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EXECUTIVE SUMMARY 

This document develops a Corrective Action Plan (CAP) develops and evaluates potential remedies to 
mitigate clean up shallow groundwater contaminated with tetrachloroethene (PCE), also known as 
perchloroethene. (PCE), impacts to shallow groundwater identified at. The PCE contamination forms a 
dissolved-phase plume extending from the Maryland Square Shopping Center (MSSC) site (the 
SiteProperty), located near downtown Las Vegas, Nevada to a residential neighborhood that lies 
downgradient. The extent of the PCE plume in shallow groundwater defines the site (Site).  

The objectives of the CAP are to: 

1. Provide a basis for identifying and screeningIdentify and screen general remedial actions (GRAs), 
technology types, and process options to mitigate remediate PCE-contaminated impacts to 
groundwater, soil gas, and indoor air; 

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); and, 

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

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

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

1. Prevent the use of shallow groundwater with concentrations of PCE above that exceed the 
remediation standard for groundwater as a source of drinking water. 

2. If vapor intrusion to indoor air from PCE in groundwater is above the remediation standard for 
indoor air, prevent indirect contact with PCE in groundwater via vapor intrusion to indoor air. 

The preliminary numerical remediation standards developed in the draft CAP are: 

• Groundwater - the maximum contaminant level (MCL) for PCE of 5.0 micrograms per liter [µg/L] 

• Indoor air - the NDEP interim action level for PCE of 32 micrograms per cubic meter [µg/m3] 

General response actions (GRA) were identified using these preliminary CAOs and numerical remediation 
standards and were evaluated based on implementability, effectiveness, and cost.  Those technologies 
found to be viable based on these three criteria were subsequently assembled into Corrective Action 
Alternatives for detailed analysis based on eight NCP evaluation criteria: (1) overall protection of human 
health and the environment; (2) long-term effectiveness and permanence; (3) reduction in toxicity, 
mobility, and volume through treatment; (4) short-term effectiveness; (5) implementability; (6) cost; (7) 
state acceptance and (8) community acceptance.  The alternatives developed for detailed analysis 
include: 
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• Alternative 1 - No Action 

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

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

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

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

• Alternative 5 – Extraction and Treatment, ICs, SSD Systems, and MNA 

• Alternative 6 - In Situ Enhanced Bioremediation, ICs, SSD Systems, and MNA. 

Based on the NCP criteria, the most promising technologies include chemical treatment, a PRB, AS/SVE, 
and in situ enhanced bioremediation.  These technologies are identified for bench-scale testing.  
Technologies with favorable bench-scale test results will be the subject of subsequent pilot tests.  Until an 
adequate understanding of the environmental conditions and characteristics can be determined through 
bench-scale and pilot testing, the practical application or effectiveness of a particular Corrective Action 
Alternative to meet CAOs and numerical remedial standards cannot be confirmed. 

Based on a review of the existing data population, additional data is are needed to adequately describe 
and understand: 

• Aquifer production and soil properties (including soil fraction organic carbon content);  

• Geologic characteristics and contacts; 

• Soil gas and indoor air properties (validated soil gas, indoor air, subslab, and groundwater 
concentration); and 

• Subsurface characteristics at and downgradient of the golf course. 

Necessary field activities and testing programs to complete the required data population are expected to 
be described in subsequent planning documents submitted to NDEP for concurrence prior to execution.  
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1.0 INTRODUCTION 

The Maryland Square Shopping Center site tetrachloroethene (PCE) Site (the Site) is located near 
downtown Las Vegas, Nevada.  Shallow groundwater at Tthe Site generally contains dissolved-phase 
PCE in a plume that extends from the location of the former Al Phillips the Cleaners (APTC), in the former 
Maryland Square Shopping Center a few hundred feet west of Maryland Parkway, to more than 4,000 feet 
east (downgradient) of the former APTC facility (Figure 1).  nearly Eastern Avenue on the east, East 
Twain on the south, and Comanche Avenue on the north.  The Site includes the footprint of a former 
Maryland Square Shopping Center strip mall (including the Al Phillips the Cleaner facility, the Property), 
an existing mall (The Boulevard Mall), a residential area, and a golf course (Figure 1).  Releases of 
tetrachloroethene, also known as perchloroethene (PCE), are documented at the Site in near-surface soil 
and shallow groundwater.  PCE-contaminated soils are present in the source area at Tthe former APTC 
facility (URS 2004, 2007), which that was located at 3661 South Maryland Parkway (Figure 2).  
Contaminated soil and groundwater were reported in a November 29, 2000 spill report provided by 
Converse Consultants to the Nevada Division of Environmental Protection (NDEP).   has been identified 
as a source of PCE releases to soil and shallow groundwater. Releases of PCE may also have occurred 
at additional locations, some of which are outside the primary bounds of the Site, with the PCE migrating 
to within downgradient areas of the Site boundaries.  

1.1 Purpose and Organization of the Report 

Thise purpose of this document is to develop a Corrective Action Plan (CAP) identifies and provides an 
initial evaluatesion of technologies to mitigate impacts toremediate shallow groundwater contaminated 
with PCE. and related impactsRemediation of groundwater is needed to prevent high concentrations of 
PCE vapors from entering soil gas, and thereby protect indoor air quality in homes in the residential 
neighborhood overlying the PCE plume.  at the Site from releases of PCE from the Property.  The CAP 
describes existing information for the Site and presents a scope and schedule for to proceed with 
mitigation of PCE impactsremediation of PCE-contaminated groundwater.   

The CAP first summarizes past land uses across the Site, 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.  The preliminary remediation standards are 
described in Section 6, followed by a screening of possible general remedial actions (GRAs) in Section 7.  
Section 8 provides Aa detailed evaluation of seven alternatives for the remediation of shallow 
groundwater is included in Section 8.  and Section 9 includes (1) recommendations to fill data gaps, (2) a 
discussion of the need for bench-scale and pilot-scale testing to further assess the corrective action 
alternatives, and (3) a proposed schedule.  A baseline risk assessment will be conducted once enough 
new data can be obtained to fill existing data gaps in order to develop final corrective action goals for the 
Site. 

The objectives of the CAP are to: 

1. Provide a basis for identifying and screeningIdentify and screen plausible general remedial 
actions (GRAs), technology types, and process options to mitigate remediate PCE-contaminated 
impacts to groundwater, soil gas, and indoor air; 

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); and, 

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

The identification and evaluation of Corrective Action Alternatives are identified and evaluatedis intended 
to ensure that appropriate corrective action alternatives are developed and an appropriate corrective 

Comment [MS11]:  Please remove from this 
CAP, any discussion speculating on “other possible 
sources.”  

Comment [MS12]: The indoor air in 97 homes 
was sampled, providing a range of detected 
concentrations of PCE.  There are also analytical 
data for 77 soil samples collected from the source 
area, and many quarters of data for groundwater 
sampled at 33 monitoring wells across the site. 
Geotechnical data for six soil samples were 
collected in 2007 (URS, 2007; see Table 6-1 and 
Appendix C).  Please review all available data prior 
to discussing “data gaps.” 



DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER 
MARYLAND SQUARE SHOPPING CENTERPCE SITE 

 

 

2 

action is selected.  This CAP establishes a preliminary set of viable remedial alternatives proposed for 
further evaluation through bench-scale testing.  Results from bench-scale testing will be used to develop a 
pilot test program to confirm field application and establish a design basis for remedial system expansion 
and full-scale implementation.  

1.2   Site Background 

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

The former APTC facility has been identified as a the source of PCE resulting in contamination that forms 
the Maryland Square PCE plume inof the shallow groundwater at across the Site (Figure 3).  The 
dissolved-phase PCE plume has been detected in shallow groundwater at properties locatedextends 
downgradient of the former APTC facility, including Thebeneath the Boulevard Mall, a residential 
propertiesneighborhood, and a golf course.  A groundwater golf course irrigation well is located within the 
golf course at the distal end of the shallow groundwaterdirectly in the path of the PCE plume, about 3,200 
feet east of the former APTC.   

1.2.1  Site Description 

The Site is located in the Las Vegas Valley (Valley) approximately 1.6 miles northeast of the Las Vegas’ 
McCarran International Airport.  Originally, the site was dominated by the presence of a number of west-
to-east trending shallow washes, but now tThe surface topography at the Site gently slopes to the east 
(Figure 4).  Surface drainage also generally flows toward the east, with stormwater sewers collecting 
runoff water along major streets for diversion toward the north and east into engineered drainage 
channels.  Current uses of the Site are commercial/industrial and residential.  Residential properties are 
generally single-family homes.   

1.2.2  Site History 

Maryland Square Shopping Center 

The APTC facility was first developed in 1969 as a dry cleaning operation in a shopping centerthe 
Maryland Square Shopping Center.  Al PhillipsAPTC took over operation of the site later that same year 
from the original operator, and continued to operate the dry cleaning facility until 2000.  The facility was 
owned by the Herman Kishner Trust until Maryland Square Shopping Center LLC (MSSC) purchased the 
property in 1999 (Converse 1999). During a Phase II Environmental Site Assessment in 2000 as a result 
of the property transaction, PCE was detected in the soil and groundwater at the southeast corner of the 
APTC facility (Converse 2000).   

MSSC demolished the former shopping center, including the concrete floor and foundation, in the summer 
of 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 property use in the immediate 
area is commercial/industrial, although an elementary school (Dean Peterson) lies about 500 feet 
upgradient to the west, and a residential neighborhood (mainly apartment buildings) lies several hundred 
feet northwest of the former APTC facility. 

Boulevard Mall 

The Boulevard Mall opened in 1968 and is the oldest Mall in the Las Vegas Valley.  Several former 
structures on the east side of Maryland Parkway, downgradient of the APTC facility, were demolished 
when the Boulevard Mall was expanded in approximately 1993.  Other structures on the west side of 
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Maryland Parkway were demolished more recently.  Figure 5 illustrates the locations of previous or 
existing commercial or industrial properties identified in the vicinity of the Site. 

Monitoring wells producing detected concentrations of PCE greater than 3,000 µg/L in at least one 
groundwater sample include MW-1, MW-2, MW-13, MW-14, and MW-18.  All of these wells, except for 
MW-18, are in the source area (MW-1) or lie within 400 ft downgradient (MW-2, MW-13, and MW-14) of 
the former dry cleaners.  The May 16, 2003 report (Converse, 2003) provided analytical results for a soil 
sample collected from unsaturated soil at 14 ft bgs during drilling of well MW-13; PCE was detected at 45 
µg/kg in this vadose zone sample.  The water level in well MW-13 was reported at 17.25 ft bgs during the 
initial groundwater sampling event in May, 2003.  The groundwater sample from MW-13 contained 2,100 
µg/L of PCE; the maximum concentration of PCE across all wells was detected in the May, 2005 sample 
collected from MW-13 (5,310 µg/L), although the reporting limit was also elevated (80 µg/L) 

Historically across the project area, the highest concentrations of PCE in groundwater have been reported 
from monitoring wells MW-6, MW-13, and MW-14 located near the aboveground parking structure on the 
southwestern portion of the Boulevard Mall property, east of the former APTC property (Figure 3).  
Historical concentrations of PCE from monitoring well MW-13 range up to 5,310 micrograms per liter 
(µg/L) (in May 2005), suggesting a possibly unidentified source of PCE in the immediate area.  
Investigations involving soil sampling above the water table (in the vadose zone) have not been 
performed in the area of these wells.   

Residential Areas 

Construction of the residential neighborhoods to the east (downgradient) of the Boulevard Mall began in 
the early 1960s.  The Property was undeveloped prior to construction of the residential neighborhoods 
based on a review of historical aerial photos.  Traditional slab-on-grade homes are typical for the area.  
Residences are on City of Las Vegas (City) water that 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. 

Las Vegas National Golf Course 

““The National Golf Course” was constructed in 1961 and was originally called the Stardust Country Club. 
The shallow groundwater PCE plume extends to the golf course. The golf course has at least one deep 
water well (PW-1) located on the property for irrigation (Figure 3).  According to the property 
management, over more than 8 million gallons per week of fresh water are pumped from the well during a 
normal peak usage week in the summer months.  Groundwater Ssamples from Well PW-1 have 
detectable levelscontained concentrations of PCE ranging from 130 µg/L in 2002 down to 4.9 µg/L in 2006 
(NDEP 2007).  PW-1 is screened from 500 to 750 feet below ground surface (bgs) in the deep aquifer.  
The irrigation well has a seal from the ground surface to 130 ft bgs; Ccommunication between the shallow 
aquifer groundwater and the deep aquifer may be due to vertical gradients during pumping, combined with 
a compromised casing or leakage through the result from extension of the golf course well’s gravel pack, 
around the casing to a depth ofwhich extends from depth up to 130 feet bgs.  

1.2.3  Previous Investigations 

A series of assessments, soil and groundwaterenvironmental investigations has been conducted across 
the site since 2000, and several , and preparations of corrective action plans have occurred from 1999 
tobeen prepared. 2010 to evaluate distribution of PCE beneath the Site and to determine the extent of 
impacts to downgradient groundwater. Most investigations evaluated groundwater and subsurface soil, 
although soil gas sampling was conducted in 2007.  Investigations were conducted by Converse 
Consultants from 2002 through 2004, and subsequently from 2008 to 2010, and by URS Corporation 
(URS) in 2005 through 2008.  The reports relevant to preparation of the groundwater CAP include the 
following:  
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• Converse. Phase I Environmental Site Assessment. September 28, 1999. 
• Converse. Limited Phase II 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-4th Quarter 2003 and 1st 

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 6, 2006. 
• URS.  Quarterly Groundwater Sampling.  March 6, 2006. 
• URS.  Quarterly Groundwater Sampling.  June 6, 2006. 
• URS.  Quarterly Groundwater Sampling.  3rd Quarter, November 14, 2006. 
• URS.  Quarterly Groundwater Sampling.  4th Quarter, January 5, 2007 
• NDEP.  Groundwater Data from Golf Course Well PW-1, February 2007 
• URS.  Quarterly Source Area Soil Assessment.  February 23, 2007.  
• URS.  Quarterly Groundwater Sampling, 1st Quarter 2007,  April 2, 2007. 
• URS.  Offsite Soil Vapor Assessment Report.  April 13, 2007. 
• URS.  Quarterly Groundwater Sampling , 2nd Quarter 2007,  July 25, 2007. 
• URS.  Quarterly Groundwater Sampling , 3rd Quarter 2007,  December 6, 2007. 
• URS.  Installation of Downgradient Groundwater Monitoring Wells,  November 26, 2007. 
• URS.  Quarterly Groundwater Sampling , Fourth Quarter 2007,  January 16, 2008. 
• URS.  Quarterly Groundwater Sampling , First Quarter 2008,  April 14, 2008 
• Converse.  Groundwater Monitoring Report -4th quarter 2008.  December 9, 2008 
• Converse.  Groundwater Monitoring Report -1st quarter 2009.  April 15, 2009 
• Converse.  Groundwater Monitoring Report -2nd quarter 2009.  July 21, 2009 
• Converse.  Groundwater Monitoring Report -3rd quarter 2009.  October 9, 2009 
• TRC.  Groundwater Monitoring Well Investigation, Sampling and Capping.  December 9, 2009 
• Converse.  Groundwater Monitoring Report -4th quarter 2009.  January 13, 2010 
• Converse.  Groundwater Monitoring Report -1st quarter 2010.  April 14, 2010 
• Tetra Tech EM, Inc. (Tetra Tech).  Quarterly Groundwater Monitoring Report 2nd Quarter 2010,  

July, 23, 2010  
 

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

Only limited data characterizing aquifer properties and soil gas have been obtained for the Site, and 
theseis data is are contained in two three reports:  an investigation by Converse in 2004 and another two 
investigations by URS in (2005 and 2007).  During the Converse 2004 investigation, some limited-scope 
slug tests were performed at six wells at the Site, along with some limited soil tests (i.e., soil moisture, 
grain-size distribution, bulk density, and porosity) on two soil samples property tests.  In the URS 2005 
investigation, at a limited number of wells on the Site, the presence of dechlorinating bacteria was 
investigated and reported for two wells (MW-12 and MW-13)., and s 

Groundwater samples were taken to collected from eight wells and analyzed concentrations of major 
cations andfor major anions (i.e., nitrate, sulfate, chloride, bicarbonate alkalinity), total iron, dissolved 
manganese, total organic carbon, and dissolved oxygen., and to measureField parameters (i.e., pH, 
temperature, specific conductance, dissolved oxygen, oxidation-reduction potential, and turbidity) were 
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reported for groundwater in 26 monitoring wells.  The report for the Off-Site Soil Assessment (URS 2007) 
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 the 2007 report (URS, 2007) reported soil types 
ranging from clayey silt to sandy gravel.  Analytical data for 32 soil vapor samples (plus 4 duplicate vapor 
samples) are presented in Table 6-2 of the 2007 report (URS, 2007).  Concentrations of PCE in these 
vapor samples ranged from nondetected to 170,000 µg/m3. 

Based on a review of the historical documents, data gaps remain that are discussed and identified and 
discussed in Section 9.0.  
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2.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA  

The Las Vegas Valley covers roughly 1,550 square miles in southern Nevada, with the eastern edge 
extending approximately 5 miles west of Lake Mead and the Colorado River.  The Valley valley is 
bounded by mountain ranges that reach a maximum elevation of almost 12,000 feet above sea level to 
the west; and the.  The Vvalley floor elevation ranges in elevation from about 3,000 feet in the west, down 
to 1,500 feet in the east at the outflow of the Las Vegas Valley. (Zikmund 1996).   

The Valley floor is arid, while higher elevations are subhumid.  Precipitation on the Valley valley floor 
averages 4.16 inches per year, as reported by the western region Climate Center (WRCC 2010).  Most 
precipitation occurs falls 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 (Lisa 
Shevenell 1996).  Mountains surrounding the basin may receive up toas much as 20 inches of 
precipitation per year, usually the result ofas snow fall.  All surface water flows in the valley are tributary to 
Lake Mead through Las Vegas Wash (Brothers and Katzer 1988).  

2.1 Regional Hydrogeology and Groundwater Geochemistry 

Las Vegas Valley is a structural basin filled with 3,000 to 5,000 feet of sediments in the Basin and Range 
Province of the northern Mojave Desert, and is filled with 3,000 to 5,000 feet of a heterogeneous package 
of sediments (also referred to as “basin-fill deposits”) consisting of interfingered gravels, sands, silts, and 
clays.  The valley fill is several thousand feet thick and includes the primary water-bearing zones in Las 
Vegas Valley.  In general, the primary source of potable water is within coarse-grained deposits that form 
the deep aquifer. this aquifer is generally from 300 to 2,000 feet bgs. However, in the central and eastern 
portions of the Las Vegas Valley, clays and silts predominate over the transmissive coarse-grained 
deposits (Plume, 1989). In these areas, the deep aquifer is overlain and confined by a regional aquitard 
which is several hundred feet thick. Groundwater present within the upper portion of the regional aquitard 
or overlying alluvium is generally of poor water quality, and is not currently used as a drinking water 
source. 

The hydrostratigraphy and geochemistry of the deep groundwater system and the shallow groundwater 
system are described in detail by Leising (2004), and are summarized here.  The main well fields for the 
Las Vegas Valley Water District (LVVWD) lie in the northwest quandrant of greater Las Vegas; the water-
supply wells are screened in the deep aquifer system (i.e., Las Vegas Springs and Duck Creek Aquifers).  
Prior to development of the deep aquifer system as a drinking water source, the shallow groundwater 
received groundwater due to upward vertical gradients (i.e., artesian flow from the deep aquifer).  
Pumpage-related head declines in the deep aquifer following water-supply development have been offset 
by artificial recharge, which has maintained water levels in the shallow groundwater system.   

Leising (2004) defined the shallow groundwater system as “contained within the upper 100 feet of the Las 
Vegas Wash Aquitard,” while noting that the term, “shallow aquifer,” “…is to a great extent a misnomer and 
that usage should be discontinued.”  This shallow system is lithologically heterogeneous and consists of 
interbedded, poorly sorted alluvial deposits with grain-size diminishing toward the center of the basin.  
Hydraulic gradients across the basin indicate a general eastward flow direction for the shallow 
groundwater. 

The geochemistry of shallow groundwater shows a general increase in TDS from the northwest to the 
southeast end of the valley, along with increasing proportions of sulfate and sodium (Leising, 2004).  
Analysis by the Southern Nevada Water Authority (SNWA), shows TDS ranging from 400 mg/L to more 
than 6,000 mg/L, and maximum sulfate concentrations slightly exceeding 3,000 mg/L, based on samples 
collected from 10 wells (Leising, 2004). 

The upper 1,000 feet of sediments in the basin consist of coarse-grained sand and gravel and fine-
grained silt and clay. The physiographic and geologic setting is characterized as desert playa deposits 
that interfinger with alluvial fans from erosion of the surrounding mountain ranges, as shown on Figure 6.  
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In the central valley area, including the Site, the coarse-grained sediments interfinger with heterogeneous 
deposits (e.g., sandy silt, silty sand, clayey sand, sandy clay, caliche) and fine-grained silt and clay 
deposits (Plume 2000). The coarse material generally serves as aquifers, while the silts, clays, and 
caliche often act as confining layers (Zikmund 1996).  The boundaries between the aquifers and confining 
units (aquitards) in the alluvial-basin fill are difficult to delineate due to the complexity of the sediment 
distribution (Harrill 1976, Bernholtz 1993). 

Two separate aquifer systems exist in the Las Vegas Valley:  a deep, confined artesian aquifer system 
and a shallow water table aquifer (Figure 7).  Most groundwater obtained in the Valley is from the deeper 
artesian aquifer system at depths of greater than 500 feet in the center of the Valley and from depths of 
250 to 300 feet bgs near the mountains.  The shallow aquifer is composed primarily of silts and clays and 
poorly sorted sands and gravels generally of low transmissivity (Woessner 1980, Wyman and others 
1993, Converse 1985).  The general flow gradient for the shallow system is eastward toward Las Vegas 
Wash. Localized variations from the eastward flow have been observed in irrigation recharge areas, in 
pockets of higher transmissive coarse gravels and sands, and due to water level fluctuations from 
variations in seasonal water usage (Converse 1985).  

Groundwater in the shallow aquifer is generally brackish to saline and considered non-potable, with total 
dissolved solids (TDS) ranging from 550 to greater than 7,000 milligrams per liter (mg/L) as shown in 
Appendix A, Table 1.  Water quality in the shallow aquifer generally degrades in an easterly, downgradient 
direction as shown on the TDS map (Figure 8).  The elevated salinity results from evapotranspiration, 
dissolution of saline minerals in soils and rocks, and infiltration of irrigation water.  Some parts of the flow 
system also exhibit elevated concentrations of boron and nitrate (Zikmund 1996).  The shallow aquifer is 
not a distinct lithologic unit, but is differentiated from other water bearing units based upon the 
groundwater chemistry (Bernholtz 1993, Zikmund 1996).  

Recharge to the shallow aquifer groundwater system is attributed to upward vertical flow from the deeper 
aquifer, by surface infiltration of runoff, and from 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 to downward, and in some cases, the shallow aquifer groundwater 
may be pumped and blended with groundwater from the deeper aquifer for irrigation and industrial uses 
(Zikmund 1996).   

Below the shallow system is a confining unit defining the top of the near-surface reservoir.  The bottom of 
the near-surface reservoir, approximately 250-300 feet bgs, is defined as the top of the first significant 
water producing gravel zone (Harrill 1976).  The principal water-producing zone has been defined as 
composed of anywhere from one aquifer (Harrill 1976) to three aquifers (Maxey and Jameson 1948 and 
Donovan 1996). 

2.2 Site Geology 

The Site lies near the center of the Las Vegas Valley.  In this area, heterogeneous alluvial deposits of 
sands, gravels, silts, and clays are interfingered in lenses and layers, with discontinuous deposits of hard 
caliche interspersed throughout.  The flow of water and sediments is dominantly toward the east, but -- 
typical of an alluvial-fan depositional environment -- ephemeral channels meander and shift across the 
coalescing fans.  As seen on Figure 4, the Maryland Square PCE plume trends nearly due east and 
appears little influenced by the recent ephemeral drainage channels cross-cutting the area. 

Lithologic data are available from borelogs for the 33 monitoring wells installed across the Site between 
2000 to 2008.  Additional lithologic information was collected from 29 soil borings drilled for subsurface 
characterization of the Property, and from borings installed for active soil-gas sampling in, and adjacent 
to, the residential neighborhood.  Geologic cross sections of the source area (Figures XXX) and at several 
downgradient transects across the PCE plume (Figures XXX) were provided in the Source Area Soil 
Assessment Report (URS, 2007a) and the Off-Site Soil Vapor Assessment Report (URS, 2007b), and are 
reproduced as Figures X – X in this CAP. 
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Most monitoring wells installed at the site have total depths of about 30 ft bgs, but some wells were drilled 
as deep as 50 ft bgs.  Fine sandy silts, fine sand, silty sands, with some sandy and silty clay intervals, 
dominate the lithology from 0 to 50 ft bgs.  According to the bore logs, lenses and layers of silty and sandy 
gravels appear more frequently in the eastern portion of the Site; in the neighborhood near the golf 
course.  Flamingo Wash, a major ephemeral drainage channel south of the Site, angles northeastward 
toward the distal portion of the PCE plume (see Figure X).  The eastern extent of the plume at the 5 ppb 
boundary has not yet been delineated, but may intersect Flamingo Wash east of Eastern Avenue.  It 
remains to be seen whether this surface channel has any effect on the course of the PCE plume. 

The dissolved-phase PCE migrates preferentially through the most transmissive layers (i.e., sands and 
gravels), and a paleochannel has been inferred (URS 200X) to explain the size of the plume, which is 
atypical when compared to other known PCE plumes in the Las Vegas Valley.  The complex lithology of 
the alluvial deposits and post-depositional caliche in the source area and across the plume will require 
detailed characterization in areas where remedial treatment is proposed. 

The geology of the Site is complex and consists of interbedded sequences of sand, sandy silt, sandy clay, 
and silty clay with frequent caliche zones scattered throughout.  Figure 9 shows the location of two cross-
sections prepared from logs of soil borings and wells drilled near and downgradient of the former APTC 
facility.  Boring logs and well construction forms are provided in Appendix B.  The cross-section on Figure 
10 illustrates that sands and silty sands exist beneath the former APTC facility, with lithology changing to 
silty clay and sandy clay to the east (downgradient).  Figure 11 shows that east of The Boulevard Mall 
along Algonquin Drive, sand and gravel exist under the southern portions of The Boulevard Mall, with the 
lithology to the north grading into complex mixtures of sands, silts, and clays with some gravel. 

Figures 12 through 14 show cross sections prepared by URS (2007a) of the downgradient area east of 
Algonquin Drive.  Figure 13 shows that sediments along Algonquin Drive consist of gravelly sand near the 
surface and grade into silt at approximately 10 feet bgs.  Figure 14 shows silts grading into clay beneath 
much of the residential area located adjacent to Seneca Lane, with a gravelly sand layer present near the 
surface between wells MW-26 and 27.  

2.3 Hydraulic Properties of the Shallow AquiferGroundwater System 

Groundwater occurs in the shallow aquifer at approximately 9 to 25 feet bgs across the Site (URS 2005).  
Based on water level data obtained in June 2010, shallow-aquifer groundwater flows east with a gradient 
that ranges from 0.0124 to 0.0132 feet/foot (Figure 15) (Tetra Tech 2010).  Historic groundwater 
elevations suggest seasonal fluctuations that can vary by up to 5 feet throughout the year, as illustrated 
on Figure 16.  

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) at the Site.  Calculated K values developed 
using the Bouwer-Rice Method (Bouwer and Rice 1976) ranged from 1.9 to 17 feet/day, while whereas K 
values calculated using the Hvorslev Method (Hvorslev 1951) ranged from 0.8 to 6.4 feet/day.  Converse 
(2004) also measured total porosity and bulk density for two samples of sandy clay, samples with results 
of 0.49 to 0.57 for porosity, and from 1.14 to 1.49 grams/cubic centimeter (g/cc) for bulk density. URS 
(2007a) also conducted bulk density and grain size analyses for soil samples collected from three borings: 
that ranged in grain size ranged from silt to gravel; the results ranged from 99.6 to 119 pounds per cubic 
foot orbulk density ranged from 1.6 to 1.91 g/cc. 

Zikmund (1996) reported results from two studies that were conducted to characterize basic hydraulic 
parameters for the shallow aquifer acrossgroundwater system in the Las Vegas Valley.  Western 
Technologies (1991) tested 2-inch and 4-inch diameter wells completed to depths of 25 to 30 feet bgs in 
downtown Las Vegas.  The results of the Western Technologiesthis study are summarized below and are 
considered representative of shallow wells in the downtown area (near the intersection of U.S. 95 and 
Interstate 15), which is approximately 3 miles north-northwest from the Property). 
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• Yield      0.15 to 8.5 gallons per minute (gpm) 

• Average Transmissivity    4.79 x 102 gallons per day/foot (gpd/ft)  

• Horizontal Hydraulic Conductivity  7 to 116 gallons per day/foot2 (gpd/ft2) 

The second study conducted by Converse (1995) included 15 sites from across the Valley. The shallow 
aquifer test wells included 2-inch, 4-inch, 8-inch, and 12-inch diameter wells constructed primarily of 
polyvinyl chloride (PVC) or steel, with screen slot sizes ranging from 0.0100 to 0.25 inch.  Completion 
depths for the wells ranged from 10 to 200 feet bgs. The results of the Converse study are summarized 
below.  Converse concluded that a wide range of values existed for the shallow system due in part to the 
variety of well constructions and completion depths. 

• Yield      1 to 950* gpm 

• Transmissivity     T = 10 to >5x105 gpd/ft 

• Storativity     S = 10-6 to 0.1 

• Horizontal Hydraulic Conductivity  K(h) = 1 to 1.5 x 104 gpd/ft2  

*  If the two upper values of 950 gpm and 197 gpm (wells drilled in old wash beds) are eliminated, the 
yield ranges from 1 to 30 gpm. 

Aquifer properties at the Site are anticipated to most closely resemble those reported by Western 
Technologies.  

2.4  Geochemistry of Site Groundwater 

Water quality parameters and selected general chemistry constituents were analyzed and reported in the 
quarterly reports from 4th Quarter 2005 through 1st Quarter 2008 (URS reports) for Site groundwater. 

Statistical Summary of Selected Inorganic Constituents in Groundwater Samples from the Maryland Square PCE Site 

Statistics Fe-total Mn-diss Cl NO3 as N SO4 Alkalinity TOC Units 

Arithmetic  Mean 7 0.148 195 6.6 1770 220 2.7 mg/L 

Standard Deviation  8.23 0.19 31.8 2.92 328 51.5 3.4 mg/L 

Median 2.95 0.045 190 5.9 1700 220 1.7 mg/L 

Minimum 0.9 0.005 150 4.5 1500 16 1.2 mg/L 

Maximum 38 0.69 320 23.9 3700 300 24 mg/L 

Count (n) 40 32 46 47 46 41 47 *** 
 

URS (2005) performed limited water chemistry analyses from eight wells across the Site.  The results 
indicate that chloride and sulfate are the dominant anions that make up the TDS in shallow groundwater 
at the Site (Appendix A, Table 4 (URS) and Table 1(Zikmund)) and total organic carbon is generally low, 
ranging from 1.7 to 6 percent.  URS (2005) also reported field monitoring parameters for 25 monitoring 
wells at the Site. The reported ranges are as follows: 

• pH      6.35 to 7.16 
• Temperature     22 to 27.7 degrees Celsius (°C) 
• Specific Conductance    1.32 to 4.0 microsiemens/cm 
• Dissolved Oxygen    1.02 to 5.94 mg/L  
• Oxidation-Reduction Potential   -253 to +219 millivolts 

Turbidity     22 to >999 nephlometric units 
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Statistical Summary of Field Parameters for 32 Monitoring Wells at Maryland Square PCE Site 

  pH Temp SC Turbidity DO TDS ORP

    oC mS/cm ntu mg/L g/L mV 

Arithmetic Mean 6.66 24.5 4.03 153 4.11 2.5 188 

Standard Deviation 0.47 1.95 4.33 211 2.08 0.51 166 

Median 6.8 24.45 3.68 37 4.12 2.4 170 

Minimum 4.67 18.8 1.32 0 0.54 0.9 -321 

Maximum 7.41 32.5 69.4 999 9.84 4.3 634 

Count 217 240 240 166 225 200 223 
 

Leising (2004) reported a four-fold increase in some major cations and anions between 1997 and 1999 for 
the irrigation well (PW-1) at the Las Vegas National Golf Course; this may reflect drawdown of the high-
TDS shallow groundwater into the deep water-supply aquifer.  This report also noted that the pump was 
pulled, the well was “reconditioned” and the pump replaced “about 20 feet higher than beforehand 
because of apparent damage to the casing…” (Leising 2004) 
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3.0 NATURE AND EXTENT OF CONTAMINATION 

This section summarizes the distribution of reported chemical results available for groundwater, soil and 
soil gas, and indoor air relevant to the objectives of this CAP.  Groundwater results used in this section 
are limited to data acquired over the last 4 years, which is regarded as reasonably contemporaneous for 
purposes of deriving current site conditions and relevant response actions.  Other historical results are 
discussed in terms of defining the general nature and extent of contamination. 

3.1 Shallow Groundwater  

The results for the June 2010 monitoring event indicated concentrations of PCE in groundwater wells at 
3661 Maryland Parkway (at the former APTC facility, (Figure 3) ranging from 6.6 to 400 µg/L (Tetra Tech 
2010).  The highest concentrations of PCE in the 2nd quarter 2010 event were detected in well MW-6 
(2,500 µg/L), located across Maryland Parkway, immediately east of the site and about 150 feet 
downgradient from well MW-1 in the source area. PCE was detected at 1,100 µg/L at well MW-18, located 
roughly 1,400 feet from the former APTC site, and PCE was detected at 330 µg/L at well MW-27, located 
roughly 3,200 feet downgradient of the former APTC facility (Figure 3).  Figure 3 shows an aerial 
distribution of the June 2010 monitoring results.  Based on the June 2010 data, PCE occursthe dissolved-
phase PCE plume in shallow groundwater to extends approximately 4,000 feet east of the former APTC 
facility.    

All wells at the Site are scheduled to be monitored during each 4th quarter monitoring event.  Data from 
the November 2009 monitoring event indicate that, at a distance of roughly 1,600 feet east of Maryland 
Parkway, the PCE groundwater plume is no more than 700 feet wide.  The highest concentrations of PCE 
in groundwater are currently found in have been reported consistently from monitoring wells MW-6, 
MW-13, and MW-14 located near the aboveground parking structure on the southwestern portion of the 
Boulevard Mall, east of the former APTC property (Figure 17).  The highest concentration of PCE reported 
for the Site is from well MW-13 in May 2005 (5,300 µg/L).  In June 2010, the highest reported 
concentration of PCE in shallow groundwater was 2,500 µg/L from MW-6.  The concentration of PCE is 
below less than 100 µg/L in wells MW-30 and MW-31, located east of the western fairway of the golf 
course.  

As shown by Fluor Daniel, GTI (Table 1) Appendix A, benzene and several other hydrocarbon-related 
contaminants were found at low levels in well MW-11, located on the east side of The Boulevard Mall, 
behind Dillard’s.  According to the files reviewed at NDEP, approximately 7,000 gallons of weathered 
petroleum and groundwater were pumped from monitoring well MW-11, after it was installed by Converse 
Consultants in 2003 in an attempt to skim petroleum product from the groundwater.  Benzene and xylenes 
are still reported at this location.  No source for this release has ever been identified (SECOR 
International, Inc. 2005).    

3.2 Soil Gas 

In 2007, URS measured collected soil gas concentrations samples from multiple depths along a north-
south transect alongbeneath the eastern edge of the Boulevard Mall and in accessible portionstwo areas 
within of the residential area.  Soil borings were advanced to 10 feet bgs and to 20 feet bgs at three six 
locations on in the eastern parking lot of the Boulevard Mall property.  Borings were continuously cored, 
and then soil gas rods were inserted and upper sections of the hole were grouted so that short-term-
duration soil gas samples could be collected, and a tracer gas (1,1-difluoroethane) was used to detect 
leaks in the sampling equipment.  Soil gas concentrations reported were the highest at the top of the 
groundwater table in probe SVB-14 at 20 feet bgs (Figure 18) at 170,000 micrograms per cubic meter 
(µg/m3).  The highest concentration found in a sample of shallow soil gas probe (46,000 µg/m3) was 
obtained from 5 feet bgs at SVB-03, located along Spencer Street within the residential neighborhood 
(Figure 19).   
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A total of 39 samples of soil gas were collected and analyzed; of these, 7 samples contained no 
detectable PCE.  Of the 32 samples that contained detectable concentrations of PCE, significant amounts 
of the tracer gas was found in 4 samples, indicating leakage to the atmosphere, and invalidating the 
results.   

Reported concentrations were generally erratic, in which case, a clear relationship between soil gas and 
associated or proximal groundwater concentrations could not be ascertained.   

 

The observed lack of consistency of the reported results may be attributed to variability from sampling and 
analysis techniques or small-scale changes in the underlying geology.  Additional studies are needed 
before soil gas measurements can be considered a valid tool for predicting potential risk to indoor air at 
the Site. 

The variability of PCE vapors in the subsurface likely reflects movement of vapors along preferential 
pathways (e.g., utility corridors) and the most permeable zones of the heterogeneous alluvial deposits.  
The high degree of heterogeneity of the subsurface soils, along with the lack of a defined gradient for 
movement of soil gas, would require a very large sample size to reduce the coefficient of variation (CV), 
which provides a relative measure of the variability of a population parameter (in this case, the 
concentration of PCE in soil gas).   

Studies evaluating the variability of contaminant concentrations in soil gas and subslab samples…etc 

3.3 Indoor Air 

The NDEP conducted neighborhood sampling events between Fall 2007 and Winter 2007-2008.  During 
these events, 97 homes and two schools were sampled for PCE and related compounds in indoor air.  Of 
the homes sampled, 15 homes exhibited PCE concentrations greater than the NDEP indoor air interim 
action level of 32 µg/m3 (Broadbent 2010).  Subslab depressurization (SSD) systems were installed at 14 
of these homes, which were subsequently retested to assure that systems successfully mitigated 
identified vapor concentrations.  If concentrations were still above the NDEP interim action level, SSD 
systems were underwent performance testing (e.g., testing of in-home pressure differential) and were 
modified (e.g., larger fan installed) to achieve indoor PCE concentrations in air belowless than 32 µg/L in 
the indoor air.  Subsequent sampling confirmed that homes which acceptedwith the SSD systems, with  
and necessary modifications, exhibited indoor PCE concentrations below less than 32 µg/m3 in the indoor 
air (Broadbent 2010).  Additional sampling is proposed to reaffirm that homes with concentrations above 
the NDEP interim- action level remain safely mitigated and to further understand the relationships 
between contaminated groundwater, geology, and potential threats to indoor air at the Site.   
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4.0 CONTAMINANT FATE AND TRANSPORT 

Source Area 

PCE was used in dry cleaning operations at the Property from 1969 to 2000.  Floor drains collected spills 
at the site 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 private 
sewer liner serving the Maryland Square Shopping Center. The shopping center sewer line drained to the 
City sewer under that lies along S. Maryland Parkway and drains north to E. Desert Inn Rd, where it then 
runs eastward.  However, the distribution of PCE at the site of the former APTC facility clearly shows that 
leaks occurred from the drain lines directly under the building (URS, 2007).  PCE may have migrated to 
east of Maryland Parkway via the sewer lines with releases occurring from leaks in the sewer lines.  
However, there is a potential for similar sewer-line-related releases from other potential source areas.  

Site data indicates PCE seeped through the floor drain and sump and into subsurface soilsto shallow 
groundwater, as indicated by PCE being detected in soil at concentrations up to 120 mg/kg at 10 feet 
beneath the sump (URS 2005 and 2007). MSSC demolished the building, including the concrete floor and 
foundation, in the summer of 2006.  In January, 2007, a detailed source area soil assessment was 
conducted, in which earlier data were summarized and new data for 53 soil samples from 17 additional 
soil borings were collected (URS, 2007). To date, 77 soil samples collected from 29 borings provide data 
to delineate the extent of PCE contamination in subsurface soil at the Property. No DNAPL has ever been 
found at the source area or anywhere within the plume. 

Shallow Groundwater 

Results from the June 2010 groundwater monitoring event indicate concentrations of PCE in groundwater 
wells at the former APTC facility (Figure 3) that range from 6.6 to 400 µg/L (Tetra Tech 2010).  PCE 
released to soil from drain lines at the former facility migrated downward through vadose-zone soils until it 
reached the water table. The releases could have been pure-phase PCE or, more likely, PCE-laden rinse 
waters. Once in groundwater, dissolved-phase PCE migrated was transported eastward by the flowing 
groundwater (i.e., the process of advection).  The contaminant also spread through the process of 
dispersion (longitudinal and transverse), with stronger dispersion in the direction of groundwater flow.  
Mechanical dispersion in the transverse direction is much weaker than in the longitudinal direction, 
especially where the velocity of groundwater is relatively high.   

The hydraulic gradient for shallow groundwater at the Site is XXXX, with a calculated groundwater 
velocity of XXX.to  As a result of this groundwater flow velocity to the east, the Maryland Square PCE 
plume exhibits forming a relatively narrow dispersion pattern.  Data from the November 2009most recent 
4th quarter monitoring event indicate that at a distance of roughly 1,600 feet east of Maryland Parkway, the 
PCE groundwater plume (as defined by the 5 µg/L boundary) is no more than about 700 500 feet wide 
under the eastern parking lot of Boulevard Mall, which lies about 1,100 feet east of the former APTC 
(Converse, 2010).  However, the transverse dispersion of the PCE plume, as measured along Spencer St, 
just west of the Las Vegas National Golf Course and about 3,000 ft downgradient of the former APTC, has 
increased and the plume (as defined by the 5 µg/L boundary) has widened to as much as 1,000 feet.  

Yet, at the National Golf Course well PW-1, located roughly 3,500 feet from the Property, PCE has been 
detected in groundwater from well PW-1 at levels ranging from 130 µg/L in 2002 down to 4.9 µg/L in 2006 
(NDEP 2007).  Although concentrations of PCE have been observed at, and in the vicinity of, the PW-1 
irrigation well, the affect of irrigation pumping on plume dimensions or migration has not been sufficiently 
investigated or definitively determined. 

PCE has been detected at wells location MW-29 (0.58 µg/L), MW-30 (41.0 µg/L), and MW-31 (34.0 µg/L), 
which are located in residential areas on the east side of the Las Vegas National Golf Course (Figure 3) 
(Tetra Tech, 2010).  These relatively attenuated concentrations suggest that these wells may be located 
near the distal limit of the eastern extent of the plume, or that infiltration of irrigation water has added a 
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layer of fresh water atop the plume and/or pushed the main mass of the plume downward.  Using this 
assumption as a preliminary boundary and bBased on the June 2010 data, the PCE plume is considered 
to extend to approximately 4,000 feet east of the former APTC facility.  However, additional data is are 
needed near thefrom the area east of wells MW-30 and MW-31 to delineate the distal end of the plume at 
the 5 µg/L boundary.  to confirm plume characteristics near the Flamingo Wash. 

Deep Groundwater 

The interaction between the shallow groundwater and the deep aquifer in the area of the golf course 
irrigation well is unknown.  Over the years, the golf course has collected and analyzed groundwater 
samples from well PW-1.  Some data were reported to the NDEP in a letter dated May 12, 2004; reported 
concentrations of PCE ranged from 5.6 to 130 µg/L. However, the conditions under which these samples 
were collected are not known.  A sample analyzed in February, 1990 contained 8.1 µg/L PCE.   Etc…etc 

Biodegradation of PCE 

Bacteria typically degrade PCE in groundwater and soil to trichloroethene (TCE), and cis-1,2-
dichloroethene (DCE) under anaerobic/reducing conditions, and subsequently to vinyl chloride, ethane, 
and carbon dioxide under aerobic/oxidizing conditions.  The concentrations of TCE and cis-1,2-DCE in 
groundwater across the Site (Table 3-1) are very low considering that the APTC facility was present since 
as early as 1969.  The persistence of PCE reflects the limited amount of degradation occurring in the 
groundwater, and is further evidence of the generally aerobic environment within the shallow aquifer.  
Given the arid site conditions and presence of evaporate minerals with little-This generally aerobic 
environment, coupled with the limited amounts of organic matter in the soil, soil and groundwater, 
conditions do not appearindicate that conditions are sufficiently unfavorable to support natural the 
anaerobic bacteria, which would degrade the PCE.  The lack of naturally occurring anaerobes tto degrade 
PCE, hat as well as the generally aerobic condition of the shallow groundwater system, degrade PCE is 
also well documented at other PCE sites in the Las Vegas area (Converse 2009b).  

Migration of the PCE Plume and Contaminant Transport Modeling 

In relative absence of substantial retardation factors, data collected from the Site support a conclusion 
that PCE is primarily migrating in groundwater by advective transport with moderate longitudinal 
dispersion, limited transverse dispersion, and minimal attenuation.  Assuming a gradient of 0.013 ft/ft 
(Tetra Tech, 2010), and  an assumed average hydraulic conductivity of 15 ft/day (based on reported 
values provided in Section 2.3) and a porosity of 0.30, yields an average groundwater annual flow rate of 
237 ft/yr for the shallow aquifer.  Assuming total migration of 4,000 feet and that the release began in 
1970 (40 years for transport) yields a potential retardation factor of 2.4 which is within the expected range 
for PCE and TCE.  

The brackish and saline characteristics of groundwater render the shallow aquifer non-potable, with TDS 
ranging from 550 to greater than 7,000 mg/l (Zikmund, 1996).  Because groundwater is not a suitable 
drinking water supply, residents in the area of the plume are connected to the City water supply.  
Therefore, domestic pumping wells are not considered a contributor to plume migration characteristics. 

In order to more fully assess groundwater flow characteristics and dynamic principals contributing to the 
fate and transport of PCE mass in the shallow aquifer, Tetra Tech proposes to construct a groundwater 
flow and contaminant transport model.  Conclusions derived from this model will be used to assess the 
feasibility and application of screened remedial alternatives established for further evaluation.  In addition, 
a steady-state groundwater flow model will be constructed and calibrated using available geologic and 
hydrogeologic data.  The steady-state model results will be used to construct and calibrate a transient 
groundwater flow model using temporal Site groundwater elevation data that form the basis for a 
calibrated PCE transport model.  The PCE transport model will allow evaluation of remedial options and 
prediction of PCE transport under the various alternatives.  The model construction, calibration, and 
results will be documented in a subsequent data report. 
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5.0 HUMAN HEALTH RISK ASSESSMENT 

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

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

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

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

3.2. Where PCE concentrations exceed the remediation standard for groundwater, prevent Prevent 
and restore use of shallow groundwater as a source of drinking water where PCE concentrations 
exceed the remediation standard for groundwater 

4. Prevent exposure of current residents to PCE in indoor air above the remediation standard 

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

The development of preliminary numerical remediation standards involves four steps: 

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

(2) Calculation of risk-based concentrations in the absence of promulgated regulatory standards. 

(3) Identification of laboratory practical quantitation limits (PQL). 

(4) 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 µg/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” that is, at the point of end use.   

These drinking water standards are not directly applicable to in situ groundwater, like the in situ shallow 
groundwater at the site.  Furthermore, a drinking water standard, like the MCL, may not be appropriate for 
the shallow groundwater at the site because naturally-occurring groundwater quality is so poor it is not 
likely to serve as a potential source of drinking water.   

No promulgated numerical standards apply to indoor air concentrations of PCE in residential indoor 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 
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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 µg/m3 for PCE is a risk-based concentration protective of residential receptor exposure 
to PCE in indoor air.   

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 µg/L.  The laboratory PQL for PCE in indoor air varies by laboratory and 
analytical method but is generally less than 10 µg/m3.  

The final step compares the values generated by the previous steps.  The only numbers generated in the 
previous three steps for PCE in groundwater were the MCL, identified as the Nevada regulatory standard 
under NAC 445A.22735, and the laboratory PQL.  The MCL for PCE (5.0 µg/L) is used in the draft CAP as 
the preliminary remediation standard for groundwater because it is higher than the laboratory PQL, and it 
is a regulatory standard that can be reliably measured.  The only numbers generated in the previous three 
steps for PCE in indoor air were NDEP’s interim action level (a risk-based concentration of 32 µg/m3) and 
the laboratory PQL.  The NDEP interim action level for PCE (32 µg/m3) is used in the draft CAP as the 
preliminary remediation standard because it also is a standard that can be reliably measured. 

These preliminary numerical remediation standards will be refined after completion of a human health risk 
assessment, which will be presented in the final CAP.  The numerical remediation standards will become 
final when the corrective action is selected in a record of decision. 
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7.0 IDENTIFICATION OF SCREENING TECHNOLOGIES 

This section presents GRAs, remedial technologies, and process options evaluated to address 
groundwater above the remediation standard.  In general, consistent GRAs, remedial technologies and 
process options are applicable in the source, Boulevard Mall, and residential areas; therefore, these areas 
have been combined for evaluation.  Given the lack of recent and consistent data for groundwater at the 
golf course, this area cannot be assessed without additional investigation.  Remedial technologies and 
process options are developed and screened based on implementability, effectiveness, and cost (EPA 
1988).  After the remedial technologies are evaluated, they are combined into corrective action 
alternatives. 

   

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.  

• Institutional controls (IC) − land-use and groundwater-use restrictions.  

• Engineering controls − mitigation measures like vapor barriers, SSD systems, and well 
abandonment. 

• Monitored natural attenuation (MNA) − Organic contaminants are allowed to naturally 
attenuate via biodegradation, dispersion, dilution, or adsorption. 

• 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, (5) 
treatment, and (6) containment.  Process options for containment were not retained after the initial 
screening based on difficulty of implementation and ineffectiveness.  The five remaining GRAs are 
discussed in this section.   

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.   
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TABLE 7-1 

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

General 
Response 

Action 

Remedial 
Technology Type 

Process Option Description Effectiveness Implementability Cost Comment 

No Action Not applicable 
(NA) NA 

No actions are taken at the site. 
Low Easy Low Retained for comparison purposes. 

Institutional 
Controls 

Deed Restrictions  Deed Restrictions 
Could include well restrictions, testing for indoor 
air quality, and requirement for individual home air 
treatment units. 

Moderate Moderate Low Potentially applicable in conjunction with other GRAs.  Residents impacted by vapor intrusion have 
individual subslab depressurization (SSD) systems. 

Access 
Restrictions Access Restrictions Currently, homes are on municipal water; could 

include abandonment of unauthorized wells. Moderate Easy Low Potentially applicable in conjunction with other GRAs. 

Engineering 
Controls 

Vapor Barriers 

Epoxy Coating  
The floor of the building is sealed with an epoxy-
based sealant, providing a physical barrier to 
vapor migration into buildings. 

Low − Moderate Easy - Moderate Low − 
Moderate 

Poor performance record; most effective when implemented in conjunction with subslab 
depressurization.  It is difficult to ensure that all cracks are sealed, and sealant itself cracks over 
time; may be used in conjunction with subslab depressurization for improved effectiveness. 

Subslab Depressurization  
Blowers and vapor collection points are installed 
below the building to prevent vapor intrusion. Moderate − High Easy - Moderate Low − 

Moderate 
Currently used at 14 residences at the Site. 

Raised-Floor System  
A new sub floor and depressurization system is 
installed between the floors to maintain a negative 
pressure gradient and prevent vapor intrusion. 

Moderate − High Moderate High Effective for buildings where subslab depressurization is not implementable.  Difficult to implement in 
existing buildings; reduces the functionality of the structure. 

Wellhead 
Treatment 

Well Abandonment 
Abandon unauthorized wells to prevent exposure 
to tetrachloroethene (PCE) in groundwater. High Easy Low Location and status of potential residential groundwater wells is being assessed; additional 

information is required. 

 Granular Activated Carbon 
(GAC) Treatment Unit 

Utilize individual GAC units to treat PCE at 
individual wells. High Easy Low Location and status of potential residential groundwater wells is being assessed; additional 

information is required. 

Monitored 
Natural 

Attenuation 
(MNA) 

MNA MNA 

Monitor wells to track natural declines of 
contaminants that occur with source removal.  
Organic contaminants are allowed to naturally 
attenuate via biodegradation, dispersion, dilution, 
or adsorption 

Low Easy Low 
Potentially applicable in conjunction with other GRAs.  Preliminary assessment of site conditions 
shows limited evidence of natural attenuation; requires long-term monitoring to assess recovery rates 
and success. 

Treatment 
 

In Situ Biological 
Treatment 

Enhanced Bioremediation 

The activity of naturally occurring or augmented 
(bioaugmentation) microbes is stimulated 
(biostimulation) by circulating electron donors, 
electron acceptors, or nutrients, through 
contaminated groundwater to enhance in situ 
biological degradation of organic contaminants. 

Moderate − High Moderate -Difficult Moderate  − 
High 

Potentially applicable.  May be difficult to implement in situ; nutrients are difficult to deliver.  Aquifer 
shows no signs of ongoing bioremediation. 

Phytoremediation  Plants are used to remove, transfer, stabilize, and 
destroy contaminants in groundwater Low Difficult  Moderate Not effective for deeper groundwater. 

In Situ 
Physical/Chemical 

Treatment 

Air Sparging/Soil Vapor 
Extraction   

Inject air into the saturated subsurface to volatilize 
organic contaminants in groundwater.  May be 
used in conjunction with soil vapor extraction, 
where a vacuum is applied to soil to induce 
controlled air flow and remove volatile and 
semivolatile contaminants from the unsaturated 
zone. 

Moderate − High Moderate Moderate − 
High 

Potentially applicable.  Design and effectiveness of system depends on geology and depth of 
contaminants; operations and maintenance (O&M) intensive.  Air stream may require treatment. 

In Situ Thermal Treatment   

The subsurface is heated to vaporize VOCs; 
vaporized contaminants can then be removed 
from the unsaturated zone by vacuum extraction 
and treated. 

Moderate − High Difficult High 

Success and required treatment time depend heavily on site-specific characteristics such as soil 
type, contaminant characteristics and concentrations, geology, and hydrogeology; volatilized VOCs 
are difficult to 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. 

In Situ Chemical 
Treatment 

In Situ Chemical Oxidation   

Chemicals (such as ozone, potassium 
permanganate, or Fenton’s reagent) are injected 
into the contaminated groundwater to oxidize the 
contaminants 

Moderate − High Moderate − Difficult Moderate − 
High 

Potentially applicable.  Depends on site geology, which may inhibit adequate dispersion of injected 
chemicals; multiple injections may be necessary to achieve remediation goals.  Could add total 
dissolved solids (TDS) within the aquifer. 

In Situ Chemical Reduction   
Chemicals (such as zero valent iron) are injected 
into the contaminated groundwater to chemically 
reduce the contaminants 

Moderate − High Moderate − Difficult Moderate − 
High 

Potentially applicable.  Depends on site geology, which may inhibit adequate dispersion of injected 
chemicals; multiple injections may be necessary to achieve remediation goals.   

Permeable Reactive 
Barriers 

A permeable wall is created (often zero valent 
iron) to treat contaminated groundwater while 
groundwater passively flows through. 

High Moderate − Difficult High 
Potentially applicable.  Limited to subsurface lithology that has a continuous aquitard; can be difficult 
to install at depths greater than conventional trenching equipment.  Possibility of precipitate formation 
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 

Action 

Remedial 
Technology Type 

Process Option Description Effectiveness Implementability Cost Comment 

Removal/ 
Treatment 

Ex Situ 
Physical/Chemical 

Treatment 

Extraction and Treatment  

Contaminated groundwater is removed by 
pumping, and contaminants are removed ex situ 
through treatment such as advanced oxidation 
processes, air stripping, GAC adsorption, ion 
exchange, or separation 

Moderate − High Moderate High 

Potentially applicable.  Effective for organic compounds; often generates a secondary waste stream; 
may leave significant concentrations of COCs behind as the aquifer is dewatered.  Aquifer has 
exhibited slow recharge of groundwater indicating low hydraulic conductivity; may be difficult to 
implement; long remedial time frame.  TDS may complicate treated water discharge. 

Dual-Phase Extraction  
A high vacuum system is used to extract liquid 
and vapor from the subsurface; liquid and vapor 
are then separated and treated. 

Moderate − High Moderate − Difficult High Requires both water treatment and vapor treatment; more applicable to light non-aqueous phase 
liquids (petroleum releases) than to chlorinated solvent releases 

Containment 

Capping 

Asphalt. 
Pave with asphalt over areas of contamination.  
Can be used to minimize vapor intrusion and 
infiltration. 

Moderate Easy Low − 
Moderate 

May prevent vapor intrusion into areas that are not developed, will not reduce concentrations in 
groundwater or reduce vapor intrusion into buildings that have already been constructed. 

Concrete  Place concrete over areas of contamination.  Can 
be used to minimize vapor intrusion and 
infiltration 

Moderate Easy Low − 
Moderate 

May prevent vapor intrusion into areas that are not developed, will not reduce concentrations in 
groundwater or reduce vapor intrusion into buildings that have already been constructed. 

Compacted Clay & Soil  
Place compacted clay and soil over areas of 
contamination.  Can be used to minimize vapor 
intrusion and infiltration 

Moderate Easy Low −  
Moderate 

May prevent vapor intrusion into areas that are not developed, will not reduce concentrations in 
groundwater or reduce vapor intrusion into buildings that have already been constructed. 

Vertical Barriers 

Grout Curtain 
 

Pressure injection of grout in a regular pattern of 
drilled holes. Moderate Difficult High Contamination has already moved off site; containment technologies would be ineffective in treating 

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

Slurry Wall.  
 

Trench around area of contamination is filled with 
bentonite slurry Moderate Difficult High Contamination has already moved off site; containment technologies would be ineffective in treating 

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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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 as is without implementing any 
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 would not be 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 carried out 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 potential source of drinking water 
due to poor water quality.  New water-supply Wwells at the Site are not permitted by the Department of 
Conservation and Natural Resources, Division of Water Resources.  There is a potential that some 
residents or businesses may continue to pump and use shallow groundwater without regulatory or 
municipal authorization.  ICs may mitigate unauthorized use and exposure to shallow groundwater by 
virtue of education and awareness; however, unauthorized or unlawful uses of groundwater cannot be 
reasonably precluded through ICs or other administrative or engineering controls.  When used properly 
and as intended, ICs are effective, implementable, and low cost.  Therefore, ICs will be 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 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 is retained.  Because (1) the location and status of all unauthorized domestic 
groundwater wells is unclear and (2) shallow groundwater is not a potential source of drinking water, 
engineering controls (e.g. individual wellhead treatment units) addressing individual unauthorized 
groundwater wells were not considered.   

Monitored Natural Attenuation 

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

MNA was not retained for further evaluation as a stand-alone technology in the corrective action 
alternatives.  MNA alone would not reduce the concentrations of PCE within a reasonable timeframe and 
would not be sufficient to prevent the expansion or migration of the groundwater contaminants.  However, 
after treatment is complete in areas of the highest concentrations of contamination, MNA may be effective 
as a polishing step to further reduce the concentrations of contaminants to achieve remediation goals.  
Therefore, MNA is retained as part of a groundwater treatment train, in conjunction with a more 
aggressive treatment technology.   

Comment [MS56]: As noted on section 6, 
Nevada has anti-degradation language to protect 
waters of the state  

Comment [MS57]: Although new domestic 
wells are not permitted, it is not illegal to use 
existing wells.  However, there is a requirement to 
abandon existing wells when the property is 
connected to city water.    

Comment [MS58]: All waters of the state must 
not be degraded

Comment [MS59]: See previous comments 
regarding private wells.  

Comment [MS60]: It is unclear how MNA could 
be used to “polish” anything, considering that 
virtually no biodegradation of the PCE is occurring at 
the site. 
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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 treatment, air sparging (AS), soil vapor extraction (SVE), permeable reactive barrier (PRB) using 
in situ chemical dechlorination, and enhanced bioremediation.  Extraction and treatment was retained as 
an ex situ process option.  Technologies screened out can be identified in Table 8-1.  

In Situ Chemical Oxidation 

In situ chemical oxidation involves injection of chemical oxidants into the groundwater to oxidize and 
degrade the PCE.  Chemical oxidation has been shown to destroy PCE and its breakdown products.  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 is 
effectively treats PCE, and the costs are expected to be moderate to high.  Chemical oxidation is also 
implementable; however, success implementing the technology depends on site geology.  Chemical 
oxidant is typically injected via direct push; given the presence of caliche at the site, permanent wells 
would likely 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 (ROI) for injection.  In 
addition, careful planning should be used when injecting near residences or underground utilities that 
could provide preferential pathways. 

In Situ Chemical Reduction  

In situ chemical reduction is similar to in situ chemical oxidation.  Reducing chemicals are injected into 
groundwater to reduce and degrade PCE.  Reduction has been shown to degrade PCE and its breakdown 
products by creating a reducing environment through direct or microbially-mediated dechlorination.  
Typically zero-valent iron (ZVI) or ZVI combined with a carrier (e.g. clay or granular activated carbon) are 
employed.  In situ chemical reduction can effectively treat PCE, and the costs are expected to be 
moderate to high.  Chemical reduction is implementable; however, success implementing the technology 
depends on site geology.  The reducing agent is typically injected via direct push, but given the presence 
of caliche at the site, a drill rig would be required.  Bench scale and pilot tests should be conducted to 
determine the effectiveness of chemical reduction, the influence of site specific geochemistry, and the 
ROI for injection.  Careful planning should be used when injecting near residences or underground utilities 
that will provide preferential pathways. 

Air Sparging and /Soil Vapor Extraction 

AS/SVE are often used in conjunction for the treatment of volatile organic compounds (VOCs) 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) chlorinated solvents from the geologic media, and volatilizes chlorinated 
solvents dissolved in the groundwater.  The function of the SVE system is to capture and extract VOCs 
from 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 

Comment [MS61]: None of these reductive 
technologies are likely to be viable, based on the 
geochemistry of groundwater at the site. 

Comment [MS62]: Yes, in the laboratory;  but 
what about some hands-on field experience 
successfully using this technology to remediate a 
PCE plume of this scale? 

Comment [MS63]: What about effectiveness of 
this  treatment under much-less-than-ideal site 
conditions?  Distribution of the injectate is typically 
the greatest obstacle to effectively treating the 
contamination 

Comment [MS64]: Direct push has a poor track 
record in Las Vegas; refusal due to hard caliche.  So 
cost these borings assuming a drill rig must be used.

Comment [MS65]: The NDEP has concerns 
about any injections in the neighborhood; see 
comments re: injection in NDEP’s letter on the CAP 
for Source Area Soil. 

Comment [MS66]: The geochemistry of the 
shallow groundwater likely precludes this as a viable 
option, because of the high concentrations of 
naturally occurring electron acceptors  

Comment [MS67]: Typical remedy for a source 
area.  This is unlikely to be feasible, cost-effective, 
suitable or acceptable as a neighborhood-wide 
system 
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removed.  VOCs in blower effluent are typically removed or destroyed before the treated air is discharged 
to the atmosphere.  The effectiveness of these technologies depends on the subsurface geology.  Pilot 
tests should be conducted to determine the effectiveness of AS/SVE, as well as the ROI for injection and 
extraction.  Because AS/SVE may increase vapors present beneath homes, its use in the residential 
areas should consider if SVE can be used effectively to safely mitigate any potential increase in soil gas 
and indoor air vapors. 

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 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.  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 place a PRB.  The 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 may decrease.  Bench scale treatability testing is 
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. 

Enhanced Bioremediation 

In situ bioremediation describes microbial degradation of contaminants in groundwater.  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 stimulate the biodegradation of chlorinated solvents by manipulating these 
conditions or requirements in the subsurface (bioenhancement).  Some systems further stimulate 
biodegradation by adding naturally occurring or engineered microorganisms particularly suited for the 
breakdown of certain chemicals (bioaugmentation).  Several different designs of enhanced in situ 
bioremediation systems for groundwater use various delivery mechanisms, degradation mechanisms, and 
nutrient/biological amendments that depend on site-specific characteristics.  Bench-scale testing is 
required to determine the most effective form of enhancement and/or augmentation. 
 

Comment [MS68]: The geochemistry of the 
shallow groundwater very likely precludes this as a 
viable option 

Comment [MS69]: The geochemistry of the 
shallow groundwater very likely precludes this as a 
viable option 
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8.0 DEVELOPMENT AND DETAILED ANALYSIS OF ALTERNATIVES 

Preliminary CAOs and numerical remediation standards are were identified in the Section 7 of this draft 
CAP., and viable cCorrective action alternatives were developed and evaluated based on the CAOs and 
numerical remediation standards; however, additional data acquisition is necessaryare needed to 
evaluate current site conditions, conduct groundwater modeling, evaluate risks, and more fully assess the 
viability of the cleanup applications.  These sampling effortsdata 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: 

• 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 − AS/SVE ICs, SSD Systems, and MNA 

• Alternative 5 − Extraction and Treatment, ICs, SSD Systems, and MNA 

• Alternative 6 − In Situ Enhanced Bioremediation, ICs, SSD Systems, and MNA. 
 

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

8.1  Evaluation Criteria 

Each corrective action alternative was developed and evaluated according to seven 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 completion of additional data acquisitionare 
collected, 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 corrective action alternative effectiveness and cost based on site-specific conditions. 

Comment [MS70]: It is clear from the discussion 
in Sections 1.2.3, 2.0 to 2.3, 3.0 to 3.3, 4.0, and 5.0 
or this CAP that most of the analytical data available 
for the site were not reviewed or evaluated.  Please 
conduct a comprehensive evaluation of the 
available data, before suggesting that “additional 
data are needed.” 

Comment [MS71]: No convincing argument was 
made for including the groundwater modeling 
suggested in Section 4 of this draft CAP 

Comment [MS72]: The data, not the effort, will 
be used… 

Comment [MS73]: The geochemistry of the 
shallow groundwater likely precludes the viability of 
PRBs 

Comment [MS74]: The geochemistry of the 
shallow groundwater likely precludes the viability of 
enhanced in situ bioremediation 
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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: 

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

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

• 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: 

• Destruction of toxic contaminants 

• Reduction in contaminant mobility 

• Reduction of the total mass of toxic contaminants 

• Reduction of total volumes of contaminated media. 
 

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

• 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 

• Exposure of the workers during construction 

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

• Time required to achieve the remediation standard.  It should be noted that engineering 
judgment has been utilized used to assume remediation timeframes for each of the 
alternatives.  Groundwater modeling with site-specific parameters will be conducted for the 
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site when adequate data are obtained.  Bench-scale and pilot testing will also be conducted.  
Modeling and bench-scale and pilot studies will allow for better determination of 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 

• Construction and operation − technical difficulties and unknowns associated with construction 
and operation of a technology 

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

• Ease of undertaking additional corrective  actions 

• Ability to monitor effectiveness of the corrective action 
 

Availability of materials 

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

• Reliability of the technology − likelihood that technical problems associated with 
implementation would delay the schedule 

• Availability of services and materials 

• Availability of prospective technologies 
 

Administrative feasibility 

• Implementability with current and future development scenarios 

• Activities needed to coordinate with other offices and agencies 

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

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

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

• Historical cost data  

Comment [MS75]: The design of the remedial 
system and its components should be based on 
physical data, not through modeling (due to the 
inherent uncertainty of modeling results).   That is, 
the remedial technology must be defined a priori 
and then efforts to develop a model can be focused 
on the effects (drawdown, plume movement, etc). 
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• Estimates from similar projects  

• Engineering judgment  

• Site-specific quantities and information 

• Vendor quotes and estimates. 

A present value analysis of each alternative is presented in Appendix C of this document.  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 C 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 between alternatives, but the cost estimates are 
not intended for use in detailed budgetary planning.  Costs for each alternative are compiled in Appendix 
C.  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.   

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.   

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.   
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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: 

• No corrective actions would occur, and the on-site community would not be exposed to 
additional risks from groundwater; the current risks would remain.     

• 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.  

• No time would be required to complete Alternative 1 because no action would be taken; 
however, groundwater would remain contaminated until the PCE mass flows off site.  
Groundwater modeling with site-specific parameters would allow for better determination of 
this timeframe.  However, for this document, groundwater and air monitoring were considered 
to continue for 30 years. 
 

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

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

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

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

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

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

Comment [MS76]:  The main mass of PCE still 
lies upgradient of the neighborhood, and a lack of 
remedial action could likely allow these higher 
concentrations of PCE to migrate under the 
neighborhood; and possibly increase exposures. 

Comment [MS77]: Actually groundwater will 
remain contaminated; only the location of the 
contaminated groundwater will move 
downgradient.   

Comment [MS78]: Simple models like Bioplume 
and Biochlor could be applied using the currently 
available data 

Comment [MS79]: Evaluate the possible effects 
(as well as potential effectiveness) of any and all 
redox-manipulation remedies that are proposed for 
the site.    

Comment [MS80]: Not much attenuation 
/degradation occurring now; why would MNA 
reduce concentrations in the future?  What 
changes? 
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For this CAP, the oxidant selected for injection is potassium permanganate; however, bench-scale testing 
may determine that a different oxidant or chemical reducing agent is preferable based on site-specific 
conditions.  Potassium permanganate was chosen for this CAP because it is generally more stable and 
easier to handle than hydrogen peroxide or ozone; is effective over a large pH range (3.5 to 12); can 
persist in the soil for several months; and is the most effective for the site contaminants.  Potassium 
permanganate is typically provided as a liquid or solid.  The assumptions made for the purposes of this 
CAP and costing are detailed in Appendix C.   

Injection would occur over the top 20 feet of the shallow aquifer in the plume hotspot (concentrations of 
PCE greater than 1,000 µg/L) and upgradient of the residents and in a line perpendicular to the plume (in 
the Boulevard Mall eastern parking lot).  The injection wells in the hotspot would likely require a second 
(or possibly third) injection of potassium permanganate, and 10 years of annual injections would be 
required as contaminated groundwater flows toward the residences.  The assumptions made for the 
purposes of this CAP and costing are detailed in Appendix C.   

Bench-scale testing will determine reagent effectiveness, dosing rates, and potential geochemical 
interference at the Site.  High TDS or reagent demand at the site may be problematic.  If bench-scale 
testing is successful, pilot studies will 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 from risk caused by 
vapor intrusions of PCE in indoor air.  If new SSD systems are required 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, MNA would decrease any residual PCE concentrations below the 
remediation standard.  Upon completion of data gathering and pilot testing, groundwater modeling could 
be used to better predict the timeframe in which the 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 protective of indoor air. 

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

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 treated with in situ chemical treatment.  The injection of an 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 treatment.  Groundwater 
monitoring would be conducted to determine that the concentrations of VOCs are reduced to below the 

Comment [MS81]: Based on what calculations? 
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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 2A: 

• Alternative 2A 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. 

• 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.   

• Environmental impacts in the injection areas would be minimal because the remediation is in situ.  
However, chemical treatment may increase TDS in the aquifer. 

• The corrective action is estimated to take 10 years with two rounds of injections in the plume 
hotspot and 10 rounds upgradient of the residences.  For cost estimating proposes it was 
assumed 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 2A: 

• The alternative is considered technically feasible; however there are several considerations.  Well 
installation, chemical injection, groundwater and indoor air monitoring, and installation of SSD 
systems are fairly routine activities.  Bench-scale and pilot testing would be required to assess the 
effectiveness of chemical treatment and the impact of site-specific conditions on effective dosage, 
ROI, and well spacing.  Hydrogeology between the existing monitoring wells is not well defined, 
and potential impermeable lenses in the aquifer may influence injection.  Groundwater velocities 
of 0.5 to 1 foot per day are assumed based on previous site data.  However, faster velocities have 
been associated with sand and gravel areas found in the subsurface of the Site; flow at higher 
rates (e.g., 2 to 4 feet per day) may cause the chemical to wash out of the system too quickly.  
High TDS or reagent demand may be problematic.  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 could 
provide preferential pathways.  Problems with site access or drilling issues could impact the 
schedule. 

• The materials required for the 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.   

Comment [MS82]: There are numerous 
examples from sites where injection of oxidants 
resulted in surface breakthrough and other risks to 
the community.  Minimal risks are far from assured 
with this technology.  Additionally, the injection of 
any solution may displace and equal volume of 
contaminated groundwater into previously clean 
areas. 

Comment [MS83]: Probable environmental 
impacts include (1) Displacement of contaminated 
groundwater into previously clean areas, (2) 
mobilization of previously sorbed ontaminants, (3) 
alteration and mobilization of naturally occurring 
constituents; e.g. Cr+3 to Cr+6, and (3) pptn/dissol’n 
rxns that may result from changes in the 
geochemical conditions.  Increase in TDS is likely the 
least of the environmental concerns. 
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• The alternative is considered administratively feasible.  A permit for injection of the oxidizing 
chemical or reducing agent 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 $3,040,000.  The total present value cost for Alternative 
2A would be $4,110,000.   

State Acceptance 
This criterion will be 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. 

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

Alternative 2B combines in situ chemical treatment, ICs, the SSD systems, and MNA.  Under this 
alternative, a chemical oxidant or reducing agent injected into the subsurface over the areal extent of the 
plume would chemically treat the groundwater at concentrations exceeding 100 µg/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, 
MNA would be relied on to further decrease concentrations of remaining contamination found in 
groundwater. 

In situ chemical oxidation (by potassium permanganate) would be applied to groundwater with 
concentrations of PCE exceeding 100 µg/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.  It was assumed that all injection wells would require a second (and possibly 
third) injection of potassium permanganate.  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 D.  Bench-scale and pilot testing are required.  See the description of 
Alternative 2A in Section 8.2.2 for additional description of chemical treatment and testing requirements.   

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

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

Comment [MS84]: This may be an 
understatement of the difficulty in implementing 
such a remedy.  Due to uncontrollable movement of 
the injected materials in the subsurface, the hazards 
associated with such a wide-scale treatment are 
likely to be unacceptable. 

Comment [MS85]: There is little evidence that 
the PCE is degrading; most attenuation is likely due 
simply to sorption onto aquifer materials. 

Comment [MS86]: Potential hazards associated 
with such injections are likely to be unacceptable 
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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 or reducing agent 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: 

• Alternative 2B 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. 

• 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.   

• Environmental impacts in the injection areas would be minimal because the remediation is in situ.  
However, chemical treatment may increase TDS in the aquifer. 

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

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

• 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.  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; 

Comment [MS87]: Large-scale injection of 
chemical solutions and the ensuing uncontrolled 
migration of the solution, along with displacement 
of contaminated groundwater could very well pose 
significant hazards (or, in the case of potassium 
permanganate, concern over purple foam issuing 
from the ground)

Comment [MS88]: Uncontrolled migration and 
displacement are hazards in any in situ injection 

Comment [MS89]: Evaluate chemical data and 
field parameters for groundwater, and consider the 
likely reaction products 
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flow at higher rates (e.g., 2-4 feet per day) may cause the chemical to wash out of the system too 
quickly.  High TDS or reagent demand may be problematic.  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. 

• 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.   

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

Cost 
The capital cost of Alternative 2B would be $4,660,000.  The present value of O&M costs, including 
groundwater and indoor air monitoring, would be $12,040,000.  The total present value cost for Alternative 
2B would be $16,700,000.   

State Acceptance 
This criterion will be 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. 

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

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

For the CAP, it was assumed that the ZVI PRB would be placed via trenching across the top 20 feet of the 
aquifer.  Given the estimated installation depth, trenching may be challenging.  The PRB could also be 
installed via hydraulic fracturing and injection if this method would be found preferable.  The PRB would 
stretch across the plume and treat groundwater with PCE concentrations exceeding 5 µg/L, the 
preliminary remediation standard.  Groundwater monitoring wells would be installed in 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 C.   

Bench-scale and pilot testing would determine the effectiveness, dosing rates, and any geochemical 
interference at the Site.  Given the high TDS, precipitate formation may occur within the PRB, which may 
reduce the reactive capacity or permeability.  If bench-scale testing is successful, pilot studies would be 
conducted in the area before full-scale implementation to establish the effectiveness, best method for 

Comment [MS90]: Very likely not a viable 
technology at this site 

Comment [MS91]: The geochemistry of the 
shallow groundwater very likely precludes this as a 
viable option.     Calculations will likely show  the 
infeasibility of a PRB using ZVI   

Comment [MS92]: Do you mean the top 20 feet 
below the water table? 
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emplacement, potential for loss of reactivity or permeability due to precipitate formation, and potential 
increase in TDS.  These tests would also allow for refinement of costs. 

SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions 
detailed in Alternative 2A in Section 8.2.2.  If new SSD systems are required as determined by indoor air 
sampling, they would be installed.  SSD systems would stay in place until groundwater concentrations 
decrease to levels protective of indoor air.  ICs could be utilized to ensure continued operation of SSD 
systems.  In addition to treatment by the PRB, MNA would be relied on to decrease PCE concentrations 
below the remediation standard.  For cost estimating purposes it was assumed that groundwater 
monitoring would be necessary for 20 years.  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 C. 

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 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 VOCs 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 (typically after approximately 20 years of life, or 
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: 

• 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.   
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• The corrective action is estimated to take 20 years.  For cost estimating purposes it was assumed 
that the SSD systems could be turned off after 2 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: 

• The alternative is considered technically feasible.  PRB installation, groundwater and indoor air 
monitoring, and SSD system installation are fairly routine activities.  Given the estimated 
installation depth of approximately 18 to 38 feet 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.  High TDS 
may be problematic and cause precipitate formation.  Potential loss of permeability, mobilization 
of metals, or transformation of chemicals would be monitored during the pilot study, and may 
affect implementability and effectiveness.  Problems installing the PRB could impact the 
schedule. 

• 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.   

• 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 $3,520,000.  The present value of O&M costs, including 
groundwater and indoor air monitoring, would be $3,290,000.  The total present value cost or Alternative 3 
would be $6,810,000.   

State Acceptance 
This criterion will be 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. 

8.2.5 Alternative 4:  Air Sparge/ Soil Vapor Extraction (AS/SVE) Institutional Controls, Subslab 
Depressurization Systems, and MNA 

Alternative 4 combines AS/SVE wells upgradient of the residential area, ICs, the SSD systems, and MNA.  
Under this alternative, 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 soil gas containing vapor-phase PCE.  MNA would be relied on to 
further reduce concentrations of PCE in groundwater.  ICs and SSDs would protect residents from PCE in 
indoor air until groundwater is treated to protective levels.   

Comment [MS93]: See http://www.ci.seal-
beach.ca.us/pdf/PreliminaryCAP_20100216smaller1
.pdf for a neighborhood SVE system.  Such a 
proposal should evaluate limitations posed by ROI 
and existing infrastructure as part of assessing the 
feasibility of this alternative. 
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Sparging, injection of air into the aquifer, would occur over the top 20 feet 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 µg/L.  SVE wells would be 
utilized to capture the soil gas with PCE.  The treatment would occur under the eastern mall parking lot.  
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 granulated activated carbon 
(GAC) units in series before discharge to the atmosphere; however, another form of treatment may be 
found economically preferable.  An air permit would be required for the SVE system.  Also, an assumed 
15 years of treatment would be required as contaminated groundwater flows toward the residences.  O&M 
of the system would include weekly air monitoring to assure attainment of discharge standards associated 
with an air quality permit. 

A pilot scale test should be considered to better determine AS/SVE design parameters including the ROI 
of the AS and SVE wells, stripping effectiveness based on site geology, vapor capture effectiveness, and 
likely influent concentrations.  These tests would also allow for refinement of costs.  The assumptions 
made for the purposes of this CAP and costing are detailed in Appendix C.   

SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions 
detailed in Alternative 2A in Section 8.2.2.  In addition to the AS/SVE treatment, MNA be relied on to 
decrease residual PCE concentrations below the remediation standard.  For cost estimating purposes it 
was assumed that groundwater monitoring would be necessary for 20 years.  Indoor air sampling would 
be maintained until groundwater concentrations decrease to levels protective of indoor air (assumed at 3 
years). 

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

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.  AS/SVE would reduce concentrations 
of PCE in groundwater 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 if GAC would be 
utilized, or just treated if another form of treatment would be selected.  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.  Air monitoring of the SVE treatment 
system discharge would be conducted to ensure PCE would not be released at unacceptable levels to the 
atmosphere.  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 removal of VOCs in groundwater and subsequent treatment.  AS/SVE 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: 
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• 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. 

• On-site workers may be exposed to risks while installing AS and AVE 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.   

• Environmental impacts would be minimal.   

• The corrective action is estimated to take 20 years.  For cost estimating purposes it was assumed 
that the SSD systems could be turned off after 3 years of AS/SVE operation.   
 

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

• 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, the impact of 
site-specific conditions, and the ROI and well spacing of the AS/SVE 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. 

• Materials required for implementation of AS/SVE 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.  

• 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 $5,210,000.  The total present value cost for Alternative 
4 would be $5,980,000.   

State Acceptance 
This criterion will be 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. 
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8.2.6 Alternative 5:  Extraction and Treatment, Institutional Controls, Subslab Depressurization 
Systems, and MNA 

Alternative 5 combines groundwater extraction and treatment, ICs, the SSD systems, and MNA.  Under 
this alternative, groundwater would be removed from the subsurface and treated; MNA would be relied on 
to further reduce concentrations of PCE in groundwater.  ICs and SSD systems would protect residents 
from PCE in indoor air until groundwater is treated to protective levels.   

Extraction wells would be applied where practicable at the site, including:  at the Property; in streets, 
public right of ways, and parking lots in the Boulevard Mall; and in streets, public right of ways residential 
areas.  The wells would be screened in the top 20 feet 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 TDS in the extracted 
groundwater would not require treatment and that water could be disposed of through the municipal sewer 
system.  Consideration should be given to use of the water for irrigation purposes.  The high TDS may 
lead to precipitate formation and fouling of the extraction and treatment equipment.  An additional step 
(like a resin bed) may need to be added to the treatment train to remove hardness and reduce 
precipitation in the treatment system.  The assumptions made for the purposes of this CAP and costing 
are detailed in Appendix C.   

Pump and pilot testing would be required to determine the effectiveness of the alternative, aquifer 
characteristics, design criteria, and the likelihood of precipitate formation.  Groundwater modeling should 
be completed to determine well placement.  These tests would also allow for refinement of costs.   

SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions 
detailed in Alternative 2A in Section 8.2.2.  In addition to extraction and treatment, MNA would be relied 
on to decrease residual PCE concentrations below the remediation standard.  For cost estimating 
purposes it was assumed that groundwater monitoring would be necessary for 20 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 C. 

Overall Protection of Human Health  
Alternative 5 protects human health and the environment because groundwater that poses an 
unacceptable risk to human health would be extracted from the aquifer and treated.  Extraction and 
treatment and MNA would be expected to reduce concentrations of PCE in groundwater to below the 
preliminary remediation standards.  While the level of contaminants decrease in groundwater, residents 
would be protected from the risk of PCE in indoor air by the previously installed SSD systems, which 
would be operated until groundwater concentrations decrease to levels protective of indoor air.   

Long-Term Effectiveness and Permanence 
PCE 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.  Besides the implementation and monitoring, 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 removal of VOCs in groundwater and subsequent treatment.  It would reduce the 
toxicity, volume, and mobility of contamination.   

Comment [MS94]: Such a wide-ranging network 
of pumping wells and piping to a treatment area 
seems unfeasible / unworkable.  Please consider a 
P&T system located in the eastern parking lot of the 
mall, with reinjection of clean water.  This 
reinjection will (1) eliminate the “stagnant zone” 
that can develop near the extraction wells, and (2) 
help flush contaminated groundwater out of the 
neighborhood.  It may be feasible to install a second 
P&T system on the Golf Course to assist in the 
cleanup of groundwater under the neighborhood. 
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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 risks to the community.  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.  Groundwater would be 
extracted from the subsurface and pumped through piping to a treatment area; appropriate 
security, signs, and warnings could protect the community from accidental contact with the 
contaminated water. 

• On-site workers may be exposed to risks while installing the wells, operating the treatment plant, 
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.   

• The corrective action is estimated to take 20 years.  For cost estimating purposes it was assumed 
that the SSD systems could be turned off after 15 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: 

• 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.  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.  It was assumed that TDS would not be 
removed from the treated groundwater; if TDS removal is required, reverse osmosis (RO) is one 
of the few treatments available.  RO is expensive and would produce brine that would require 
costly disposal.  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 National Pollutant Discharge 
Elimination System (NDPES) permit for the groundwater treatment system would be required. 

Cost 
The capital cost of Alternative 5 would be $2,120,000.  The present value of O&M costs, including 
groundwater and indoor air monitoring, would be $7,070,000.  The total present value cost for Alternative 
5 would be $9,190,000.   

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

Comment [MS95]: A line of extraction wells in 
the east parking lot of the Mall, and reinjection 
wells further to the east (to eliminate a “stagnant 
zone”.  With this alternative, an additional 
treatment zone may be needed at or near the golf 
course. 

Comment [MS96]: Trying to define such a 
heterogenous package of sediments over such a 
large area may be unwieldy.  One must make some 
realistic assumptions, based on what is known from 
the boring logs for 33 wells and the multiple borings 
drilled to investigation soil and soil gas. 
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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. 

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

Alternative 6 combines enhanced in situ bioremediation, ICs, the SSD systems, and MNA.  Under this 
alternative, enhanced bioremediation would be utilized employed in the plume hotspot and upgradient of 
the residential area to treat groundwater as it flows into the residential area.  ICs and SSDs would protect 
residents from PCE in indoor air until groundwater is treated to protective levels.  MNA would be relied on 
to further decrease concentrations of remaining contamination found in groundwater. 

Enhanced bioremediation would be applied through injection of substrates or microbes in the plume hot 
spot where practicable, including at the Property and in streets, public right of ways, and parking lots in 
the Boulevard Mall.  For the purposes of this CAP, it is assumed that biostimulation would be adequate; 
however, biostimulation in conjunction with bioaugmentation may be required given the lack of 
degradation occurring in the aquifer (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.  It was assumed that vegetable oil would be injected into the top 20 feet of aquifer at 
the site.  The assumptions made for the purposes of this CAP and costing are detailed in Appendix C.   

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.  It should be noted that hydrogen release compound (HRC) (lactic acid), a form of 
biostimulant utilized for anaerobic degradation, has been ineffective in the Las Vegas area due to high 
sulfate concentrations (NDEP 2009).  

SSD systems, ICs, groundwater and indoor air monitoring, and MNA are similar to the descriptions 
detailed in Alternative 2A in Section 8.2.2.  In conjunction with bioremediation, MNA would be relied on to 
decrease residual PCE concentrations below the remediation standard.  For cost estimating purposes it 
was assumed that groundwater monitoring would be necessary for 10 years.  Indoor air sampling would 
be maintained until groundwater concentrations decrease to levels protective of indoor air (assumed at 3 
years). 

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

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. 

Comment [MS97]: To effectively degrade PCE, 
TCE, cis-1,2-DCE, and VC under anaerobic 
conditions; all oxygen, nitrate, ferric iron, and 
sulfate must be reduced.  Simple mass balance 
calculations should be done in this CAP, before 
recommending this alternative. 

Comment [MS98]: Regenesis has a calculator on 
their website, to estimate how much HRC would be 
required to overcome naturally occurring electron 
acceptors.  Making a few reasonable assumptions, 
the NDEP calculated that $9 million of HRC would be 
needed; even then, porosity would likely be 
occluded by precipitation of sulfides, were the 
reduction “successful.” 

Comment [MS99]: Hence, the problem with all 
reductive technologies; not just HRC. 
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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: 

• 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. 

• 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. 

• The corrective action is estimated to take 10 years with two injections in the plume hotspot and 
three injection rounds upgradient of the residences.  For cost estimating purposes it was assumed 
that the SSD systems could be turned off after 3 years.   
 

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

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

• Materials required for implementation of enhanced bioremediation and any additional SSD 
system installation are readily available.  Services for well installation, injection, groundwater and 
indoor air monitoring, and SSD system installation are also readily available.   
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• 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 $1,190,000.  The present value of O&M costs, including 
groundwater and indoor air monitoring, would be $5,850,000.  The total present value cost for Alternative 
6 would be $7,040,000.   

State Acceptance 
This criterion will be 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. 

8.3  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 and community acceptance will be evaluated after 
comments on this CAP have been received from NDEP and comments on the proposed plan have been 
received from the community.  The preferred alternative for soil and groundwater will be selected in the 
proposed plan after: 

• Data gaps are filled.  
• The risk assessment is complete.  
• The CAP is finalized. 
• Bench- and pilot-scale testing have been completed. 
• A corrective action alternative is recommended in the Corrective Action Report.   

 
Table 8-1 presents a comparative summary of the alternatives and evaluation criteria. 
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TABLE 8-1 

COMPARISON OF ALTERNATIVES SUMMARY 

Alternative Description Overall Protection of Human 
Health 

Long-Term Effectiveness and 
Permanence 

Reduction in Toxicity, Mobility, 
and Volume through Treatment 

Short-Term Effectiveness Implementability Cost State Acceptance Community Acceptance

1 No Action Low − The no action alternative 
is not protective of human health. 

Low − The no action alternative 
is not effective in preventing 
exposure to soil above the 
PCAG. 

Low − The no action alternative 
does not reduce the toxicity, 
mobility, or volume of 
contaminants.   

Low – Minimal risk to the
residents as there is no 
implementation.  It is assumed 
monitoring would be required for 
30 years. 

Easy − This alternative is 
technically implementable,  

Capital Costs:
None 

O&M Costs: 
$xxx,xxx 

 
 

Low − The no action alternative 
would likely be unacceptable to 
NDEP and the community.   

Low − The no action alternative 
would likely be unacceptable to 
the community.   

2A In Situ Chemical 
Treatment of 
Hotspots and 
Residential Area, 
Institutional 
Controls, SSD 
Systems, and 
MNA 

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

High − PCE will be destroyed 
through in situ chemical 
treatment.  Several injections of 
chemical are likely.   

High − The toxicity and volume of 
contaminants would be reduced 
through chemical treatment. 

High − Minimal risk as the 
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; 
however, this alternative may 
increase TDS in the aquifer.  It is 
assumed the remediation goal 
would be reached in 
approximately 10 years. 

Moderately Difficult − This 
alternative is considered 
technically feasible, and 
materials required are readily 
available.  A bench-scale and 
pilot test should be conducted to 
better determine efficacy, 
geochemical interferences, and 
design parameters.  The higher 
flow rate in sand and gravel 
channels may cause problems.  
This alternative is 
administratively feasible.  An 
underground injection permit 
would be required for chemical 
application. 

Capital Costs:
$xxx,xxx 

O&M Costs: 
$xxx,xxx 

Total: 
$xxx,xxx 

 

This criterion would be evaluated 
after comments on this CAP 
have been received from NDEP.   

This criterion would be 
evaluated after comments on 
the proposed plan have been 
received from the community.   

2B In Situ Chemical 
Treatment, 
Institutional 
Controls, SSD 
Systems, and 
MNA 

High − Residents are protected 
from PCE in indoor air until 
groundwater concentrations are 
decreased by in situ chemical 
treatment.  Treatment would 
rapidly decrease concentrations 
in the plume.   

High − PCE will be destroyed 
through in situ chemical 
treatment.  Several injections of 
chemical are likely. 

High − The toxicity and volume of 
contaminants would be reduced 
through chemical treatment. 

High − Minimal risk as the 
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; 
however this alternative may 
increase TDS in the aquifer.  It is 
assumed the remediation goal 
would be reached in 
approximately 2 years. 

Moderately Difficult − This 
alternative is considered 
technically feasible, and 
materials required are readily 
available.  A bench-scale and 
pilot test should be conducted to 
better determine efficacy, 
geochemical interferences, and 
design parameters.  The higher 
flow rate in sand and gravel 
channels may cause problems.  
This alternative is 
administratively feasible.  An 
underground injection permit 
would be required for chemical 
application. 

Capital Costs:
$xxx,xxx 

O&M Costs: 
$xxx,xxx 

Total: 
$xxx,xxx 

 

This criterion would be evaluated 
after comments on this CAP 
have been received from NDEP.   

This criterion would be 
evaluated after comments on 
the proposed plan have been 
received from the community.   

3 Permeable 
Reactive Barrier, 
ICs, SSD, 
Systems, and 
MNA 

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

High − PCE will be destroyed 
through reductive dechlorination.  
Once installed, the PRB should 
last for the lifetime of the project.   

High − The toxicity and volume of 
contaminants would be reduced 
through reductive dechlorination. 

High − Minimal risk as the 
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; 
however this alternative may 
increase TDS in the aquifer.  It is 
assumed the remediation goal 
would be reached in 
approximately 20 years. 

Moderately Difficult to Difficult − 
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. 

Capital Costs: 
$xxx,xxx 

O&M Costs: 
$xxx,xxx 

Total: 
$xxx,xxx 

 

This criterion would be evaluated 
after comments on this CAP 
have been received from NDEP.   

This criterion would be 
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 
Health 

Long-Term Effectiveness and 
Permanence 

Reduction in Toxicity, Mobility, 
and Volume through Treatment 

Short-Term Effectiveness Implementability Cost State Acceptance Community Acceptance

4 AS/SVE ICs, 
SSD Systems, 
and MNA 

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

Moderate to High − PCE will be 
removed through AS/SVE.  
AS/SVE systems tend to be O&M 
intensive.  Air from the SVE will 
require treatment to remove 
PCE.   

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

Moderate to High − Air 
contaminated with PCE would be 
brought above ground; however, 
precautions can be taken to 
prevent exposure of workers and 
the community during 
implementation.  Design would 
need to ensure PCE vapors are 
captured and do not enter the 
residential area.  Environmental 
impacts are expected to be low.  
It is assumed the remediation 
goal would be reached in 
approximately 20 years. 

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

Capital Costs: 
$xxx,xxx 

O&M Costs: 
$xxx,xxx 

Total: 
$xxx,xxx 

 

This criterion would be evaluated 
after comments on this CAP 
have been received from NDEP.   

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

5 Extraction and 
Treatment, ICs, 
SSD Systems, 
and MNA 

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

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

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

High − Groundwater 
contaminated with PCE would be 
brought above ground; however, 
precautions can be taken to 
prevent exposure of workers and 
the community during 
implementation.  Environmental 
impacts are expected to be low.  
It is assumed the remediation 
goal would be reached in 
approximately 20 years. 

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

Capital Costs:
$xxx,xxx 

O&M Costs: 
$xxx,xxx 

Total: 
$xxx,xxx 

 

This criterion would be evaluated 
after comments on this CAP 
have been received from NDEP.   

This criterion would be 
evaluated after comments on 
the proposed plan have been 
received from the community.   

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

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

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

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

High − Precautions can be taken 
to prevent exposure of workers 
and the community during 
implementation.  Concentrations 
of PCE breakdown products 
would initially increase.  
Environmental impacts are 
expected to be low; however this 
alternative may increase TDS in 
the aquifer.  It is assumed the 
remediation goal would be 
reached in approximately 10 
years. 

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

Capital Costs:
$xxx,xxx 

O&M Costs: 
$xxx,xxx 

Total: 
$xxx,xxx 

 

This criterion would be evaluated 
after comments on this CAP 

have been received from NDEP.   

This criterion would be 
evaluated after comments on 
the proposed plan have been 
received from the community.   

Notes:  
AS  Air sparge      CAP  Corrective action plan 
GAC  Granular activated carbon     MNA  Monitored natural attenuation 
NDEP  Nevada Department of Environmental Protection   NPDES  National Pollutant Discharge Elimination System 
O&M  Operation and maintenance     PCE  Tetrachloroethene 
PRB  Permeable reactive barrier     SSD Subslab Depressurization  
SVE  Soil vapor extraction 
TDS  Total dissolved solids  
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9.0 RECOMMENDATIONS 

The comparison of Corrective Action Alternatives suggests that Alternatives 2A, 3, 4, and 6 have the 
greatest potential to satisfy CAOs and abate PCE concentrations in groundwater, soil vapor, and indoor 
air.  However, it is clear that Site conditions and environmental characteristics are not well adequately 
understood, given the current data population, to reliably or confidently perform a baseline risk 
assessment, groundwater modeling, and select a final Corrective Action Alternative.  An effort to 
comprehensively fill data gaps and simultaneously obtain an inventory of representative environmental 
samples for subsequent or coincident bench-scale testing must be executed as a priority in advance of 
scaled pilot testing and final remedy selection.   

9.1  Additional Data Needs 

This section identifies additional data needs and studies required to quantify risks associated with PCE 
contamination present in shallow groundwater at the Site to support preparation of the Baseline Risk 
Assessment.  Filling these data needs is also essential to refining an approach for cleanup and to support 
development of the remedial design. 

The nature and extent of soil and groundwater contamination that could directly impact residences and 
other receptors are not clearly defined particularly on the Boulevard Mall, the Golf Course, and in down 
gradient areas.  At present, the primary pathways of potential concern relate to the volatilization of PCE in 
groundwater to soil and ultimately to indoor air in homes and businesses present at the Site.  With 
approval by NDEP, work plans will be developed to conduct the data gap investigations needed to allow 
the subsequent risk assessment and remedial design.   

Based on a review of the historical documents, identified data gaps and additional data collection 
activities are identified as follows: 

• Groundwater production tests have not been performed in the shallow aquifer groundwater 
system beneath the Site. 

o Provide the hydraulic data needed to perform predictive modeling to better assess 
shallow aquifer groundwater conditions and assist in the evaluation and design of 
remedial alternatives.  

• Insufficient geologic information is available for much of the Site; the current understanding 
indicates geology is heterogeneous and consists of a mixture of silt and clay intervals, and poorly 
sorted sands and gravels. Previous investigations have focused primarily on delineating the 
nature and extent of contamination in soil and shallow groundwater related to releases from the 
site.  Results from these investigations suggest that geologic conditions are highly variable and 
may control the nature of exposure pathways and subsequently dictate the design of potential 
remedies.  

o Soil physical testing needs to be performedGeotechnical data are needed to better  
define lithologic characteristics in the areas where the remedy will be implemented 
and/or installed.understand subsurface conditions that control heterogenieties affecting 
flow dynamics, contaminant transport and vapor migration.   

• Insufficient soil gas data are available across the site from above the shallow aquifer. At present 
only limited soil gas data has been collected using active soil gas sampling methods and 
temporary probes.  The available data are restricted to areas west and east of the majority of 
residential properties impacted by the shallow PCE plume.  Soil gas data are not available from 
beneath the former APTC facility, the Boulevard Mall, or the Golf Course. 

Comment [MS100]:  This section requires 
significant revision and rewriting. 

Comment [MS101]:  Alternatives 3 and 6 have 
limited chance for success, based on the 
geochemistry of shallow groundwater.    

Comment [MS102]: This draft CAP does not 
describe the specific data needed (and which are 
not currently available).  Because it appears that 
much of the available data was not reviewed in the 
preparation of this CAP: Specifically, Sections 2, 3, 
and 4 require extensive revision and rewriting to (1) 
include evaluation of available data that were 
ignored, (2) construct a technically competent 
description of site geology, geochemistry, and 
hydrology; and (3) revise language so it is technically  
correct and precise. 

Comment [MS103]: The NDEP notes that 
significant amounts of existing data were ignored or 
overlooked, and that the specific nature of “data 
gaps” was not defined in this draft CAP.

Comment [MS104]:  Section 9.1 should be 
completely revised AFTER all the available data are 
reviewed and evaluated.  Also, use the basic 
principles of project planning to organize what data 
are needed and why.  Please use project planning  
tools (DQOs, etc) to clarify data needs. 

Comment [MS105]: Data clearly delineate the 
extent of contaminated soil in the source area at the 
former APTC facility.  The NDEP has received no 
data indicating soil contamination elsewhere in the 
vadose zone soils overlying the groundwater plume 
of dissolved-phase PCE. Although the lateral 
distribution of PCE in groundwater is well-known 
(except for the eastern extent), the vertical 
distribution is not. The distribution of PCE in soil 
vapor is not precisely known, but soil gas typically 
exhibits a highly variable distribution.  Please 
provide specific details on (1) what aspects are not 
clearly defined and (2) what sampling is proposed 
and why 

Comment [MS106]: Please specify. 

Comment [MS107]: What type of “predictive 
modeling?”  Hydraulic data are needed to allow 
calculation of design parameters, but it is unclear 
what “predictive modeling” is envisioned here. 

Comment [MS108]: This bullet needs to be  
rewritten   

Comment [MS109]: How will “sufficiency” be 
defined?  How will these data be used to design the 
remedial system for groundwater?  Do you 
understand why NDEP collected the soil gas data? 

Comment [MS110]: This bullet needs to be 
rewritten  
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•  

o Collect additional soil gas data to .... that is needed to provide a better understanding and 
allow predictive determinations of potential risk created by soil gas.  This will include 
corollary ground water samples.   

o Small gauge nested vapor probes and geologic core samples for physical property testing 
and air and water permeability testing are needed across the site to further narrow the 
areas where vapor intrusion is an issue.  The factors that control the potential for vapor 
intrusion to be an issue at the Site will need to be further evaluated so this information 
can be used to predict when and where application of remedial strategies will be the most 
effective and where remediation is not necessary.    

o To better predict the potential for vapor intrusion, the distribution of contamination near 
the interface between the saturated and unsaturated zone will need to be better defined 
using nested wells.  Preliminary results indicate that distributions of PCE contamination 
may be similar in the top 20 feet of water present in the shallow water zone. 

• Soil properties have not been well characterized. Insufficient physical property, flow, and 
contaminant distribution data have been collected in the unsaturated and saturated zones 
beneath the Site.   

o An evaluation of the physical properties controlling contaminant flow is needed to 
estimate the rates of PCE migration through shallow groundwater and the attenuation of 
vapors caused by geologic formations.  A greater understanding of the physical 
properties of the subsurface is also needed to support the design of proposed remedial 
systems.   

o In addition to standard measurements of porosity, grain size distribution, sorting, organic 
carbon, and bacterial analyses, various types of flow tests are needed for the evaluation 
and remedial design processes.  These tests would include air permeability and radius of 
influence tests, as well as testing of water flow and production rates evaluations.  Shallow 
groundwater draw -down tests are also needed to evaluate the affects effects on the PCE 
plume caused by pumping at the Golf Course.   

• The distribution of PCE and associated degradation products in the shallow groundwater have not 
been well defined in the downgradient area of the golf course.  

o Conduct a video survey of the golf course irrigation well to examine condition of the 
casing 

o Collect data from the golf course irrigation well, including pumping testing, as required to 
determine hydraulic conductivity.  

o Install nested piezometers to evaluate vertical gradients near the golf course well 

o Conduct groundwater modeling to understand capture zone and influences of golf course 
pumping on the shallow groundwater system.aquifer conditions. 

o Groundwater modeling results and related predictive tools are needed to optimize well 
locations for well installations and flow testing. 

o Spatial information on the distribution of the plume, particularly in the distal end of the 
plume will need to be collected. 

Comment [MS111]: Provide a clearly stated 
rationale for collecting additional samples of soil 
gas. 

Comment [MS112]: This draft CAP should focus 
on groundwater remediation, rather than predictive 
modeling of soil gas.  Indoor air samples are the 
ONLY way to truly know what the actual exposure 
is; models cannot predict what concentrations may 
be in which homes.  NDEP found large differences in 
adjacent homes.    

Comment [MS113]: YES, AGREED;  THESE DATA 
SHOULD BE COLLECTED IN THE AREA WHERE THE 
REMEDY WILL BE INSTALLED. 

Comment [MS114]:  As noted previously by the 
NDEP, reductive technologies and anaerobic 
biodegradation are very likely NOT FEASIBLE for this 
site, based on the geochemistry of shallow 
groundwater. 

Comment [MS115]: Describe what “various 
types of flow tests” are needed and why. 

Comment [MS116]: THIS IS THE FIRST  STEP IN 
EVALUATION OF THE IRRIGATION WELL. 

Comment [MS117]: Do you mean vertical K?  
Or propose nested piezometers (see next bullet). 
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• Additional Iindoor air data is are necessary to evaluate current residential conditions and evaluate 
efficacy of mitigation systems previously installed by NDEP    

o Indoor air sampling and subslab sampling are needed to to verify results from previous 
investigations and how representative they are ofdescribe current conditions at the Site 
and to establish a provide additional baseline data to assist in for monitoring the progress 
of remedial progressthe groundwater remediation.   

o Samples of outdoor ambient air will be collected during each round of indoor air sampling 

o Background sampling of indoor and outdoor air is needed to confirm the reliability of 
previous results and the representativeness of data to be collected at the Site. 

Additional information is also required for the baseline risk assessment in four risk areas denoted for the 
site including: source (APTC), Boulevard Mall, residential, and golf course.  Additional activities per area 
would include:  

• General overall data needs: site-specific soil physical characteristic data (soil fraction organic 
carbon, etc.), geologic data, background chemical concentration data, and data validation  

• Source area:  soil gas data, and groundwater data 

• Boulevard Mall:  soil gas data, indoor air data, and groundwater data 

• Residential Area: soil gas data, subslab data, indoor air (homes and schools) data, and 
groundwater data 

• Golf Course:  soil gas data, indoor air data (club house and maintenance building), and 
groundwater data (shallow and irrigation well). 

o Data quality needs to be verified for existing data and data critical to the project 
validated on an as needed basis. 

9.2  Bench-Scale and Pilot Testing 

Section 8, alternatives were assessed for their overall protection of human health; long-term and short-
term effectiveness; reduction in toxicity, mobility, and volume through treatment; implementability; and 
cost.  Based on preliminary evaluations of alternatives for the Site, bench-scale or pilot tests should be 
conducted to evaluate the potential of a corrective action to meet project needs.  Currently, the most 
promising technologies evaluated include chemical oxidation treatment, a ZVI PRB, AS/SVE, and 
enhanced bioremediation.  Bench tests for chemical treatment and enhanced bioremediation should be 
conducted to determine effectiveness and feasibility.  A column test simulating treatment by a ZVI PRB 
should also be conducted.  If bench-scale tests are successful, the results should be used to aid in design 
of pilot studies as needed.  A Pilot Study Work Plan will be developed detailing the requirements, 
objectives, layout, and schedules for the progression of tests to be used for further refining the selected 
alternative(s) for the Site.  The following provides details on bench scale testing and a speculative outline 
of what some of these pilot tests might include.   

In-Situ Chemical Treatment 

In situ chemical treatment via oxidation or reduction requires bench-scale testing.  In situ chemical 
oxidation or reduction requires bench-scale testing to determine the stochiometry for the chemical 
demand for the Site soil and groundwater, and the type of chemical and other additives that are suitable 
(See the CAP for Source Area Soil for a discussion for treatment of the PCE-contaminated soil at the 
location of the former APTC).  If bench-scale testing is successful, pilot testing is needed to evaluate the 
effectiveness of the chemical for remediating the contaminant to acceptable levels, and to obtain data for 
full-scale implementation evaluation including ROI, degradation byproducts, and persistence in the 

Comment [MS118]: NDEP has already 
requested that annual indoor air sampling be 
offered to residents in the affected area 

Comment [MS119]: Based on the  variability in 
concentrations below the slab (as documented in a 
number of studies), the NDEP chose to NOT collect 
subslab vapor samples.  Subslab sampling is very 
intrusive because it involves drilling holes through 
the floors. 

Comment [MS120]: Please specify the number 
of samples proposed. 

Comment [MS121]: This is the first mention of 
“four risk areas.”  (1) source area – this risk will be 
assessed in the report on the Soil CAP, (2) Boulevard 
Mall-is indoor air sampling planned?, (3) residential 
is the area of concern for NDEP, (4) Golf Course- 
what aspect of risk is envisioned? 

Comment [MS122]: Please provide specific 
details for existing and proposed data. 

Comment [MS123]: The NDEP suggests that 
pump & treat with reinjection and chemical 
oxidation were the most viable remedies for the 
site.  

Comment [MS124]: The geochemistry of 
shallow groundwater very likely precludes use of all 
remedies involving reductive degradation as viable 
options.  

Comment [MS125]: Please conduct the 
calculations needed to evaluate the potential 
feasibility of any/all reductive technologies 
described in this draft CAP, before any bench- or 
pilot-scale studies are proposed. 
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aquifer.  Data from post-pilot test monitoring will assist in determining whether periodic injections would be 
necessary following rebound. 

Chemical Treatment - Zero-Valent Iron 

Column bench-scale testing may be performed to evaluate the appropriateness of utilizing ZVI and dosing 
requirements.  Site groundwater would be pumped through a column of ZVI (combined with sand or 
gravel similar to how it will be applied in the PRB).  Samples of influent and effluent water would be 
collected to evaluate ZVI performance, and flow rates and TDS would be measured to determine if 
precipitation is occurring.  If the bench test shows a reduction of contaminant mass without significant 
clogging of the ZVI, a pilot test may be considered to evaluate emplacement methods.  

Air Sparging and Soil Vapor Extraction 

A pilot test would determine the effectiveness of AS and the ability of an SVE system to control the 
induced vapor plume.  The ROIs of the AS and SVE wells would be determined for full-scale implantation.  
In addition, the test would help predict influent PVE concentrations in order to develop appropriate air 
treatment strategies. 

Enhanced Bioremediation 

Two biotreatment approaches will be considered - these include bio-stimulation (the addition of carbon 
substrates) and bioaugmentation (the addition of specialized microorganisms).  Various carbon substrates 
are available that can be injected into the aquifer including emulsified vegetable oil, CAP-18, or other 
patentable products.  Bench-scale tests would be conducted to determine if biostimulation is feasible at 
the Site.  Specialized microorganism products are also available that may be needed to ensure that 
degradation occurs or degradation does not stall at cis-1,2-DCE stall.  Bench testing would determine if 
the concentrations of Site contaminants, high metals concentrations, or other site conditions (such as low 
pH or high sulfate) interfere with microbial dechlorination.  These tests also would determine if bio-
augmentation reduces the time for total destruction of the parent compound (PCE), would determine the 
kinetics of degradation, and would help estimate dosages and quantities required for a pilot test.  If bench-
scale testing is successful, pilot testing would be conducted to determine ROI and required injection 
frequency. 

9.3  Path Forward 

It is currently unclear how or whether prior schedule or scoping documents developed in collaboration 
with the NDEP will be relevant to the conceptual path forward anticipated in this document.  However, in 
recognition of an outlined Scope of Work originally dated July 26, 2010, but refined and redistributed by 
NDEP on October 5, 2010, the perceived process to effectively and efficiently advanceevaluate and 
implement corrective action evaluation and implementation is: 

 

Task Schedule

1. Propose a plan to fill data gaps and conduct bench-scale tests.  December 15, 2010. 

2. Fill data gaps, complete bench-scale testing, and conduct the 
baseline risk assessment. February 28, 2011. 

3. Report results of field sampling, bench-scale tests, and baseline 
risk assessment. April 15, 2011. 

4. Finalize the CAP for Groundwater. May 15, 2011. 

Comment [MS126]: Very likely not viable for 
this site.  Please consider the geochemistry of the 
groundwater, in particular the high concentrations 
of sulfate (as high as 3,700 mg/L, and averaging 
1,770 mg/L  as measured in 46 samples collected 
from the 33 monitoring wells installed for the 
investigation of the Maryland Square PCE SIte. 

Comment [MS127]: Please provide references 
for other similar sites where AS/SVE was effective to 
treat a PCE plume of this size.  Typically AS/SVE is 
used in the source area, but it is proposed here to 
treat only offsite groundwater (there being no data 
to support any other source area other than the 
former APTC). 

Comment [MS128]: Reductive technologies are 
very likely not viable for this site, due to the excess 
of electron acceptors (e.g., sulfate>3,000 ppm, free 
O2, nitrate, etc.) 

Comment [MS129]: The court order 
(Injunction) will be the controlling document, along 
with a consent decree (CD) and the ROD.



DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER 
MARYLAND SQUARE SHOPPING CENTERPCE SITE 

 

 

50 

5. Propose a Draft Groundwater Pilot Study Work Plan. May 15, 2011. 

6. Finalize the Groundwater Pilot Study Work Plan. 
Within 30 days of resolving 
comments with the NDEP. 

7. Complete pilot testing; maintain operation, as applicable.   
Within 120 days of approved 

Pilot Study Work Plan. 

8. Evaluate corrective actions and propose a remedy in a Corrective 
Action Report based on the results of both bench-scale and pilot 
testing. 

Within 75 days of completing 
pilot test(s). 

9. Summarize the evaluation process and selected corrective action 
in the Proposed Plan, and solicit public comment.   To be determined. 

10. Prepare and submit a remedial design/remedial action (RD/RA) 
plan.   To be determined. 

11. Upon approval of the RD/RA, implement the corrective action. To be determined. 

 

Schedule dates are subject to change based on NDEP concurrence and subsequent project 
developments.  
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APPENDIX A 

Auxiliary Tables 

A-1: Summary of Field Water Quality Measurements in Monitoring Wells 
(Table 4, URS 20054) 

A-2: Laboratory Analysis for Soil Samples collected on October 31, 1997 
(Fluor Daniel GTI) 

A-3 Major Ion Chemistry for Selected Shallow Wells in Las Vegas 
Valley, Nevada 
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APPENDIX B 

Boring Logs and Well Construction Diagrams 



DRAFT CORRECTIVE ACTION PLAN FOR GROUNDWATER 
MARYLAND SQUARE SHOPPING CENTERPCE SITE 

 

 

 

APPENDIX C 

Summary of Remedial Action Alternatives Costs for Groundwater 


