26 (1,100 - October 2006) SVB-04
V4 B 5FT-400/59
// 12 FT -1,000/148
-
-
-
-
— SVB-03
— B 5FT-46,000/6,786

-————‘1000I

-———ND-————_—___

SVB-06
B sFT-NDIND
12 FT - 12,000/1,770

12 FT - 800/118

SVB-02
B 4FT-3,000/443
10 FT - ND/ND

—-—
————_—————_——_————————_————_
SVB-01
- 5FT - 2,500/369

i i
|

Sources: Clark County Assessors Web Site, URS 2007

N MARYLAND SQUARE SHOPPING CENTER
3661 South Maryland Parkway
Las Vegas, Nevada

FIGURE 12
$ SOIL VAPOR PCE CONCENTRATIONS
ALONG SPENCER STREET
0 50 100
] Fect

Approximate Scale in Feet

@ TETRATECH
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S:\Projects Directory\Private Sector - Other Offices\Maryland Square\Groundwater Cap\Figure 3.mxd troy.fegter

Summary of PCE Soil Vapor Concentrations
Sample Sample  Soil Soil Vapor Concentrations
Number Depth®  Type ug/L ug/m®  ppbv ® MW-22 (ND)
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 7.1 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 e o o
SVB-11-10 10 Sandy Silt 05 500 74 | o o == ND ===
SVB-11-910%? 10 Sandy Silt 0.4 400 59
SVB-11-15 15 Sandy Silt ND ND ND f(\)/E-Tl-lSOO/M
SVB-12-05 5 Gravelly Sand (Af)  ND ND ND ® .23 (39 ® e oup - 40050
SVB-12-10 10 Gravelly Sand 3.0 3,000 433 15 FT - ND/ND
SVB-13-05 5 Gravelly Sand (Af) 24 24,000 3,541 THEECULYARD AL e o e o e e e et e e
SVB-13-10.5 10.5 Gravelly Sand (Af) 37 37,000 5,458 ”——- SVB-12
SVB-13-910.5” 10.5 Gravelly Sand (Af) 45 45,000 6,639 — B 5FT-NDIND
SVB-13-20 20 Sandy Silt 35 35,000 5,163 — - 10 FT - 3,000/443
SVB-14-10 10 Silt 87 87,000 12,835 _,—’
SVB-14-20 20 Silty Sand 170 170,000 25,079 | _ __ o= -—=1000="" MW-20 (2,500) @ SVB-13
SVB-15-15 15 Silt ND ND ND 5&24'00_0/3'54;1.__——VS\V/B§7-_______57V_B'§‘ e — e e e s s o
SVB-15-20 20 Silt 0.2 200 30 o o 10,5 FT - 37,000/5,458 1 B 5F7-11,0001,623 :F{OF; ﬂgg,’f%%
SVB-16-05 5 Gravelly Sand (Af)  ND ND ND - 10.5FT DUP. - 45,000/6,639 E/ e
SVB-16-10 10 Gravelly Sand ND  ND ND 00 —_— 20FT - 35,000/5,163 SVB9 101DUP. 150002213
e \ =2000" 5FT - 9,000/1,328
SVB-16.20.5  20.5 Silt 0.6 600 89 -2 MW-19 (1,200) @ e o o 00/, 308 e et e e /
- i'svm MW-18 (L,400) SVB-10 e —————
- 10 FT - 87,000/12,835 ' 5ET - 42.000/6.196
Leg end - 20 FT - 170,000/25,079 . 7000/"
- ) ) 10 FT - 27,000/3,983
-
® Approximate Location of Monitoring Well Installed by Converse — ’f’
Showing Concentration (ug/L) of PCE in Groundwater. ND is Non- ______—-—
detect, NS is Not Sampled. Analytical Data from December 2006. p— 1000 L
® Approximate Location of Monitoring Well Installed by URS Showing SVB-15
Concentration (ug/L) of PCE in Groundwater. Analytical Data from B 15FT-ND/ND e o S ——(——— 7 —— —— — — —
October and December 2006. R e 20,F Tz 200/ 30 s e ——
—
B Approximate Location of Soil Vapor Sampling Borehole Showing ———— o e =
Concentration (ug/m and;ppbv) of PCE in Soil Vapor Collected —
from Shallow and Deeper Soil Above Groundwater. —_100()" SVBG
=== Approximate Concentration Contour of PCE in Groundwater - = 5 ET - ND/ND
PCE tetrachloroethene ;g ETFTN%I\(‘)%Q
S ® MW-24 (2.6)
ND Analyte not detected at or above the reporting limit
ug/L Micrograms per liter e e o e o s o o o o o T
ug/m3’ Micrograms per cubic meter e e e — —— —
ppbv Parts per billion by volume o o e s | D) e s s e s s s e s s s @) V216 (ND)
(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

N MARYLAND SQUARE SHOPPING CENTER
3661 South Maryland Parkway
Las Vegas, Nevada

FIGURE 13
SOIL VAPOR PCE CONCENTRATIONS ALONG

S

OTTAWA DRIVE AND THE BOULEVARD MALL
0 50 100

—
Feet @ TETRATECH

Sources: Clark County Assessors Web Site, URS 2007 Approximate Scale in Feet
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CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE PCE SITE

APPENDIX A

Boring Logs and Well Construction Diagrams




Log No. =1

Date of Drliling: 08/09/00 Locatlont Grannd Surface Elevation (1)
Delller: Converse Bovehole Dinmeter: FEquipment: Air Rotary
Logged By: ALM Groundwater Depth (R): Delving Wi, and Drop:
. £
g L&
S &%
z 8%
g2 £d
ASPHALT
SIHL.TY SAND; dry, (an
Z
]
Fed
m
a
u
>
Q
[
Y
[N
<
Maryland Square Project No.
3661 South Maryland Parkway
Las Vegas, NV 00-433687-05
Over 60 Yenrs of Dedicatlon Drawing No.

Converse Consultants in Englncering and
Environmentn] Sclences




L.og No. MW-1

Date of Dritling: OR/09/00 L.ocation: Ground Swrface Elevatlon ():
Delller: Converse Bovehole Diameter: Equlpment: Air Rotary
Lopped 8y: AlM sronndwater Depth (ft): Driving W and Drop:
SUMMARY OX SUBSURFACE CONDITIONS
o8 This log is part of the repart propared by Converse for this profect nnd shondd - E g '.'5"
_ 3 De rend with the report. This summary applies only at Ihe location and thue of . 21 2E
< < the exploration. Snbsurince condltlons may differ at ather locatlons aml may S zet 8 5
"E, a change nt this lncatlon with the passage of e, ‘Fhie datn presentend Is g & g = ,-; P
K & stmpilfied mode) af the actnat conditlons cucountered. § S 3 5’:'8
SANDY CLAY; very moist, light brown
- 32
._34 -
36
7_ [+
[e]
)
2l
0
&
<40
Ll of Exploration at 30.0°
Maryland Square Project No.
3661 South Maryland Parkway
Las Vegas, NV 00-43367-05
Over 68 Years of Dedication Drawing No.

m Converse Consultants tn Englaccring and

Environmental Scicnces

i ——— T



Log o. W.2

Date of Drilling: 10/02/00 s.ocntlon: Ground Surface Eicvation (IT):

Drlliers Conveise Borehole Dlametor: Equipment: Air Ratary
Logged By: JMW Gronndwater Depth (R): Dylving Wi, anit Deop:
SUMMARY OF SUBSURFACE CONDITIONS
This tog Is part af the yeport prepared by Converse for (hls project and shonld . E g g
De read with the veport, ‘Vhis summary applics only at the locatlon aud time of I -2 BE &
ihe exploration. Subsurface contlitlons may differ at o(her locations and may S =% § g g
change at this lacatlon with the passage of Hme. The data proesenied is a £ Q5 E g =
simplificd model of the actunl condltions enconnteved, & E g E 3 ;’
ASPHALT |
CLLAYEY SILT: white
SILTY CLAY; moist, brown
£
..slightly moist Yy
si .
RV
o5,
.. Jight brown Poa
CLAY w/Silt; dark brown
- ...moist SR
%] S
[=]
u
P
o
>
f, «wvery wel
<
Maryland Square Project No.
3661 South Maryland Parkway
00-43367-05

Las Vegas, NV

Qver 60 Yeavs of Dedication Drawing No.

Converse Consultants I Englncering and
Envirommental Sclences




Log No. MW-2

Date of Drilling: 10/02/00 {.ocation: Ground Surface Elevation (W):
Dullier: Converse Borchole Dlameter: Eguipmients Air Rotary
Logged By: JMW sroundwater Depth (1) Driving Wi. and Orop:
SUMMARY OF SUBSURFFACE CONDITIONS
o *Fbls log Is part of the veport preparved by Converse for {lsis project and should - B e %"
- 3 e read with the report, This summary applles only at the loeation and e of g < &l 28 &
1= ¥ the cxplovation. Subsurfuce conditions may differ at other focations amd may 8 >el B S g
'g_ a, change af this location with the passage of fime. The data presented §s a PY e -‘-: ,?, 3 =
3 g simplificd model of the actunl conditlons encauntered. & E g1 58 ;’
'_ : é CLAY; very wet, dark brown
..wel
-22 1 Z
'24‘ /
~26- /
-28- Z
30 Z
. )
3 4 o
36 -
',__ [«
o —
&) 38 1
=
P
o -
&
[
al 40
End of Exploration a1 32.0°
Maryland Square Project No.,
3661 South Maryland Parkway
Las Vegas, NV 00-43367-05
m Over 60 Years of Dedication Drawing No.

Environmental Sclences

@Con verse Consultants 1n Englnceving and

————



Log No. MW-3

Date of Dritling: 10/02/00 i.oenllon: Ground Surface Eicvation (it):
Driller: Convense Borchole Diametes: Equipment: Air Ratary
Logged By: IMW Groundwater Depth ()2 Driving Wt amd Brop:
SUMMARY OF SUBSURFACI CONDITIONS
o8 This Jog §s part of the report prepared by Converse fur this project and should - E § }’_;' e
—~ ] be reat with the report. This summary applies anly at the locatlon amd Hime of £ 2] £ S 2
£ - the exploration. Subsurface conditlons may dilfes at other loentions and may S P o g @ k4
-.g [ change at ihis locatlon with the passage of thme. The data presented s a g g 1':'; 5 E =
8 8 simplified model of the actual conditlons encountered. B 22|l 2 8 E
#4202 o
. }/J/ CLAY w/Silt; moist, dark brown
232 - é
24 A /
2 é
28 - é
30
. v/
34
36
6 [«
|
@l-38
o
2
& .
<L40
End of Exploration at 32,0
Maryland Square Project Ne.
3681 South Maryland Parkway
Las Vegas, NV 00-43367-05
Over 60 Years of Dedlention l)rawlng No,

mCr;nma'rse Consultants in Engincering and

Eavirenmental Sclences




Log No. M -3

Date of Brilling: (0/02/00 1ocation? Ground Surface Glevatlon (ft):

Dilliee: Converse Borchole Dinmetes: Equlpmeni: Air Rotary

Logped By: IMW Groangiwater Depth (1) Driving WL and Drop:
ASPHALT

SILTY CLAY; dry, light brown

CLAY w/Silt; slightly moist, medium brown

SILTY CLAY; slightly moist, light brown

... medivm brown

S
% ...moist, dark brown
[~]
g
2
[
O
a4
Maryland Sqguare Project No.
3661 South Maryland Parkway
Over 68 Yems of Dedication Drawing No,

Converse Consultants in Englueering and

Environmental Sciences




Log No. W-4

Date of Dellling:  10/02/010 Locadlan: Grouad Surfnce Elevation (R):
Delllers Converse Borchoie Nawmeter: Equipment: Afr Rotary
Logged By: JIMW Gromndwater Depth (R): Driving Wi ami Drop:
B oalh
g .8 2% &
8§ 3¥ g¢ &
z 24 S 8 =
2 as >0 ©
[ L 2O 2
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Maryland Square Project No.
3661 South Maryland Parkway
Las Vagas, NV 00-43367-05
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Log No. Mw-4

Date of Driliinge 16/02/00 Y.ovatlon: Ground Surface Blevation (ft):
Oriller: Converse Borehole Diameter: Rauipments Air Rotary
Logged By: JIMW Groundwater Depth (f1): Driving Wt and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
off ‘This log is part of the veport prepared by Convease for this project and shsuld . E g _‘_é."
—~ S e vensl with the report. This summary applies endy at the Inocation and lme ol s 21 € k-]
& 2 the exploration, Subsuriace conditions may dlffer at other lacations and may S P g 5
g a chiange at this location with the passage of time. The datn prescuted is % g-(.:» .g g
& g slmplificsd model of the actual conditions encanntered. a‘j’ =& | 28
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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
0 ASPIIALT Type 1 Fill
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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 ;
N ASPHALT |
SAND; dry, white
SAND; dry, lght brown
CALICIIE; dry, white
CALICIIE; dry, white
SAND w/Silt; dry, light brown
SAND w/Silt; dry, white and grey
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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 ;
. lagnen
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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 ;’
" ASPHALT -
ol |
SAND; dry, brown
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Log No. Miw-11

Date of Drilllng: 09/20/02 Locatlon: Ground Surface Elcvatlon (f€):
Driller: Converse Rorcholc Dawmeter: Equipmeats Air Rotwry
Logged By: AMK Groundwater Depth () Driving Wi, and rop:
SUMMARY OF SUBSURFACE CONDITIONS
& This log Is part of the veport prepaved by Converse for this project and should - E g _‘é“
= 3 be vead with the veport, This summary applies onty af The Jocation and thme of ) ~218E &
= E the explovation, Sutisurface condltions may differ at other Jucatlons and may S > o S g g
'§_ C. change st this facatlon with the passage of time. The dnta presented Is o Py O3 ,g 5 =
a G slmpilted model of the actual conditlons encounterell. ‘—g E g =3 ;
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Log No. W-12

Date of Dritling: 09720102 Lucation: Ground Surface Rlovatlon (R1):
Dyilter: Converse Borchole Dinmeter: Equipnient: Al Roary
D.opped By: AMK Groundwater Depth (fu) Driving Wt. and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
o This lug is part of the report preparetl by Converse for this profect and should . E g g
_ S e verd with the report. This summary applies ouly at the lacation and thne of g -2 £E &
€ K {he exploration, Subswrface conditions may differ at other lncalloas and may S 2 B g é’ g
'.g_ '§- change nt this location with the passage of tlme. The data presentedd Is a g Q '?‘; E 5 =
a it simplified model of the actunl canditions encountered, = 2 S =3 ;
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Log No. MW-12

Grownd Surfnee Etevation (1)

Date of Dritling: 09/20/02 Locationt
Equipment: Air Rotary

Drdller: Converse Borchole Dinmeter:
Logged By: AMK Groundwater Depth (R0): Driving Wt amd Drapy
SUMMARY OF SUBSURFACE CONDITIONS
ap This lag Is part of the report prepured by Converse for this project and shauld . E g -4
- S be vead with the report. This sunsmary appfies only at the tocation and time of g L2l eE 55
< £ the exploration. Subsoyface conditlons may differ at other Joeatlons aml wmny 3 = o g {% g
] a chanjie at this loeatlon with the passage of thne, The data presented Is a z g -] _5 © 5
g ] simplificd madc) of the sctual conditions enconniered. 5 T ég =
TT.T =
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End of Explosntion at 33.5°
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l.og No. MW-13

Gronnd Surface Elevatlon (f1):

Date of Drllling: 05/06/0) J.oentlon:
Esquipment: Air Rolury

Driler: Converse Borchole Diameter:
Logped By: ALM

Grosmlwater Depth (fi): Driving Wi and Dropt
SUMMARY Ol SUBSURFACE CONDITIONS

This Sog Is part of the report preparved by Converse Forr Chils profect and shontd .
be vead with de report, This sumsary applles only at the loention and (hne of s _=ﬁ
the exploration, Snbsurtace conditlons may differ a¢ other locations nml may S &
change af this lncation wilh the passage of thme. The data presunted Is a z =
simplificd model of the acunl conditlons encountered. 5 ;
ASPHALT Type U Fill
CALICHE
SANDY SILT w/gravel; moist,tan
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3 SANDY CLAY; very moist, red
&
I
4
Maryland Square Project No.
3661 South Maryland Parkway
Over GO Years of Dedlention Drawhig Ne.

Converse Consultants I Englnecring and
Ruvirenmental Sclcnees



Log No. MW-13

Date af Drilling: 05M6/03 J.ocantlon: Grouml Surfnce Elevation (1):
Driller: Converse Norehole NDiametes: Equipment: Air Rotary
Logged By: ALM Groundwater Depth (1) Priving Wi and Drop:
SUMMARY OF SUBSURFACE CONDITIONS
ot This log is parl of the report prepared by Converse for ihis project and should - E g &”
—~ S e yead with the veport. Vhis summary applics only at the lacatlon and thue of El s S § ,cb
€ _g the exploration, Subsurface conditlons may differ at other locatlons and may & v g a g
Ed c chinuge at this location with the passage of Ume. The data presentetl Is a z g E %55 =
8 g simphllicd ntadel of the actual conditions encouniered. § T & &3 2
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ml SUMMARY O¥ SUBSURFACE CONDITIONS o
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i ; & 2| 3
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C_— : ) — e -
—9. Clayey sand; tan, shghtly moist g o
4 = [E
i = =
sl
6 B
10- =
= 1
Ut ———Ts - : : S
YL Sandy lean olay; few caliche, gravcel, white, moist od b
o 50/6 Rl
16 R
gl B
[ | R
7l 18- 5
’é =
2 2 13/20 E'
w2 a =N
! Kishnor/Maryland Square P1oject No.
1 3661 So. aryland Parkway
Las Vegas, Nevada 00-43367-06
! Over 50 Years of Dedlcatlon Drawing Nn.
J Converse Consultants in Engineerlng and

LOg NO, vivv-14 ref
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Maitler: Elite
YVapyed iy A}

Envirommental Sclences




I NO wIvy \(

I Yo at i My, W10 § v, Hont Gronnd Smiw Flevation (11):
[T 1T S Rorehole P ter: 8 25" Foauipinu it Mabile 1t 47
fogroae Myl sromuhwater Depth (f): D iving: W oand Dvope
SUMMARY OF S BSURTACE CONDITIONS
1 his log Is parLof the sepord prepared by Conver o foy this project and shoniid 5 s P
hevead whlh theaeport, Lhis summary applics ondy nt A elor thon oyl th ¢ ol : L & £ E
the eaployation, Subsuifac condltions sy dil e nt other locathus andan y J > ] lé l-;
«hange 1t this locatlon with 1he possag of thae, "Che datn pressn d iy . oA i f
Tinplified o of the actanl condilons enconntereid. "n. E. {5', i 8 -
1 . ¥ »
Sandy Tean elay; few caliche, o vel, while, sioist .
75 ek
; S oy e eliy; nown, no st e
v A p
. Siliy sand woth pavel _-4-:
N ": . . :':
/'.'/_) 1)
s —
. ‘ ‘ REX
s Silty Cand with el e,
AL e
> o
/ . £
e / /: . 0
Z‘.: / y '.:
4 O
54 :'
A / e
0 A
9 il
ol W
o 7{‘.;/.,'/.' O
WO rd | | R

B e T30 b atlsn ats L °

Kishnot/Maryland Squar Trofect Ne,
3661 So Maryland 1 ankway o
I as Vegas, Novada 0)-4436G7-06
Over50Y ns of De Neall 3 D awling TNo,
Convorse Copeultant. In ¥Fopincerin o and

Fovi mnemlad Scbee s




Log No. MW~-15

ﬂ Date of Drilling: Location: Ground Surface Elevation (ft):
Driller: Elite Borthole Diameter; 8.25" Equipment: Mogile B-57
Logged By: 13 . Groundwater Depth (ft): Driving Wt. and Drop:
L } SUMMARY OF SUBSURFACE CONDITIONS
E This log is part of the report prepared by Converse for this project and should
be read with the report. This summary applies only at the location and time of B
g the exploration. Subsurface conditions differ atother  fionsand y g
j "‘a; change at this location with the passage of fime. The presented isa =
- a simplified model of the actusal conditions enconntered. g
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Log No. mw-1b  {lp
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Nate of Belllng: Loeation: Cyound Sutfaco Elevalion (tt):
Dlllers Nlite Borchole Dlnmeler: 8.25" Equipmenit Mobile 13-57
1n Logged By: J3 Groundwater Depih (ft): Driving Wi, snd Drap:
13, CREE N - - .
= SUMMARY OF SUBSURIACE CONDITIONS
5 . Tlits tog Is port of Ihe repost prepaved by Converse for this project and showld - 'é: e Bt
5! . 3 ho read with the veport. This suimmary applics only ot the locatlon and thme of g <& .é' 8 {_},
1 8 the cxplerntion. Subsurface conditions nay differ al other Jocatloas anl may 8 Swm!| g4 8
2 -8 5 ' . i o& oW a
E o B, change at this Jucntion with the passnge of élme. The datn presenicd Is a % 295 D]
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LOg NO. B-1/

1
[,5 Date of Drilling: 11/12/03  Location: Ground Surface Elevation (ft):
Driller: Elite Borehole Diameters 8.25 Equipment: Mobile B-57
—  LoggedBy: I Groundwater Depth (ff): Driving Wt. and Drop:
l, '3 SUMMARY OF SUBSURFACE CONDITIONS
5 ’l'hislogkpartof&euportpreparedbyConver:e{orthkpmjut-ndshwld » E s B
L ,Eo be read with the report. This summary applies only at the location and time of g < SE B
a & - the exploration. Subsurface conditions may differ at other locations and may 8 sw) 8 5 g
J ".g. '§- change at this location with the passage of time. The data presented is a B Qg %g =5
a o simpiified model of the actual conditions encountered. & E e | ® 8 B
ﬂ | 0 Asphalt/ Aggerate base
[ B 2r4d Clayey sand; light brown, slightly moist
M 21 P
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M I 4, (5 e
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B ..few gravel
D Clayey sand; light brown, slightty moist
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Environmental Sciences

C—

-

| W

-




LOg NO. B-1/

S0 FURWIELE [ o S

§{  Dateof Driling: 11/12/03  Location: Ground Surface Elevation (ff):
Driller: Elite Borehole Diameter: 825" Equipment: Mobile B-57
— Logged By: 1J Groundwater Depth (ft): Driving Wt. and Drop:
{ SUMMARY OF SUBSURFACE CONDITIONS
F E This Jog s part of the report prepared by Converse for this project and should > Elek
m 5 be read with the report. This summary applies only at the location and time of g <2 £5 -3
gl » the exploration. Subsurface conditions may differ at other locations and may S|E» gg 3
'.E. e change at this location with the passage of thme. The data presented is a z s 55 =
g2l § simplified model of the actual conditions encountered. 2 |B3| 58 g
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Al Phillips The Cleaner

Maryland Square Shopping Center

Subsurface Investigation
Las Vegas, Nevada

Project No. 2698724.00005

Well Material

10
n
12
13
14
15
16
17
18
19
20

2]

24

Log

A

BOREHOLE LOG
MW-17

3/14/05 at
3/14/05

WDC Exploration
Hollow Stem Auger
None

Scott Ball

-1-

P\AIPhillips\Maryland SquareMS June 2005 Report\MS B Log MW-17.doc

Remarks/Well
Information

WELL CONSTRUCTION
Date Compl.: 3/14/05
Comp. Rep: S. Ball

SURFACE COMPLETION
Type: Flush mount

Vault: Traffic

Diameter: 12"

Seal: Concrete

Depth: 0°-1°

WELL CASING
Material: PVC
Diameter: 4”
Depth: 0°-15°
Joints: flush

WELL SCREEN
Material: PVC
Diameter: 4°

Depth: 15°-30°

Joints: flush

Opening: 0.02” slotted
Cap: expanding

SAND FILTER PACK.
Type : Montgomery
Size: 3

Depth: 13’37

ANNULUS SEAL

Sand Pack: bentonite
Depth: 11°-13”

Borehole: concrete
Depth: 0°-11°

e . e — | ———
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BOREHOLE LOG %
MW-17 - ;

Al Phillips The Cleaner . ‘
Maryland Squere Shopping Center

Subsurface Investigation

Las Vegas, Nevada

Project No. 2698724.00005

SOIL Well:
DESCRIPTION MW-17
Elev.:
1,990.92

REMARKS

-2
PA\AIPhillips\Maryland Square\MS June 2005 ReportMS B Log MW-17.doc




LOg NO. B-10

{

\r\; Date of Drilling: 11/12/03 Location: Ground Surface Elevation (ft):
Driller: Elite Borehole Dismeter: 8.25% Equipment: Mobile B-57

- Logged By: 1) Groundwater Depth (ft): Driving Wt. and Drop:

SUMMARY OF SUBSURFACE CONDITIONS

‘This log is part of the report prepared by Converse for this project and should
be read with the report. This summary applies only at the Jocation and time of
the exploration. Subsurface conditions may differ at other locations and may
changeatﬁhhmﬁmwiththepmgeo(ﬁmmdmw isa
simplified model of the actual conditions encountered.

Asphalt/Agregate Type I

Blow Count
PID/OVA
Reading (ppm)
Hydrocarbon
Odor/Stalning
‘Weli Design

2=
| Depth (ft)
Graphic Log

—

%77 Clayey sand; light brown, slightly moist

i
——

Silty sand; few gravels, dark brown, slightly moist

Poorly graded sand with silt; light brown, slightly moist

Kishner/Maryland Square Project No.
3661 So. Maryland Parkway .
- Las Vegas, Nevada 00-43367-06
7> Over 50 Years ofDediaton Drawing No.
Converse Consultants in Engincering and
. Environmental Sciences
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LOg NO. B~10

]
! ! Date of Drilling: 11/12/03  Locations

Ground Surface Elevation (ft):
Driller: Elite Borehole Diameter: 8.25" Equipment: Mobile B-57
— Logged By: JJ Groundwater Depth (ft): Driving Wi. and Drop:

i, SUMMARY OF SUBSURFACE CONDITIONS
' This log is part of the report prepared by Converse for this project and should

-~
. - E| g ¥
el P be read with the report. This summary applies only at the location and ime of E | 8| 25] &
ral e 2 the exploration. Subsurface conditions may differ at other Jocations and may 3 > o gé g
(! E £ & chsngeatthisbnﬁonwiﬁtbepmgeofﬁme.mdmprsented isa 2 Os | £ =
1 2 a2 & simplified model of the actual conditions encountered. -::g E E E'g g

Eo A CENEES
.t\,’.,ﬂ
N
1
L1
kY

Sandy lean clay; light brown, moist
i
| 40
= End of Exploration at 35.0
l: Kishner/Maryland Square Project No.
3661 So. Maryland Parkway 3%
| ‘ Las Vegas, Nevada 00-43367-06
Over 50 Years of Dedication Drawing No.
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Well Material

Log

Graphic Log

3/10/05
3/10/05
WDC Exploration
Hollow Stem Auger
None
Scott Ball
SOIL m-l 8
DESCRIPTION Elev.:
1,962.87
Asphalt

0"-3’ Gravely SILT: it. tan

3°-7° color change to It. bm

7°-15" Sandy SILT: It. tam,
s, moist to v. moist

15°-16" CALICHE: wht, ten, v. hard,
v. moist

16'-27" SILT: brn, v. moist

-1-

Remarks/Well
Information

WELL CONSTRUCTION
Date Compl.: 3/14005
Comp. Rep: S. Ball

SURFACE COMPLETION
Type: Flush Mount

Vault: Traffic

Diameter: 127

Seal: Concrete

Depth: 0°-3°

WELL CASING
Material: PVC
Diameter; 4”
Depth: 0°-5°
Joints: flush

WELL SCREEN
Material: PVC
Diameter: 4”

Depth: 5'-25°

Joints: flush

Opening: 0.62” slotted
Cap: expanding

SAND FILTER PACK
Type : Montgomery
Sizez 3

Depth: 4°-27°

ANNULUS SEAL

Sand Pack: bentonite
Depth: 3’4"

Barehole: concrete
Depth: 0°-3°

REMARKS

No sampling was performed
Borehole was drilledana
Monitor well was installed.

P:\AIPhillips\Maryland Squaré\MS June 2005 ReportiMS B Log MW-18.doc



BOREHOLE LOG

MW-18
Al Phillips The Cleaner Date Started: 3/10/05
Maryland Square Shopping Center  Date Completed: 3/10/05
Subsurface Investigation Drilling Company: ~ WDC Exploration
Las Vegas, Nevada Drilling Method: Hollow Stem Auger
Sampling Method: None
Project No. 2698724.00005 Logged By: Scott Ball
B = 5 =
% e § é 3 E o § '—g. DESCRIPTION Elev.: 5 g
A E 2 = § 2 5 1,962.87 55
26 ML same as gbove
27 He Bottom of borehole @ 27" bgs.
Groundwater encountered at
28 Approximately 9" bgs.
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43 '
44 REMARKS
45
46
47
48
49
50
51
-

PA\AIPhillips\Meryland Squaré\M$ June 2005 ReportMS B Log MW-18.doc



LOg IND. } IWV-1

1 Vo DateofMadllings 1171307 Loention: Ground Swyface Eleyation (11):
Drlllers dilite Borchole Diameder: 8.25 Equipment: Mabile B-57
, Topped By: )] Grovmdwater Depth (R): Driving Wi and Drop: _
{ ; u:l SUMMARY OF SUBSURFACE CONDITIONS
of;
l;. . This log Is part of the veport prepaved by Converse for this project nml shonld . E i
M ,§ be reaid whh the repoyt, This summary applics only ot the locatlon and time of € <8 -§ Kz fo
{ e S 2 the exploratlon. Subsurface condltlons may differ at other locations and mny 38 oo ug a
; ! E 5.& ‘;!& change ot this loention wilh the passage of tlme. The data presentedd §s o Y g-g ,g 4 %
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Date of Drilking: 13/13/03  Docation:
Difller: Rlile
l.oggca}_)_l_;_-_:_.ll

LOQ INO, wWivy-2u )
9.0
Grounat Surface tevatlon (10
Equipment: Mahile B-57
Driving Wi and Drop:

Boyvehole Dlometer: 8.257
Gromdwatcr Depth (ft):

Conveorse Consultants

In Englnecring and
Envhromnentel Selences

: ,,,{ SUMMARY OF SUBSURFACE CONDITIONS [ i
R
f & This log Is part of the yeport prepared by Converse for this preject ami should T 84
m 3 be read with the yeport, This summary applics only at the Incalion and tine of § E .§ E 2
53 g 2 tho explorallon, Subsurfuce conditlens may 0iffer at other Jocntlons and mny S > W g % b
. i_, a § change at (his Jocatlan with the possage of thwe. The data presenied Isa ¥ Q3 {e lz: a
. Eé g G simplificd model of ihe netnal contllilons enconntered, g é rg E.g ) -; -
A0 Asphalt/Aggregale 'J .
g - Silty sand with gravel; dark brown, slightly moist o JJ :
. :
L4 - X
i Claycy sand; tan, slightly mnoist E;
;16 2
i Pourly graded sand with silt; light brown, slightly moist P
i 9 Clayey sand few pravels; tan, slightly moist o ’ - B f
?
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Date of Mrilling: THIV0] Y.ocatlon:
Malller: Filite
loged By

LOY NU, WYL l
/
Ground Surface Elevatlon (ft):
Eaguipmcent: Mobile D-57
Driving Wi. and Drop:

Norehole Nametor: 8.25°
Groundwater Depth (R):

@ Converse Consultants In Engincering antl

Envivonnienin) Sclences

o SUMMARY OF SUBSURFACE CONDITIONS B
&
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Al Phillips The Cleaner

Maryland Square Shopping Ceater
Subsurface Investigation

Las Vegas, Nevada

Project No. 2698724.00005

Depth In Feet
Sample
Well Material
Log
PID/FID (ppm)

Time (0100 hrs)

0 1310

10

11

12

13

14

15

16

17

19

21

24

BOREHOLE LOG
MW-22
Date Started: 3/10/05
Date Completed: 3/10/05
Drilling Company: ' WDC Exploration
Drilling Method: Hollow Stern Auger
Sampling Method: None
Logged By: Scott Ball
]
] g W
£ g A SOIL
c] I DESCRIPTION
E 3 5
w)
Asphalt
ML *-5° SILT: 1t tan, dry, hard

§E

ML

*.7' CALICHE: wht., v. hard, moist

7'-37" Gravely SILT: it. tan to It. bm,

sl. moist to moist

-1-

Well:

Elev.:
1,974.76

8
Remarks/Well
Information

WELL CONSTRUCTION
Date Compl: 3/10/05
Comp. Rep: S. Ball

SURFACE COMPLETION
Type: Flush Mount

Vault: Traffic

Diameter: 12"

Seal: Concrete

Depth: 0°-1°

WELL CASING
Material: PVC
Diameter; 4”
Depth: 0°-15°
Joints: flush

WELL SCREEN
Material: PVC
Diameter: 4

Depth: 15°-35°

Joints: fiush

Opening: 0.02” slotted
Cap: expanding

SAND FILTER PACK
> Type: Montgomery
Size: 3

Depth: 13'-37°

ANNULUS SEAL
Sand Pack: bentonite
Depth: 11°13°
Borehole: concrete
Depth: 0°-11°

P:AAIPhillips\Maryland Square\M$ June 2005 Report\MS B Log MW-22.doc
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Al Phillips The Clesner

Maryland Square Shopping Center
Subsurface Investigation

Las Vegas, Nevada

Project No. 2698724.00005

Sample
Well Material
Log
PID/FID (ppm)

Time (0100 hrs)

& Depth In Feet

29
30
31
2

33

35
36
1600
37
38

39
41
42
43
45
47
49

50

51

BOREHOLE LOG
MW-22
Date Started: 3/10/05
Date Completed: ~ 3/10/05
Drilling Company: ~ WDC Exploration oy
Drilling Method: Hollow Stem Auger )
Sampling Method: None
Logged By: Scott Ball
]
-] E
- SOIL
o % E DESCRIPTION
a 7] B
g 5 ©
]
ML same as above.

Bottom of borehole @ 37° bgs
Groundwater encountered at

approximately 22 bgs.

PAAIPhillips\Maryland SquaretM$ June 2005 ReportMS B Log MW-22.doc

Well: G 5
MW-22 % k-]
Elev.: 8 E
1,974.76 5 €
REMARKS
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Al Phillips The Cleaner

Maryland Square Shopping Center

Subsurface Investigation
Las Vegas, Nevada

Project No, 2698724.00005

BOREHOLE LOG
MW-23

-1

WELL CONSTRUCTION
Date Compl.: 3/9/05
Comp. Rep: S. Ball

SURFACE COMPLETION
Type: Flush Mount

Vault: Traffic

Diameter: 127

Seal: Concrete

Depth: 0°-1°

WELL CASING
Material: PVC
Diameter: 4”7
m 0’5’
Joints: flush

WELL SCREEN
Material: PVC
Diameter: 4”

Depth: 5°-25"

Joints: flush

Opening: 0.02 slotted
Cap: expanding

SAND FILTER PACK
Type: Montgomery

Depth: 4'-25”

ANNULUS SEAL

Sand Pack: bentonite
Depth: 3°4°

Borehole: concrete
Depth: 0°-3'

PAAIPhillips\Maryland Square\MS June 2005 ReporttMS B Log MW-23.doc
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BOREHOLE LOG

R

O

Well Material
Log

0°-16" Fine SAND: It. bm, dry to
v. moist, find grained sand

16°-25"Sandy SILT: bm to }t. brn,
v. moist, fine grained sand

Remarks/Well
Information

WELL CONSTRUCTION
Date Compl: 3/9/05
Comp. Rep: S. Ball

SURFACE COMPLETION
Type: Flush Mot

Vault: Traffic

Diameter: 12"

Seal: Concrete

Depth: 0°-1°

WELL CASING
Material: PVC
Diameter: 47
M: 01_ 2
Joints: flush

WELL SCREEN
Material: PVC
Diameter: 4”

Depth: 5°-25°

Joints: flush

Opening: 0.02” slotted
Cap: expanding

SAND FILTER PACK

Type : Montgomery
Size: 3

Depth: 4°-25°
ANNULUS SEAL

P:\AIPhillips\Maryland Square\MS June 2005 ReporttMS B Log MW-24.doc
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BOREHOLE LOG
MW-25
3/11/05
3/11/05
WDC Exploration
Hollow Stem Auger
None
Scott Ball
3 )
E, & SOIL
5 3 E DESCRIPTION
-
-1-

WELL CONSTRUCTION
Date Compl.: 3/11/05
Comp. Rep: S. Ball

SURFACE COMPLETION
Type: Flush Mount

Vault: Traffic

Diameter: 12°

Seal: Concrete

Depth: 0°-1°

WELL CASING
Matesial: PVC
Diameter: 47
Depth: 0°-5
Joints: flush

WELL SCREEN
Material: PVC
Diameter: 47

Depth: 5°-25

Joints: flush

Opening: 0.02” slotted
Cap: expanding

SAND FILTER PACK
Type: Montgomery

Size: 3
Depth: 4>-30°

ANNULUS SEAL

Sand Pack: bentonite
Depth: 3°4°

Borehole: concrete
Depth: 0°-3°

P:\AIPhillips\Maryland Squaré\M$S June 2005 Report\M$S B Log MW-25.doc
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BOREHOLE LOG
MW-25
Al Phillips The Cleaner Date Started: 3/11/05
Maryland Square Shopping Center ~ Date Completed: 3/11/05
Subsurface Investigation Drilling Company: ~ WDC Exploration
Las Vegas, Nevada Drilling Method: Hollow Stem Auger
Sampling Method: None
Praject No. 2698724.00005 Logged By: Scott Ball
iy — L= b
B E K| g g} 5 &
= g 2 ki, E g SOIL
= g2 E285 2 3 g % DESCRIPTION
F £°3 § E 86
E & & 4
26 ML Same as above.
27 Cali 27°-28' CALICHE
che
28
ML 28°-30° SILT
29
30 Bottom of borehole @ 30 ft. bgs
Groundwater encountered at
31 Approximately 10° bgs.
32
33
34
35
36
37
38
39
40
4
42
43
44
45
46
47
a8
49
50

51

Well: Tg
MW-25 g2
-
Elev.: 8 E
1,960.74 §§

PAAIPhillips\Maryland Square\MS June 2005 ReportMS B Log MW-25.doc
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BOREHOLE LOG
MW-26 ¥
Al Phillips The Cleaner Date Started: 3/22/06 I
Maryland Square Shopping Center | Date Completed: 3/22/06
Subsurface Investigation Drilling Company: WDC Exploration
Las Vegas, Nevada Drilling Methed: Hollow Stem Auger
Sampling Method: Cuttings Inspection
Project No. 2698724.00005 Logged By: Randy S. Kyes
- ® = ] =
3 8 k| E| 2 g |2 , Te
S 8 B Ew S E g é SOIL w.'n i "3
= | &g 23 g 183 DESCRIPTION Elev.: gg
[= 9 [>] -
53 £ 8 7] G 5
8 | E z |8 & |2|° A
[ 1030 Asphalt WELL CONSTRUCTION
— t —J| Date Compl.: 3/22/05
] Comp, Rep: R.S. Kyes
] g'-s' Sty GRAVEL, poarso (oo | SURFACE COMPLETION
2 | ase), dry - Al
| GW | Type: Flush Mount
3 _ | Vault: Traffic
] . Diameter: 12"
4 | Seal: Concrete
. Depth: 0°-1'
5 1115
- WELL CASING
6 _ | Material: PVC
| ] Diemeter; 4"
7 | =4 Depth: 010"
] Joints: flush
8 2
] 5'-13' Silty SAND, bm, dry, some WELL SCREEN
9 __ | small gravel. Material: PVC
Diameter: 4°
0 Depth: 10°-38'
] ‘| Joints: fush
11 _ | Opening: 0.02" slotted
] Cup: expanding
12
] SAND FILTER PACK
13 | Type : Montgomery
| ;] Size: 3
14 | ] Depth: 740"
15 ] 2| ANNULUS SEAL
_ 7] Bentanite
16 | »¢)  Depth; 4°-7
Concrete
17 ] [~ -] Depth: 0'4°
] CcL [—~] 13°-24' Silty CLAY, bm, moist,
1B .+ some pea grovel. REMARKS
. No sampling performed.
19 _ | borehiole was drilled and 2
] I=Ts monitor well was instolled.
20 _| ]
— [~ Soil profile characterized
21 _ | -~ by inspeetion of drill
] - 341 cuttings.
2 | ]
23 ] -]
24 | =]
] CL =] 24’40 Silty CLAY, brn, v. wet g
25 . 75,
b .f.'-:(

P:\AIPhillips\Maryland Squarc\M$ March 2006 Report\MS B Log MW-26.doc
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Al Phillips The Cleaner

Moryland Square Shopping Center
Subsurface Investigation

Las Vegas, Nevada

Project No. 2698724.00005

Depth In Feet
‘Time (0100 hrs)
Sample
Well Material
Log
PID/FID (ppm)

ol
[

28
29
30
3
32

3
34
35
36
37
a8
39

1150
40
41
a2

a3

45
46
41
48

49

51

BOREHOLE LOG Kol
MW-26
Date Started: gggjlgg
Date Completed: WDC Explorati
Drilling Company: xploration
il . Hollow Stem Auvger
Drilling Method: Cottings Inspect
Sampling Method: R“ d“g; ]n(Sp jon
Logged By: andy S. Kyes
E —
2 3 . T e
: & 3 SOIL el i
2 8 3 DESCRIPTION Elov. 2 E
5 g 8 1,960.74 5 g
(7]
CL 24°40" Silty CLAY, bm, v. wet

2]
|

24'40° Silty CLAY, bm, v. wet

[N PR IPE T P P 2 0 TP T O 0 0 0 I I IR I e s (I}
.l|l'l'lll l'lllIl‘lllll'llllllllIllllllll'l'llllllIllllll'l'l'l’l'll

Bottom of borebole @ 40 f. bgs
QGroundwater encountercd at

Approximately 15° bgs.

-2-
PAAIPhillips\Maryland Square\MS March 2006 Report\MS B Log MW-26.doc




Al Phillips The Cleaner

Maryland Square Shopping Center
Subsurface Investigation

Las Vegas, Nevada

Project No. 2698724.00005

Depth In Feet

Time (0100 hrs)

Sample
Well Material
Log
PID/FID (ppm)

©
pr
8

-

10
1
12
13
14
1545
15 0714
16
17

18

19
20

2)

23

Date Siaried:

Date Completed:
Drilling Company:
Drilling Method:
Sampling Method:

Logged By:

Sample Number

USCS/Other

SwW

GM

3/22/06

3/23/06

WDC Exploration
Hollow Stem Auger
Cuttings Inspection
Randy S. Kyes

Well:
MW-27
Elev.:

SOIL
DESCRIPTION

Graphic Log

Asphalt

2erd  0°-5' Gravely SAND, well sorted, (road
-.'.:.’.; basge), dry

LY

TR
X

"t
4

§°-12* GRAVEL, w/ silty sand, dry,
well sorted.

(ORI PO I DI TN O O I
'lll'llI'I'lll|l'llllllllllll

—~ 127227’ Silty CLAY, bm, moist,

SRARRANR
e

21°-22* CALICHE, soft, whitish

22°.26" Silty CLAY, bm, v. wet

-1-

Remarks/Well
Information

WELL CONSTRUCTION
Date Compl.: 3/23/05
Comp. Rep: R.S. Kyes

SURFACE COMPLETION
Type: Flush Mount

Vault: Traffic

Diametes: 12"

Seal: Concrete

Depth: 0°-1'

WELL CASING
Material: PYC

. Diameter: 4"

Depth: 0'-10°
Joints: flush

WELL SCREEN
Material; PVC
Dismeter: 4°

Depth: 10°-35°

Joints: flush

Opening: 0.02" slotted
Cap; expanding

SAND FILTER PACK
Type : Montgomery
Size: 3

Depih: 740"

ANNULUS SEAL
Bentonite

Depth: 4°-7°
Concrete
Depth: 0°-4*

:  No sampling performed.

borehole was drilled and a
roonitor well was installed.

;. Soil profile characterized

by inspection of drill
cuttings.

Restart @ 0714 on 03/23
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Al Phillips The Cleaner

Maryland Square Shopping Center

Subsurface Investigation
Las Vegas, Nevada

Project No, 2698724.00005

8 Depth In Feet

30

31

32

33

34

6
37
8
39
40
41
42

43

45

a7
a8
49
50

51

7 =
= © &
S S w
e E 23
0 W %
E 2
=
0727

T R ——

BOREHOLE LOG
MWw-27

Date Started: 3/22/06

Date Completed: 3/23/06

Drilling Company: ~ WDC Exploration

Drilling Method: Hollow Stem Anger

Sampling Method: Cuttings Inspection .

Logged By: Scott Ball
E 5 5 o . ®
s : § 3 SOLL s 33
8 5 3§ % DESCRIPTION Elev.: 5 E
8 E 38 § 1,960.74 g%
=%} (%) &

-

2

L I IO 0 O P I I B I I O B B |
l'|'lll'lll'lllllllllllll.l'l'l

CL ~-

26°-40" Siity CLAY, bm, v. wet

3440’ same as above

03/23/06.

Bottom of borehole @ 40 fi. bgs
Groundwater encountered at
Approximately 15° bgs.

2=
P:\AIPhillips\Maryland Square\M$ March 2006 ReportMS B Log MW-27.doc



Well:
MW-28
Elev.:

BOREHOLE LOG
MW-28
Al Phillips The Cleaner Date Started: 10/25/2007 4
Maryland Square Shopping Center Date Completed: 10/25/2007 e
Groundwater Monitoring Well Drilling Company: WDC Exploration
Installation Drilling Method: Hollow Stem Auger
Las Vegas, Nevada Sampling Method: None
Project No. 2698724 Logged By: Holly Woodward
3 A i g 2 5 | w
d lzlel 5.1 8| 5 |33 SOIL
=] (=) Z - -2
: | S|5/23|8| % |3z DESCRIPTION
e o = 17} <]
o] E 2 a 5|3
= E = = 3
0 __1 0915 ASPHALT
| GW 6”-1" GRAVEL
1] x
2 ] E‘
| %21 1°-6° Silty SAND: fine-grain, It brown, sl.
3 ] Af  225Z5] moist, med. dense., poorly graded w. sl
| 23| plasticity, Artificial fill
4 >
5 _|
6 _]
7 _]
8 _]
] SM 6’-12’ silty SAND: brown, sl. moist
9
10 |
n_J
12 |
13 | 12’-15’ silty SAND: brown, sl. moist,
_ SM some pea gravel and gravel
14 _ |
15 |
| 15°-35’ silty SAND: brown
16 |
17 _—_ 1020 17°-17.5’ encountered some gravel
18
19 |
20 | SM
21 |
2 ]
23 |
24 |
25 |

Remarks/Well
Information

WELL CONSTRUCTION
Date Compl.: 10/25/2007
Comp. Rep: H. Woodward

SURFACE COMPLETION
Type: Flush Mount

Vault: Traffic

Diameter: 127

Seal: Concrete

Depth: 0’-1°

WELL CASING
Material: PVC
Diameter: 4”
Depth: 0°<15°
Joints: 5°, 25°

WELL SCREEN
Material: PVC
Diameter: 4”

Depth: 15°-35’

Joints: 15°,25°
Opening: 0.02” slotted
Cap: expanding

SAND FILTER PACK

ANNULUS SEAL

Sand Pack: bentonite
Depth: 9°-12°

Borehole: concrete
Depth: 0°-9°

REMARKS

No sampling was performed
Borehole was drilled and a
Monitor well was installed.

-2-

P \AIPhillips\Maryland Square\2007 09 Well Installation\Borehole Logs and Photos\MW-28 doc




Same as above

Bottom of borehole 35 ft bgs
Groundwater encountered at
Approximately 15° 16’ bgs

3
P \AIPhillips Maryland Square 007 09 Well Installation Borehole Logs and Photos\MW 28 doc

Remarks/Well

Information



R,
BOREHOLE LOG AR 7
MW-29 o
Al Phillips The Cleaner Date Started: 10/24/2007
Maryland Square Shopping Center Date Completed: 10/25/2007
Groundwater Monitoring Well Drilling Company: WDC Exploration
Installation Drilling Method: Hollow Stem Auger 1
Las Vegas, Nevada Sampling Method: | None == g =
Project No. 2698724 Logged By: Holly Woodward 3
2 g d ) 2 5 | I
AEARE R Nk oL el :
S S |18 =9 a Z 2 1.2 MW-29 <]
= s |B| =5 | 8 ° R DESCRIPTION Elev.: = E
& 2 |19 3 S e | 2|eg E$
Aa e B = 3 21O &
0 _ | 1255 - ASPHALT WELL CONSTRUCTION
_ Af 353 67-1.5° silty SAND: brown, sl. moist, T Date Compl.: 10/25/2007
1 %] Med. dense, some gravel, Artificial fill Comp. Rep: H. Woodward
2 _ | 1.5’-4’ sandy SILT: It. brown, roots in SURFACE COMPLETION
] ML soil Type: Flush Mount
3 _ | Vault: Traffic
] Diameter: 127
4 _ | Seal: Concrete
_ Depth: 0°-1°
S C——
_ WELL CASING
6 _ | Material: PVC
_ Diameter: 4”
7 Depth: 0-15’
e Joints: 5%, 15
8 —
| WELL SCREEN
9 _ | Material: PVC
| Diameter: 4”
10 __ | Depth: 15°-35°
| Joints: 15°, 25
n __| Opening: 0.02” slotted
| 4°-19’ silty SAND: brown, sl. moist, some Cap: expanding
12 _ | gravel
_ SAND FILTER PACK
13 | Type : Monterey
_ Size: 3
14 | Depth: 12°-35°
15| ANNULUS SEAL
: Sand Pack: bentonite
16 Depth: 9°-12°
] Borehole: concrete
17 | Depth: 0°-9’
18 REMARKS
. No sampling was performed
CI Borehole was drilled and a
] Monitor well was installed.
20 |
21 |
2 | 19°-35" CLAY : brown, wet, some pea
: grave! and sand
23 |
24 |
25 |

-4-

P\AIPillips\Maryland Square\2007 09 Well Installation\Borehole Logs and Photos\MW-29 doc




1Phullips

Same as above

Bottom of borehole 35 ft bgs
Groundwater encountered at
Approximately 18 5 bgs

-5-
aryland quare 007 09 Well Installation Borehole Logs and Photos\MW 29 doc

Remarks/Well

Information



BOREHOLE LOG
MW-30
Al Phillips The Cleaner Date Started: 10/26/2007
Maryland Square Shopping Center Date Completed: 10/26/2007 E
Groundwater Monitoring Well Drilling Company: WDC Exploration
Installation Drilling Method: Hollow Stem Auger
Las Vegas, Nevada Sampling Method: None
Project No. 2698724 Logged By: Holly Woodward
i |E| 13 |E] £ |s]®
< lslal 2| E| 2 |52 SOIL
= s |§ =5 | & s w | E DESCRIPTION
& e |19 3 5 e | 2|8
a & 2 = 3 2 |o
0 __ | 0900 Asphalt
] 67-2" Silty SAND: brown, sl. moist,
1| Af Med. dense, some gravel, Artificial fill
2 _]
3 : ML 2°-5" Sandy SILT: brown, some pea gravel
1 and gravel
4 —
5
6 _
7
8 : ML 5°-13’ sandy SILT: brown, some pea
] gravel, gravel, and clay
9 - -
0 |
n o
12 |
13 : 13°-14° Silty SAND: brown with some pea
] gravel
14 _ |
15 |
16 _|
17 |
18 |
19 | GC 14°-28’ Sandy, silty GRAVEL: poorly
| graded
20 |
2t |
2 |
23 |
24 | 0945
235 |

Well:
MW-30
Elev.:

Remarks/Well
Information

WELL CONSTRUCTION
Date Compl.: 10/26/2007
Comp. Rep: H. Woodward

SURFACE COMPLETION
Type: Flush Mount
Vault: Traffic
Diameter: 127
Seal: Concrete
Depth: 0°-1”

WELL CASING
Material: PVC
Diameter: 4”
Depth: 0°-20’
Joints: 10°, 20"

WELL SCREEN
Material: PVC
Diameter: 4™

Depth: 20’-40’

Joints: 207, 30°
Opening: 0.02” slotted
Cap: expanding

SAND FILTER PACK
Type : Monterey
Size: 3

# Depth: 17°-40°

B8 ANNULUS SEAL

Sand Pack: bentonite
Depth: 14°-17’

Borehole: concrete
Depth: 0°-14'

REMARKS
No sampling was performed
Borehole was drilled and a
Monitor well was installed.

-6-

P\AIPhillips\Maryland Square\2007 09 Well Installation\Borehole Logs and Photos\MW-30 doc




SOIL
DESCRIPTION

SM

Bottom of borehole 40 ft bgs
Groundwater encountered at
Approximately 24’ bgs

-7
P \AlPhillips\Maryland Square 007 09 Well Installation\Borehole L gs and Photos\MW 30 doc

Remarks/Well

Information



2.
P \AlPhillips\Maryland Square 008 02 Well Installation Borehole Logs and Photos\MW 1 doc



Graphic Log

0-4” ASPHALT

£1.5" gravelly SAND: brown, sl. moist
with up to 1.5 diameter angular rocks
1.5°-9’ silty SAND:. tan, sl. moist, well
some pea gravel

34’ same except t. brown

-9’ silty SAND: tan, si. moist, well
sorted, fine grained, no plasticity

6’-6.5" some caliche nodules

9°-13’ silty SAND: It. brown, sl. moist,
well sorted, sl. plasticity with some pea
gravel

-1-
PAAIPhillips\Maryland Squarex2008 02 Well Installation\Borehole Logs and Photos\MW-31.doc

Remarks/Well

Information



SM

CL

SOIL
DESCRIPTION

0 4.5" ASPHALT

@ 4.5" to 3' silty SAND: fine-grained, It.

brown, sl moist, med. dense, poorly
graded w. sl plasticity, some pea gravel,
artificial fill

3’ 6 sandy SI T: It brown, sl. moist

6' 15 silty SAND brown, sl moist,
poorly graded, some gravel

15’ 25’ CLAY. brown, sl moist, med
dense, poorly graded, some sand and
gravel

@17.5" same as above but very moist

25 31'cayey S T, It. brown, wet, stiff

3

PA\AIPhillips\Maryland Squar 2008 02 Well Installation\Barehole Logs and Phoios\MW 32 doc

Remarks/Well
Information



SOIL
DESCRIPTION

ML

Bottom of borehole 35 ft. bgs
Groundwater encountered at
Approximately 17 5 feet bgs

4
P \AlPhillips\Maryland Square\2008 02 Well Installation\Borehole Logs and Photos\MW 32 do

Remarks/We
Information



SOIL
DESCRIPTION

0 4" ASPHALT

4" 2' SAND, It. brown, st. moist, poorly
sorted with up to 1" diameter angular
Rocks, Artificial Fill

2' 5" silty SAND: It brown, sl. moist, well
sorted with up to 1.5” long gypsum
crystals

5' 9" sandy SILT brown, sl moist, stiff

with some pea gravel

9' 16° gravelly SILT. brown sl moist stiff
with some fine grain sand

16" 25 sandy SILT, brown, moist, stiff
with some pea grave!

25" 34’ clayey SILT, It. brown, wet, stiff

5

P:\AiPhillips Maryland quare 2008 02 Well Installation\Borehole Logs and Photos\MW 33 doc

Remarks/Well
Information



SOIL
DESCRIPTION

ML

Bottom of borehole @ 35 ft. bgs
Groundwater encountered at
Approximately 16.5' bgs.

6
P \AlPhillips\Maryland Square\2008 02 Well Installation\Borehole Logs and Photos\MW 33 doc

Remarks/Well
nformation



SOIL
DESCRIPTION

Remarks/Well
Information

ML

12

13

16

B T2
20 Bottom of boreho e 20°bgs

Encountered Groundwater at approx 18
2

22

23
2

25

7
P.\AIPhillips\Maryland Square 2008 02 Well lnstallation\Borehole Logs and Photos\B T2 docP:\AIPhillips  aryland Square\2008 02 Well Installaion\Borehole
Logs and Photos\B T2.do



BOREHOLE LOG
B-T
Al Phillips The Cleaner Date Started: 10/24/2007
Maryland Square Shopping Center Date Completed: 10/25/2007
Groundwater Monitoring Well Drilling Company: WDC Explorations
Installation Drilling Method: Hollow-Stem Auger
Las Vegas, Nevada Sampling Method: Grab/Temporary PVC casing
Project No. 26698724 Logged By: Holly Woodward
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0 _ | 0-4.5” ASPHALT — WELL CONSTRUCTION
] S @4.5” to 3’ silty SAND: fine-grained, It. Date Compl.: 10/24/2007
1| 245t brown, sl moist, med. dense, poorly Comp. Rep: H. Woodward
| Af P ‘?{i graded w. sl. plasticity, some pea gravel,
2 | Gl artificial fill SURFACE COMPLETION
1 (450 Type: NA
3 Vault: NA
: Diameter: NA
4 | 3'-6" sandy SILT: It. brown, sl. moist Seal: NA
] ML Depth: NA
5
] WELL CASING
6 __| Material: PVC
| Diameter: 1.25”
7 | Depth: 0-22°
] Joints: flush
8
] WELL SCREEN
9 _ | Material: PVC
_ SM 6’-15’ silty SAND: brown, sl. moist, Diameter: 1.25”
10 _ | poorly graded, some gravel Depth: 22-25°
] Joints: flush
1nm __| Opening: 0.02” Slotted
1 Cap: Expanding
12
e SAND FILTER PACK
13 _ | Type : Monterey
| Size: 3
14 | Depth: 19-25°
15 ANNULUS SEAL
] 15°-17.5° CLAY: brown, sl. moist, med. Sand Pack: NA
6 __| dense, poorly graded, some sand and Depth: NA
| gravel Borehole: NA
17 __| Depth: NA
] @17.5° same as above but very moist
18 | REMARKS
| CL
19 |
20 7]
21 |
2|
23 _
24 |
25 | Bottom of borehole @ 25’bgs
Encountered Groundwater at approx. 22’
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CORRECTIVE ACTION PLAN FOR GROUNDWATER
MARYLAND SQUARE PCE SITE

APPENDIX B

Summary of Remedial Action Alternatives Costs for Groundwater




Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

All dollar amounts in Subtotals and T
All values are in 2010 Dollars

otals to nearest ten-thousand dollars

Net present worth discount rate is 5.0%

TABLE B-1
Alternative 1: No Action
[ captaicosts
Cost ltem Quantity Unit Cost/Unit Item Cost Comment
None
Subtotal $0
Total capital Costs $0
Operation, Maintenance and Monitoring Costs — SSD
Cost Item Quantity Unit Cost/Unit Item Cost Comment
Sub-slab and Residential Monitoring 1 annual $118,000 $118,000 Previous MD Sq
Annual Cost (Subtotal) $120,000
30-Year Present Worth Factor at 5.0% discount factor 15.37
Net Present Worth of 30 Years of Operation, Maintenance and Monitoring Costs $1,840,000
Operation, Maintenance and Monitoring Costs = GW Monitoring
Cost Item Quantity Unit Cost/Unit Item Cost Comment
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
Annual Cost (Subtotal) $130,000
30-Year Present Worth Factor at 5.0% discount factor 15.37
Net Present Worth of 30 Years of Operation, Maintenance and Monitoring Costs $2,000,000
Alternative 1 Total Cost $3,840,000 Rounded
Assumptions

Abbreviation and Acronyms

AS/ISVE

Air Sparge/ Soil Vapor Extraction

MNA

Monitored Natural Attenuation

BCY

Bulk Cubic yards

Mobe

Mobilization

bgs

Below ground surface

PCE

Tetrachloroethene

China Lake FS

2005 Cost estimate for similar site
(China Lake) using RACER

PRB

Permeable Reactive Barrier

cfm| Cubic feet per minute Previ MD S Previous cost estimates for Maryland Square Shopping

CY|Cubic yard revious 9/ center Remediation
Decon|Decontamination
Der’rl;ocl))\(i Eswfﬁsli)fliltleza\t/lggetable o RACER Remedial Agtion Cost Enginegring andl Requirements
System, designed for Remediation Projects

GW/|Groundwater

gpm|Gallons per minute SF[Square Foot
IC|Institutional Controls Site Prep|Site Preparation

kwh|Kilowatt hour
LF|Linear foot SSD|Sub-slab depressurization
LS|Lump Sum pg/L|Micrograms per liter of PCE

MG |Million gallon
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-2
Alternative 2A: In Situ Chemical Treatment of Hotspots and Residential Area, Institutional Controls (IC), Sub-Slab Depressurization (SSD)

Sistems, and Monitored Natural Attenuation iMNAi

Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Site Prep for Equipment Laydown 1 LS $10,000 $10,000 Engineer's Estimate
Injection Wells (76 at 40") 3040 LF $160 $486,400 China Lake FS
Bench Scale Test 1 LS $7,000 $7,000 Vendor Quote
Pilot Study 1 LS $25,000 $25,000 Vendor Quote
Additional SSD systems 10 Homes $5,000 $50,000 Previous MD Sq
Implementation of ICs 1 LS $50,000 $50,000 China Lake FS
Subtotal $628,400
Mobe/ Demobe/ Well Abandonment (15% ) $94,260
Design (10% or $10,000 minimum) $62,840
Construction management (15% or $10,000 minimum) $94,260
Administrative/Legal (5% or $10,000 minimum) $31,420
Contingency (25%) $157,100
Total capital Costs
Operation, Maintenance and Monitoring Costs — Hotspot Reagent
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Reagent injection in Hotspot 25 tons $3,552 $88,792 Vendor Quote
Reagent Injection Labor 240 hrs $50 $12,000 Vendor Quote
Reagent Injection Equipment 5% Reagent $88,792 $4,440 Engineer's Estimate
Annual Cost (Subtotal) $110,000
Contingency (20%) $22,000
Annual Cost + Contingency $132,000
4-Year Present Worth Factor at 5.0% discount factor 3.55
Net Present Worth of 4 Years of Hotspot Injection Costs $470,000
Operation, Maintenance and Monitoring Costs = Upgradient Reagent
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Reagent Injection Upgradient of Residences 17 tons $3,552 $59,194 Vendor Quote
Reagent Injection Labor 240 hrs $50 $12,000 Vendor Quote
Reagent Injection Equipment 5% Reagent $59,194 $2,960 Engineer's Estimate
Annual Cost (Subtotal) $80,000
Contingency (20%) $16,000
Annual Cost + Contingency $96,000
10-Year Present Worth Factor at 5.0% discount factor 7.72
Net Present Worth of 10 Years of Upgradient Area Injection Costs $740,000
Operation, Maintenance and Monitoring Costs = GW Monitoring and IC
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
Annual reporting and IC Implementation 1 annual $67,000 $67,000 Engineer's Estimate
Annual Cost (Subtotal) $200,000
Contingency (20%) $40,000
Annual Cost + Contingency $240,000
30-Year Present Worth Factor at 5.0% discount factor 15.37
Net Present Worth of 30 Years of GW and IC Monitoring Costs $3,690,000
Operation, Maintenance and Monitoring Costs = SSD Monitoring
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Sub-slab and Residential Monitoring 1 annual $118,000 $118,000 Previous MD Sq
Annual Cost (Subtotal) $120,000
Contingency (20%) $24,000
Annual Cost + Contingency $144,000
10-Year Present Worth Factor at 5.0% discount factor 7.72
Net Present Worth of 10 Years of SSD Monitoring Costs $1,110,000
Closeout Costs
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Closeout Report 1 LS $67,000 $67,000 China Lake FS
(Subtotal) $70,000
30-Year Present Worth Factor at 5.0% discount factor 0.23
Net Present Worth of Close-out Costs $20,000
Alternative 2A Total Cost $7,100,000 Rounded
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-2 (Continued)

Alternative 2A: In Situ Chemical Treatment of Hotspots and Residential Area, Institutional Controls (IC), Sub-Slab Depressurization (SSD)
Systems, and Monitored Natural Attenuation (MNA)

Assumptions
All dollar amounts in Subtotals and Totals to nearest ten-thousand dollars
All values are in 2010 Dollars See Table B-1 for abbreviations and acronyms

Net present worth discount rate is 5.0%

76 new wells will need to be installed, making a total of 80 injection wells

Injection points or wells will be at about 17-40 bgs in Years 1 through 10 GW velocity will be between 0.5-4 foot per day
Initially treating a concentration of approximately 1,000 ug/L, decreasing to 500 after Year 5

SSD systems would operate for 2 years and GW monitoring would be for 10 years

Injection will be directly in roadways or right-of-ways

Oxidant demand based on high sulfates at site

Injection well abandonment part of demobilization costs
Implementation of ICs cost based on length of time required
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-3
Alternative 2B: In Situ Chemical Treatment, ICs, SSD Systems, and MNA
[ cepttaicosts
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Site Prep for Equipment Laydown 1 LS $10,000 $10,000 Engineer's Estimate
Site Prep for Injection Wells 121 Wells $3,000 $363,000 Engineer's Estimate.
New Injection Wells (349 at 40" 13960 LF $160 $2,233,600 China Lake FS
Bench Scale Test 1 LS $7,000 $7,000 Vendor Quote
Pilot Study 1 LS $25,000 $25,000 Vendor Quote
Additional SSD systems 10 Homes $5,000 $50,000 Previous MD Sq
Implementation of ICs 1 LS $50,000 $50,000 China Lake FS
Subtotal $2,738,600
Mobe/ Demobe/ Well Abandonment (15% ) $410,790
Design (10% or $10,000 minimum) $273,860
Construction management (15% or $10,000 minimum) $410,790
Aministrative/Legal (5% or $10,000 minimum) $136,930
Contingency (25%) $684,650
Total capital Costs
Operation, Maintenance and Monitoring Costs = Reagent and SSD
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Reagent 1383 tons $3,552 $4,913,065 Vendor Quote
Reagent Injection Labor 1089 hrs $50 $54,450 Vendor quote
Reagent Injection Equipment 5% Reagent $4,913,065 $245,653 Engineer's Estimate
Sub-slab and Residential Monitoring 1 annual $118,000 $118,000 Previous MD Sq
Annual Cost (Subtotal) $5,340,000
Contingency (20%) $1,068,000
Annual Cost + Contingency $6,408,000
3-Year Present Worth Factor at 5.0% discount factor 2.72
Net Present Worth of 3 Years of Operation and Maintenance Costs $17,450,000
Operation, Maintenance and Monitoring Costs = GW Monitoring and IC
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Annual reporting and IC Implementation 1 annual $67,000 $67,000
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
Annual Cost (Subtotal) $200,000
Contingency (20%) $40,000
Annual Cost + Contingency $240,000
5-Year Present Worth Factor at 5.0% discount factor 4.33
Net Present Worth of 5 Years of Operation, Maintenance and Monitoring Costs $1,040,000
Closeout Costs
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Closeout Report 1 LS $67,000 $67,000 Previous MD Sq
(Subtotal) $70,000
5-Year Present Worth Factor at 5.0% discount factor 0.78
Net Present Worth of Close-out Costs $60,000
Alternative 2B Total Cost $23,210,000 Rounded
Assumptions
All dollar amounts in Subtotals and Totals to nearest ten-thousand dollars
All values are in 2010 Dollars See Table B-1 for abbreviations and acronyms

Net present worth discount rate is 5.0%

14 existing wells in the vicinity are available for injection

349 new wells will need to be installed, making a total of 363 injection wells

Will inject equal amounts of reagent over 2 years

Injection points or wells will be at about 17-37 bgs. GW velocity will be between 0.5-4 foot per day
Initially treating a concentration of approximately 1,000 ug/L, decreasing to 500 after year 1

SSD systems would operate for 2 years and GW monitoring would be for 4 years

One-third of the wells will require some site prep. Other sites will be directly in roadways or right-of-ways
Oxidant demand based on high sulfates at site

Implementation of ICs cost based on length of time required
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-4
Alternative 3: Permeable Reactive Barrier (PRB), ICs, SSD Systems, and MNA
[ captaicosts
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Site Prep 1 LS $10,000 $10,000 Engineer's Estimate
Decon Facilities 1 LS $71,820 $71,820 China Lake FS
Waste Management 1 LS $7,140 $7,140 China Lake FS
Stockpile 1 LS $14,760 $14,760 China Lake FS
Pilot Study and Bench-Scale Tests 1 LS $75,000 $75,000 Vendor Quote
Excavation 400 BCY $50 $20,000 China Lake FS
Spoil Disposal 200 BCY $200 $40,000 China Lake FS
Zero-valent Iron for 18-38' BGS 844 tons $800 $675,200 Vendor Quote
PRB Installation 844 tons $592 $500,000 Vendor Quote
Borrow 107 CY $10 $1,070 Engineer's Estimate
Fill in Lifts 360 CcY $10 $3,600 Engineer's Estimate
Street Repair 900 SY $120 $108,000 Engineer's Estimate
Wells (9 at 40 ft) 36 LF $450 $16,200 Engineer's Estimate
Additional SSD systems 10 Homes $5,000 $50,000 Engineer's Estimate
Implementation of ICs 1 LS $50,000 $50,000 Engineer's Estimate
Subtotal $1,642,790
Mobe/ Demobe/ Well Abandonment (15% ) $246,419
Design (10% or $10,000 minimum) $164,279
Construction management (15% or $10,000 minimum) $246,419
Administrative/Legal (5% or $10,000 minimum) $82,140
Contingency (25%) $410,698
Total capital Costs
Operation, Maintenance and Monitoring Costs = SSD Monitoring
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Sub-slab and Residential Monitoring 1 annual $118,000 $118,000 Previous MD Sq
Annual Cost (Subtotal) $120,000
Contingency (20%) $24,000
Annual Cost + Contingency $144,000
10-Year Present Worth Factor at 5.0% discount factor 7.72
Net Present Worth of 10 Years of SSD Monitoring Costs $1,110,000
Operation, Maintenance, and Monitoring Costs = GW Monitoring and ICs
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
Annual Reporting and IC Implementation 1 annual $67,000 $67,000 Engineer's Estimate
Annual Cost (Subtotal) $200,000
Contingency (20%) $40,000
Annual Cost + Contingency $240,000
30-Year Present Worth Factor at 5.0% discount factor 15.37
Net Present Worth of 30 Years of Operation, Maintenance and Monitoring Costs $3,690,000
Maintain PRB
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Replace barrier 1 LS $1,369,770 $1,369,770 China Lake FS
(Subtotal) $1,370,000
20-Year Present Worth Factor at 5.0% discount factor 0.38
Net Present Worth of PRB Replacement Costs $520,000
Closeout Costs
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Closeout Report 1 LS $67,000 $67,000 China Lake FS
(Subtotal) $70,000
30-Year Present Worth Factor at 5.0% discount factor 0.23
Net Present Worth of Close-out Costs $20,000
Alternative 3 Total Cost $8,140,000 Rounded
Assumptions
All dollar amounts in Subtotals and Totals to nearest ten-thousand dollars
All values are in 2010 Dollars See Table B-1 for abbreviations and acronyms

Net present worth discount rate is 5.0%

The wall will be 375' long, 3' wide and extend to the bottom of the treatment zone

7 new monitoring wells will need to be installed

New wells: 1 additional upgradient monitoring well, 2 downgradient, and 6 in the wall (3 upgradient edge and 3 downgradient edge)
The treatment zone would be at about 18-38 bgs. GW velocity will be between 0.5-4 feet per day

Initially treating a concentration of approximately 1,000 ug/L, decreasing to 500 after Year 10 . The treatment would last for 20 years.
SSD systems would operate for 3 years and GW monitoring would be for 20 years

Implementation of ICs cost based on length of time required
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-5
Alternative 4: Air Sparge/ Soil Vapor Extraction (AS/SVE), ICs, SSD Systems, and MNA
[ captaicosts
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Site Characterization 1 LS $30,000 $30,000 Previous MD Sq
Site Prep 1 LS $20,000 $20,000 Previous MD Sq
AS/SVE Installation and startup 1 LS $163,000 $163,000 Previous MD Sq
Air permitting 1 LS $11,000 $11,000 Previous MD Sq
AS Wells (11 at 40" 440 LF $160 $70,400 China Lake FS
SVE Wells (12 at 17") 204 LF $160 $32,640 China Lake FS
Pilot Study 1 LS $25,000 $25,000 Vendor Quote
Additional SSD systems 10 Homes $5,000 $50,000 Engineer's Estimate
Implementation of ICs 1 LS $50,000 $50,000 China Lake FS
Subtotal $452,040
Mobe/ Demobe/ Well Abandonment (15% ) $67,806
Design (10% or $10,000 minimum) $45,204
Construction management (15% or $10,000 minimum) $67,806
Aministrative/Legal (5% or $10,000 minimum) $22,602
Contingency (25%) $113,010

Total capital Costs

Operation, Maintenance and Monitoring Costs = AS/SVE and SSD
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
AS/SVE O&M 1 annual $82,000 $82,000 Previous MD Sq
Annual Air Monitoring 1 annual $43,000 $43,000 Previous MD Sq
Sub-slab and Residential Monitoring 1 annual $118,000 $118,000 Previous MD Sq
Annual Cost (Subtotal) $250,000
Contingency (20%) $50,000
Annual Cost + Contingency $300,000
10-Year Present Worth Factor at 5.0% discount factor 7.72
Net Present Worth of 10 Years of AS/SVE and SSD Monitoring Costs $2,320,000
Operation, Maintenance, and Monitoring Costs - GW Monitoring and ICs
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
Annual Reporting and IC Implementation 1 annual $67,000 $67,000 China Lake FS
Annual Cost (Subtotal) $200,000
Contingency (20%) $40,000
Annual Cost + Contingency $240,000
30-Year Present Worth Factor at 5.0% discount factor 15.37
Net Present Worth of 30 Years of Operation, Maintenance and Monitoring Costs $3,690,000
Closeout Costs
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Closeout Report 1 LS $67,000 $67,000 China Lake FS
(Subtotal) $70,000
30-Year Present Worth Factor at 5.0% discount factor 0.23
Net Present Worth of Close-out Costs $20,000
Alternative 4 Total Cost $6,800,000 Rounded
Assumptions
All dollar amounts in Subtotals and Totals to nearest ten-thousand dollars
All values are in 2010 Dollars See Table B-1 for abbreviations and acronyms

Net present worth discount rate is 5.0%

23 new wells will need to be installed, 12 for the SVE and 11 for the AS

Each SVE well will have an air flow rate of 40 cubic feet per second

Injection points or wells will be at about 20-40 bgs with a radius of influence (ROI) of 10'. GW velocity will be between 0.5-4 feet per day
Initially treating a concentration of approximately 1,000 ug/L, decreasing to 500 ug/L after Year 10 .

SSD systems would operate for 3 years and GW monitoring would be for 20 years

Wells will be located in mall parking lot.

Implementation of ICs cost based on length of time required
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-6
Alternative 5: Groundwater Extraction and Treatment, ICs, SSD Systems, and MNA
[ captaicosts
Cost ltem Quantity Unit Cost/Unit Item Cost Comment
Site Characterization 1 LS $30,000 $30,000 Previous MD Sq
Site Prep and Slab work 1 LS $100,000 $100,000 Engineer's Estimate
Air permitting 1 LS $11,000 $11,000 Previous MD Sq
New GW Wells (29 at 40") 560 LF $200 $112,000 China Lake FS
Submersible Pumps 14 EA $5,000 $70,000 Engineer's Estimate
Well Electrical Connections 29 EA $7,500 $217,500 Engineer's Estimate
Pump Test 1 LS $25,000 $25,000 Vendor Quote
Additional SSD systems 10 Homes $5,000 $50,000 Engineer's Estimate
Underground Injection Control Permit 1 LS $15,000 $15,000 Engineer's Estimate
Equipment Installation (2 WWTPS) 1 LS $75,000 $75,000 Vendor Quote
Site Electrical 1 LS $50,000 $50,000 Engineer's Estimate
Trenching and Backfilling (2 err?:éér:iiﬁi 14,300 LF $3.58 $51,123 Engineer's Estimate
Yard Piping (2" PVC) 19800 LF $3.59 $71,033 Engineer's Estimate
Replace Pavement (6" thick, concrete) 28600 SF $3.23 $92,235 Engineer's Estimate
Implementation of ICs 1 LS $50,000 $50,000 China Lake FS
Subtotal $1,019,890
Mobe/ Demobe/ Well Abandonment (15% ) $152,984
Design (10% or $10,000 minimum) $101,989
Construction management (15% or $10,000 minimum) $152,984
Aministrative/Legal (5% or $10,000 minimum) $50,995
Contingency (25%) $254,973

Total capital Costs

Operation, Maintenance and Monitoring Costs = SSD Monitoring
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Sub-slab and Residential Monitoring 1 annual $118,000 $118,000 Previous MD Sq
Annual Cost (Subtotal) $120,000
Contingency (20%) $24,000
Annual Cost + Contingency $144,000
10-Year Present Worth Factor at 5.0% discount factor 7.72
Net Present Worth of 10 Years of SSD Monitoring Costs $1,110,000
Operation, Maintenance, and Monitoring Costs — System O&M, GW Monitoring and ICs
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
GW Treatment System Rental (2 WWTPs) 13.0 28-day Cycles $6,396 $83,148 Vendor Quote
RE SEERtiEn AR e el Coursi (25:) 12.0 month $1,250 $15,000 Engineer's Estimate
Electrical Power 12.0 Horsepower $1,005 $12,057 See Below
Activated Carbon Replacement 4.0 per year $11,975 $47,900 Vendor Quote
Inspection of Operations 52 weeks 14 hrs per week $50 $36,400 Engineer's Estimate
Electrical, well and pump O&M 1% Capital Cost $1,740,000 $17,400 Engineer's Estimate
Annual reporting and IC Implementation 1 annual $67,000 $67,000 Previous MD Sq
Annual Cost (Subtotal) $410,000
Contingency (20%) $82,000
Annual Cost + Contingency $492,000
30-Year Present Worth Factor at 5.0% discount factor 15.37
Net Present Worth of 30 Years of Operation, Maintenance and Monitoring Costs $7,560,000
Closeout Costs
Cost Item Quantity Unit Cost/Unit Item Cost Comment/Source
Closeout Report 1 LS $67,000 $67,000 China Lake FS
Equipment Removal 1 LS $7,806 $7,806 Vendor Quote
Site Restoration 1 LS $50,000 $50,000 Engineer's Estimate
(Subtotal) $130,000
30-Year Present Worth Factor at 5.0% discount factor 0.23
Net Present Worth of Close-out Costs $40,000
Alternative 5 Total Cost $10,450,000 Rounded
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-6 (Continued)

Alternative 5: Groundwater Extraction and Treatment, ICs, SSD Systems, and MNA

Assumptions

All dollar amounts in Subtotals and Totals to nearest ten-thousand dollars. See Table B-1 for abbreviations and acronyms

All values are in 2010 Dollars Net present worth discount rate is 5.0%

Peak flow is 55 gpm (3.9 gpm/well from 14 extraction wells)

Treated water will be re-injected.

14 new wells will be installed.

Assume $0.10 per KWH and 65% wire-to-water efficiency for motors

Wells will be screened from about 20-40 bgs.

Initially treating a concentration of approximately 1,000 ug/L, decreasing to 500 ug/L after Year 7.

SSD systems would operate for 10 years and GW monitoring would be for 20 years

Wells will be directly in roadways or right-of-ways. No land acquisition or purchase costs are included

One wastewater treatment system will be on the golf course property. Rental rate for open space assumed at $1/sf/month.
Electrical power connection points are near site and each extraction well. Carbon filters will be changed out every 6 months
No hardness control will be required in the treatment system, wells, and yard piping

Implementation of ICs cost based on length of time required
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Appendix B

Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site

Summary of Corrective Action Alternatives

Costs

TABLE B-7

Alternative 6: In-situ Enhanced Bioremediation, ICs, SSD Systems, and MNA

Cost Item Quantity Unit Cost/Unit Item Cost Comment
Site Prep for Equipment Laydown 1 LS $20,000 $20,000 Engineer's Estimate
New Injection Wells(80 at 40" 3200 LF $180 $576,000 China Lake FS
Bench Scale Test 1 LS $7,000 $7,000 Previous MD Sq
Pilot Study 1 LS $25,000 $25,000 Vendor Quote
Additional SSD systems 10 Homes $5,000 $50,000 Previous MD Sq
Implementation of ICs 1 LS $50,000 $50,000 China Lake FS
Subtotal $728,000
Mobe/ Demobe/ Well Abandonment (15% ) $109,200
Design (10% or $10,000 minimum) $72,800
Construction management (15% or $10,000 minimum) $109,200
Administrative/Legal (5% or $10,000 minimum) $36,400
Contingency (25%) $182,000
Total capital Costs
Operation, Maintenance, and Monitoring Costs — Hotspot Reagent
Cost Iltem Quantity Unit Cost/Unit Item Cost Comment/Source
Vegetable Oil Reagent 48 Wells Annually $18,945 $909,378 Vendor Quote
Reagent Injection 1 LS $182,000 $182,000 Vendor quote
Annual Cost (Subtotal) $1,100,000
Contingency (20%) $220,000
Annual Cost + Contingency $1,320,000
3-Event Present Worth Factor at 5.0% discount factor 2.72
Net Present Worth of 3 Years of Operation and Maintenance Costs $3,590,000
Operation, Maintenance, and Monitoring Costs = Upgradient Reagent, GW Monitoring, SSD and ICs (Year 1 - 10)
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Vegetable Oil Reagent 32 Wells Annually $18,945 $606,252 Vendor Quote
Reagent Injection 1 LS $121,000 $121,000 Vendor Quote
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
Sub-slab and residential Monitoring 1 annual $118,000 $118,000 Previous MD Sq
Annual reporting and IC Implementation 1 annual $67,000 $67,000 China Lake FS
Annual Cost (Subtotal) $1,040,000
Contingency (20%) $208,000
Annual Cost + Contingency $1,248,000
10-Year Present Worth Factor at 5.0% discount factor 7.72
Net Present Worth of 10 Years of Operation, Maintenance and Monitoring Costs $9,640,000
Operation, Maintenance, and Monitoring Costs = GW Monitoring and ICs (Year 11 - 30)
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Quarterly GW Monitoring 4 quarters/year $31,250 $125,000 Previous MD Sq
Annual reporting and IC Implementation 1 annual $67,000 $67,000 China Lake FS
Annual Cost (Subtotal) $200,000
Contingency (20%) $40,000
Annual Cost + Contingency $240,000
Year-10 to Year-30 Present Worth Factor at 5.0% discount factor 7.65
Net Present Worth of 20 Years of Operation, Maintenance and Monitoring Costs $1,840,000
Closeout Costs
Cost ltem Quantity Unit Cost/Unit Item Cost Comment/Source
Closeout Report 1 LS $67,000 $67,000 China Lake FS
(Subtotal) $70,000
30-Year Present Worth Factor at 5.0% discount factor 0.23
Net Present Worth of Close-out Costs $20,000
Alternative 6 Total Cost $16,330,000 Rounded

Assumptions
All dollar amounts in Subtotals and Totals to nearest ten-thousand dollars
All values are in 2010 Dollars See Table B-1 for abbreviations and acronyms
Net present worth discount rate is 5.0%
76 new wells will need to be installed, making a total of 80 injection wells

10 year lifespan, injection of EVO in hotspot over 3 years and upgradient of residences for 10 years.
Injection points or wells will be at about 17-37 bgs with a ROI of 10". GW velocity will be between 2-4 feet per day

Initially treating a concentration of approximately 1,000 ug/L, decreasing to 500 ug/L after Year 5.
SSD systems would operate for 3 years and GW monitoring would be for 10 years

Sites will be directly in roadways or right-of-ways

Reagent costs based on high sulfates concentrations.

Implementation of ICs cost based on length of time required
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Appendix B
Draft Corrective Action Plan for Groundwater - Maryland Square PCE Site
Summary of Corrective Action Alternatives Costs

TABLE B-8
Summar

Total Cost Rank
(0O=Lowest)

Alternative

0

Alternative 2A: Alternative 2A: In Situ Chemical Treatment of
Hotspots and Residential Area, Institutional Controls (IC), Sub-
Slab Depressurization (SSD) Systems, and Monitored Natural

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

Alternative 3: Alternative 3: Permeable Reactive Barrier (PRB),
ICs, SSD Systems, and MNA

Alternative 4: Alternative 4: Air Sparge/ Soil Vapor Extraction
(AS/SVE), ICs, SSD Systems, and MNA

Alternative 5: Alternative 5: Groundwater Extraction and
Treatment, ICs, SSD Systems, and MNA

Alternative 6: Alternative 6: In-situ Enhanced Bioremediation,
ICs, SSD Systems, and MNA

Minimum (except for No Action)

Median (except for No Action)

Average (except for No Action)

Maximum

Assumptions
All dollar amounts in Subtotals and Totals to nearest ten-thousand dollars
See Table B-1 for abbreviations and acronyms

All values are in present worth 2010 Dollars
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APPENDIX C
MARYLAND SQUARE PCE SITE - CORRECTIVE ACTION PLAN FOR GROUNDWATER
WORK PLAN FOR BENCH AND PILOT TESTS

1.0 INTRODUCTION

This document describes testing to further evaluate the feasibility of select technologies for treatment of
groundwater at the Maryland Square PCE Site (Site). Figure C-1 shows the site location. Testing will
include bench-scale and pilot testing, aquifer hydraulic properties testing, and aquifer profiling to
determine vertical distribution of tetrachloroethene (perchloroethene, PCE) in groundwater.

2.0 OXIDANT BENCH-SCALE TEST

There are already plans to evaluate the effectiveness of potassium permanganate under the soil
corrective action (Tetra Tech 2010). Because the Nevada Division of Environmental Protection (NDEP)
has some concerns regarding porosity occlusion, sodium persulfate has been chosen for testing as an
alternative to permanganate. Like potassium permanganate, it can be injected using direct-push
technology and is known to degrade PCE. However, sodium persulfate will not occlude porosity because
it does not leave behind a solid residue when it has been reduced.

Soil samples for bench-scale testing will be collected when new wells are installed for aquifer testing.
One (1) to 2 kilograms of representative soil samples and a small amount of groundwater will be collected
and sent to the persulfate technology vendor for bench-scale testing. The bench-scale test will measure
oxidant demand and evaluate various activators. If the measured oxidant demand is low to moderate, the
results of the bench test will be used to plan a persulfate pilot test. If the oxidant demand is high, the
technology will be cost prohibitive and will not be evaluated further.

3.0 AQUIFER TESTING

Aquifer testing will include conducting constant rate pumping tests in the two areas of the PCE plume
where hydraulic control is most likely to be considered as part of the remedial alternatives. These tests
are also intended to assist, where possible or applicable, the design and optimal implementation of other
remedial strategies. The proposed areas for aquifer tests are adjacent to the locations of wells: 1) MW-14
and MW-6; 2) MW-19 and MW-20; and 3) MW-13, MW-18, MW-27, MW-30 and MW-32.

Characterization of aquifer hydraulic properties will be conducted using the following tests:

1. Constant Rate Pumping Tests
2. Step- Drawdown Pumping Tests
3. FloVision® Survey and Downhole Resistivity Surveys

Constant rate pumping tests will be conducted using production wells installed in each of the two areas 1)
MW-14 and MW-6; 2) MW-19 and MW-20. Installation of the production wells will include (a) soil
sampling at various depths to characterize soil properties of the vadose and saturated zones; and (b)
downhole resistivity surveys of the open boreholes boreholes, if multiple permeable zones are found
during lithologic characterization. Once the wells are installed and developed step-drawdown tests will be
conducted in each of the production wells. The step-drawdown tests will allow establishing an optimum
pumping rate for the long-term constant rate tests. If a borehole resistivity survey is conducted, a
FloVision® survey will also be conducted within the screened interval to help confirm the presence or
absence of preferential flow.

As part of the aquifer testing activities, step-drawdown pumping tests also will be performed in wells MW-
13, MW-18, MW-27, MW-30 and MW-32. Prior to these tests each well will be subjected to FloVision®
and downhole resistivity surveys within the screened intervals.

The specific procedures associated with well installation, sampling, and testing are discussed below and
detailed in Attachment C-1.
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APPENDIX C
MARYLAND SQUARE PCE SITE - CORRECTIVE ACTION PLAN FOR GROUNDWATER
WORK PLAN FOR BENCH AND PILOT TESTS

3.1 Constant Rate Pumping Tests
General steps for constant rate pumping tests include:

1. Install two new production wells near existing monitoring wells to be used for drawdown
observations.

2. Develop new production wells, wait 48 hours, then conduct baseline groundwater monitoring for
PCE.

3. Perform step drawdown tests to determine appropriate pumping rates.

4. Perform constant rate pumping tests for up to 5 days to obtain delayed yield data.

5. After tests begin, collect groundwater samples for PCE analysis at 4 hours, 24 hours, 48 hours,
and 72 or 96 hours.

6. Treat and dispose of extracted groundwater appropriately.

Preliminary groundwater production calculations developed using the Theim equation for unconfined
groundwater conditions (Theim 1906) and using the results of the slug tests performed by Converse
(2004) indicate steady state flows may range from 3 to 7 gallons per minute (gpm), with lower permeable
units potential producing as low as 0.5 gpm. The limiting factor for the well flow capacities are the shallow
depth of the wells (partial penetration of the saturated zone). Therefore, installation of new production
wells is proposed for performing the aquifer tests, with use of the existing monitoring wells as observation
wells.

The two new production wells will be installed 15-25 feet from wells MW-14 and MW-20 (between wells
MW-6 and MW-19, respectively). The wells will be completed to a depth of 52 feet at MW-14 and to a
depth of 57 feet at MW-20. The observation well array for the production well near MW-14 will include
wells MW-14, MW-6, MW-17, MW-13, MW-15 and MW-5. The observation well array for the production
well near well MW-20 will include wells MW-19, MW-21, and potentially wells MW-18 and MW-16. The
well installation and development will be conducted as described in Attachment C-1.

The new production wells will be sampled for PCE no sooner than 48 hours after development prior to
start of the pumping tests. If multiple permeable zones are found during lithologic characterization of the
borehole, downhole resistivity and FloVision® surveys will be conducted. In addition, groundwater
samples will be collected from each permeable interval (up to 3 intervals) using low-flow sampling
techniques in accordance with the approved site monitoring plan, after initial purging at least 4 gallons (at
a purge rate of 0.5 gallons per minute [gpm]) from the sample intervals.

The constant rate test will be conducted for up to 5 days to allow collection of delayed yield data to allow
determination of the specific yield capacity of the unconfined saturated zone. The constant pumping rate
for the test will be selected to provide 16 to 20 feet of drawdown in the production well. Data will be
collected from the pumping well and the observation wells using pressure data logger transducers along
with supporting manual water level measurements. Manual measurements will also be collected from the
second nearest monitoring/observation well. The data logger transducers will be allowed to equilibrate
with the groundwater at least 10 hours prior to starting the constant rate test. A barometric data logger will
also be used to monitor changes in barometric pressure during the test, and manual water level
measurements will be collected in a monitoring well located no closer than 300 feet of the production well
to track diurnal and barometric effects on the groundwater level during the test. The water level data will
be collected on a logarithmic time interval in accordance with standard practice. Upon completion of the
pumping period, recovery data will be collected for 12 hours or until the groundwater level recovers to at
least 95 percent of the original water level. The water level data will be monitored and evaluated to
determine when sufficient data have been collected for evaluation of the delayed yield effects. The
pumping test may be terminated prior to 5 days if sufficient delayed yield data has been collected.

Groundwater produced during the pumping test will be treated onsite and discharged in compliance with
applicable permits. If it is infeasible to obtain a permit for discharge to the sewer, a temporary National
Pollutant Discharge Elimination System (NPDES) permit may be obtained.
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3.2 Step-Drawdown Pumping Tests

Step-drawdown pumping tests in wells 13, 18, 27, 30 and 32 will provide an estimate of the hydraulic
parameters of the different geologic units across the site. The materials screened by each well are as
follows:

i. MW-13: Sandy clay
i. MW-18: Sand with silt
iii. MW-27: Silty clay with a 1-foot caliche interval
iv. MW-30: Sandy silty gravel
v. MWw-32: Clay and clayey silt

Each test is expected to take up to 4 hours to complete. The discharge from the pumping well will be
increased in a stepwise fashion from an initially low constant flow rate to progressively higher constant
flow rates. In each step of the test, the drawdown in the pumping well will be allowed to stabilize. Each
step will be of equal duration, lasting from approximately 30 minutes to 2 hours (and long enough to
establish that the effects of well storage have dissipated). In addition to estimates of hydraulic
parameters, the step-drawdown tests will provide a range of specific capacities for the well. The specific
capacity of the pumped well will be calculated for each step test by dividing the flow rate (in gpm) by the
measured drawdown at the end of each step.

A pressure transducer with a data logger will be used to collect the water level data in the pumping well.
Extracted groundwater will be treated and disposed of appropriately.

3.3 FloVision® Survey And Downhole Resistivity Survey

FloVision® and downhole resistivity surveys of select monitoring wells will be conducted to determine
whether the saturated zone consists of massive beds or if there are more permeable intervals within the
units. These tasks will be conducted in conjunction with activities under the Indoor Air and Well Water
Work Plan (Tetra Tech pending). The results of these surveys and the results of previous Passive
Diffusion Bag (PDB) sampling (Converse 2010, Appendix E of the CAP) will be evaluated to determine
whether additional PDB sampling is necessary. If deemed necessary, PDB sampling will be conducted to
further assess vertical distribution of PCE in select wells.

The production and monitoring wells are expected to be screened across different units of the Las Vegas
Wash Aquitard, with some units potentially contributing more flow to wells. Therefore, a resistivity survey
and a spinner-type survey will be conducted in wells with the highest PCE concentrations (MW-5, MW-6,
MW-14) and wells located along the central line of the PCE plume in groundwater (MW-13, MW-18, MW-
19, MW-23, MW-25, MW-26, MW-27, MW-30, and MW-32). A FloVision® tool will be used in some wells
instead of the more commonly used spinner tool because of anticipated low flow rates.

The spinner/FloVision® tools measure the vertical water flow velocity in the well in a manner that allows
measurement of flow contributions from each layer across the screened interval. When the FloVision®
tool is used, a video log will accompany the data readings. The survey can be run during static or
pumping (dynamic) conditions.

34 Data Evaluation And Reporting

The constant rate pump test data will be evaluated by methods suitable for unconfined conditions
(Neuman 1974, 1975; Boulton 1963) and semi-confined (or leaky confined) conditions (Walton 1970;
Hantush and Jacob 1955) or other methods available in AQTESOLV™. The step-drawdown data will be
evaluated for estimates of the hydraulic parameters using the Theis method for confined conditions and
Hantush-Jacob method for leaky aquifers (Hantush and Jacob 1955; Bear 1979).
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The aquifer testing report will characterize the various units encountered on site within the Las Vegas
Wash Aquitard. The report will provide hydrogeologic parameters that will be used to further evaluate the
feasibility of corrective action alternatives as well as design a remedy after an alternative has been
selected.

4.0 PILOT TESTS

The overall purpose of these pilot tests is to determine whether potentially viable technologies will perform
well in the field under the conditions encountered at this site. The pilot tests will be designed to: (a)
determine destruction or removal rates of PCE, (b) gauge the ability to distribute treatment chemicals or
carrier fluids into site soils, and (c) obtain useful design parameters in case the technology is selected for
full-scale application.

Technologies that have been selected for pilot testing include:

1. Air Sparge/Soil Vapor Extraction (AS/SVE)
2. Ozone Sparge with Peroxide
3. In Situ Chemical Oxidation (ISCO) with Persulfate

In order to reasonably compare performance, the pilot tests must be performed in parts of the plume with
similar PCE concentrations. Given this objective, the parking lot east of the mall appears to be a suitable
location for these pilot tests. Figure C-1 shows the proposed location. It offers unimpeded access and a
sufficiently large area to conduct all three tests side by side with minimal variance in PCE concentration.

The three proposed tests will likely be set up side by side (north to south) perpendicular to groundwater
flow, in the vicinity of monitoring wells MW-19 and MW-20. Individual test areas will be located to ensure
that their treatment zones do not overlap.

41 Baseline Monitoring
The following tasks will be performed before conducting any the pilot tests:

e Groundwater in the pilot test area will be sampled and analyzed for PCE, trichloroethene
(TCE), cis- and trans-1,2-dichloroethene (DCE), vinyl chloride (VC), dissolved metals
(including ferrous ion) and major anions. In addition, field parameters including water levels,
temperature, DO, CO,, Eh, pH and conductivity will be measured. Three to six existing and
new monitoring or observation wells may be sampled.

e Soil from the proposed treatment zone in the pilot test area will be sampled and analyzed for
PCE, TCE, DCE, and VC. The concentration of PCE in soil will help estimate an empirical
PCE soil-groundwater partition coefficient which can later be used in PCE destruction
calculations.

o Representative samples of aquifer soils encountered while drilling new wells will be collected
and tested for various physical parameters including moisture content, bulk density, porosity,
grain size and total organic carbon.

e Soil gas wells in the pilot test area will be monitored using a photo ionization detector (PID)

4.2 Air Sparge/Soil Vapor Extraction

The objective of the AS/SVE pilot test is to measure achievable ROI and calculate PCE mass removal
rates. This information will be used to evaluate the feasibility of the technology.

The decision to perform an AS/SVE test will be made after baseline groundwater monitoring and aquifer
testing are complete. If the intrinsic permeability in the majority of the planned test area is less than 1070
square centimeters (cmz), an AS/SVE pilot will not be performed. Similarly, if the dissolved iron
concentration is greater than 10 milligrams per liter (mg/L), an AS/SVE pilot will not be performed. It
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should be noted that total iron concentrations in wells MW-18 and MW-19 were less than 10 mg/L in the
fourth quarter of 2006.

The AS/SVE pilot test will require at least one sparge well, three SVE wells, three to six vapor monitoring
wells, and three to six groundwater monitoring wells. New observation and production wells installed as
part of aquifer testing may be used.

Three SVE wells will be installed in a triangular arrangement at approximately 50 feet on centers. (This
equates to a 30-ft ROI). A single sparge well will be installed at the center of the three SVE wells.

O SVEWELL
[0 SPARGEWELL NTS

The SVE wells will be screened at least 1 foot above the water table and the well screen will be up to 5
feet long. One SVE well will be screened in a coarse grained soil and another in a fine grained soil. The
third SVE well may be installed in either soil type. There will be three vapor monitoring wells in coarse
grained soil, equally spaced over a distance of at least 50 feet from the SVE well. There will be three
vapor monitoring wells in fine grained soil, equally spaced over a distance not exceeding 30 feet.

30 50
/) o o o e o o
SCREENED IN FINE
GRAINED SOIL SCREENED IN COARSE
GRAINED SOIL
@)

O SVEWEL

@  \APOR MONITORING WELLS

NTS

The two SVE wells representing coarse and fine grained soils will be individually tested. Testing will
involve connecting one SVE well at a time to a skid-mounted SVE system. Vacuum and flow rate will be
varied in steps and radius of influence will be estimated by measuring vacuum at the vapor monitoring
points. A sample of the exhaust gas will be collected at each flow rate and analyzed for PCE. This will
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provide the baseline concentration of PCE in soil vapor when there is no air sparging. The SVE tests are
expected to take one day to complete.

A cluster of two or more sparge wells will be installed at the same location. Each well will be screened at
a different depth below the water table. The top of screens may vary from 10 to 20 feet below the water
table and the screen length will be 1 to 2 feet.

TYPICAL SPARGE WELL
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There will be three groundwater monitoring wells equally spaced from the sparge well over a distance of
approximately 30 feet.

Air sparging tests will start the day after SVE tests are complete. SVE wells will be operated during air
sparging.

The sparge well will be connected to a skid-mounted air sparge system and air will be injected into
groundwater. Helium gas may be added as a tracer to help determine ROI. Injection pressure and flow
rate will be varied in steps for each injection depth. Water levels and field parameters including water
levels, temperature, dissolved oxygen (DO), redox potential (Eh), pH and conductivity will be monitored in
the surrounding wells screened below the water table. Injection pressures and injection flow rates will be
monitored. SVE exhaust gas pressure and flow rate will also be monitored. For each air sparge injection
pressure and flow rate, the SVE exhaust will be sampled upstream and downstream of the moisture
knockout tank and analyzed for PCE.
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Water level, DO data, and helium vapor concentrations in temporary groundwater monitoring wells will be
used to estimate ROI. Flow rate and PCE concentrations in exhaust gas will be used to calculate mass
removal rates.

Once effectiveness is established, information from the pilot test will be used to estimate the cost of full-
scale AS/SVE implementation. The estimated cost will be compared to the cost of implementing other
tested technologies. Selection for full-scale remediation will be based on observed effectiveness,
implementability, and cost.

4.3 Ozone Sparge With Peroxide

The objective of the peroxide-ozone pilot test is to determine injection ROl and measure PCE destruction
rates. This information will be used to evaluate the feasibility of the technology.

The test will be performed using a single injection well. ROI usually varies from 8 to 25 feet. Therefore,
temporary groundwater monitoring wells will be installed at 8 feet, 16 feet and 25 feet from the injection
well. If multiple soil types are encountered, nested monitoring wells will be installed so that each soil type
has a separate screen.

A dual-phase injection well will be constructed. The well will have a 1- to 3-foot long screen located in the
upper 10 feet of the aquifer. This screen will be used for hydrogen peroxide injection. Another 1- to 3-foot
long screen located below it will be used to sparge in a mixture of ozone, oxygen and air. A typical
injection well detail is shown below.
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TYPICAL PEROXIDE-OZONE INJECTION WELL
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The injection well will be connected to a trailer-mounted peroxide-ozone injection system. During startup,
injection pressures will be optimized for maximum distribution without off gassing. It should be noted that
sparging will occur at a very low flow rate compared to a typical air sparge system. This is because
sparging in this case is intended for complete gaseous dissolution rather than contaminant stripping.

Because dissolved ozone would be removed through reaction, off gassing into the vadose zone is not
expected. If it does occur, it should be detected in the injection well box during startup. A portable ozone
monitor will be used to test for ozone at the injection well during startup. If ozone is detected, injection
pressures or ozone concentrations in the carrier gas (air) will be reduced until the off-gassing stops.

Injection will be fully automated and will follow a pulsed technique. Sparging and hydrogen peroxide
injection will alternate. Sparging will occur every hour for a duration not exceeding 30 minutes. Hydrogen
peroxide injection will occur every hour for 2 to 5 minutes. In general, the injections will maintain a 2 to 1
molar ratio of ozone to hydrogen peroxide in the dissolved phase.

Within the first one to two weeks following the start of the pilot test, PCE concentrations in groundwater
may increase. This usually happens due to desorption of PCE from the soil. Therefore, the pilot test may
have to continue for 2 to 4 weeks in order to observe decreasing groundwater concentrations.
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The temporary monitoring wells will be monitored weekly for PCE, TCE, DCE, VC, dissolved metals and
field parameters. Field parameters will include water levels, temperature, DO, CO,, Eh, pH and
conductivity. Soil gas will be monitored weekly with a PID. After injection stops, soil samples will be
collected adjacent to the pre-test baseline sampling locations and will be analyzed for PCE, TCE, DCE
and VC.

Eh, DO and PCE concentration results will be used to estimate ROIl. Pre- and post-treatment PCE
concentrations will be used to estimate destruction rates. Soil gas data will be used to determine whether
treatment is causing migration of contaminants to the vadose zone.

After injection stops, the farthest temporary monitoring well will be monitored weekly for field parameters,
and once every two weeks for dissolved metals. If Eh and dissolved metals concentrations do not
decrease over time, a new temporary monitoring well will be installed downgradient of the treatment zone
to observe whether metals are being mobilized outside the treatment zone.

4.4 In Situ Chemical Oxidation With Persulfate

This test will be performed only if the bench-scale test indicates a low to moderate soil oxidant demand.
The objective of the persulfate pilot test is to determine injection ROl and measure PCE destruction rates.
This information will be used to evaluate the feasibility of the technology.

The test will be performed using a single injection well. ROI can vary from 10 to 30 feet. Therefore,
temporary groundwater monitoring wells will be installed at 10 feet, 20 feet and 30 feet from the injection
well. If multiple soil types are encountered, nested monitoring wells will be installed so that each soil type
has a separate screen.

Persulfate will be injected using direct push technology (DPT). If necessary, hollow-stem auger drilling
will be used to penetrate the caliche layer. Further drilling and injection will then proceed using DPT. This
method of injection allows delivery of oxidant to the entire targeted vertical interval through focused
injections into smaller 1 to 2 feet long consecutive vertical intervals. This overcomes the problem of
preferential flow of oxidant to more permeable zones which can leaves less permeable zones untreated.

An experienced subcontractor will provide injection services. The subcontractor’s injection rig will have all
the necessary equipment to prepare the injectate, injection tooling to isolate injection intervals, and high
pressure pumps to deliver the injectate into the subsurface.

The exact volume of injectate, required mass of sodium persulfate, and required mass of activator are not
yet known. These quantities will be estimated after completion of the bench-scale test. However, the pilot
test will be designed such that the injectate volume does not exceed 30 percent the pore volume of the
targeted treatment zone. An inert dye that has been approved by NDEP may be mixed into the injectate.
Alternately, a separate test may be conducted injecting only dye without persulfate to determine the
injection ROI.

After the required quantity of injectate has been delivered to the subsurface, continuous soil cores will be
collected from varying distances around the injection point. The cores will be examined for coloration
resulting from the dye. The presence or absence of color in soil cores will help establish the radius of
influence. Alternately, discrete groundwater samples may be collected from varying distances around the
injection point and examined for the presence of dye. An investigative borehole will be drilled adjacent to
the injection point to log lithology. All field work associated with the pilot test (excluding post-injection
monitoring) should take approximately 2 days to complete.

On day 7, day 15, and day 30, the temporary monitoring wells will be sampled and analyzed for PCE,
TCE, DCE, VC, persulfate, sulfate, and dissolved metals. Field parameters including water level,
temperature, DO, CO,, Eh, pH and conductivity will be measured on day 2, day 7, and weekly thereafter
for one month. Depending on the sorbed mass of PCE, with this technology, one month may prove
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insufficient to observe a significant decrease in PCE concentrations. If that becomes apparent,
monitoring may continue on a reduced frequency for up to 2 months.

Soil gas will be monitored weekly with a PID for one month. One month after persulfate injection, soil
samples will be collected adjacent to the pre-test baseline sampling locations and will be analyzed for
PCE, TCE, DCE and VC.

The results of visual inspection of soil cores or discrete groundwater samples for the presence of dye will
be used to estimate radius of influence. Pre- and post-treatment PCE concentrations will be used to
estimate destruction rates and destruction efficiency. Soil gas data will be used to determine whether
treatment is causing migration of contaminants to the vadose zone.

After the first month following injection, the farthest temporary monitoring well will be monitored for field
parameters and dissolved metals on a monthly frequency for up to 3 months. If Eh and dissolved metals
concentrations do not decrease over time, a new temporary monitoring well will be installed downgradient
of the treatment zone to observe whether metals are being mobilized outside the treatment zone.

45 Analysis Of Pilot Test Results

For a technology to be considered effective: (1) it must significantly reduce PCE concentrations without
causing accumulation of daughter products; (2) it must not cause a significant increase in VOC
concentrations in soil gas; and (3) if the concentrations of dissolved metals are found to increase during
treatment, they must decrease over time after treatment is complete. Once effectiveness is established,
information from the pilot test will be used to estimate the cost of full-scale implementation of ISCO. The
estimated cost will then be compared to the cost of implementing other tested technologies. Selection for
full-scale remediation will be based on observed effectiveness, implementability, and cost.
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5.0

APPENDIX C
MARYLAND SQUARE PCE SITE - CORRECTIVE ACTION PLAN FOR GROUNDWATER
WORK PLAN FOR BENCH AND PILOT TESTS

SCHEDULE

The table below presents the proposed schedule.

Task

Timeline

Obtain treated water discharge permits
for aquifer testing

Within 3 weeks of work plan approval

Solicit bids for well installation and aquifer
testing equipment

Within 3 weeks of work plan approval

Collect soil samples for persulfate bench-
scale testing

Within 2 weeks of work plan approval

Complete persulfate bench-scale testing

Within 2 weeks of collecting soil samples

Award work for well installation and

pumping tests

Within 2 weeks of soliciting bids

Obtain underground injection control

(UIC) permit for pilot tests

Within 7 weeks of completing persulfate

bench-scale test

Install new wells, start aquifer tests and
collect baseline soil samples from pilot
test areas

Within 3 weeks of bid award

Complete aquifer tests and sample

Within 2 weeks of starting pumping tests

collection
Solicit bids for pilot testing | Within 4 weeks of completing bench-scale
equipment/services tests

Award subcontract for pilot tests

Within 1 week of obtaining UIC permits

Start pilot tests

Within 1 week of awarding subcontracts

Complete pilot tests

Within 8 weeks of starting pilot tests

Complete pilot tests data analysis

Within 2 weeks of completing pilot tests

Complete Corrective Action Report

Within 180 days of work plan approval.

Notes:

The schedule depends on work plan approval by NDEP, client execution, ability to gain
access to the Site, and the timely issuance of permits.

C-12
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APPENDIX C
MARYLAND SQUARE PCE SITE - CORRECTIVE ACTION PLAN FOR GROUNDWATER
WORK PLAN FOR BENCH AND PILOT TESTS
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APPENDIX C
MARYLAND SQUARE PCE SITE - CORRECTIVE ACTION PLAN FOR GROUNDWATER
WORK PLAN FOR BENCH AND PILOT TESTS

ATTACHMENT C-1 - WELL INSTALLATION PROCEDURES

New 4-inch diameter PVC wells will be installed 15 to 25 feet from wells MW-14 and MW-20 (between
wells MW-6 and MW-19, respectively). The wells will be completed to a depth of 52 feet at MW-14 and to
a depth of 57 feet at MW-20. The borings will be advanced using sonic drilling and will be continuously
cored to allow a detailed description of the lithology. Three samples from each boring will be collected for
moisture content, bulk density, porosity, grain size, horizontal and vertical permeability, hydraulic
conductivity, total organic carbon and contaminant distribution data.

The wells will be constructed of 4-inch diameter schedule 40 PVC casing with 0.010-inch slotted screen
20 to 25 feet long and will have a 2-foot sump. Sand packs will consist of clean # 1/20 sand and will
extend to 2 feet above the top of the well screen. After placement of the sand, the wells will be pre-
developed by gently surging across the screen interval. After settlement of the sand, additional sand is to
be added to restore the sand pack to the dimensions stated previously.

At least 2-feet of hydrated bentonite pellets or bentonite grout will be placed atop the filter pack to form a
seal. Each well will be pressure grouted with bentonite/cement slurry grout from the top of the filter pack
to within 4 feet of the ground surface. The grout will be placed using a side discharge tremie pipe. The
tremie pipe will be worked around the hole to make sure that the annular space is free of voids. The grout
will be allowed to set for at least 24 hours before any further work is done on the well. The wells will be
completed below grade using a bolted access cover. If the wells are later used for hydraulic control as
part of an implemented remedy, the completions will be converted to well vaults to provide the space for
pump controls.

The wells will be developed using a surge block and bailing, followed by pumping until turbidity is 100
NTUs or less. If multiple permeable zones are found during characterization of the borehole, groundwater
samples will be collected from each permeable interval (up to 3 intervals) using low-flow sampling
techniques in accordance with the approved site monitoring plan, after initial purging at least 4 gallons (at
a purge rate of 0.5 gallons per minute [gpm]) from the sample intervals. The groundwater samples will be
collected no sooner than 48 hours after completion of well development.

Following well installation and development, the location and elevation of each new well (ground surface
and top of casing) will be surveyed to the nearest 0.01 foot by a licensed professional surveyor.
Horizontal coordinates will be measured relative to the NAD 83 in the Nevada State Plane Coordinate
System, East Zone. Elevation will be measured relative to NAVD 88.

Attachment C-1 6/14/2011



APPENDIX D: TABLE D-1- RESPONSES 10 COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN
FOR GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011

The table below contains the responses to comments received from the NDEP on the “Draft Corrective Action Plan for Groundwater, Maryland Square Shopping
Center, the former Al Phillips the Cleaner. The comments addressed below were received from NDEP on April 26, 2011.

Comments provided from Mary Siders, Ph.D., Bureau of Corrective Actions, Nevada Division of Environmental Protection.

Comment
No. Section / Page Comment Response
GENERAL COMMENTS
The NDEP noted some of the same issues with this version of the draft CAP for Groundwater (February | {1 Existing data has been evaluated. Additional tables
28, 2011) as for the previous version of the draft CAP (October 11, 2010). Primary concern focuses on summarizing data have been inserted in the text of
several deficiencies, including (1) an inadequate evaluation of the existing data, (2) failure to specify the document.
data needs for each proposed alternative and provide a comparison with existing data to determine . .
data gaps, (3) no conduct of a human health risk assessment (HHRA) using existing data. 2. z\vggftizlsln;?l?g:zg?N?Phe;edcehr?v(g:i)g;ezfs;;?gtgg;g:‘or
those technologies considered potentially useful has
been included in Section 8.
3. Tetra Tech is relying on the conclusions of the risk
evaluation conducted by the Nevada Division of
Environmental Protection Bureau of Corrective Action
(NDEP BCA) for purposes of developing the draft
Groundwater Corrective Action Plan (CAP). A formal
HHRA will be completed and the results will be
presented and used to support the remedial action
and selected remedy presented in the Corrective
Action Report.
1. The CAP is a plan to provide a plan. The CAP proposes to submit a work plan to collect additional data | Accepted. A work plan for aquifer testing, and chemical
in a sequential schedule that does not allow adequate time for evaluation of all viable technologies oxidant and sparging pilot testing will be included as an
within 180 days of CAP approval. Necessary data for all viable technologies should be collected appendix to the CAP and submitted by June 14, 2011.
concurrently, not sequentially.
2a. There is a large data set for volatile organic compounds (VOCs) analyzed by Method 8260B for Comment noted.
groundwater samples collected over several years from 33 wells.
2hb. There is a large data set for field parameters, with more than 250 records for 31 wells. Comment noted.
2c. There is a moderately large data set for inorganic constituent in groundwater, based on numerous Comment noted.
samples collected from 12 monitoring wells. As reported in Table 4 in the groundwater monitoring report
for first quarter 2008 (URS, 2008).
2d. There are indoor air data for 97 residences; with laboratory quality control (QC) data for validation of Comment noted.
these data, which can then be used to perform an HHRA.
2e. The utility of subslab data is questionable (see Section 9.1 in the CAP); studies have shown extreme Accepted. Subslab sampling is no longer recommended
variability (orders of magnitude) across the slab. Additionally, there is an attenuation factor must be in this document.
assumed if using subslab data to estimate "potential" risk. In contrast, a time-averaged sample of indoor
air provides information on actual exposure. Care must be taken to avoid interference from background
sources of VOCs in the home, but this is usually possible by conducting a home survey.

1




TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No. Section / Page Comment Response
3. There are analytical data for samples of groundwater, soil, soil gas, and indoor air for the Site. Unless

data are rejected, they are usable. It is unclear why these data are deemed "insufficient" in terms of
quantity and quality to conduct a HHRA. The laboratory QC data are available to conduct validation of
the indoor air data. The HHRA may be updated after additional data are collected and before remedy

implementation.

Agreed. Available data substantiated by acceptable
quality control data will be used for the HHRA. Additional
data collected as prescribed by the Final Work Plan for
Mitigation of Indoor Air and Well Water (Tetra Tech
pending) will be considered during the evaluation and
assignment of risk due to exposure to concentrations of
PCE.

As noted in the NDEP's letter of January 11, 2011, the remediation standard for PCE in groundwater
should be the maximum contaminant level (MCL) or a level such that associated concentration of PCE
in indoor air approaches a 10°® risk level. The remediation standard for indoor air has not yet been

determined.

Accepted. The preliminary remediation standard has
been revised to correspond to the 10°® risk level.

Specific Comments

PART A: REQUIRED CRITICAL COMMENTS

Executive Summary

1.

Executive Summary,
ES-1.

The Nevada Division of Environmental Protection (NDEP) notes that the
primary purpose of the Corrective Action Plan (CAP) is to establish a
process, schedule and criteria by which a remedy for shallow groundwater
will be evaluated and proposed for selection by the NDEP. A secondary
purpose of the CAP is to propose additional data collection, analysis and
reporting needed to complete remedy selection and start design. A
relatively mature conceptual site mode (CSM) exists for the site, and
should be included in discussions of human health risk.

Accepted. The text has been revised.

Executive Summary,

ES-1.

The text states that "A baseline risk assessment predicting and
quantifying potential human health risk will be presented in the final CAP
after adequate data are obtained.”

As noted previously by the NDEP, it is unclear what aspects of the existing
data are not adequate. The existing data appear adequate to conduct a
draft risk assessment in this document. A screening-level risk assessment
can then be used to determine what specific additional data, if any, are
needed to complete the risk assessment.

Comment noted. Available data substantiated by
acceptable quality control data will be used for the
HHRA. Additional data collected as prescribed by the
Final Work Plan for Mitigation of Indoor Air and Well
Water (Tetra Tech pending) will be considered during the
evaluation and assignment of risk due to exposure to
concentrations of PCE. A formal HHRA will be completed
and the results will be presented and used to support the
remedial action and selected remedy presented in the
Corrective Action Report.




TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No. Section / Page Comment Response
3. Executive Summary. The preliminary corrective action objectives (CAOs) are listed here as:

ES-1.

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.

Please revise to indicate that CAOs are to protect human health by
reducing inhalation exposure to solvent vapors emanating from
groundwater, and to protect and restore shallow groundwater in
accordance with Nevada Administrative Code (NAC) 445A.22725.

Accepted: The text has been revised as agreed upon in
a meeting between NDEP, Mr. Tim Swickard, and Tetra

Tech on May 27, 2011.




TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No.

Section / Page

Comment

Response

4.

Executive Summary,
ES-1.

The text states that "General response action (GRA) were identified using
these preliminary CAOs and numerical remedjation standards ..."

The CAP should also develop working definitions of the specific areas
and volume of groundwater targeted for cleanup and relate this to any
other areas and timing for potential interim abatement for domestic well
protection and additional mitigation of indoor air (refer to the Draft Work
Plan for Mitigation of Indoor Air and Well Water).

The CAP should use the concept of preliminary remediation goals
(PRGs) or regional screening levels (RSLs) for purposes of analysis and
incorporate applicable concepts from the April 22, 1991 (U.S.
Environmental Protection Agency [USEPA] Role of Baseline Risk
Assessment (Office of Solid Waste and Emergency Response [OSWER]
Directive 93SS.0-30) and the August 1997 Guidance Rules of Thumb for
Superfund Remedy Selection (OSWER Directive 93SS .0-69).

The NDEP notes that, in the absence of applicable or relevant and
appropriate requirements (ARARs) for chemicals that pose carcinogenic
risks, PRGs generally should be established at concentrations that achieve
10°® excess cancer risk, modifying as appropriate based on exposure,
uncertainty, and technical feasibility factors. Initial PRGs are developed
early in the remedial investigation and feasibility study (RI/FS) process and
are based on ARARs and other readily available information, such as
concentrations associated with 10 cancer risk or a hazard quotient equal
to one for noncarcinogens calculated from USEPA toxicity information.
Initial PRGs may also be modified based on exposure, uncertainty, and
technical feasibility factors. As data are gathered during the baseline risk
assessment and RI/FS, PRGs are refined into final contaminant-specific
cleanup levels. Based on consideration of factors during the nine criteria
analysis and using the PRG as a point of departure, the final cleanup level
may reflect a different risk level within the acceptable risk range (10'4 to 10°
® for carcinogens) than the originally identified PRGs. The final cleanup
levels, not PRGs, are documented in the record of decision (ROD).

Accepted. Areas of remedial priority, generally
corresponding to those locations where risk of PCE
exposure is known to exist and/or exceed interim
remediation standards, are identified and described
(Section 4).

Executive Summary,
ES-2.

Text refers to "MINA as a polishing step;"however, the attenuation currently
observed in the plume appears to be almost solely the result of sorption
and dispersion. The data indicate little in the way of dechlorination and
degradation.

Agreed.




TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No.

Section / Page

Comment

Response

6.

Executive Summary,
ES-2.

Text states that "/f in-situ chemical oxidation or a sparge curtain is proven
insufficient during testing, a zero-valent iron (ZV1) PRB, extraction and
treatment, and/or enhanced bioremediation will be further evaluated'and
"Until an adequate understanding of the environmental conditions and
characteristics can be determined through bench-scale and pilot testing. "

The NDEP does not concur with sequential bench-scale and pilot-scale
testing; the schedule should be revised so that tests for viable
alternatives should be conducted concurrently, so as not to further delay
progress toward implementing a remedy. Describe what data are needed
for an "adequate understanding" and describe how that additional data
will inform decisions regarding technology selection or remedial design.

Accepted. Aquifer testing, bench-scale and pilot testing
for the technologies recommended, i.e., in-situ chemical
oxidation and air sparing will be conducted
simultaneously. Data collected during these evaluations
will also be useful for the implementation of alternative
technologies in the event these technologies prove
ineffective. Aquifer testing conducted during bench-
scale and pilot tests will be generally applicable to a wide
range of potential remedial applications.

Executive Summary,
ES-2.

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

The NDEP notes there are indoor air data for 97 homes, along with
multiple samples (before and after mitigation and system optimization)

from homes where subslab depressurization (SSD) systems were installed.

Annual sampling of indoor air of requesting homeowners within the plume
area is required in the Permanent Injunction. (2010). Unless the existing
data are invalid, there is no reason that these data cannot be used for a
risk assessment. The risk assessment should be done using existing data,
then updated as additional data are collected. Also, it is the Nevada
Division of Environmental Protection (NDEP).

Agreed. Indoor air data will be collected and compiled as
prescribed in a Final Work Plan for Mitigation of Indoor
Air and Well Water (Tetra Tech pending). Available data
substantiated by acceptable quality control data will be
used for the HHRA. Should additional data become
necessary after the execution of pending Indoor Air and
vapor sampling, additional documentation will be
supplied for review and concurrence.
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GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

flow, and contaminant distribution data have been collected in the
unsaturated and saturated zones beneath the Site.”

The NDEP notes that soil properties and contaminant distribution data for
the unsaturated zone in the source area are well characterized (29 borings
and 77 soil samples analyzed).

The NDEP notes that detailed delineation of the lithology and vertical
distribution of tetrachloroethylene (PCE) in groundwater will be needed in
the area(s) where a remedy will likely be installed. However, because of
the size of the site and the known heterogeneity of the alluvial deposits,
detailed characterization of lithology across every location on site is not
likely to be practical, except in the treatment area(s) and at any new
borings or wells that are installed. Inferences by experienced
geologists/hydrologists will be nheeded. The document provides overly
generic descriptions of data gaps. The document also fails to explain how
exactly the data proposed to be collected will be used to make additional
decisions regarding technology selection or remedy design for this
specific site. NDEP provides additional comments on Section 9 below.

The NDEP request further definition of what is meant by "physical data."
The NDEP assumes that "flow data" refers to hydraulic characteristics of
areas targeted for remediation, which the NDEP agrees are needed. In
terms of contaminant distribution data for groundwater, the NDEP notes
that the lateral boundaries of the PCE plume are well delineated to the
west, north and south of the plume, at least as far east as Spencer St. PCE
was not detected (or generally detected at < 5 micrograms per liter (-g/L)
in wells MW-7, MW-S, MW-9, MW-10, MW-11, MW-12, MW-1S, MW-16,
MW-22, MW-24, MW-2S, MW-29, and MW-33.

The NDEP notes that the PCE plume in groundwater needs to be
delineated downgradient, all the way to the 5 -g/L concentration boundary
in the area east of Spencer St. Cite the Draft Work Plan for Mitigation of
Indoor Air and Well Water, which should provide a description of what
actions will be taken to delineate the downgradient extent of the plume

Comment
No. Section / Page Comment Response
8. Executive Summary, (2) Soil properties have not been well characterized/or the unsaturated and | comment noted. Priority target areas have been
ES-2. saturated heterogeneous soils across the Site. Insufficient physical,

identified in the text, and reference to physical soil
properties has been revised to clarify soil property
characteristics. The downgradient delineation of PCE in
groundwater is specifically addressed by the Final Work
Plan for Mitigation of Indoor Air and Well Water (Tetra
Tech pending).
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GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No. Section / Page Comment Response

Section 1, Introduction

9. Section 1.1, Page 1 This section contains a bulleted list of three objectives of the CAP. Accepted. The text has been revised.

The NDEP notes that the primary purpose of the CAP is to establish a
process, schedule and criteria by which a remedy for shallow groundwater
will be evaluated and selected. NDEP also notes that the overall process
should not be inconsistent with the National Oil and Hazardous
Substances Contingency Plan (NCP). A secondary purpose of the CAP is
to propose additional data collection, analysis and reporting needed to
complete remedy selection and start design. Provide specific references to
the objective and schedule for the Draft Work Plan for Mitigation of Indoor
Air and Well Water and how actions in that document relate to this CAP
document.

10. Section 1.2, Page 2 The text states that "A golf course irrigation well is located near the distal Accepted. The text has been revised.
' end of the PCE plume at a distance of approximately 3,200 ft east of the
former APTC location."

The downgradient extent of the PCE has not yet been delineated. If the
maximum contaminant level (MCL) of 5 -g/l is used to define the plume,
the "dista/end" may be well beyond the golf course. Please rephrase
without the text shown here /n red font, and also refer to the Draft Work
Plan for Mitigation of Indoor Air and Well Water, which describes the plan
for plume delineation (and indoor air testing and mitigation).

11. Figure 4 See NDEP comment 12 in NDEP letter January 11, 2011, which asked: Comment noted. The figure has been deleted.
"Why does Figure 4 include the area west and north of the Maryland
Square PCE plume? The view should be shiftedto the south and eastto
show the plume all the way to the golf course and Flamingo Wash (the
largest nearby drainage). The left-hand third of the image can be eliminated
as unnecessary, as can al/ of the area north of Desert Inn Road."Why does
the same figure appear unchanged /in the second draft CAP for
Groundwater? What is the purpose of this figure? Please explain.
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Comment
No. Section / Page Comment Response

12. Section 1.2.2, Page 2 Boulevard Mall. Text states that "7he Boulevard Mall opened in 1968 and is
the oldest enclosed Mall in the Valley, currently housing approximately 71-10
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 JC Penney. A three-
level parking garage is also located on the west side of the Mall adjacent to
Macys.”

Comment noted. The text has been deleted.

Please rewrite fo indicate that the locations of these "structures" were south
of (i.e., side-gradient to) the PCE plume, and that groundwater samples
from monitoring wells (MW-10, MW-11, and MW-16) /n the vicinity of, or
directly downgradient from, these former structures have generally yielded
nondetections for PCE. The locations of these former structures, along with
the nondetections for PCE /n downgradient wells, clearly indicate that these
former structures have no relationship to the Maryland Square PCE plume.

13. Section 1.2.2, Page 2. The second paragraph of the Boulevard Mall discussion states
"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
5310 -g/L at MW-13 in May 2005. The geologic profile logged during
monitoring well installation(s) is generally characterized as sand)’ silt or
clayey sand extending to approximately 19 feet bgs and sandy clay from
19 to 29feet 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."

Please delete this paragraph in its entirety; it is not appropriate for this
section. Details of the geology and information from previous site
investigations are discussed in Sections 2 and 3 of the CAP.

Accepted. The text has been deleted.
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Comment
No.

Section / Page

Comment

Response

14.

Section 1.2.2.
Residential Areas,

Page 3

Text states that "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. "

Please verify and rephrase to state that homes in the residential
neighborhood (Paradise Palms) are served by the Las Vegas Valley Water
District (see: http://www.lvvwd.com/about/wr.html); however, there are
homes and acreage properties east of Eastern Avenue; some of which
have, or have had, domestic wells (refer again to the Draft Work Plan for
Mitigation of Indoor Air and Well Water).

Accepted. The text has been revised.

15.

Section 1.2.2, Page 3

Please be more specific regarding the reference, "NDEP 2007." The golf
course sampled the irrigation wells and provided the analytical data to the
NDEP in a letter dated May 12, 2004. The NDEP summarized these data
in a letter to DCI, the parent company of the former dry cleaners, on
February 27, 2007. See: http://ndep.nv.gov/pce/record/2007-02-27.pdf.

Accepted. The text has been revised.

16.

Section 1.2.3, Previous
Investigations.

Previous Investigations. states that "A series of environmental
investigations have been conducted across the Site since 2000 to
assess groundwater, subsurface soils, and soil vapor migration”

Please rewrite to clarify that soil contamination is found only in the source
area. Since the initial (historical) release was reported in November, 2000,
investigations have been conducted to assess the extent of PCE
contamination in the source area soils, as well as in groundwater at and
downgradient of the source area. In addition, a study of PCE vapors in soil
gas was conducted at Boulevard Mall and in the residential neighborhood
(URS, 2007).

Accepted. The text has been revised.

17.

Section 1.2.3. Pages 3
and 4

This section concludes "Based on a review of historical documents, data
gaps that remain are identified and discussed in Section 9.0."Yet, it is not
clear what review has been done, because there are no tables
summarizing the existing data from the historical documents. This review
does not mention the samples of indoor air that were collected from 97
homes and two schools; although these data are not released to the public
record, Tetra Tech has access to this information per the confidentiality
agreement signed on behalf of the Hermann Kishner Trust (Trust). These
data can, however, be discussed in a general way, without reference to
specific addresses.

Accepted. The text has been deleted.
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Comment
No.

Section / Page

Comment

Response

Section 2,

Physical Characteristics of t

he Study Area

18.

Section 2.1 Pages 5 & 6

Incorrect name; it is the Nevada Division of Water Resources

Accepted. The text has been revised.

19.

Section 2.2, Site
Geology, Page 6

Geological terminology, a as well as other words, are misused in this
section. See Comments 110, 112 -115, and 118 in Part B of this
Attachment for details.

Accepted. The text has been revised.

20.

Page 6, Section 2.3,
4" paragraph.

Text states that results from aquifer tests conducted in 1991
"are considered representative of shallow groundwater
characteristics in the downtown area ... "

Are there no data more recent than 20 year-old data cited in the CAP?
Characteristics of shallow groundwater likely have changed appreciably
over 20 years of population growth in the Las Vegas area. Also, please
specify why and howthese data are considered representative. There are
also data from a 1999 pumping test conducted for a U.S. Department of
Energy (DOE) facility in North Las Vegas (Bechtel 2000) that may be worth
reviewing.

Comment noted. Aquifer tests results do not become
invalid with age. Although the groundwater chemistry
may have changed due to development and recharge
impacts, the hydraulic characteristics of the saturated
intervals are still the same. The results of aquifer tests
performed in 1991 should still be representative of the
hydraulic properties for the shallow groundwater interval
in the downtown area. Tetra Tech is not familiar with and
does not have a copy of the 1999 DOE facility aquifer
test. Provided the aquifer test was conducted in
saturated media that is equivalent to the shallow
saturated zones found in the area of Maryland Parkway,
Spencer Street and Eastern Avenue, the results of the
DOE pumping test may be suitable evaluating and
simulating groundwater flow and contaminant transport
at the Maryland Square PCE site

21.

Page 7,1% paragraph.

Again, improper and incorrect terminology is used to describe geological
conditions and groundwater geochemistry. See Comments 110, 112 -115,
and 118 in Part B of this Attachment for details.

Accepted. The text has been revised.
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TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No. Section / Page Comment Response

22, Section 2.4, States: Groundwater samples were collected from eight wells and analyzed | pccepted. The text has been revised.
Geochemistry of the for concentrations of major anions (i.e., nitrate, sulfate, chloride,
Shallow Groundwater 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 chioride. Nitrate generally ranges from 4.5 to7.3 mg/L in the shallow
grounadwater (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)

Please see Comments 6 and 18 in the NDEP’s previous set of review
comments (January 11, 2011) on the first attempted draft CAP for
Groundwater. As noted by the NDEP “T here is a moderately large data set
for inorganic constituent in groundwater, based on numerous samples
collected from 12 monitoring wells. As reported in Table 4 in the
groundwater monitoring report for first quarter 2008 (URS, 2008), data for
48 samples of groundwater show...” The NDEP notes that sulfate
concentrations reported in URS (2008) range from 1,500 to 3,700
milligrams per liter (mg/L). The text needs revision to include accurate
descriptions of available data.

23. Section 2.4, States: "Fleld parameters (PH, temperature, specific conductance, turbidity, | pccepted. The text has been revised.

Geochemistry of the dissolved oxygen, and oxidation-reduction potential [ORP]) are routinely
Shallow Groundwater 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 =one. 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 ..."

The NDEP notes that it would be more useful to report median values and
perhaps a few other statistics, in addition to just the range, which may just
reflect outliers. The NDEP notes that URS (2008) reports data that range
from 900 to 4,300 mg/L for total dissolved solids (TDS), with a median of
2,400 mg/L (n=200). It is unclear why an older report with fewer data (Le.,
URS 2005) is used; particularly because the NDEP has previously provided
a statistical summary table of the data in a January 11, 2011 comment
letter (table shown again below). [See comment letter for table.]
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TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No.

Section / Page

Comment

Response

24.

Page 8, 1st paragraph.

Page 8, 1st paragraph notes that: " 7he relatively high conceniration 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."

The NDEP agrees it would be difficult. A lack of PCE degradation reflects
the condition of the plume across most (if not all) of the site, as evidenced
by the (only) trace amounts of PCE degradation products, primarily
trichloroethylene (TCE) and cis-l,2-dichloroethylene (DCE), which have
been detected inconsistently at low concentrations in some wells.

Agreed.

Comment
No.

Section / Page

Comment

Response

25.

Page 8, 1st paragraph..

Page 8, 1st paragraph continues, stating: "However, groundwater
conditions at monitoring well MW-10O consistently exhibit a negative ORP
that ranges from -1-10 to -330 m V. 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.

The NDEP notes that the wells listed here (MW-9, MW-10, and MW-16)
contain nondetect to low concentrations of contaminants (as measured in
4th quarter 2010). The groundwater sample from well MW-9 contained 3.7
~g/L PCE. <0.5 -g/L TCE, and <0.5 -g/L 1.2-DCE; all contaminant were
nondetect <0.5 -g/L in MW-10 and MW-16. In addition, well MW-16 lies
just north of well MW-11, which contained weathered gasoline. The
degradation of gasoline typically drives the oxidation-reduction potential
(ORP) lower in the immediate area of the fuel. Please note that average
ORP readings are higher than 100 millivolts (mV) in all the wells that
actually contain significant concentrations of PCE.

The NDEP also notes that, as a check of the validity of the ORP
measurements, consider dissolved oxygen (DO) and pH measurements
taken at the same time:

e Ingeneral, ORP values and concentrations of DO should be
positively correlated (i.e., high ORP values should correspond to
high concentrations of DO; low ORP values should correspond to
low concentrations of DO).

e The maximum (saturated) solubility of oxygen at the site (about
1920 feet to 1970 feet above mean sea level [amsl)) is
approximately 8 mg/L DO for waters in equilibrium with
atmospheric oxygen. Groundwater can be expected to contain

Accepted. The text has been revised.
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TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
GROUNDWATER, MARYLAND SQUARE SHOPPING CENTER, DATED FEBRUARY 28, 2011(CONTINUED)

Comment
No. Section / Page Comment Response

lesser amounts of DO; therefore any DO measurements greater
than 8 mg/L are highly suspect.

e Atthe average pH (6.8) of the Site, ORP could possibly range
from about -400 to 830 mV; measurements outside this range are
highly suspect.

e Any pH measurements of 6.0 or less are considered highly
anomalous and suspect.

26. Page 8, 1st paragraph. Given that groundwater at several additional well locations typically Comment noted.
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,
Iintegrated carbon and soluble iron product) to achieve remediation
o/targeted areas o/the Site. To confirm the efficacy or viability o/this
treatment technology, bench-scale testing or pilot testing would be
necessary.”

Median concentrations for important naturally occurring electron acceptors
in site groundwater include 3 mg/L iron; 4.5 mg/L nitrate; 1,700 mg/L
sulfate; and 3.5 mg/L DO. Full dechlorination is unlikely until these electron
acceptors have been reduced. The optimal Eh range for reductive
dechlorination is approximately -220 to -240 mV.

The NDEP also notes that main problem with in situ chemical oxidation
(ISCO) or in situ reduction is effective distribution of the injected materials.
The heterogeneity of the unconsolidated alluvial deposits across the Site is
less than ideal for distribution of any injectate. This needs to be
acknowledged in the document and testing needs to indicate how this
problem will be evaluated on a site-specific basis. As noted in a technical
guidance document prepared by the Indiana Department of Environmental
Management (IDEM) (2009), "The most serious problem... is getting
enough oxidant [or reductant] in contact with the contamination. " The
USEPA (2004) notes that "Chemical oxidants may not be able to penetrate
low permeability homogeneous soils or horizons in heterogeneous soils
that contain the bulk of petroleum contaminant mass."Inhomogeneous
layers are also difficult, as the injected oxidants (or reductants) will follow
the most permeable layer, and little will penetrate the tighter material.
Finally, the Interstate Technology and Regulatory Council (ITRC) (2005)
notes that "Typical ROIs (radius of influence) for injections range from 2.5
feet for tight clays to 25 feet in permeable saturated soils.”

The NDEP notes that if laboratory (bench-scale) tests fail, there is certainly
no need to go to field pilot tests; however, "successful" bench-scale tests
cannot predict success at the field scale.

13



TABLE D-1: RESPONSES TO COMMENTS FROM THE STATE OF NEVADA DIVISION OF ENVIRONMENTAL PROTECTION ON THE DRAFT CORRECTIVE ACTION PLAN FOR
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Comment
No.

Section / Page

Comment

Response

Section 3,

Nature and Extent of Contamination

27.

Section 3.1

See Comments 110, 112 -115, and 118 in Part B of this Attachment for
details.

Accepted. The text has been revised.

28.

Section 3.1, Page 9, first
paragraph

States that "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 4th quarter monitoring event.”

As written, this states that each additional well has been installed several
times. To convey the correct meaning, the text should state, "Since
discovery of PCE-contaminated groundwater at the site of the former dry
cleaner, additional wells have been installed across the site to evaluate
the extent ..."

The number of wells is incorrect; 32 wells (i.e., all 33 except MW-4) are
part of the monitoring program. The NDEP has requested several times,
that well MW-11 be sampled annually.

Accepted. The text has been revised.

29.

Section 3.1, Page 9,
second paragraph

States that "The PCE plume extends approximately .J, 000 ft east from the
APTC source to the east side of the National Golf Course (Figure 3)."
Actually, the length of the plume, if defined by the 5 -g/L contour, may well
extend beyond 4,000 ft from the source area. Suggest rewriting to state that
"the plume is at least 4,000 feet in length, but has not been fully delineated
to the east at the 5 -g/L contour." Reference the Draft Work Plan for
Mitigation of Indoor Air and Well Water, which provides the plan for
downgradient delineation of the PCE plume.

The text and Figure 3 have been revised to include the
correct locations of the irrigation wells and describe the
potential influence of the three golf course irrigation wells
on migration of the plume.
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30.

Section 3.1, Page 9, ,
second paragraph

States that ‘ 7The plume extends due east from the source, under the
Boulevard Mall, then slightly curves to the north under the nejighborhood
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 -g
near the Boulevard Mall, 1,500 to 2,000 -g/L near MW-18 and MW-23,
and approximately 1,000 -g between MW-26 and MW-32."

The NDEP notes that this description of the plume geometry is described
incorrect in the CAP, possibly biased by the fact that the golf course
irrigation well is incorrectly located (Figure 3 in CAP). As noted in the
NDEP's comments on the first draft CAP for Groundwater, irrigation well
PW-1 is located approximately 250 feet due east of monitoring well MW-
27. The NDEP notes that the plume shows no "curve to the north." but
rather, shows a slight widening to the north along Spencer when the
groundwater plume encounters a shallower gradient in the area of the
golf course (potentially due to a slight mounding resulting from irrigation
of the golf course). If one looks at recent (2008 -2010) averages of
concentrations for each monitoring well, it is clear that the plume
centerline runs almost directly down Seneca Lane. Therefore, from the
source to the east side of the golf course, the plume trajectory appears to
be about 1 or 2 degrees north of due east.

Please describe what analysis was made to obtain the estimate of “1200
feet east of PW-1" as the extent of the plume.

Accepted. The text has been revised.

31.

Section 3.1, Page 9

Page 9, Section 3.1, paragraph 3 states that “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 grounawater flow rate of 237 ft/year for the
shallow groundwater is derived. If the plume moved 7100 to 130 ft/year, the
PCE Js attenuated at a factor of 1.8 to 2.4, which is within the expected
range for PCE migration in a low degradation environment.”

Why not use the Bioplume or Biochlor model to demonstrate this and
provide graphic output? Also, explain more clearly how the 100 to 130
ft/'year movement of the plume was determined (i.e., by the leading edge of
dissolved phase PCE at 5 ug/I [which has not been defined for the site] or
other means).

The text has been revised. Tetra Tech believes a better
estimate can be developed through an analytical solution
using real site data - monitoring results with gradient
determinations from water level data and hydraulic
conductivities determined using data from aquifer tests
conducted in the nearby area. Bioplume or Biochlor
results can be too easily manipulated through adjusting
source volumes and dispersion coefficients
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No. Section / Page Comment Response
32. Section 3.1, Page 9 Page 9, Section 3.1, fourth paragraph states that “ 7he plume migration Accepted. The text has been revised.

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 fi/year, while
movement into and through the clay and silt units likely occurred at 1 to 20
ft'vear. 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).”

It seems that the writer is attempting to describe groundwater flow through
preferential pathways in lithologically heterogeneous alluvial deposits.
Please note that models using a dual-domain mass transfer approach for
solute transport in heterogeneous aquifers may be applicable at this site
(see, for example: Feehley et al 2000). Discuss contaminant migration in
this context.

Again, incorrect terminology is used to describe the geology, geochemistry,
and hydrogeology. See Comments 110, 112- 115, and 118 in Part B of
this Attachment for details. What is the derivation for the concept of “mobile
hot spots” of dissolved PCE migrating as slugs? “Hot spot” is typically used
informally to describe areas of exceptionally high concentrations of
contaminants in soil. The NDEP is unfamiliar with usage of “mobile hot
spot” to describe groundwater contamination. The hypothesis espoused
here, of “slugs” of PCE released suddenly to groundwater and how moving
as “mobile hot spots” seems contrived. What evidence or literature support
can be provided to support this concept?
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33. Pages 9 and 10, the Pages 9 and 10, the last/first paragraph states that “7/e PCE Accepted. The text has been revised.

last/first paragraph 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 ug/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 ug/L in 2000 to 2002, and decreased to below 1,000 ug/L by June
2008. PCE concentrations in MW-6 decreased in late 2005, then increased
over the 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 ug/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 ug/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’.

Please rewrite this paragraph, with data summarized in tables or on
readable graphs. Use statistical trend tests to evaluate trends in
concentration at each well, if trends are discussed. Analytical data and
statistical test results should be summarized in a table for discussion.

The NDEP notes that the graph shown as Figure 12b (there is no 12 or
12a) shows data from all 33 site wells and is difficult to read. Breaking the
data into logical subgroups (e.g., source area wells, west mall wells, east
mall wells, etc.) could provide useful information on the behavior of the
PCE plume.

Results of duplicate samples collected during fourth quarter of 2010
suggest that there is potentially significant vertical heterogeneity in
contaminant distribution. The “apparent decreases” may reflect minor
changes in the sampling protocols used and the depth from which samples
were collected. Duplicate samples for MW-19, MW-26, and MW-30 show
relative percent differences of 15.5%, 11.3%, and 12.2%. Vertical
distribution of contaminant concentrations in groundwater (and the need to
evaluate such distribution) is not discussed in the CAP, but should be.
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34. Section 3.2, Page 10 Page 10, Section 3.2, last sentence states that “Of the 32 samples that Accepted. The text has been revised.
’ 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.”
Please add to the end of this sentence “for these four samples.”
35. Section 3.3, First The first paragraph of Section 3.3 states that “ 7he NDEP conducted Comment noted.

paragraph 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 ug/m3 (Broadbent & Associates [Broadbent] 2010).”

As written, the period of sampling is unclear. Please rewrite to indicate
that, “between September 2007 through March 2008, the NDEP collected
indoor air samples from 97 homes and two schools (Broadbent &
Associates [BAI] 2008). Samples were collected in 6L Summa canisters
over a 24-sampling period, then shipped to the laboratory for analysis of
PCE, TCE, and vinyl chloride using USEPA Analytical Method TO-15
GC/MS. Samples from fifteen of the homes contained concentrations of
PCE that exceeded the NDEP's interim action level of 32 ug/m3 for PCE in
residential indoor air (BAl 2010).”

Also, please specify that the data for indoor air samples and the BAI reports
are being kept confidential, in order to respect the privacy of the
homeowners. These data are released to attorneys (and their consultants)
upon signing of a confidentiality agreement.

Section 4, Contaminant Fate and Transport

36. Section 4, first paragraph | Section 4, first paragraph notes that “PCE may have migrated east of Accepted. The text has been revised.
Maryland Parkway via the sewer line, with releases potentially occurring
from leaks at the connection to city sewer lines.”

The NDEP notes that soil beneath the sewer-line junction of the lateral from
the former dry cleaners and the main line underlying Maryland Parkway
has never been sampled. However, releases at this junction could lead to
high concentrations immediately east of Maryland Parkway, such as seen
in well MW-6.
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37. Section 4, third Section 4, third paragraph states that “ 7he /ateral spread may have been Accepted. The text has been revised.
paragraph due to the influence of the utility lines along the South Maryland Parkway.”

The NDEP notes that the depth to groundwater in this area is about 18 ft
below ground surface (bgs), whereas utility lines are typically 8 ft bgs or
less. It therefore seems unlikely that utility lines would have had much, if
any, influence on the lateral migration of PCE. If “utility lines” is used here
to mean “sewer lines,” then the latter should be used instead, and the next
paragraph applies.

If “utility lines” refers to sewer lines, then yes, the intersection of the sewer
lateral from the dry cleaners to the sewer main could be a point of
additional leakage. The width of the plume at this point is approximately
400 to 500 feet. The sewer flows north up S. Maryland Pkwy, then east on
Desert Inn Rd. Once in the main sewer line, the PCE does not appear to
have leaked to the north of the lateral junction with the main sewer,
because there is a lack of detectable PCE in wells a short distance north of
the plume (see data for MW-15 and the “Gap” well for Boulevard Mall).
Also, there would have been no flow to the south in the sewer main, yet the
plume appears to be symmetrical north and south of the source location,
and. Therefore, the data do not appear to support the suggestion that “7he
lateral spread may have been due to the influence of the utility lines along
the South Maryland Parkway.

If “utility lines” refers to the storm drain line, this line flows south toward
Flamingo Wash. However, the same comments about plume symmetry

apply.

38. Page 11, fourth Page 11, fourth paragraph states that additional wells “... established the Accepted. The sentence has been deleted.
paragraph extent of the plume to the east side of the National Golf Course, an
approximate distance of 4,000 ft from the source area.”

Please note that the downgradient extent of the plume is not yet defined to
the 5 pg/L contour. Please restate and also refer to the Draft Work Plan for
Mitigation of Indoor Air and Well Water (which provides a plan for
delineation) and the NDEP’s comments on this work plan.

39. Page 11, fourth Page 11, fourth paragraph states that “ 7he plume at the Site is assumed to Accepted. The sentence has been deleted.
paragraph be stable at its eastern extent.”

Any such statement regarding plume stability should be tested, not
assumed. Please apply a statistical trend test to evaluate stability at
confidence levels of 80% and 90%.
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40.

Page 11, fourth
paragraph

Page 11, fourth paragraph states that “S/ugs 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.”

The CAP presents no data, evidence, or evaluation to support the
statement that “slugs” of PCE were released in the “late 1990s.” What is
the basis of this statement? Any releases on the ground surface, from floor
drains, or from sewers, would still need to migrate down through the soil
until reaching groundwater (about 20 ft bgs). Movement through the soil
column would be attenuated, so it is difficult to reconcile this with PCE
released as “slugs” to the groundwater. Please provide evidence, data, or
literature references supporting this suggestion. A better explanation for
the apparent distribution of PCE in the shallow groundwater is that the
heterogeneity of the interbedded clay, silt, sand and gravel deposits
controls a vertically and horizontally complex plume distribution. The
existing monitoring well network may not be capable of completely defining
internal PCE distribution at the actual scale of the 500 pg/l and 1,000 pg/l
PCE isoconcentration contours across the Site. It will be important to better
define vertical plume distribution and hydrogeologic characteristics and
connectivity in the areas proposed for the shallow groundwater remedy.

Accepted. The text has been revised...

41.

Figure 3

The NDEP notes, again, that the golf course irrigation well, PW-1, is
incorrectly located on Figure 3.

Accepted. The figures have been revised to show the
correct locations of the three golf course irrigation wells.
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42. Page 12, fifth paragraph Page 12, fifth paragraph states that “ 7he site chemistry is strongly aerobic Accepted. The text has been revised...

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.”

It is true that MW-10 has shown low ORP; however, this well also shows
low to nondetect levels of PCE. The NDEP notes that there are only two
wells that have average ORP values less than 0 mV; MW-10 and MW-11,
and only two other wells (MW-9 and MW-16) with ORP median values less
than 100 mV. Three of these four wells never contained significant
concentrations of PCE, and MW-9 was screened deeper as an
“intermediate well”.

The lack of reducing conditions (i.e., median ORP values >100 mV) in the
other 29 of the 33 wells suggests that the four wells with lower median
values for ORP are atypical for the Site. The median values for each well
plotted on normal probability plots (see below) support this observation,
showing a marked inflection point between the line defining the low ORP
wells and the rest of the site wells.

The NDEP notes that the optimal ORP for complete reductive
dechlorination is -220 to -240 mV.
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43. Page 12, fifth paragraph Page 12, fifth paragraph continues, stating that “Biodegradation Comment noted.

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 (ZV]) have had some success in high sulfate
grounadwater. 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.

Please provide references for the statement that “e/ectron donors
combined with zero-valent iron (ZV]) have had some success in high
sulfate groundwater.” If the only reference is from tests performed by the
vendor, then this is considered experimental and not representative of
actual successful application. Calculations should be conducted before
any testing; using the maximum and median concentrations of electron
acceptors in the shallow groundwater system. Median values include 3.5
mg/L DO, 5.9 mg/L nitrate, 1700 mg/L sulfate, 220 mg/L alkalinity, along
with concentrations of iron and manganese.

Also, the NDEP notes that partial degradation of PCE is unacceptable,
because TCE, 1,2-DCE and vinyl chloride also pose vapor intrusion
concerns
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Comment
No. Section / Page Comment Response
Section 5, Human Health Risk Assessment
44. Section 5 Section 5 of the draft CAP is unacceptable. Existing data should be used to | comment noted. As decided in the meeting between
conduct a human health risk assessment (HHRA). Existing data have NDEP, Mr. Tim Swickard, and Tetra Tech on May 25,
laboratory quality control (QC) data to allow for a Level IV validation. A 2011, the HHRA will be developed on past data and data
proper evaluation of the existing data, alqng w_|th a listing of the data collected in the upcoming sampling events for
needed, should have been conducted to identify data gaps. The draft CAP | rqundwater monitoring and indoor air and well water.
fails to provide any of these. Any additional sampling required will be presented to
NDEP in a letter. The HHRA will be utilized to evaluate
final remedies and be presented in the Corrective Action
Report.
45. Section 5,Page 13 Section 5, page 13 states that "/t /s anticipated that the resulis of a Comment noted. See response to comment 44.

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.”

As the NDEP has previously stated (see Comment 2, below, from NDEP
letter dated January 11, 2011), there are data already available for indoor
air samples collected from 97 homes. The CAP gives no reason why these
data cannot be used to perform a HHRA now. This HHRA can be updated
periodically, as new data are collected.

"There are analytical data f or samples of groundwater, soil, soil gas, and
indoor air for the Site. It is unclear why these data are deemed "insufficient”
in terms of quantity and quality, or what would be defined as "sufficient.”
The NDEP notes that the issue is data usability, and it appears that the
available analytical data have not been reviewed'to assist in preparation of
the CAP, let alone assessed for usability. Please review the laboratory
results and quality control (QC) data for usability (see U.S. Environmental
Protection Agency [USEPAJ S40-R-08-01, 2008). Unless data are rejected,
they are usable. Please specify explicitly.”"(NDEP letter, January 11, 2011).
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Comment
No. Section / Page Comment Response

Section 6, Identification of Preliminary Corrective Action Objectives

46. Section 6, Page 15 First complete paragraph states that ... concentrations lower than the PQL | accepted. The text has been revised
cannot be reliably measured. The laboratory PQL for PCE in water is 0.5
ug/L. The laboratory PQL for PCE in indoor air varies by laboratory and
analytical method but is generally less than 10 ug/m’. NDEP 's indoor air
sampling program achieved an average detection limit for PCE in indoor air
of5.6 ug/m3 (NDEP 2011). Laboratory PQLs are not low enough to detect
PCE concentrations in indoor air of 0.32 uglm’

The NDEP used Method TO-I5 because the detection limit was sufficient
for the purpose of the testing (method detection limit [MDL 3.4 micrograms
per cubic meter [ug/m3 for PCE). The purpose of NDEP's testing was to
evaluate whether any homes contained PCE vapors at concentrations
exceeding the NDEP's interim-action level of 32 ug/m3. However, Method
TO-I5 SIM is capable of much lower detection limits. Air Toxics
Laboratories using selective ion mode (SIM) achieves detection limits of
less than 1 pg/m® (see study for the Maryland Department of the
Environment [DEP], 2007): http://www.mde.state.md.us/ assets/ document/
Glenn%20Heights%20ASI%20Report%20-%20Final.pdf

The appropriate analytical method must be used to achieve detection limits
that are less than the remediation standard selected for residential indoor
air. For example, if a remediation standard of 3.2 ug/m3 were to be selected
(10'5 risk level), TO-I5 SIM would be needed, rather than TO-I5. Please also
reference the Draft Work Plan for Mitigation of Indoor Air and Well Water.
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Comment
No. Section / Page Comment Response

47. Section 6, Page 15 First complete paragraph states that "7he numbers generated in the Accepted. The text has been revised.
’ previous three steps for PCE in indoor a/r were NDEP 's interim action level

(a risk-based conceniration of 32 ,ug/m associated with a risk factor of 1 0
4) a risk-based concentraz‘/on correlating to the 10 ® risk level (0.32 ug/m )
and the laboratory PQL.

As noted in the NDEP's comment above, the reporting limit for TO-I15 SIM is
generally less than 1 ug/m The Maryland study cited above shows
laboratory analytical reports with reporting limits of 0.16 to 0.36 pg/m for
PCE, and 0.13 to 0.14 ug/m® for TCE. The numbers discussed for the
laboratory reporting limits should include a summary of such limits for the
different analytical methods, so that the appropriate method is selected to
provide the data necessary to address the specific needs of the study.

Moreover, the MDL is defined the USEPA in 40 CFR part 136, Appendix B
(49 FR 43234 dated October 26, 1984), as ‘the lowest conceniration that
can be measured and reported with 99% confidence that the concentration
/s greater than zero." The sample quantitation limit (SQL) is the sample-
specific MDL, which takes into account the specifics of the sample and
sample analysis (e.g., matrix, dilution, etc.) Although the precision (i.e.,
reproducibility) of measured concentrations near the MDL may be poor, all
such "estimated" data should be used ‘as /s" in any statistical analysis of
the data.

Section 7, Identification of Screening Technologies

48. Section 7, Page 16, First | Page 16, first paragraph states that "In general, the same or similar GRAS, | Accepted. The text has been revised.
Paragraph remedial technologies, and process options are applicable in the source

area, Boulevard Mall, and residential areas ... " The NDEP does not
necessarily agree that the same options are applicable to the residential
neighborhood, as in the commercially zoned areas. Safety issues, noise,
and property access, among other factors, limit options in the residential
neighborhood.
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Comment
No. Section / Page Comment Response
49. Section 7.2, Page 16 Page 16, last paragraph states that " 7/is section analyzes the technology | accepted - The text has been revised.

types and process options/or each GRA in terms o/three broad screening
evaluation criteria: effectiveness, implementability, and cost (EPA [988).
Potentially applicable GRAs identified/or groundwater consist 0/(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 o/implementation and ineffectiveness.
The jive remaining GRAs are discussed in this section. Given the
concentrations of PCE in groundwater at the Site, the subsurface
condijtions, and the various receptor pathways, it is likely that an integrated
approach to remediation or a combination of general response actions will
be required.”

The NDEP notes that hydraulic containment (extraction wells) with pulsed
pumping, above-ground treatment and reinjection (to reduce zones of
stagnation) combines containment and remediation. In contrast, a slurry
wall alone would be classified as containment.

Please list “the various receptor pathways "being referred to here.

Page 17, fourth paragraph states that "/Cs 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.”

Please review and cite the relevant water regulations governing water use.

50. Section 7.2, Page 17 Page 17. last paragraph states that "Because (1) the location and status of Accepted - The text has been revised.
’ 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.”

See previous comment. Also, the NDEP notes that domestic water supply
wells are to be addressed in the Draft Work Plan for Mitigation of Indoor Air
and Well Water (document dated February 28, 2011). Refer the reader to
this work plan.
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Comment

No. Section / Page Comment Response

51. Section 7.2, Page 20 MNA. Page 20. second paragraph states that "abjotic MNA may further Accepted - The text has been revised.
reduce the concentrations of contaminants to complete the attainment of
corrective action goals. Therefore, MNA was retained as part of a
groundwater treatment train. .. "
Please note that the data suggest attenuation by sorption and dispersion
only; there does not appear to be degradation of the PCE, even after the
estimated time of 40 years and 4,000+ ft of plume migration.

52. Section 7.2, Page 20 | In Situ Chemical Oxidation. Page 20. fourth paragraph states that Comment noted. The application of potassium

"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 one... . Chemical oxidation has
been shown to destroy PCE and its breakdown products both in the
laboratory and in the field."

The NDEP notes that distribution of the oxidant throughout the
contaminated area may be the main challenge for this alternative. Flow
through the heterogeneous lithology of the alluvial deposits is likely best
described as "dual-domain" flow (Gillham et al, 1984). Even if the oxidant
successfully destroys the solvent in the coarser grained materials,
contaminated fine -grained materials may remain unremediated, and act as
a secondary (long-term) source. This remedy (as well as many other
possible remedies) needs to be discussed in the context of dual-domain
flow.

Please provide references of successful application of ISCO under similar
conditions and for a plume of the magnitude of the Maryland Square PCE
plume.

permanganate was very successful in reducing
concentrations of PCE at the Tartan Textiles Services
Site in Odessa Texas (from 80,000 pg/l to less than 0.25
ug/L in the well with the highest concentration and 99%
reduction in concentration in 14 of 18 wells).
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careful planning and control is needed when injecting near residences or
underground utilities that could provide preferential pathways, however,
given that the depth fo 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.”

The NDEP notes that groundwater has been measured at less than 9 feet
bgs in the western part of the residential neighborhood. (MW-18, May
2005). Potential safety issues will need to be addressed as part of
obtaining a permit from the NDEP for injections of high concentrations of
oxidizing chemicals within the residential neighborhood, because there is
no certain way to control the migration of these chemicals.

It is not possible to guarantee that the oxidants, or the oxidation
byproducts, would behave the same as the PCE plume, or migrate along
the same pathways. Each oxidant type has specific drawbacks such as
potential permeability issues associated with Mn0, precipitation with
permanganate, or potential volatilization from the exothermic reactions
associated with either persulfate or Fenton's reagent, any of which can
create safety concerns.

Please provide references of successful application of ISCO under similar
conditions and for a plume of the magnitude of the Maryland Square PCE
plume.

Comment
No. Section / Page Comment Response
53. Section 7.2, Page 20 In Situ Chemical Oxidation. Page 20, last paragraph states that "/ addition, | comment noted. Tetra Tech does not recommend 1SCO

in the residential neighborhood. The text has been
revised to reference the 2005 groundwater level
measured in MW-18. The extent of the exothermic
reaction associated with persulfate is dependent on the
activation mechanism.
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Comment
No. Section / Page Comment Response
54. Section 7.2, Page 21 In Situ Chemical Reduction. Page 21, second paragraph states that Comment noted. This treatment technology is not

"Although ill situ chemical reduction can effectively treat PCE, the costs are | recommended.
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 ZV/ can directly reduce sulfate to sulfide, it is more
commonly noted that reduction of sulfate is biologically mediated
(Environmental Technologies, Inc. fETI) 2007)."

It is the abundance of electron acceptors, not just the high concentration of
sulfate (as much as 3,700 mg/L), that needs to be considered. Please
provide references for sites where sulfate reduction to sulfide in a
permeable reactive barrier (PRB) has been observed and described.

The NDEP notes that distribution of the reductant throughout the
contaminated area is also a challenge for this alternative. Even if the
reductant successfully destroys the solvent in the coarser grained
materials, contaminated fine-grained materials may remain unremediated,
and act as a secondary (long-term) source. This remedy also needs to be
discussed in the context of dual-domain flow and mass transfer.

The elevated concentrations of sulfate (average 1,700 mg/L, maximum
3,700 mg/L) present at the site are problematic for achieving complete
dechlorination. Sulfate reduction (Eh about -220 mV to -240 mV) would be
required to get the PCE to fully dechlorinate to ethene, during reductive
dechlorination. Moreover, sulfate reduction produces sulfide, which is toxic
to the dechlorinating bacteria. Elevated sulfate/sulfide could result in partial
dechlorination of PCE, resulting in a "stall" of the process and the buildup of
TCE, cis-1,2-DCE and/or vinyl chloride. Vapor intrusion risks exist for all of
these daughter products.
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Comment
No.

Section / Page

Comment

Response

55.

Section 7.2, Page 21

In Situ Chemical Reduction. Page 21, second paragraph states that
"However, elevated concentrations of dissolved sulfate do not automatically
disqualify ZVI as a potential treatment option. Studies have shown that ZV/
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) ."

Please provide references of successful application of reductant under
similar geochemical and geological conditions, and for a plume of the
magnitude of the Maryland Square PCE plume. The NDEP was unable to
locate the ETI (2007) report referenced here.

Comment noted. The ETI 2007 report was provided to
Ms. Mary Siders on May 26, 2011. This treatment
technology is not recommended.

56.

Section 7.2, Page 21

In Situ Chemical Reduction. Page 21, third paragraph states that "the
effects of sulfate and electron acceptor concentrations on cost"will need to
be evaluated. Calculations and a rough estimate of the amount of zero-
valent iron (ZVI) should have been presented in the CAP. Based on some
assumptions and a sulfate concentration of 3,000 mg/L, the NDEP used the
Regenesis on-line calculator and calculated that approximately 1 million
pounds of HRC-X would be needed to reduce sulfate and other electron
acceptors at the site. That equates to about $8.7 million worth of HRC-X.

Comment noted. The amount of ZVI was calculated for
cost estimating purposed. This treatment technology is

not recommended.

57.

Section 7.2, Page 21

Sparging. Page 21 states that "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, o=one treatment, and/or SVE and associated
ROIs."”

Designing an in-situ sparging system would require that the vertical and
cross-sectional profile of the PCE plume be well defined for optimum
placement of the sparge points. Pilot testing would need to be conducted to
determine the effective radius of influence of a sparge point and to define
the initial and design operational parameters (Le., number of sparge points,
operating pressures and flow rates, etc.). The NDEP agrees that soil-gas-
permeability testing should be performed to design an SVE system that will
capture the vapors created by the sparging action.

Agreed.
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Comment
No. Section / Page Comment Response
58. Permeable Reactive Permeable Reactive Barrier. Page 22 states that "Subsurface geology can | Comment noted. This treatment technology is not

Barrier. Page 22 influence the performance and longevity of P RBs. If carbonate or other recommended.
solid phase precipitates form within the P RB, 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.”

The ZVI-based PRB technology is susceptible to premature passivation
(Le., loss of its catalytic properties) by high alkalinity, TDS, and sulfate. The
groundwater at the Maryland Square site has been characterized with an
alkalinity near 300 mg/L, TDS levels ranging from 900 to 4,300 mg/L, and
sulfate concentrations averaging 1,700 mg/L, with a maximum measured at
3,700 mg/L range (URS 2007, see Tables 2 and 4). These concentrations
are in the ranges where these constituents are known to impact the
longevity of ZVI-based PRBs due to mineral precipitation and/or other
surface coating reactions (ITRC,2005).

Sulfate has the potential to enhance the growth of sulfate-reducing bacteria
that feed off of the hydrogen released during iron corrosion. Excessive
growth of sulfate reducers can cause biofouling, which in turn can cause
preferential flow through the barrier and reduce the hydraulic residence
time. Depending on the severity of clogging problems, groundwater flow
may eventually bypass the PRB all together.

Please provide examples of sites with similar geochemistry and geology
that have had success with a PRB applied to a solvent plume of similar
magnitude.
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Comment
No. Section / Page Comment Response
59. Section 7.2, Page 22 Enhanced Bioremediation. Page 22 states that "DC bacteria have not Comment noted. This treatment technology is not

been found at the S/'te," tﬁerefore, b/oaugmem‘at/qn would //ke/y be reg_u/red. recommended.
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 2710m V. 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 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
/s required to determine the most effective form of enhancement and/or
augmentation.”

PCE degrades under anaerobic conditions, which would require creating
reducing conditions (-220 to- 240 mV is the optimal range for reductive
dechlorination) in the aquifer and maintaining the conditions where
dechlorinating microorganisms could survive. It is most likely that an
exogenous culture would be required to avoid long lag periods before such
microbial populations developed to the level required to reductively
dechlorinate the PCE.

Because of the geochemical conditions, a significant amount of reductant
would be required to reduce the aquifer, the flux of oxygenated
groundwater into the reduced zone would rapidly deplete the "stored"
reducing power, and (as noted in the CAP) the sulfate could cause issues
with sulfide generation. Calculations should be performed to estimate the
amount (and cost) of the reagent necessary to artificially create a reducing
environment, before conducting bench-scale tests.

Continued...
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Comment
No. Section / Page Comment Response

59 (cont) Section 7.2, Page 22 Bioreactors would have to deal with the sulfide toxicity issue, as well as the
potential for offensive odors. Techniques to overcome the sulfide toxicity
issues through the addition of ferrous or mineral forms of iron are would
add costs to the project. Biological approaches for treating PCE in
groundwater may not result in complete treatment, thereby creating the
potential for vapor intrusion of chlorinated daughter products.

Please provide references documenting success, re: the statement that
"electron donors combined with ferrous gluconate have had some success
in high sulfate groundwater.”

60 Extraction and Extraction and Treatment. Page 23, second paragraph Again, improper Accepted. The text has been revised.
Treatment. Page 23, and incorrect terminology is used to describe geological conditions and

Second Paragraph groundwater geochemistry. See Comments 110, 112- 115, and 118 in
Part B of this Attachment for details.
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Comment
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61 Extraction and Extraction and Treatment. Page 23, third paragraph states that "So// Accepted. The text has been revised.
Treatment. Page 23 samples collected from the Site indicate the sand intervals frequently
Third Paragraph ’ contain appreciable silt or clay (as much as 30 to ./0%) 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 or6 to 150 gpd/fi2.
Assuming saturated intervals of25 ft and 20ft of available drawdown, the
yields of individual wells may range from | 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, steadly 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 capiure 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 wellfield. Although greater production rates can be
achieved by installing the wells to depths of 50 to 60ft 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 de water and may
shrink, potentially resulting ill subsidence in the residential and Boulevard
Mall area.

See Comments 110, 112 - 115, and 118 in Part B of this Attachment for
more details.

The specter of subsidence as a result of groundwater extraction at this site
seems inappropriate. Please provide references documenting (1) the
presence of dominantly 2:1 clays in the geologic deposits at the site, (2)
other sites, with similar geologic deposits, similar proposed rates of
extraction, and similar infrastructure, where subsidence has been
documented. The NDEP notes that subsidence as a result of groundwater
pumping is documented in cases of water-supply wells mining groundwater
over a long period of time. The NDEP is not familiar with any documented
case of subsidence resulting from a pump and treat system used for site
remediation .

Again, dual-domain flow should be part of the discussion here
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Comment
No. Section / Page Comment Response

62. Section 7.2, Page 23 Extraction and Treatment. Page 23, paragraph 4 states that "Production Agreed.
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.

The unconsolidated geologic deposits at the site generally range from silty
clay to silty sands, with some layers and lenses of silty/sandy gravel. Based
on this knowledge, the hydraulic conductivities that may generally be
expected at the site would range from 10° to 10 centimeters per second
(cm/sec) or 0.0028 to 2.8 ft/day. A detailed profiling of the lithology and the
vertical distribution of PCE concentrations at the treatment area(s) would
be needed.

63. Section 7.2, Page 23 Extraction and Treatment. Page 23, paragraph 5 states that "Furthermore, | comment noted.
treatment by air stripping or GAC will generate a secondary waste stream,
and high TDS concenirations 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.

The NDEP notes that, as long as the treated water is reinjected back into
the plume and degradation is not an issue (Le., no further degradation),
then this is allowed under UIC regulations and a permit may be issued.
The NDEP views capture/containment of the mass of dissolved-phase PCE
that lies upgradient of the neighborhood, treatment, and reinjection
downgradient of the point of extraction as a viable option.
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Comment
No. Section / Page Comment Response

Section 8, Development and Detailed Analysis of Alternatives

64. Section 8 64. The introductory text in this section states that "7he alternatives were Accepted. The information has been provided in Table
developed and screened based on the requirements of NAC -145A.227J; 8.2
guidance issued and offered by NDEP; and in a manner consistent with the
Comprehensive Environmenital 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:

Alternative 1 - No Action

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

Alternative 2B - In Situ Chemical Treatment, ICs, SSD Systems. and MNA
Alternative 3 - Permeable Reactive Barrier, ICs, SSD Systems, and MNA
Alternative 4 - Sparge Curtain, ICs, SSD Systems, and MINA

Alternative 5 - Extraction and Treatment, ICs, SSD Systems, and MNA
Altemative 6 - In Situ Enhanced Bioremediation, ICs, SSD Systems, and
MNA.

The NDEP notes that the data needs for each alternative should have been
provided. along with an analysis of the existing data. This would have
allowed identification of data gaps. This type of analysis

is missing from the CAP.
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65.

Page 27. NDEP Acceptance states that "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
condlitions including the geochemistry will be further evaluated in this
document and through subsequent bench-scale and pilot

testing as appropriate.

Please perform some basic calculations regarding complete reduction of
electron acceptors. Concentrations of sulfate have been measured as high
as 3,700 mg/l; each mole of sulfate consumes four moles of H2 in the
reaction:

The optimal ORP range for reductive dechlorination is -220 to -240 mV. To
achieve this, all oxygen, nitrate, ferric iron, manganese, and sulfate must
be reduced. Then, there is the matter of sulfide precipitation occluding
porosity, as well as the biotoxicity issues with sulfide. The NDEP is
concerned about the viability of reductive treatment to completely
dechlorinate PCE in this setting.

Comment noted. The amount of ZVI was calculated for
cost estimating purposes. The text has been revised.
These treatment technologies are not recommended.

66.

Section 8.2.1, Page 28

Page 28. Section 8.2.1 (Alternative 1- No Action) states that Alternative 1
(no action) presumably would not be acceptable to the NDEP (or the
community). This is a correct presumption.

Agreed.
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67. Section 8.2.2, Page 29 | Page 29. Section 8.2.2 (Alternative 2A - ISCO at plume hotspot and the Accepted. The text has been revised.
plume upgradient of the residential area. ICs. SSD systems. and MNA)

The CAP defines the term "hotspot, "as areas of the plume where PCE
concentrations exceed 1,000 ug/l. There are areas of the plume within the
neighborhood that fall under this definition.

Please provide references for other sites in similar geologic settings
(heterogeneous alluvial deposits) with similar geochemistry and similarly
sized PCE plumes where use of oxidants has been successful in

the complete oxidation of PCE (i.e., no buildup of other toxic volatile
organic compounds [VOCs]). Also, please provide specific sites where
project team members have successfully implemented chemical oxidation
on this scale.

The NDEP concurs with maintenance of existing SSD systems and
installation of additional systems if the concentrations of PCE in indoor air
are found to exceed the interim action level of 32 ug/m? in any other

homes. Reference the Draft Work Plan for Mitigation of Indoor Air and Well
Water.

68. Section 8.2.3, Page 29 | Page 26. 1% paragraph states that “Under this alternative, a chemical Agreed.
oxidant is infected 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...’and “Abiotic MNA occurring as a
residual effect of treatment and subsurface alteration could further reduce
concentrations of PCE in groundwater.”

The NDEP agrees with the concept of injections that are NOT in the
residential neighborhood.

Permitting issues should be addressed at the onset of investigating any
alternative requiring injections. The Bureau of Water Pollution Control
(BWPC) handles underground injection control (UIC) permitting. See:
http://ndep.nv.gov/bwpc/uic_overview04.htm
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69.

Section 8.2.2, Page 31

Page 31, 1% bullet states that “Hydrogeology between the existing
monitoring wells is not well defined, and potential impermeable lenses in
the aquifer may influence injection.”

Please define “well defined.” The NDEP notes that the main characteristic
of the unconsolidated alluvial deposits across the site is heterogeneity. It is
not practical (or feasible, cost-wise) to precisely define the hydrogeology for
every point across the site. Inferences must be made by experienced
geologists/hydrologists. However, a more detailed study of the lithology
and contaminant distribution is advisable for the treatment area(s).

The main challenge encountered with ISCO (or injection of reductants) is
achieving effective distribution of the injected material. Field tests are
required to evaluate whether the interbedded silts and clays (along with
caliche lenses) can be effectively treated in situ.

Accepted. The text has been revised.

70

Page 31, State
Acceptance

Page 31, State Acceptance states that “However, the NDEP has expressed
Initial reservations regarding the environmental impacts of this alternative
and indicated that it will require a contingency plan (NDEP 2071).”

The NDEP is concerned with safety issues regarding the use of any
oxidant. A contingency plan will be heeded. The NDEP also notes that
there is no way to control (or know) the migration routes of the injected
materials. Tracer tests should be considered to evaluate possible
migration pathways.

Comment noted.

71

Section 8.2.3, Pages 31
and 32

Pages 31-32, Section 8.2.3 (Alternative 2B - ISCO, ICs, SSD Systems,
MNA). The CAP also notes that “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.”

Under this alternative, oxidant would be injected across the areal extent of
the plume, everywhere concentrations in groundwater exceed 100 pg/L.
The NDEP notes that this alternative proposes injections of oxidant within
the residential neighborhood, with an estimate of three injections over time.
Unanticipated migration of injected solutions argues against the safe use of
oxidants within a residential neighborhood. There are explosion hazards
associated with hydrogen peroxide (including Fenton’s reagent) and
persulfate solutions. Also, infrastructure in the neighborhood and a shallow
water table (8 to 19 ft bgs) in the neighborhood, raise additional safety
concerns with this alternative.

Comment noted. However, the extent of the exothermic
reaction and “explosion hazard” associated with
persulfate is dependent on the activation mechanism.
This alternative is not recommended.
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72

8.2.3, Page 32

Text for Alternative 2B, Page 32 continues, “/ndoor air sampling would be
maintained until groundwater concentrations decrease to levels protective
of indoor air (assumed to be 2 years).”

Considering the concentrations in groundwater (as much as 3,500 pg/L
measured in MW-18 within the residential neighborhood), has the
equilibrium partitioning of PCE into soil gas and sorbed onto soil been
considered? Vadose zone soils may act as both sink and source over time.
Has this been considered in the estimate of 2 years to achieve the
remediation standard for indoor air other than simply stating that “PCE
sorbed to soll may be released and require treatment.”? Concentrations of
PCE in soil gas at equilibrium with groundwater can be calculated. PCE in
groundwater at 1000 pg/L was calculated to have an equilibrium
concentration of 600,000 pg/m3 in soil gas at the interface (See:
http://www.handpmg.com/lustline28-downward-migration.htm).

Comment noted.

73

Section 8.2.3, Pages 32
and 33

Pages 32-33, bullet at bottom/top of page states that “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... 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. 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.”

This alternative has serious safety issues and an optimistic estimate of how
quickly the remediation standard for indoor air would be met. Check UIC
permitting requirements and conduct some rough calculations on amount of
oxidant needed. Also, the ROI for such injections seems unlikely to extend
across a residential lot, assuming injection in the street right-of-way.

Agreed. Calculations for the amount of oxidant needed
were performed as part of cost estimating. This
alternative is not recommended.

74

Section 8.2.4, Page 34

Page 34, Section 8.2.4 (Alternative 3 - ZVI PRB, IC, SSD Systems, and
MNA) states that “Abiotic MNA would further reduce concentrations of PCE
in groundwater and would be monitored.”

Abiotic monitored natural attenuation (MNA) seems unrealistic, considering
that there is little evidence of degradation of PCE after 40 years (assuming
releases from the start of dry cleaning operations at the former APTC in the
former Maryland Square Shopping Center).

Accepted. The text has been revised.
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75.

Section 8.2.4, Page 34

Page 34, Section 8.2.4 (Alternative 3 - ZVI PRB, IC, SSD Systems, and
MNA) “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 FeSZ2)
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
condijtions. These tests would also allow for refinement of costs. The
costing purposes installation of a replacement PRB was assumed after 30
years.”

High concentrations of sulfate in groundwater can severely affect the
reactivity and permeability of, and flow through, ZVI PRBs. Please provide
references to case studies where PRBs have proven to be successful when
sulfate concentrations are 2,000 to 4,000 mg/L, alkalinity is high (200 to
300 mg/L), and concentrations of TDS are also elevated.

Unanticipated issues related to high concentrations of sulfate upgradient of
the barrier, with reduction of sulfate to sulfide and then to FeS.
Precipitation resulted in long-term impact on barrier reactivity and
permeability. See http://www.frtr.gov/pdf/meetings/k--ghosh_09jun04.pdf

Comment noted. This alterative is not recommended.

76.

Section 8.2.4, Page 36

Page 36, State Acceptance states “However, NDEP has indicated that this
technology does not seem viable given sulfate conditions at the Site (NDEP
20117). 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.”

The NDEP has performed calculations regarding the use of another
reductant (HRC-X). Prior to any testing, please provide calculations, along
with references on the successful implementation of a ZVI PRB under
similar geologic, hydrological, and geochemical conditions.

Please provide references for case studies where “chemical reducing
agents have been utilized effectively at sites with high sulfate.”

Comment noted. Calculations were performed on the
amount of ZVI required as part of cost estimating. This
alterative is not recommended
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(Alternative 5 - Extraction
and Treatment, ICs, SSD
Systems, and MNA)

extracted from within the plume, treated fto 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 NDEP envisioned a transect of pumping wells just upgradient of the
residential neighborhood, with reinjection within the plume just
downgradient of the extraction wells to: (1) help reduce stagnant zones;
and (2) help flush out contaminated groundwater under the neighborhood.

Re-injection of poor-quality water back into the same “aquifer” is acceptable
to the NDEP BWPC, upon issuance of a UIC permit.

This configuration of pumping wells would serve both as containment and
remediation, and would prevent the greatest mass of PCE (currently west
of and underneath the mall) from migrating into the residential
neighborhood.

Comment
No. Section / Page Comment Response
77 Page 36, Section 8.2.5 For consideration on this alternative, it was assumed that air would be Comment noted. The text has been changed to provide
(Alternative 4 - Sparge injected into the groundwater in a line of AS wells perpendicular to the the requested discussion. Monitoring points will be used
Curtain, ICs, SSD plume, creating a sparge curtain to strip PCE in groundwater as it flows into during pilot testing activities, and sparging operations
Systems, and MNA). the residential area. SVE wells would be utilized to extract the PCE-laden can be optimized to incorporate pulsing to manage
sparged air as it migrates upwards into the vadose zone. Clean water groundwater movement in undesirable directions.
would flow from the downgradient edge of the sparge curtain.
Groundwater mounding formed as a result of sparging can affect The ARCO underground storage tank release
groundwater flow. Such mounding has the potential to significantly modify | remediation that occurred in 1998/1999 in Reno, Washoe
the flow regime to the extent that the system design is rendered County, Nevada is an example of the successful use of a
inadequate. (See more discussion at sparge curtain. The release occurred approximately 0.5-
http://epppublications.com/Documents/14-02-22.pdf). Please provide a mile from the then Sierra Pacific Power Company
discussion of how the possible diversion of the contaminant plume due to (SPPCo) municipal water supply well near Mill Street and
groundwater mounding would be monitored and prevented. Also provide Kietzke Street (now Truckee Meadows Water Authority).
references and information on successful use of sparge curtains for sites Broadbent and Associates employed a sparge curtain
with plumes of similar magnitude. around the wellhead to protect the wellhead from the
rapid approach of methyl tert-butyl ether (MTBE).
78. Page 39, Section 8.2.6, The second paragraph of this section states that “ Groundwater would be Comment noted.
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79.

Page 39, Fourth
Paragraph

Page 39, Fourth Paragraph states that “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 recontaminate 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 remedjal timeframe.”

The NDEP assumes that pumping tests and a detailed profiling of lithology
and contaminant distribution will be necessary for all remedial alternatives
(except the no-action alternative). “Smart pump and treat” should be
evaluated for implementation at this site (see Hoffman, 1993). Extraction
and ex situ treatment for chlorinated solvents has been used successfully
at other sites in Nevada (see NDEP Facility ID D-000084, D-000544 for
examples), although the Maryland Square PCE plume is of greater
magnitude than these other sites.

Comment noted.

80.

Page 39, Fourth
Paragraph

Page 39, Fourth Paragraph states that “ 7he 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 wifl be much longer because of aquifer material heterogeneity and
the tendency for fine-grained materials to be cleaned up slowly.”

The NDEP notes that the heterogeneity of the alluvial deposits and
tendency of fine-grained materials to be slower to clean up are issues that
affect all the alternatives discussed in the CAP.

Agreed, but it should be noted that this heterogeneity
affects the treatment alternatives to varying degrees.

81.

Page 39, Fifth Paragraph

Page 39, fifth paragraph states that “ 7he 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.”

The NDEP is unfamiliar with any remediation site in the Las Vegas Valley
that has suffered subsidence as a result of groundwater extraction for
treatment. Please provide references and information to document such a
response. Also, provide information documenting the presence of 2:1 clays
in the shallow groundwater system at the Site.

Accepted. The text has been revised.
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82.

Page 39, Fifth Paragraph

Page 39, fifth paragraph states that “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.”

Treatment of water for TDS (or other natural condition) is not needed as
long as the water is reinjected into the same water-bearing unit (NDEP
BWPC)

Comment noted, with clarification from Mary Siders,
electronic mail dated May 26, 2011 indicating
Underground Injection Control permit requirements
dismissing treatment for TDS if reinjection occurs within
the plume area.

83.

Page 41, First Paragraph

states that “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.”

The NDEP notes that geologic heterogeneity and groundwater
geochemistry (high concentrations of sulfate, alkalinity, TDS, etc.) may
adversely affect many of the remedial technologies discussed in the CAP
for Groundwater.

Comment noted.

84.

Page 41, Section 8.2.7
(Alternative 6: In Situ
Enhanced
Bioremediation, ICs,
SSD Systems, and MNA)

Page 41, Section 8.2.7 (Alternative 6: In Situ Enhanced Bioremediation,
ICs, SSD Systems, and MNA)states that “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).”

Re: Section 4; see NDEP comment 39: The NDEP notes that there are only
two wells that have average ORP values less than 0 mV; MW-10 and MW-
11. MW-11 contained petroleum product (weathered gasoline), which is an
electron donor during aerobic degradation and which typically reduces
ORP in the area surrounding the product. The NDEP notes that 29 of the
33 monitoring wells have median values of ORP greater than 100 mV.

Comment noted. This alternative is not recommended.

85.

Page 41, Last Paragraph

Page 41, last paragraph states that “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 this alternative, as for the earlier discussions of alternatives involving in
situ oxidation and reduction, the difficulty of effectively distributing the
injectate into a highly heterogeneous package of unconsolidated geologic
deposits is perhaps the greatest challenge for any in situ treatment that
relies upon injection of substances. Injections would require UIC
permitting.

Comment noted. This alternative is not recommended.
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86.

Page 42, First Full
Paragraph

Page 42, first full paragraph Page 42, first full paragraph notes that “ 7he
high sulfate concentration found at the site would increase the amount of
substrate required.”

The NDEP notes that it is not just the sulfate. Considering the median
values for DO (3.5 mg/L), nitrate (5.9 mg/L), alkalinity (220 mg/L), and
sulfate (1,700 mg/L), there is an abundance of naturally occurring electron
acceptors that must be satisfied before redox conditions for complete
reductive dechlorination (approximately -220 to -240 mV) are attained.

Comment noted. This alternative is not recommended.

87.

Section 8, Page 43,
Fourth Complete Bullet

Section 8, Page 43, Fourth Complete Bullet states that “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.”

Please provide references and information on EHC and why it may be
effective. Provide calculations on the amount of substrate needed to
overcome median concentrations of electron receptors at the site, as well
as the mass required to remediate the dissolved-phase PCE.

Comment noted. This technology is not recommended.

88.

Table 8-1, Comparison of
Alternatives Summary

Although this table summarizes the evaluation criteria for each alternative,
neither this table nor Table 7-1 provide a list of the data needs for each
alternative. The data needs must be listed, then reviewed against the data
that are currently available, in order to determine “data gaps.”

Under the column, “state acceptance,” please specify the nature of NDEP’s
concerns, not just “NDEP expressed concerns regarding the feasibility of
this alternative.” For example, under Alternative 3, the cause for NDEP’s
concern should be specified (e.g., high concentrations of sulfate and other
electron acceptors; formation and precipitation of sulfides that may
compromise permeability of the PRB; passivation, failure to achieve
complete reductive dechlorination, resulting in breakthrough of chlorinated
degradation products, etc.)

Comment noted. Table 8-2 has been revised to reflect
an inventory of the technologies evaluated and
associated data needs.

89.

Table 8-2

Summary of Technology Advantages and Disadvantages. Please do not
simply list “preferred by NDEP” or “NDEP does not support this technology
at the site.” Describe the reasons that cause concern for the NDEP; for
example, for ISB to be effective, all electron acceptors must be satisfied in
order to attain anaerobic conditions suitable for complete reductive
dechlorination of PCE and its chlorinated degradation products.

Comment noted. Table 8-2 has been revised and the
references regarding regulatory disposition are no longer
pertinent.
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Section 9, Recommendations
90. Page 48, Section 9, Page 48, Section 9, Recommendations, first paragraph states that “ 7his Accepted. This section has been revised. Work plans to

Recommendations, First
Paragraph

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 condiitions 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.” Continued

“These data gaps disallow a sufficient understanding of the Site conditions
pertinent to...” What does this statement mean? The “understanding” of
exposure due to inhalation of PCE vapors entering homes as a result of
vapor intrusion is well established at this site (i.e., there is a mature CSM
for this site). Please describe, explicitly, what a “sufficient understanding of
the Site conditions” is envisioned to be. The existing data clearly document
PCE concentrations in indoor air at a level exceeding a 10 risk level (and
as much as 110 pg/m3) in some homes. Additional studies of subslab
vapors, soil gas, and groundwater are not needed to perform a HHRA now.

(1) As previously noted by the NDEP, there are indoor air data for 97
homes, some data for soil gas and quarterly data for groundwater. No
reason is provided as to why these data cannot be used for an initial risk
assessment. This risk assessment should be updated as new data are
collected, but must not be postponed until then.

(2) Here, the NDEP agrees that additional hydrologic and lithologic data are
needed in order to more fully evaluate all remedial alternatives. Particular
studies, such as tracer studies, deployment of passive diffusion bags
(PDBs) or other method to evaluate PCE stratification within wells,
separate discrete-depth vertical sampling, aquifer pumping tests,
evaluation of ROls, etc. should be described in the CAP (or at least as an
appendix to the CAP or in a summary table providing some details).

(3) Itis unclear what is meant by “confirmation of site parameters;” the
NDEP notes that aquifer tests (pumping tests) and a detailed analysis of
lithology and contaminant distribution in the treatment area are likely
needed. The NDEP also notes that there is a large data set for field
parameters (pH, ORP, DO, etc.) and a large set of analytical data for
groundwater chemistry. Please specifically and explicitly describe what is
meant by “confirmation of site parameters” and how that information will be
used to make recommendations and inform decisions.

conduct include aquifer tests and bench-scale and pilot
tests for in-situ chemical oxidation and air sparging are
include with the CAP and will be submitted by June 14,
2011.
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defined in the downgradient areas of the plume, north of Cherokee Lane in
the residential neighborhood and across the golf course.

The NDEP notes that, the extent of the PCE plume from the source area to
at least as far as the golf course, the extent of groundwater contamination
is well-defined on the north, west, and south by site monitoring wells. Data
from other monitoring wells and borings that were installed for other sites
located to the north and south of the plume, further assist in constraining
the lateral boundaries of the Maryland Square PCE plume by showing
nondetections for PCE'. The northern boundary of the plume is
constrained, using data from several wells and one boring (grab sample).

Please describe what “not fully defined” means in this context. The
extreme heterogeneity of PCE vapors in the vadose zone, combined with
building-specific characteristics, precludes using PCE concentrations in
groundwater to accurately predict PCE vapors in the vadose zone at any
given location or PCE concentrations in the indoor air of any specific
house.

There is no evidence that PCE contamination in groundwater extends
farther north than currently delineated as nondetected (or very low
detections, less than the drinking water standard of 5 pg/L) in wells MW-22
and MW-33, so please explain why “north of Cherokee Lane” is specifically
identified here as a “data need.” A March 24, 2008 report (URS) also
included analytical data for a boring that was installed about mid-way
between monitoring wells MW-32 and MW-33, along Spencer St. A grab
groundwater sample from boring B-T2 contained 130 pg/L PCE. See
Figure 2 in URS (2008) showing the location of boring B-T2 and the correct
location of the golf course irrigation well, PW-1.

'Other sites providing such data include (1) the Sears UST site; (2) the
former Dr. Clean, H-000511; (3) Boulevard Mall, H-000240; and (4) the
“GAP” wells on the west side of Boulevard Mall.

Refer to the Draft Work Plan for Mitigation of Indoor Air and Well Water, for
proposed locations of additional groundwater monitoring wells.

If by asking the question “how does the PCE in groundwater impact soil
gas?’ is meant “WHERE does the soil gas contain PCE vapors?,” that may
prove to be an extensive research project to define the distribution of the
“patchy fog” of vapors in the lithologically heterogeneous unsaturated zone
and in utility corridors across the site. The data for indoor air and

Comment
No. Section / Page Comment Response
91. Page 48, Second Page 48, second paragraph states that * 7/e extent of groundwater Accepted. This section has been revised. References to
Paragraph contamination and how it impacts soil gas and indoor air are not fully indoor air sampling or samples that may be required for

the HHRA are deferred to the Final Work Plan to Mitigate
Indoor Air and Well Water (Tetra Tech pending).
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groundwater show that the highest concentrations of PCE in groundwater
do not directly coincide with the highest concentrations of PCE in indoor air.

The NDEP collected soil gas data to (1) determine if PCE was volatilizing
and accumulating in the vadose zone, and (2) estimate the possible indoor
air concentrations using the USEPA’s version of the Johnson-Ettinger
model. Using the maximum concentration detected in the neighborhood
(46,000 pg/m3), along with site-specific and some default parameters, the
model very accurately predicted the maximum concentration of PCE found
in indoor air.

The USEPA (2002) recommends that the potential for vapor intrusion be
considered for structures lying within 100 feet of the boundary of the
groundwater plume. Limited additional sampling of soil gas in some areas
may be proposed, but the only way to know whether the /indoor air of any
given home is affected by vapor intrusion is to sample the indoor air. The
unique characteristics of each home, along with behaviors and habits of the
inhabitants, can lead to significant vapor intrusion effects to one home and
none in an adjacent home. Wertz (2011) put it most simply when he stated:
“I sample houses because that's where the people are.”

Across the site, groundwater gradients and the PCE plume head nearly due
east from the source area to the golf course. The role of golf course
irrigation and how this may affect the flow of groundwater, the migration of
the PCE plume, and migration of soil gas should be considered, however.
The downgradient extent of the plume to the 5 pg/L boundary will be
evaluated per the Draft Work Plan for Mitigation of Indoor Air and Well
Water.

92. Page 48, second states that “ The pathways of potential concern relate to® volatilization of Accepted. This section has been revised

paragraph 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 groundwatel and better understand the
volatilization of PCE from groundwater into soil gas and its migratior® and
transport into indoor ak®. Data expected to be obtained via that effort are
needed to prepare the risk assessment and develop mitigation measures
for residential indoor air”

a. The NDEP notes that the exposure pathway is inhalation of PCE
vapors that have intruded into a particular building. The use of
“relate to” in describing this pathway is unnecessarily vague.

b. The Permanent Injunction (December 27, 2010) requires that a work
plan to “define the downgradient extent of the Site groundwater
plume containing more than 5 ug/L of PCE’ be provided to the NDEP
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Comment
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(and the Court). This delineation will likely require the installation of
additional borings and monitoring wells near Eastern Blvd, on the
eastern extent of the golf course, and perhaps farther east. Please
reference the Draft Work Plan for Mitigation of Indoor Air and Well
Water.

The apparent widening of the PCE plume in groundwater along the
western edge of the golf course may best be explained by the
seasonal irrigation (effects of which are easily seen in the annual
water table fluctuations in wells MW-33, MW-27, MW-30, and other
wells near the golf course). The infiltration of irrigation water may
create local mounding or otherwise perturb the hydrologic flow in the
immediate vicinity of the golf course.

Nondetections for PCE in wells MW-22 and MW-33 constrain the
northern boundary of the plume, whereas nondetections in wells
MW-10, MW-16, MW-11, MW-28, and MW-29 constrain the southern
boundary of the plume.

c. A “better understanding” of volatilization of PCE from groundwater
and into the vapor phase can be obtained via calculations using
Henry’s Law, and the knowledge that diffusion-driven migration of
vapor phase may lead to a vapor distribution that does not
necessarily follow the concentrations in the groundwater (i.e., the
“patchy fog” model). As for the migration of vapors; once liberated
from groundwater, the PCE vapors will follow preferential pathways,
unconstrained by the hydraulic gradient to which groundwater must
attend. Movement of contaminant vapors via gaseous diffusion can
be described by Fick's first law.

There are many publications that describe volatilization and
subsequent transport of the vapor phase; please describe how and
why additional data on this matter are needed to remediate
groundwater at the site.

d. The transport of soil gas into buildings is unique to the
characteristics of a particular structure (e.g., HVAC system, cracks in
slab, etc), along with the behavior of the inhabitants (e.g., leaving
windows open or closed, etc.). Two adjacent homes can exhibit very
different impacts from vapor intrusion as a result of building
characteristics and inhabitant behaviors; that is, it is not possible to
accurately predict which homes will have what concentration of PCE
vapors in indoor air. (See “VI Assessment and Mitigation Decisions:
Panel Discussion” USEPA Workshop, March 15, 2011).
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e. Wertz (2011) stresses that “ The goal of a vapor intrusion
assessment strategy is not to learn all there is to know about the VI
pathway at the site, only to develop enough knowledge to properly
manage risks.” The NDEP notes that there are indoor air data for 97
homes; please explain why these data cannot be used to perform a
risk assessment, and why detailed research is needed to
“understand the volatilization of PCE from groundwater into soil gas
and its migration and transport into indoor air,” instead of focusing on
managing risk within each home across the site and remediating
groundwater. Additional data for samples of indoor air may,
however, be used to update the HHRA.

f.  Mitigation measures for residential indoor air generally consist of
installing an SSD system (also known as a radon mitigation system).
There is standard guidance available from the USEPA, American
Society for Testing and Materials (ASTM), and others. It is not clear
what aspect of the data proposed here for collection, will be used to
“develop mitigation measures for residential indoor air.” Please
specifically describe how a “better understanding of volatilization”
will be used to “develop mitigation measures for indoor air.” As
previously noted, the only way to know the extent of vapor intrusion
effects in any given home is to test the indoor air in that home, while
carefully evaluating the potential for background sources (i.e.,
consumer products containing PCE or other VOCs) within the home.

93. Page 48, Second Page 48, second paragraph states that “Additional data representing Accepted. A pilot study work plan has been included as
Paragraph hydraulic flow parameters for the diverse range of soil types at the Site are | part of the CAP.

needed for evaluation of the remedial alternatives and development of the
remedial design.”

The NDEP agrees that the collection of aquifer test data (e.g., pumping
tests, etc.), along with detailed lithologic and contaminant distribution data
in the treatment area(s), is needed for development of the remedial design.
However, aquifer tests, tracer tests, etc. should be proposed in the CAP
and detailed as individual work plans in an appendix to the CAP.
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94. Page 48, First Bullet | Page 48, first bullet states that “/ndoor air data are needed to evaluate Accepted. The text has been revised. As decided in the

current residential conditions® and evaluate the efficacy of mitigation
systems previously installed by NDEP’

The currently available data for indoor air may be used to conduct a risk
assessment now; additional data to be collected “at least annually” (per
Section Ill.A.1.a. of the Permanent Injunction), may be used to assess
current conditions and update the risk assessment.

The NDEP collected post-mitigation samples of indoor air to assess the
efficacy of the SSD systems; systems that were not achieving sufficient
reductions in PCE vapors in the indoor air were performance-tested,
optimized, and retested (BAI, 2010). Re-sampling of all homes (with
consent of the home owner) overlying the plume is required “at least
annually.” As data are collected, conditions may be re-evaluated, along
with the continued efficacy of the SSD systems.

The NDEP notes that a HHRA can be conducted using the currently
available data. The Permanent Injunction requires indoor air sampling, at
least annually. These data can be used to update the HHRA performed
using the existing data.

meeting between NDEP, Mr. Tim Swickard, and Tetra
Tech on May 25, 2011, the HHRA will be developed on
past data and data collected in the upcoming sampling
events for groundwater monitoring and indoor air and
well water. Any additional sampling required will be
presented to NDEP in a letter. The HHRA will be
utilized to evaluate final remedies and be presented in
the Corrective Action Report.
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Bullet

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.”

Verification of existing data is not needed in order to conduct a HHRA. The
existing data for indoor air should be used to conduct a HHRA now.
Subslab data are not needed to conduct a HHRA.

The NDEP notes that there is considerable debate regarding the utility of
subslab samples. The spatial variability of vapor concentrations across the
slab has been shown to be several orders of magnitude. Unlike indoor air
(which is generally well mixed), vapors in subsurface soils show a large
amount of spatial variability (Johnson 2001). McHugh (2007) highlighted
as a key point, that the spatial variability in subsurface media is much
higher than the temporal variability in indoor or ambient air. Given such
spatial variability in the subsurface, McHugh (2007) noted that “/ots of
sample locations are required to understand VOC concentration in
subsurface,” but that, for indoor air, a “single sample can accurately
characterize well-mixed space.” Ekland and Simon (2007) noted that “ 7he
soll-gas and subslab soil gas data at the site indicate a surprisingly large
degree of spatial variability.” Siegel (2009) noted that “subs/ab results have
been found to vary significantly under the same structure, even beneath
small individual residences.”

The issue of background sources contributing to concentrations of PCE in
indoor air needs to be considered, using in-home surveys, discussing with
the homeowner that importance of not using certain products during the
sampling period, and checking for VOCs using a mini-Rae part per billion
(ppb) photoionization detector (PID) before and after sampling. In some
cases, perhaps a subslab sample may be collected, but the NDEP does not
consider it necessary in order to conduct a HHRA. Additional samples of
indoor air can be used to augment the existing data and update the HHRA
prepared using the existing data.

Comment
No. Section / Page Comment Response
95. Page 48, First Secondary | Page 48. first secondary bullet states that */ndoor air sampling and subslab | comment noted. The text has been revised. Comment

noted. As decided in the meeting between NDEP, Mr.
Tim Swickard, and Tetra Tech on May 25, 2011, the
HHRA will be developed on past data and data collected
in the upcoming sampling events for groundwater
monitoring and indoor air and well water. Any additional
sampling required will be presented to NDEP in a letter.
The HHRA will be utilized to evaluate final remedies and
be presented in the Corrective Action Report.
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96. Page 48, Second Page 48, second secondary bullet states that “S/mi/arindqora/rand
Secondary Bullet 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.”

Comment noted.

In general, in commercial/industrial facilities, Occupational Safety and
Health Administration (OSHA) standards apply and establish “allowable”
concentration limits. The NDEP is focused on assuring remediation (and
mitigation) on behalf of the homeowners. Subslab data are not needed to
determine whether systems are needed to mitigate indoor air at the mall or
in the homes, unless there is indication of in-home sources of PCE.

97. Page 48, Second Page 48, second primary bullet states that “So// properties have not been Accepted. The text has been revised.

Primary Bullet 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.”

The NDEP notes that unsaturated soils in the source area have been well-
characterized with respect to lithology, as well as the distribution of PCE.
Elsewhere across the site, lithologic data are available only at monitoring
wells and soil borings. The NDEP agrees that a detailed determination of
contaminant distribution and lithology will likely be needed in the treatment
area(s). Additional hydraulic data, such as obtained by pumping tests, are
also needed.
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98. Page 48, Last Bullet Page 48, last bullet states that “Additional soil testing (standard Accepted. The text has been revised.

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.

The NDEP notes that it likely will not be possible to collect enough data to
completely characterize vapor migration in the subsurface at the site, nor is
this information needed to evaluate and design a remedy for groundwater.

Vapors are not constrained by hydraulic gradients like groundwater, and
may instead follow utility corridors and other preferential pathways, mainly
by diffusion, but advection (especially in the zone of building influences)
may also occur. The spatial variability of vapor concentrations in the
subsurface is expected to be extreme, both laterally and vertically. So
much so that defining the distribution of subsurface vapors is only practical
in a very general way, and it should not be listed as “necessary” for
evaluating, developing, and implementing a remedy for groundwater.

99. Page 48, Last Paragraph Page 48, last paragraph states that “Given the concentrations of PCE in Accepted. The text has been revised.

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.”

Please explain what “various pathways” are being referred to here. The
known receptor pathway is “inhalation of chlorinated solvent vapors” that
have intruded into indoor air of homes overlying the Maryland Square PCE
plume. A possible receptor pathway is ingestion of PCE-contaminated
groundwater obtained from shallow domestic wells, which may be present
at some properties east of Eastern Blvd; that topic is being addressed in a
separate work plan (Provide reference to the Draft Work Plan for Mitigation
of Indoor Air and Well Water). The NDEP does agree, however, that a
combination of response actions may be required.
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100.

Page 48, Last Paragraph

Page 48, last paragraph states that “... 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.”

The NDEP notes that because distribution in the subsurface is the primary
challenge for any injection (ISCO or reductants), field-scale tests will likely
be needed. Laboratory tests alone cannot predict if the distribution issues
can be overcome. A tracer test may be useful at the field scale.

Agreed. Tetra Tech does not feel that a tracer test is
necessary at this time.

101.

Page 49, First Full
Paragraph

Page 49, first full paragraph states that “/f testing for chemical oxidation
and sparging technologies proves unsuccessful or insufficient as an overall
strategy for treatment of the Site, additional testing for a ZV/I PRB,
extraction and treatment, and enhanced bioremediation will be considered.”

The NDEP suggests doing some calculations to estimate how much
material (whether HRC, EHC, or ZVI) would be needed to (1) overcome all
the electron acceptors, and (2) completely dehalogenate the PCE. The
NDEP used the Regenesis calculator on-line and, with site-specific
chemistry and some general assumptions, received an estimate of nearly 1
million pounds ($8.7 million) of HRC-X would be required...All testing
should be done concurrently, rather than sequentially, in order to not further
delay remedy selection and implementation.

Comment noted. This technology is not recommended.

102.

Page 49, Section 9.3

Page 49, Section 9.3 provides a proposed schedule for the listed tasks.
However, the NDEP does not see pumping tests, tracer tests, geotechnical
testing or other such testing listed here. Also, it seems that one month may
be an inadequate amount of time for field pilot testing, particularly for
injection followed by testing to verify distribution and efficacy of the
injections.

Accepted. The schedule has been revised.
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relationship between the shallow groundwater system and the deeper
aquifer. Nested wells or piezometers could be installed in the vicinity of
the golf course irrigation well, PW-1. Additionally, a video survey of well
PW-1 could be performed to evaluate the integrity of the well casing.
Understanding the relationship between the shallow and deep groundwater
system may be important is addressing groundwater contamination, and
should be considered in the CAP.

Comment
No. Section / Page Comment Response
Other Critical Comments
103. The NDEP notes that the draft CAP does not propose evaluation of the

PART B: CORRECTIONS AND SUGGESTED REVISIONS

Executive

Summary

104.

Executive Summary

No minor comments on this section.

Comment noted.

Section, Introduction

105.

Section 1, Page 1

Page 1, first paragraph. Text states that “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).”

Please specify that the historical release of PCE was reported upon
discovery by Converse, and was based on a groundwater sample collected
during an ESA at the source area (i.e., former APTC at the former Maryland
Square Shopping Center).

Accepted. The text has been revised.

106.

Section1.2, Page 1

Section 1.2, page 1. The text states that “ 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).”
The data, not the NDEP, identify the source area. Revise this sentence to
state “The analytical data for soil and groundwater indicate the former
APTC facility as the source of the Maryland Square PCE plume.”

Comment noted.

107.

Section 1.2.2, Page 2

Section 1.2.2, page 2. Text states that “the facility was owned by the
Maryland Square Shopping Center, LLC until the Clark County School
District (CCSD) purchased the property in 2002

Here, “facility” should be replaced with “Property.”

Accepted. The text has been revised.
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Section 2, Physical Characteristics of the Study Area

108. Section 2.1 Section 2.1. Incorrect name; it is the Nevada Division of Water Resources Accepted. The text has been revised.
109. Section 2.2, Site Section 2.2, Site Geology. page 6. Geologic terms, as well as other words, | Accepted. The text has been revised.”
Geology, Page 6 are misused in this section (shown in red font below). The current text
states:

“The geology of the Site consists of interbedded sequences of sand, sandy
silt, sandly 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 nejghborhood. 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
Algongquin 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 f, 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 1t 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 1t bgs. Continued...
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109 “Sequence” has specific meaning in geology and is incorrectly used here.

Continued “Frequent” and “vary” are improperly used to mean “common” and “range.”

“Mixtures” is not a proper geologic description. It is unclear what “saturated
intervals’ are being specified here. An “gpparent alluvial stream channel
sand meanders...” should be described as sandy deposits of a possible
paleochannel. Unconsolidated deposits along Algonquin are described by
URS (2007) as gravelly, silty sand grading into silt and sandy silt. “Caliche”
is not listed in the borehole log for PW-1; rather, the dominant lithology is
clay/shale (reddish color) with some sand and gravel from 0 to 706 ft, and
the main water-bearing gravel layer from 706 to 746 ft bgs.

Suggested rewrite follows:

Lithologic data are available for borehole logs from 33 monitoring wells
(installed at the Site between 2000 and 2008), as well as 16 borings
Installed for collection of soil vapor samples (URS 2007x) and 29 borings
drilled to characterize the source area (URS 2007x). The geologic deposits
at the Site consist mainly of interbedded sands, sandy silts, sandy clay, and
silty clay, along with some discontinuous zones of caliche and gravely
sands. Gravels are less common in the aquitard than in the deeper aquifer.
The borehole logs and well construction diagrams for all monitoring wells at
the Site are provided in Appendix A.

URS (2007x) provided geologic cross sections that show deposits
underlying the area along Algonquin Drive consist mainly of gravelly to silty
sand that grades into sandy silt in the area of wells MW-23 and MW-25
(Figure 8). Farther downgradient, in the area of wells MW-26 and MW-27,
these deposits grade into silty clays below the water table (approximately
10 to 12 ft bgs). Cross sections drawn perpendicular to the longitudinal axis
of the PCE plume show gravelly to silty sands in the upper 5 to 10 ft along
Algongquin Drive and predominantly silty sands in the upper 70 to 12 ft
along Spencer Street (Figure 9).

Total depth of monitoring wells at the Site ranges from 20 to 50 fi, although
most wells are completed at depths between 30 and 35 ft. Lower
permeability clays and silts (silty clay, sandy clay, clayey silt, and sandy
silt) dominate the saturated zone of the shallow groundwater system across
most of the Site; however, the upper few feet of this zone consists of sands
and silty sands in the source area and extending eastward across the
Boulevard Mall property, and into the western portion of the nejghborhood.
This mainly sandy zone may represent portions of a paleochannel within
the alluvial deposits. Continued...
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Comment
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109 Borehole logs for irrigation wells PW-1 (DWR #5675) and PW-2 (DWR

Continued #16296) for the Las Vegas National Golf Course are driller’s logs, and,

therefore, fairly generalized. The lithology in PW-1 is described as mainly
clay/shale deposits (reddish color) with some sand and gravel “streaks”
from 0 to 706 ft, and the main water-bearing gravel layer from 706 to 746 ft
bgs. The well seal extends from the ground surface to 130 ft, with a
screened interval from about 500 to 746 ft. The lithologic description for
PW-2 notes a greater occurrence of caliche zones throughout much of the
boring (total depth = 620 1), but in particular above about 250 ft depth. Red
clay and sandstone are listed as the dominant lithologies on the driller’s
borelog, along with a screened interval from 220 to 620 1.

110. Section 2.3 Section 2.3, Hydraulic Properties of the Shallow Groundwater System. Accepted. The text has been revised.
Depth to groundwater generally ranges from 9 to 28 feet across the site,
but varies annually within each well.

111. Page 7, 1% Paragraph | Page 7. 1" paragraph states: “ With the complex geology, the rate of Accepted. The text has been revised.
States 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.”

Please eliminate incorrect word usage and nonstandard terminology, such
as “soil partings” which is a seldom-used term in pedology to describe
voids that forms in soil horizons as peds form (aggregations of soil
particles). “Soil partings” has nothing to do with flow of groundwater
through the saturated unconsolidated alluvial deposits. Why is this (and
other) inappropriate geologic terminology repeated throughout discussion
of groundwater flow in this CAP? An experienced geologist should revise
this discussion so that appropriate technical terminology is used.

The NDEP suggests the following rewrite:

Groundwater likely exhibits a range of flow velocities within the generally
unconsolidated and heterogeneous geologic deposits that host the shallow
groundwater at the Site. Higher rates of flow occur through the coarser
grained layers (sands and gravels) and lower rates of flow through the finer
grained layers (silty sands, silts, and clays). Data from two wells, USGS 43
and USGS 5 (Leising 2004) indicate that shallow groundwater northwest
and southeast of the Site may best be characterized as a calcium-
magnesium sulfate water, as discussed below in Section 2.4.
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Comment
No. Section / Page Comment Response
Section 3, Nature and Extent of Contamination
112. Section 3.1 Section 3.1 needs to be rewritten using known facts and standard geologic | Accepted. The text has been revised.
terminology.

“Soil partings” and “desiccation partings” and “differential stress cracks” are
nonstandard terms that do not apply to groundwater flow systems. “Soil
partings” is a term used (rarely) in pedology in discussing the structure of
soil (specifically, the pore voids that develop around soil peds). None of
these terms are commonly used in discussing groundwater flow.
Geologists do not typically refer to “mixtures” of sand and gravel, so it is
difficult to determine if the writer meant to say “interbedded sands and
gravels” or “layers and lenses of sandy gravel.”

The chemical type of groundwater is “calcium-magnesium-sulfate” water;
the term “calcic water” is not commonly used in the Unites States to
describe the chemistry of groundwater.

Regarding swelling clays: Is there documentation of 2:1 clays in the alluvial
deposits at the Site?

Section 4, Contaminant Fate and Transport

113. Page 12, Third Page 12, third paragraph states “7he PCE plume is believed to have Accepted. The text has been revised.
Paragraph 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.”

Please rewrite this paragraph, using proper geologic terminology and
correct word usage. Interbedded sands and silty to sandy gravels likely
provide a preferential flow path that has allowed migration of the plume at a
rate faster than the “average” flow rate for the aquitard. This type of flow
system (dual domain) has been described in the literature, and should at
least be mentioned here.

“Higher permeable portions”? Please state correctly.
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Comment
No.

Section / Page

Comment

Response

114.

Page 12, Third
Paragraph

Page 12, third paragraph states “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 remedjal treatment technologies.”

Please rewrite this paragraph using standard geologic terminology: “soil
partings” is a (rarely used) term to describe the voids formed when peds
form in a soil horizon. This term is not used in discussions of groundwater
flow; “differential stress cracks” is a mechanical term generally used in
materials science; “seasonal desiccation” is a term used to describe the
condition of surface soils, not groundwater at 18 ft bgs. “Entrained” is used
incorrectly and this sentence incorrectly states that this “entrainment”
occurs “after the application of remedial treatment.” This is probably not
the meaning intended.

Accepted. The text has been revised.

Section 5,

Human Health Risk Assessment

115

Section 5

Section 5 of the draft CAP is unacceptable.

Comment noted. As decided in the meeting between
NDEP, Mr. Tim Swickard, and Tetra Tech on May 25,
2011, the HHRA will be developed on past data and data
collected in the upcoming sampling events for
groundwater monitoring and indoor air and well water.
Any additional sampling required will be presented to
NDEP in a letter. The HHRA will be utilized to evaluate
final remedies and be presented in the Corrective Action
Report.

Section 6, Identification of Preliminary Corrective Action Objectives and Remediation Standards

116

Section 6

No minor comments on this section.

Comment noted.
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Section 7, Identification of Screening Technologies

; Extraction and Treatment. Page 23, second paragraph states that “ 7he geology of :
117 Section 7 the Site consists of interbedded sequences of sand, sandy silt, sandy clay, and silty Accepted. The text has been revised.
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
Iintervals 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.”
As previously stated (Sections 2.2 and 3.1), please rewrite this description using
geologically correct terminology and precise language. “Sequence” has specific
geologic meaning, not as used here; “mixtures” is not a technically correct
description; etc.

Section 8, Development and Detailed Analysis of Alternatives

118. ‘ ‘ No minor comments on Section 8. | Comment noted.

Section 9, Recommendations

119 ‘ ‘ No minor comments on Section 9. | Comment noted.
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In August 2000, as the result of a property transaction, the
subsurface soil and groundwater conditions were investigated.
Groundwater samples collected from one well revealed
perchloroethene {PCE) concentrations that exceeded the United
States Environmental Protection Agency (EPA) maximum
contamination level (MCL) for PCE in drinking water of 5.0
micrograms per liter (ug/l) or parts per billion (ppb).

Over time, multiple phases of assessment have been conducted
for various parties, This work was conducted under the oversight
of the Nevada Division of Environmental Protection (NDEP). At
this time, there are 33 monitoring wells that are a part of the
ongoing groundwater monitoring and sampling program
associated with the Property. Certain wells are located onsite (at
the former APTC) while others are located on downgradient
properties (Boulevard Mall and residential neighborhood). The
furthest downgradient wells are located approximately 4,000 feet
cast of the Property. Select wells are sampled on a quarterly basis
and all of the wells (if possible) are sampled annually. The
sampling method currently employed at the site is low flow
sampling. This sampling method was f{irst employed in
September 2008. Previously, sampling was conducted using
traditional sampling methods involving the removal of three to
five well volumes of water prior to collection of a groundwater
sample. Low flow purging and sampling results in minimal
drawdown. Advantages of low flow purging and sampling include
increased sample quality, reduced disturbance to well and
formation, reduction in investigation derived waste, increased
well life, and reduced costs.

Purpose and Sampling Method

The purpose of this sampling effort was to evaluate vertical
distribution of contaminants in select wells to assess if any
trends appeared evident and to allow for consideration of more
“zone specific” remediation efforts (i.e., does a certain lithologic
unit or depth within the saturated zone appear to be where
remedial efforts should be focused). In order to facilitate this

M SQUARE PDRB Resulta RJO-ls.doc
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evaluation, vertical profiling of select wells was conducted. This
consists of the collection of formation water along the screened
interval of the wells and is done using either a low-flow or passive
sampling method.

For this effort, a passive sampling method was selected. Passive
sampling involves the collection of a groundwater sample without
expending external energy. This typically involves placing a
collection device into the well and then having diffusion across a
concentration gradient occur which results in collection of a
sample in the screened interval. For this effort, passive diffusion
bags {(PDBs) were utilized. Diffusion samplers are constructed of
a semi-permeable material that allows groundwater to diffuse
into the sampler until the concentration gradient equilibrates
between the water in the formation and the sampler. The PDBs
are made of polyethylene and are considered an effective tool in
collecting samples for analysis of chlorinated VOCs as these
compounds can diffuse into the sampler. The polyethylene bags
are filled with deionized and contaminant free water and then
suspended at predetermined depths in the wells. Contaminants
diffuse through the bag into the previously contaminant-free
water until the bag water and well water reach equilibriim
(usually a minimurm of two weeks is recommended).

Several factors can affect the performance of PDBs. These include
the target analyte (these are considered effective for chlorinated
VOCs]), the exposure period (manufacturer for specific PDBs used
recommends a minimum of two weeks), and well construction
(good hydraulic connection between well and borehole is needed
which is typically achieved through proper well development). An
additional factor that can affect vertical profiling of a well is the
assumption that groundwater flows horizontally through the well.
Vertical hydraulic gradients in an aquifer can result in ambient
vertical flow in the well. To date, no evaluation of potential for
vertical hydraulic gradients has been conducted at this site,

M SQUARE PDB Resulls RIQ.s doc
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Vertical profiling was not conducted on all 33 wells associated
with this project. Wells were selected for inclusion in this effort
based primarily on two factors. These were 1) samples collected /
from these wells have historically contained PCE concentrations
in excess of 500 micrograms per liter (ug/L), and 2} the wells had
enough water column to facilitate collection of a minimum of two
samples to allow for an evaluation of vertical distribution of /
contaminants. Two exceptions to this were wells MW-11 and
MW-17. Well MW-11 was included to evaluate a well that had not
been sampled in some time and that had historically not
contained PCE. Well MW-17 was sampled in order to include a
well located on the site of the former dry cleaners that had 7
historic PCE concentrations.

Groundwater Monitoring and Sampling Procedures

On February 23, 2010, groundwater levels were measured and
PDRBs were placed in wells MW-2, MW-5, MW-11, MW-13, MW-
14, MW-17, MW- 18, MW-23, MW-26, MW-27 and MW-32 (see
Plate 1 for well locations}. As stated, the wells were sampled
using diffusion bag samplers that were hung in the wells. Each
bag was filled with deionized water prior to placement. The bag
manufacturer recommends the bags be placed a minimum of two
weeks prior to sampling. On March 15, 2010, samples were
retrieved from the PDBs and collected in laboratory provided
sterilized 40-ml glass vials that were capped with Teflon lined
lids, labeled, and placed in an insulated container with ice.

As discussed, during this sampling event, multiple bags were
placed in each well sampled to assess the vertical profile of PCE
in groundwater. The bags are placed at predetermined intervals
in each well, According to the manufacturer of the sample bags,
Eon Products, Inc., ecach sampler covers five feet of water
column. Converse provided Eon Products with the total water
column in each well and they subsequently provided pre-
constructed rope and sample bags for placement in the wells.
Tables showing the information used to determine bag placement
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in these wells is included herein. Note, that in select wells, a
shorter 4-foot separation of bags was used to allow for inclusion
of these wells in the sampling effort.

Groundwater Sampling Results

The local groundwater gradient at the subject site is generally
towards the east as shown in Plate 2. Groundwater eclevations
have been separately provided in the Groundwater Monitoring
and Sampling Report - 1%t Quarter 2010.

Groundwater samples were submitted to Veritas Laboratories of
Las Vegas, Nevada for analysis. Each sample was analyzed for
volatile organic compounds using EPA Method 8260B. Analytical
results for this sampling event are summarized in Table 1. A copy
of the laboratory analytical report is attached.
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Table 1: Groundwater Analytical Results, March 15, 2010

PCE Result from

Approximate N
Sa}%‘?[e S[?;?:t}llle (S;E) % Difference Low-FhIJEu:eSne;mpllng (IS!E) Lithology
(Date Sampled)

MW-2A | 2207 4 790 b B30 | 35 Clay
MW-28 | 27.07 840 5.95 Nov. 09 3.1 Clay
MW-5A | 2160 | 840 4 4820 1. 38 1. Claywithsit
“MW-5B 26.50 860 37.21 Nov. 09 5.1 Claywithsilt
MW-11A) 2718 | <080 & o ..1......50850 1. <050 . SityClay |
MW-11B | 31.00 <0.50 NIA Feb. 10 <0.50 Silty Ctay

MW-13A1 2005 | 1800 . 1 1700 5.1 Sandy Clay
MW-13B | 2342 2,000 5.00 Nov. 09 53 Sandy Clay B
MW-14A;  24.04 330 R 21200 | <050 | Sandy Lean Glay/Silly Sand
MW-14B| 2904 300 | 1538 Nov. 09 <0.50 Silly Sand
MWA7A | 22.50 240 | 3750 | 30 <050 | Sandy Silt
MW-17B | 2760 | 150 | Nov. 09 <050 | SandySit
MW-18A | 14.13 1,800 27.78 1,600 52 Sandy Sil/Caliche
MW-18B | 18.13 1,300 Feb. 10 59 | St -
MW-23A| 1831 | 1,100 _ T oo 7 48 1 sandySit -
MW-23B 1 2250 1,100 0.00 Feb. 10 L a7 Sandy Sill

MW-26A | 2260 870 | 2089 790 1 17 ~ SlyClay
MW-26B 2750 | 740 | | " Feb10 {15 1 SityClay
MW-26C | 32.50 610 15 Silty Clay

MW-27A 2250 1 - 400 | 8280 { 70 25 . Caliche/Silty Clay
MW-27B | 2750 270 - Feb. 10 32 | slyClay
MW-27C 1 32.50 270 27 Silty Glay

MW-32A | 21.44 360 - 830 4.4 ~ Chay
MW-32B| 2550 400 Feb.10 | 40 Clayey St
MW-32G | 30.50 410 12.20 5.9 Clayey Sil

% Difference represents difference between highest and lowest concentration belween PDB
hags in that well.
Sample depth is to the center point of the PDB from ground suiface.

The analytical results presented in Table 1 show that PCE was
detected in each monitoring well sampled, except for MW-11.
Maximum PCE concentrations were noted at a depth of
approximately 23.42 {eet bgs in monitoring wells MW-13,
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Discussion

Wells with the lowest percent difference in concenftration versus
depth had maximum PCE concentrations of 1,100 ug/L (MW-23,
0.00% diff), 2,000 ug/L (MW-13, 5.00% diff.}, and 840 ug/L (MW-
2, 5.95% diff.}). Wells with the greatest percent difference in
concentration versus depth had maximum concentrations of 240
ug/L (MW-17, 37.50% diff.), 860 ug/L (MW-5, 37.21% diff}, and
400 ug/L (MW-27, 32.50% diff.}.

The percent difference between the high and low PCE
concentrations between PDBs in each well, in general, appear to
be less as overall well concentrations increased, However, there
were instances where this was not the case. For example, the
maximum PCE concentration in MW-2 and MW-5 were similar,
yet these wells exhibited a relatively low and relatively high
percent difference in concentration versus depth 5.95% and
37.21%, respectively.

Concentrations appecar to show a minor trend when compared
with lithology versus depth within each well. In most wells, the
lithology was consistent throughout the sampled area. Wells
where there were differences in lithology versus depth were
MW14, MW-18, MW-27, and MW-32, In well MW-32, the highest
PCE concentration was noted within a clayey silt and the low
within a clay. In well MW-14, the highest PCE concentration was
noted within a silty sand and the low within a sandy lean clay.
Such differences could be attributable to the differences in the
hydraulic conductivity of the differing lithologies; however, the
differences in concentrations in these wells versus depth were
only 390 ug/L versus 330 ug/L (MW-14 and 410 ug/L versus
360 ug/l. (MW-32). Further, these lithologies are not likely
continuous at depth throughout the area as alluvial depositional
systems can be complex and vary greatly both laterally and with
depth.

I SQUARE: PDE Results RIG.is.doc

@ Converse Cansultants



Maryland Square Shopping Center Limited
Liability Company/Herman Kishner Trust .
Project No. 00-43367-08

April 28, 2010

Page 8

The concentrations noted using the PDBs were generally similar
to those documented during the low-flow sampling events. Some
of the more distinct differences (MW-14, 1,200 ug/L using low-
flow: 390 ug/L using PDB) could be attributed to the fact that the
low-{low sampling for this well was conducted four months prior
(drd quarter 2009) to the PDB sample being collected from this
well. However, in two instances, MW-27 and MW-32, PCE
concentrations were lower using the PDB method, and the
sampling events were conducted approximately one month apart.
This could be attributed to the different sampling methods.

Summary/Conclusions

Passive diffusion sampling methods, consisting of the use of
PDBs, was conducted at the subject property in an cffort to
evaluate vertical distribution of contaminants in select wells to
assess if any trends were evident and to allow for consideration of
more “zone specific” remediation efforts. Results of this sampling
effort did not indicate any significant {rends that would
demonstrate specific depths or lithologic variability such that a
selected remedial method should be focused on a specific zone
(depth or lithologic unit). It is likely that vertical movement of
contaminants is in part controlled by stringers of more permeable
material throughout the subsurface that are not readily
identifiable while logging using certain drilling methods. Such
stringers have been observed throughout the Las Vegas Valley
when continuous coring of soil borings has been conducted,

Limitations

The conclusions presented in this report are professional
opinions based on the data described in this report. They are
intended only for the purpose, site location and project indicated.
The conclusions presented in this report are based on the
assumption that conditions do not deviate from those observed
during our study, as described in this report. No other warranty
is either expressed or implied.
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Conclusions presented in this report are based on the sampling
and testing completed for the stated scope of work. Sampling and
testing locations are intended to confirm the presence or absence
of target contaminants at selected locations, Contaminant levels
observed may not be the highest Jevels present at the site. It is
not the intent of this study to perform exploration to detect other
contaminants. Observed contaminants may change with relation
to time, on-site activities, and adjacent site activities. This report
represents information only to the specific time in which it was
collected.

Ceortified Environmental Manager (CEM) Statement

For the services provided and described in this document, the
following language is from NAC 459,

I hereby cerlify that I am responsible for the services described
in this document and for the preparation of this document. The
services described in this document have been provided in a
manner consistent with the current standards of the profession
and to the best of my knowledge comply with all applicable
federal, state, and local statutes, regulations, and ordinances.
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8. POLYETHYLENE DIFFUSION BAG (PDB) SAMPLERS

8.1 Description and Application

The Polyethylene Diffusion Bag (PDB) sampler was developed in the late 1990’s and has
become a widely accepted technique for determining concentrations of VOCs in groundwater
monitoring wells. PDBs are installed in groundwater monitoring wells, at one or more intervals
below the water surface in the well screen, and lefi in place under natural flow conditions. After
sufficient residence-time the PDBs are removed and the contents discharged directly into
analysis vials for standard volatile analysis. Because pumping and purging field time are
eliminated and waste water disposal is reduced to a few milliliters, the technique results in
significant cost savings over purge and pump techniques. The technique also provides depth
specific profiling for compound and concentrations. PDBs are also used in saturated sediments in
and around surface water to approximate VOC discharge to the surface,

The PDBs’ ability to reflect dissolved VOC concentrations in the adjacent aquifer allows
determination of stratification and vertical concentration gradients of VOC contaminants.
Generally, each two-foot-long PDB sampler represents not more than five feet of the well screen.
Interval VOC concentrations may be measured at specific well screen depths by hanging PDB
samplers in series (Figure 8-1). In addition to gaining information about the well’s
hydrogeological attributes, correct positioning of a future single PDB sampler may be
determined.
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Figure 8-1, Deployment of PDB samplers to vertically profile well

8.1.1 Physical Characteristics

PDB samplers are made of low density polyethylene (typically 4mils thick) film which serves as
a semi-permeable membrane. The membrane is formed into the shape of a tube to create a
sample chamber which is filled with de-ionized water and sealed. Various configurations are
commercially available either pre-filled and sealed at both ends at the factory, or with a fill port
and plug for filling at the factory, in the field, or at the user’s lab. PDB samplers are typically 18
to 24 inches long and 1.25 to 1.75 inches in diameter to fit into a 2-inch diameter and larger
monitoring wells (Figure 8-2). These dimensions provide 200 to 350 ml of sample for multiple
VOA samples and duplicates, Other diameters and lengths are available to fit smaller diameter
wells or to provide specific sample volumes. PDBs are available with an exterior polyethylene
mesh that protects against abrasion (Figure 8-3). Figure 8-4 displays a protective canister
available for deployment of PDBs in sediments.
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Figure 8-2. Typical passive diffusion bag

sampler with protective mesh sleeve, weight,

and deployment supplies

Figure 8-3. EON diffusion bag sampler and

supplies

Figure 8-4. Protective screen canister for PDB deployment in sediments

PDBs operate using the principles of molecular diffusion across the semi-permeable
polyethylene membrane. VOCs in the aquifer are transported into the well through the screen by
natural flow and by diffusion. The deionized water in the PDB contains no organic compounds



Chlorobenzene 1,2-Dichloroethane Toluene
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Favorable laboratory diffusion testing results

Carbon tetrachloride 1,1-Dichloroethene I,1,1-Trichloroethane
Chloroethane eis-1,2-Dichloroethene 1,1,2-Trichloroethane
Chioroform trans-1,2-Dichloroethene Trichloroethene (TCE)
Chioremethane 1,2-Dichloropropane Trichlorofluoroinethane
2-Chlorovinylether cis-Dichloropropene 1,2,3-Trichloropropane
Dibromochloromethane 1,2-Dibroinoethane Vinyl chloride
Dibromomethane trans-1,3-Dichioropropene Xylenes (totat)
1,2-Dichlorobenzene Ethyl benzene

Unfavorable laboratory diffusion testing results

Acetone Methyl teré-butyl ether

Methyl iso-butyl ketone Styrene

Table 8-2. Field experience sampling VOCs with PDBs

(Parsons 2004)

Data suggest that PDB sampling may be useful for these target compounds (see text)
Benzene 1,2-Dichlorobenzene 1,1,2,2-Tetrachloroethane*

Bromobenzene* 1,3-Dichlorobenzene Tetrachloroethene

Bromochloromethane* 1,4-Dichlorobenzene Toluene

n-Butylbenzene Dichlorodifluoromethane 1,2,3-Trichlorobenzene*

sec-Butylbenzene 1,1-Dichloroethane 1,2 4-Trichlorobenzenc*

teri-Butylbenzene 1,2-Dichloroethane 1,1,1-Trichloroethane

Carbon disulfide 1,1-Dichloroethene 1,},2-Trichloroethane

Carbon tetrachloride cis-1,2-Dichloroethene Trichioroethene

Chlorobenzene frans-1,2-Dichloroethene Trichiorofluoromethane

Chloroethane 1,2-Dichloropropane 1,1,2-Trichloro-1,2,2-trifluoroethane
Chloromethane Ethylbenzene Vinyl chloride

Dibromochloromethane Hexachlorobutadiene* m, p-Xylene

1,2-Dibromocthane* p-Isopropyltoluene o-Xylene

Dibromomethane* 1-Methylethylbenzene Xylenes, total

Data suggest that PDB sampling may be problematic for these target compounds
(see reference) '
tert-Amyl methyl ether* Naphthalene {,2,4-Trimethylbenzene

Bromoform* #-Propylbenzene 1,3,5-Trimethylbenzene

*The data set for this compound was refatively smalf (fewer than five instances of comparison), so the power of the
classification (i.e., acceptable or unacceptable) is fairly low.

8.1.4 Sample Volume

Volume varies with the diameter and length of the PDB. Standard PDBs are sized to fit in 2-inch
wells (1.25-inch OD by 18-24-inches long). The standard PDB sampler holds 220-350 mL of
water. PDB samplers can be custom fabricated in varying lengths and diameters for specific
volume requirements. Generally, PDBs have been made to obtain a sample volume of 250 to 350
mL.,
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8.2 State of the Art

8.2.1 Lab Testing

Laboratory testing for chemical parameters has shown excellent correlation for those compounds
tested.

8.2.2 Field Testing

Numerous studies have been performed to demonstrate the appropriateness of the use of PDB
and allowed it to be recognized as a valid groundwater sampling technique. The Air Force Center



Transfer of water from the PDB to sample containers is required before shipping samples to the
laboratory.

8.4 Unanswered Questions

[None]
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