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EXECUTIVE SUMMARY 

This report presents the results of the Corrective Measures Study (CMS) conducted for 
Compliance Cleanup (CC) site CC-A05 located at U.S. Army Garrison Fort Belvoir (FTBL) located in 
southeastern Fairfax County, Virginia.   

CC-A05 is a road and grounds/land management storage area located in the South Post area of 
FTBL.  The southern (upper) portion of the site is relatively flat.  The northern portion of the site slopes 
steeply downward, with a drop of approximately 45 feet (ft) to a small flat area which is situated 
approximately 10 to 15 ft above Stream 4-1, a tributary to Accotink Bay.  Stream 4-1 receives 
groundwater from CC-A05 with elevated levels of contaminants, most notably, tetrachloroethene (PCE).  
The PCE was apparently released to the small flat area adjacent to the stream as a result of unauthorized 
dumping activities. 

Current and reasonably anticipated future land-use conditions were evaluated in the Phase II 
Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) via a human health risk 
screening that included current and future industrial use (FTBL workers and contractors), in addition to 
potential residential use.  Based upon the results of the risk ratio evaluation, there are no potential 
concerns for residential and industrial exposure to soil (surface and subsurface), sediment, and surface 
water.  The risk evaluation did reveal risk results for groundwater above the U.S. Environmental 
Protection Agency (US EPA) acceptable risk range of 10-6 to 10-4 due primarily to PCE (ECC et al., 2011).  
However, the risk evaluation considered exposure to groundwater as a tap water source, which is a 
conservative approach since groundwater is not used for tap water at FTBL.  Furthermore, the FTBL 
Master Plan indicates that CC-A05 is not suitable for development; therefore, construction in the vicinity 
of the PCE in groundwater at the north of CC-A05 is unlikely to occur. 

An ecological risk based screen concluded that complete pathways were found connecting 
surface soil, sediment, and surface water with ecological receptors.  PCE measured in sediment, and 
PCE and carbon disulfide measured in surface water exceeded screening values. 

After evaluation of both the human health risk evaluation and the ecological risk-based screen 
performed in the Phase II RFI for CC-A05 (ECC et al., 2011), the primary Contaminant of Interest (COI) 
for the site is PCE due to its high concentrations in groundwater and migration to surface water at 
concentrations posing unacceptable risk to ecological receptors.  Other COIs include carbon disulfide that 
also may pose unacceptable risk to ecological receptors in the stream, and trichloroethene (TCE), cis-1,2-
dichloroethene (DCE), and methylene chloride because they are present above maximum contaminant 
levels (MCLs) in groundwater.  Remediating groundwater at CC-A05 will reduce the flux of contaminated 
groundwater to surface water and restore the ecological habitat of the stream.  Table ES-1 presents the 
Remedial Goal Options (RGOs) for COIs for various media at CC-A05. 

As presented in Table ES-1, the MCLs are proposed as the RGOs for the COIs in the shallow 
aquifer at CC-A05.  To ensure that potential ecological receptors are adequately protected from contact 
with PCE and carbon disulfide contaminated groundwater from CC-A05, the following Corrective 
Measures Objectives (CMOs) are identified for the shallow aquifer: 

• Prevent PCE and carbon disulfide from impacting ecological receptors in Stream 4-1 at 
concentrations exceeding RGOs within 30 years; 

• Contain the volatile organic compound (VOC) solute plume, as defined by MCLs for PCE, 
TCE, cis-1,2-DCE, and methylene chloride, at the point of compliance within 30 years; and, 

• Prevent exposure via vapor intrusion in the unlikely event that a building is to be constructed 
over the plume. 
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Table ES-1 
Remedial Goal Options 

Contaminant 
of Interest 

Groundwater Surface Water Sediment 
Maximum 

Concentration 
(µg/L) 

MCL 
(µg/L) 

Maximum 
Concentration 

(µg/L) 

Cleanup 
Goal (BTAG) 

(µg/L) 

Maximum 
Concentration 

(mg/kg) 

Cleanup 
Goal (BTAG) 

(mg/kg) 
PCE 8,400 5 640 111 2.8 0.468 
TCE 89 5 NA NA NA NA 

Cis-1,2-DCE 110 70 NA NA NA NA 
Methylene 
Chloride 310 5 NA NA NA NA 

Carbon 
Disulfide 6,500 None 11 0.92 NA NA 

NA - Not a COI for specified media.     
August 2006 US EPA Region III BTAG value for freshwater.    

 

Groundwater technologies were screened, and a total of 11 technologies were evaluated for their 
applicability at the CC-A05 site, incorporated into 6 alternatives, as follows: 

Alternative 1 – No Action – The no action alternative (Alternative 1) does not remove, contain, 
or treat the COIs in the shallow aquifer, and does not monitor the PCE plume; therefore, future evaluation 
of the PCE plume will not be possible.  The timeframe until the cleanup goal for PCE of 111 micrograms 
per liter (µg/L) in the stream is met is estimated to be approximately 30 years. 

Alternative 2 – Soil Excavation Source Removal, Land Use Controls (LUCs), Long-Term 
Monitoring (LTM), and Monitored Natural Attenuation (MNA) – This alternative consists of the 
excavation of contaminated unsaturated and saturated soil from the area where PCE concentrations in 
groundwater were highest (>5,000 µg/L), LUCs for limiting potential exposure activities, LTM to evaluate 
the effects of remedial activities and site restoration progress, and MNA for plume perimeter PCE 
polishing.  The timeframe until the cleanup goal for PCE of 111 µg/L in the stream is met is estimated to 
be approximately 26 years.  The total present worth cost is estimated to be $4.8M. 

Alternative 3 – In Situ Enhanced Bioremediation (ISEB), LUCs, LTM, and MNA – This 
alternative consists of technologies which treat a 20,727 square feet (sq ft) portion of the aquifer “hot 
spot” where PCE concentrations are greater than 1,000 µg/L, using ISEB.  This technology is combined 
with LUCs for limiting potential exposure activities, LTM to evaluate the effects of remedial activities and 
site restoration progress, and MNA for plume perimeter PCE polishing.  The timeframe until the cleanup 
goal for PCE of 111 µg/L in the stream is met is estimated to be between 11 to 16 years.  The total 
present worth cost is estimated to be $2.2M.  

Alternative 4 – Proton Reduction (PtR), Bioaugmentation, LUCs, LTM, and MNA – This 
alternative consists of technologies which treat a 30,398 sq ft portion of the aquifer “hot spot” where PCE 
concentrations are greater than 1,000 µg/L, using PtR technology.  This technology is combined with 
LUCs for limiting potential exposure activities, LTM to evaluate the effects of CC-A05 remedial activities 
and site restoration progress, and MNA for plume perimeter PCE polishing.  The estimated timeframe 
until the cleanup goal for PCE of 111 µg/L in the stream is met is between 9 to 15 years.  The total 
present worth cost is estimated to be $2.3M. 

Alternative 5 – Permeable Reactive Barrier (PRB), Bioaugmentation, LUCs, LTM, and MNA 
consists primarily of a PRB for source interception and treatment, coupled with LUCs for limiting potential 
exposure activities, LTM to evaluate the effects of remedial activities and site restoration progress, and 
MNA for plume perimeter PCE polishing.  The estimated timeframe until the cleanup goal for PCE of 
111 µg/L in the stream is met is between 9 to 19 years.  The total present worth cost is estimated to be 
$2.8M. 
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Alternative 6 – In Situ Thermal Treatment (ISTT), Soil Vapor Extraction (SVE), LUCs, LTM, 
and MNA consists of in situ thermal heating coupled with SVE for source treatment of soil from the area 
where PCE concentrations in groundwater were highest (>5,000 µg/L), LUCs for limiting potential 
exposure activities, LTM to evaluate the effects of CC-A05 remedial activities and site restoration 
progress, and MNA for plume perimeter PCE polishing.  The estimated timeframe until the cleanup goal 
for PCE of 111 µg/L in the stream is met is between 8 to 19 years.  The total present worth cost is 
estimated to be $4.6M. 

The CMS remedial alternative recommendation for CC-A05 is Alternative 3 (ISEB) because it: 
a) includes treatment of the hot spot source, b) meets the objectives of containment of the groundwater 
plume at the point of compliance and prevention of migration of the COIs from impacting ecological 
receptors in Stream 4-1 within one of the shortest timeframes, c) is the most feasible alternative, and 
d) presents the lowest overall costs (see Table ES-1).  Although it does not treat carbon disulfide which 
was detected in grab samples during early characterization of the site, carbon disulfide has not been 
detected in groundwater from monitoring wells.    
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1.0 INTRODUCTION 

Shaw Environmental, Inc., a CB&I company, was tasked by the U.S. Army Corps of Engineers 
(USACE), Baltimore District to perform a Corrective Measures Study (CMS) at Compliance Cleanup (CC) 
site CC-A05 located at U.S. Army Garrison Fort Belvoir (FTBL) located in southeastern Fairfax County, 
Virginia (Figure 1-1), in accordance with contract No. W912DY-10-D-0014. 

This CMS report has been prepared in accordance with the U.S. Army Garrison FTBL Resource 
Conservation and Recovery Act (RCRA) Hazardous Waste Permit (VA7213720082) Module IV, issued by 
the Commonwealth of Virginia, Department of Environmental Quality (VDEQ).   

As described in the Phase II RCRA Facility Investigation (RFI) report (ECC et al., 2011), CC-A05 
is a road and grounds/land management storage area which is the reported site of an old debris landfill.  
The solid waste management unit (SWMU) is located in the South Post area of FTBL and consists of a 
relatively flat area in the southern (upper) portion of the site.  The northern portion of the site slopes 
steeply downward, with a drop of approximately 45 feet (ft) to a small flat area which is situated 
approximately 10 to 15 ft above an unnamed tributary to Accotink Bay (Figures 2-1 and 2-2).  The 
tributary receives groundwater from CC-A05 with elevated levels of contaminants, most notably, 
tetrachloroethene (PCE).  The PCE was apparently released to the small flat area adjacent to the stream 
as a result of unauthorized dumping activities.  Human health risk screening found that there are potential 
concerns for human exposure to groundwater if used as a tap water source.  Ecological risk screening 
found that PCE exceeds ecological screening criteria in surface water. 

1.1 CMS PURPOSE 

The purpose of this CMS is to fulfill the requirements of the RCRA corrective action process and 
meet U.S. Department of Defense (DoD) and Army requirements as specified in Defense Environmental 
Restoration Program (DERP) guidance documents (DoD, 2012; U.S. Army, 2004).  Specifically, as stated 
in the final RCRA corrective action plan (US EPA, 1994), the CMS shall “identify and evaluate potential 
remedial alternatives for the releases that have been identified at a facility.”  This CMS report builds on 
the results of the Phase I and Phase II RFIs performed at CC-A05.  The primary Contaminant of Interest 
(COI) for the site is PCE due to its high concentrations in groundwater and migration to surface water at 
concentrations posing unacceptable risk to ecological receptors.  Other COIs include carbon disulfide that 
also may pose unacceptable risk to ecological receptors in the stream, and trichloroethene (TCE), cis-1,2-
dichloroethene (DCE), and methylene chloride because they are present above maximum contaminant 
levels (MCLs) in groundwater.  

1.2 CMS APPROACH 

The following approach is utilized in this CMS report to meet the purpose stated above: 

• Discuss the current conditions, site history and previous investigations, site description, and 
summary of previous investigations.  This information was presented in detail in the Phase II 
RFI report for CC-A05 (ECC et al., 2011), and is summarized in Section 2.0 of this CMS. 

• List the corrective measures objectives (CMOs).  The CMOs for CC-A05 are established in 
Section 3.0 of this CMS. 

• Screen technologies that can be used to develop corrective measures alternatives (CMAs) 
and to meet the CMOs.  The technology screen is summarized in Section 4.0 of this CMS. 

• Develop the CMAs.  Based on the technology screen and the data collection, the feasible 
technologies are arranged into CMAs presented in Section 5.0. 

• Perform a detailed evaluation of the CMAs and provide recommendations.  Evaluations and 
recommendations are outlined in Section 6.0. 
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2.0 SITE BACKGROUND 

2.1 FORT BELVOIR SITE DESCRIPTION AND HISTORY 

The U.S. Army Garrison FTBL is located in southeastern Fairfax County, Virginia, approximately 
15 miles southwest of Washington, D.C.  FTBL’s military history dates to the early 1900s, when the facility 
was known as Camp Belvoir and used as an Army rifle range and training camp.  The post was re-named 
Fort Humphreys in 1922, and became Fort Belvoir in 1935.  Since 1935, FTBL has supported major U.S. 
military operations throughout the world. 

The Main Post of FTBL consists of approximately 8,200 acres situated between I-95 and the 
Potomac River.  An additional 800-acre Parcel, known as the Fort Belvoir North Area (FBNA), is located 
west of I-95.  The Main Post is situated between I-95 and Pohick Bay and Gunston Cove on the Potomac 
River.  U.S. Route 1 divides the Main Post into two distinct geographical areas, referred to as North Post 
and South Post (Figure 2-1). 

FTBL’s primary function has been as an administrative and logistics support center for the Army 
and as a host for over 100 tenant organizations from various government branches (including all 
branches of the armed services).  It currently employs more than 39,000 civilian and military personnel 
with a proposed increase to 42,000 by the end of 2012, and provides support services for over 200,000 
military personnel, dependents, and retirees in the region.  

2.2 CC-A05 SITE DESCRIPTION 

CC-A05 is a road and grounds/land management storage area located in the South Post area of 
FTBL approximately 300 ft west of Theote Road and 400 ft north of 16th Street.  It consists of a relatively 
flat area in the southern (upper) portion of the site.  The northern portion of the site slopes steeply 
downward, with a drop of approximately 45 ft to a small flat area which is situated approximately 10 to 15 
ft above an unnamed tributary to Accotink Bay (Figure 2-2).  The tributary (Stream 4-1) receives 
groundwater discharge from CC-A05.   

CC-A05 is bounded by Stream 4-1 to the north, by the grounds/land management yard fence on 
the east and west sides, and by a paved storage area and 16th Street to the south (Figure 2-2). 

2.3 CC-A05 SITE HISTORY AND OPERATIONS 

CC-A05 was identified as a SWMU during the 1998 RCRA Facility Assessment (RFA) conducted 
by AT Kearney.  During the RFA, several 30-gallon containers marked T502RE99 were observed at the 
site, though the facility representative was unable to identify the material.  The material was reportedly 
managed in place or disposed of in the Theote Road Debris Landfill (SWMU A-02), a VDEQ permitted 
landfill.   

The RFA identified CC-A05 as a road and grounds/land management storage area which is the 
reported site of an old debris landfill.  The approximate 2-acre area in the south was used for storing 
discarded construction materials, abandoned equipment, discarded drums, old fuel oil tanks, and 
dumpsters with assorted debris.  The ground within the storage yard was surfaced with a combination of 
concrete aprons, asphalt, and loose gravel and dirt.  Drainage from the site was to the northwest towards 
Stream 4-1.   

Aerial photographs taken at two-year intervals from 1968 and 1992 did not indicate evidence of 
landfill activity.  A wide variety of construction debris including drums, paints cans, tires, and construction 
waste have been observed in ravines in the northwest part of the site.  Previous studies and 
investigations conducted at CC-A05 are discussed in Section 2.6. 

2.4 SITE SOIL 

The Natural Resource Conservation Service (NRCS, formerly the Soil Conservation Service) 
surveyed FTBL Main Post soils in 1982.  The NRCS soil survey described and delineated 19 named soil 
series within FTBL.  The survey data have been incorporated into the FTBL Geographic Information 
System.  In addition to the 19 named soil series, there are areas of mixed waterborne sediments 
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(Entisols) and tidal marsh (Histosols) that are not sufficiently defined to be classified as series (Horne, 
2001).   

Of the area included in the survey, 1,898 acres are described as urban built-up, and 587 acres 
are cut and fill.  The urban, built-up unit includes primarily ridgetop or other well-drained, flatter areas that 
have been disturbed minimally to drastically by construction and development over the years.  Areas 
within the urban, built-up units that are not under buildings or pavement are vegetated, and soil fertility is 
maintained by fertilizer application and landscaping.  The cut-landfill unit consists of areas where soil 
material has been removed (cut) and non-native material placed into low areas (fill) in order to level/lower 
slopes, facilitating construction activities.  Fill material is generally of unknown source but is likely to be 
material selected for high structural stability following placement.  Figure 2-3 (Soils of FTBL) depicts the 
distribution of soil types mapped within CC-A05, and Table 2-1 lists three distinct soil types, including 
dumfries, mattapex, and urban. 

For each soil type present at CC-A05, Table 2-1 provides soil name; drainage and problem 
classes; whether they are highly erodible or subject to flooding; and foundation support rating.  The 
problem class ranks the installation’s soils with respect to the degree of difficulty they present in building 
site development, including the construction of buildings with and without basements; local roads and 
streets; shallow excavations; small commercial buildings; and lawns and landscaping.  Soils classified as 
problem class A are severe and present significant, unfavorable constraints to development and require 
substantial design work, increased construction costs, and increased maintenance work, with lesser 
problems associated with classes B and C in that order.   

Table 2-1 
Soil Types Mapped within CC-A05 

Soil Name 
(series-phase) 

Drainage 
Class 

Problem 
Class 

Highly 
Erodible Flooding Foundation 

Support 
Dumfries sandy WD A No No Generally 

stable west 
of I-95; 

Matapeake silt 
loam 

WD C Yes No Generally 
favorable 

Urban N/A Not Rated No N/A Suitable 
WD = well-drained 

 
The soils at CC-A05 are well drained and highly erodible which has been confirmed during the 

Visual Site Inspection (VSI) conducted by Tetra Tech in 2005, which is discussed in detail in Section 2.6.  
Severe erosion has occurred at the steeper portions of CC-A05.  

2.5 SITE GEOLOGY 

Fairfax County is divided into two physiographic provinces: the Coastal Plain and the Piedmont 
Plateau (Hobson, 1996).  The fall line, which runs north to south through Virginia, crosses Fairfax County 
and forms the boundary between the resistant, metamorphic rocks of the Piedmont and the softer, 
sedimentary rocks of the Coastal Plain (Terwilliger, 1991). 

FTBL’s Main Post lies below the fall line within the high and low Coastal Plain Terraces of the 
Coastal Plain Physiographic Province, which are two of the five Fairfax County province subsections.  
There are several geologic formations associated with the Coastal Plain Physiographic Province, 
including the Potomac Formation, Bacons Castle Formation, Shirley Formation, and Alluvium and 
Pliocene sand and gravel (Hobson, 1996).  The Potomac Formation outcrops along the slopes leading 
down to the Potomac River shoreline on the Main Post. 

The Coastal Plain Physiographic Province consists of unconsolidated sand, silt, and clay 
underlain by residual soil and weathered crystalline rocks.  Most of the Coastal Plain Physiographic 
Province deposits in the FTBL area consist of a sequence of unconsolidated sediments that belong to the 
Potomac Group (Hobson, 1996).  The Potomac Group is characterized by lens-shaped deposits of 
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interbedded sand, silt, clay, and gravel, primarily of non-marine origin.  The Potomac Group is 
approximately 600 ft thick beneath most of FTBL (Law Engineering and Environmental Services, 1995, as 
cited in U.S. Army, 2001). 

FTBL’s uplands are underlain by sands, silts, and clays of riverine origin.  Uplands underlain by 
sands and silts tend to be more stable than those underlain by clays.  Uplands that are underlain by 
clayey soils form undulating and rolling hills where the dominant land-forming process is mass wasting, 
which includes downhill creep, landslides, slumping, and rockfalls.  Lowlands and valley bottoms are 
typically underlain with sediments deposited by moving water (Horne, 2001).  The dominant land-forming 
process in these lower areas is active riverine erosion and deposition during overbank flooding.  Surface 
drainage is commonly poor due to the shallow water table.  Drainage usually occurs as surface runoff, 
with runoff greatest on the steeper slopes.  The extent of runoff increases with construction activity and 
the removal of vegetation, which in turn increases the rate of erosion and the probability of creep and 
slumping. 

Soil borings advanced during previous investigations at CC-A05 consisted of unconsolidated 
sediments of the Coastal Plain physiographic province.  Sediments extended beyond 40 ft below ground 
surface (bgs) in the upper portion of CC-A05 (borings in the lower portion reached 16 to 18 ft bgs and 
encountered similar lithology).  No saprolitic material was observed in any soil borings.  The subsurface in 
both the upper and lower areas of the site generally consisted of silty clay to sandy clay from the surface 
to a maximum of 10 ft bgs underlain by fine to medium sand with lenses of silty clay. 

2.6 SITE SURFACE WATER HYDROLOGY 

Stream 4-1 is a perennial stream which flows east to west, originating at a discharge pipe located 
to the east of the SWMU and terminating at Accotink Bay.  Stream 4-1 is shallow and fast moving, 
especially during periods of storm flow.  The stream accepts surface water runoff from a large paved 
area, and the volume of storm runoff has caused significant erosion of the stream banks.  Thus, fine-
grained material is regularly flushed from the stream during storm events.  The fast-moving nature of the 
stream during rain events likely encourages volatilization of contaminants within the sediment. 

The stream is not used as a source of drinking water and is also not considered to be viable 
aquatic habitat.  The discharge pipe upstream represents a potential contributor or contamination, and 
severe flow conditions do not allow for the development of viable habitat (ECC et al., 2011). 

2.7 SITE HYDROGEOLOGY 

FTBL is located near the northeastern-trending physiographic boundary known as the Fall Line 
that separates the eastern edge of the Appalachian Piedmont Upland Province and the western edge of 
the Atlantic Coastal Plain Province (IT Corporation, 1990).  The Piedmont Province consists primarily of 
Precambrian metamorphic and Cambrian igneous rock formations, whereas the Coastal Plain is 
characterized by softer sedimentary formations. 

Drainage usually occurs as surface runoff, with runoff greatest on the steeper slopes.  Limited 
extent water bearing aquifers have been detected at various locations at FTBL (AT Kearney, 1988).  The 
perched aquifers vary greatly in size and distribution due to more permeable localized lithology.  The 
groundwater flow patterns for these localized unconfined perched aquifers (when present) are expected 
to generally follow surface water drainage.   

FTBL is underlain by three subsurface aquifers: Lower Potomac, Middle Potomac, and Bacons 
Castle Formation.  These three aquifers are within the Potomac Group and consist of unconsolidated 
sediments characteristic of the Coastal Plain.  The Lower Potomac aquifer, the primary aquifer in eastern 
Fairfax County, contains potable water below FTBL.  This aquifer is approximately 100 ft thick and is 
located approximately 100 ft deep in the FTBL Area (AT Kearney, 1988).  The aquifer lies between a 
layer of crystalline bedrock and a clay wedge containing sandy clays and interbedded layers of sand.  
The aquifer is recharged by surface infiltration north and west of FTBL and regional flow is to the 
southeast.   

The Middle Potomac aquifer consists of interbedded lenses of differing thicknesses of sand, silt, 
and clay, but its confining unit is not present in the vicinity of FTBL.  The Bacons Castle Formation is the 
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shallowest aquifer of the three.  It receives recharge from and discharges to surface water bodies on the 
installation.   

Based on regional hydrogeology information and the data obtained from the Phase II RFI 
investigation, the water table aquifer at the site is likely a laterally extensive perched aquifer.  The primary 
drinking water aquifer in eastern Fairfax County is the Lower Potomac aquifer.  This aquifer is 
approximately 100 ft thick and is located approximately 100 ft deep in area of A-05 (AT Kearney, 1988).  
Based on this information, it is estimated that approximately 65 ft of silty clay separates the shallow water 
table aquifer and the deeper potable aquifer (ECC et al., 2011). 

The water table aquifer underlying CC-A05 is classified as a Class IIb aquifer under the U.S. 
Environmental Protection Agency (US EPA) groundwater classification system.  A Class IIb aquifer is 
defined as a potential source of drinking water having a total dissolved solids (TDS) content less than 
10,000 milligrams per liter (mg/L) (based on the sampling results from A05-MW02 with TDS less than 
100 mg/L) and a minimum yield of 150 gallons per day.  Based on pumping rates used for well 
development during the Phase II RFI (approximately 0.25 gallons per minute), this aquifer is capable of 
producing at least 150 gallons per day without drawdown.  However, it is not currently used as a drinking 
water source, resulting in a Class IIb designation under the US EPA system.  The State of Virginia does 
not have a separate groundwater classification system. 

During the Phase I RFI, groundwater was encountered at approximately 11 to 40 ft bgs.  Based 
on the groundwater elevations observed during this study, groundwater flows in a northwesterly direction 
towards Stream 4-1.  Groundwater elevations ranged from 60 to 110 ft above mean sea level (amsl).  
Lower groundwater elevations (approximately 60 ft amsl) were observed in A05-MW02 and A05-MW03 
(Figure 2-4) in the northern portion of the site where the ground surface slopes steeply towards 
Stream 4-1.  In the southern portion of the site, which is relatively flat, the observed groundwater 
elevation was approximately 85-90 ft amsl.  The observed groundwater level was significantly higher in 
A05-MW05 and A05-MW06 (105-110 ft amsl).  The variability between these latter two wells and the rest 
of the wells in the southern portion of the site suggests that MW-05 and MW-06 encounter perched water.   

2.8 PREVIOUS INVESTIGATIONS 

Five previous studies and/or investigations have been conducted at the site, which all referred to 
CC-A05 as SWMU A-05.  In 1998, AT Kearney conducted an RFA at the site to evaluate releases of 
hazardous waste or hazardous waste constituents and to implement corrective actions, as necessary.  A 
SWMU Study was conducted in 1992 by CH2M HILL.  A VSI Report for the Main Post was conducted by 
Tetra Tech in 2008.  The VSI indicated that environmental investigations were warranted for SWMU A-05, 
and FTBL conducted a Phase I RFI at the site in 2009.  As a result of the Phase I RFI recommendations, 
a Phase II RFI was conducted by ECC, EA Engineering, Science and Technology, Inc. and Tidewater, 
Inc. in 2011. 

2.8.1 RCRA Facility Assessment, AT Kearney, 1988 

In 1988, US EPA contracted AT Kearney to perform a Phase II RFA at FTBL.  This facility 
assessment identified 202 SWMUs at FTBL Main Post and FBNA.  SWMU A-05 was described in the 
draft RFA as an area approximately 2 acres in size, used for storing discarded construction materials, 
abandoned oil storage tanks, abandoned machinery, old fuel tanks, 55-gallon drums, and other 
miscellaneous containers.  The RFA identified site A-05 as being a SWMU, which can be defined as any 
discernible waste management unit at a RCRA facility from which hazardous constituents might migrate, 
regardless of whether the unit was intended for the management of solid and/or hazardous waste (CH2M 
HILL, 1992).  Results of the RFA determined that further investigation of CC-A05 was warranted.  

2.8.2 Solid Waste Management Unit Study, CH2M Hill, 1992 

Because FTBL is an “interim status” RCRA facility, it is subject to the corrective action program.  
CH2M HILL was tasked to conduct a study to identify SWMUs and to review the draft RFA prepared by 
US EPA Region III.  The main objective of the SWMU Study was to review and verify the information 
provided in the RFA SWMU descriptions, conduct a site visit to each of the SWMUs, and make 
preliminary determinations about the need for further action, including additional sampling, the need for 
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an RFI, or source/contaminant removal.  The CH2M HILL study resulted in the addition of 24 newly 
identified SWMUs, bringing the total number of SWMUs at FTBL to 248. 

During the site visit, the description of SWMU A-05 in draft RFA was confirmed.  Discarded 
construction materials, abandoned machinery, old fuel tanks, two empty 55-gallon drums, and other 
miscellaneous containers were observed during the site visit.  The only items not identified during the site 
visit that were described in the draft RFA were the abandoned oil storage tanks.  Additional items were 
identified during the site visit, including appliances (white goods), air conditioners, tree stumps, and 
approximately 100 tires were found.  

The small unlined landfill, approximately 500 square feet (sq ft) in the northeastern part of the 
area and identified in the draft RFA, had been filled with gravel and dirt and graded at the time of the site 
visit.  An RFI was recommended at SWMU A-05 as a result of site conditions, the presence of hazardous 
constituents, and a documented release. 

2.8.3 Visual Site Inspection Report, SWMU Main Post, Tetra Tech, 2008 

A VSI was conducted by Tetra Tech in 2005 to determine current conditions at SWMUs on the 
Main Post.  A site inspection team prepared a site description of each SWMU by reviewing historical 
documentation, identifying site features, past use, known releases, previous studies, and chemicals of 
concern.  This information was reviewed and a summary of recommendations was developed for each 
SWMU.   

The inspection of SWMU A-05 generally corroborated those reported in the CH2M HILL SWMU 
Study in 1992.  The VSI identified the unnamed stream (Stream 4-1) north of the site which originates at a 
discharge pipe east of the site and leads to Accotink Bay.  The steep slope north of the stream supports 
mature deciduous forest.  Rubble observed during the VSI extended into the stream and the discharge 
pipe appeared to carry stormwater from a developed area to the east.  Small, light-industrial buildings 
were located east and south of the site.  An area of forest, mowed lawn, and small buildings used as a 
dog training area was located to the west of A-05. 

The yard was actively being used with substantial amounts of concrete and asphalt rubble and 
other construction materials stored on concrete aprons, gravel areas, and bare soil.  The north edge of 
the site is a steep, eroding slope with much embedded concrete and asphalt rubble.  Scattered debris, 
included empty rusted drums, was observed on the slope.  The VSI recommended that further 
environmental investigations were warranted for SWMU A-05. 

2.8.4 Phase I RCRA Facility Investigation Report, EA Engineering, 2009 

Based on previous investigations, FTBL conducted a Phase I RFI at SWMU A-05 in 2009.  The 
Phase I RFI activities included the collection of soil, groundwater, surface water, and sediment samples. 

Soil samples were collected and analyzed for volatile organic compounds (VOCs), semivolatile 
organic compounds (SVOCs), target analyte list (TAL), and pesticides.  Metal detections in soil samples 
exceeded the US EPA Region III residential Regional Screening Levels (RSLs).  The concentrations 
detected were less than either the industrial RSLs or FTBL background concentrations compiled from 
samples collected throughout the Installation as part of the RCRA Site Closure Program (Tetra 
Tech, 2009).  Three SVOCs were detected in soil boring samples at concentrations above residential 
RSLs, but below industrial RSLs.  No VOCs or pesticide detections exceeded RSLs in the soil samples.  
The Phase I RFI concluded that none of the analyte detections in soil borings required further 
investigation. 

Seven monitoring wells were to be sampled during the Phase I RFI; however, three of the wells 
were dry during the sampling event.  Therefore, four groundwater samples were collected from monitoring 
wells A05-MW2, A05-MW3, A05-MW5, and A05-MW6, and analyzed for VOCs, SVOCs, dissolved metals 
and pesticides.  Some metals, VOCs, and pesticides were detected at concentrations exceeding the tap 
water RSLs but not MCLs in groundwater.  Compounds that did exceed the MCLs included thallium, PCE, 
TCE, and heptachlor epoxide.  Results indicated that the primary COIs in groundwater are PCE and TCE, 
while pesticides also warranted further investigation.   
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Three sediment samples were collected and analyzed for VOCs, SVOCs, TAL metals, and 
pesticides.  Sediment sample results indicated that arsenic was detected at concentrations above the 
industrial RSL, but below FTBL background levels.  No additional metals, VOCs, SVOCs, or pesticides 
were detected in sediment samples above the corresponding RSLs. 

Two surface water samples, which were co-located with the sediment samples, were collected 
and analyzed for VOCs, SVOCs, dissolved metals, and pesticides.  Surface water results indicated that 
arsenic was detected above the tap water RSL, but below the MCL.  Antimony was detected at a 
concentration greater than the MCL at one location, but the Phase I RFI concluded that the occurrence 
was isolated and had not impacted the surrounding area.  SVOCs and pesticides were detected in 
surface water samples above RSLs, but below MCLs.  No VOC detections in surface water exceeded 
RSLs or MCLs.  

The Phase I RFI revealed impacts to soil, groundwater, surface water, and sediment at the 
SWMU (Tetra Tech, 2009).  Based on the analytes and concentrations detected during the Phase I RFI, a 
Phase II RFI was recommended and approved by US EPA and VDEQ. 

2.8.5 Phase II RCRA Facility Investigation Report, ECC/EA/Tidewater, 2011 

The Phase II RFI at SWMU A-05 was designed to assess the nature and extent of PCE and TCE 
in groundwater, assess potential source areas (in soil) for the elevated PCE concentrations in 
groundwater, assess surface media and groundwater for pesticides, and characterize the potential risk to 
human health and the environment.   

As part of the Phase II RFI, a soil gas survey was conducted in addition to groundwater samples, 
surface and subsurface soil, sediment, and surface water sample collection.  Sample locations were 
collected based on known site conditions and previous sampling results to address data gaps and provide 
sufficient information to characterize potential risk to human health and the environment.   

Because there are no structures on the site, the soil gas survey was not conducted for vapor 
intrusion rather as a screening tool to indicate potential areas of interest for the direct push boring 
investigation.  Nine soil gas samples were collected and analyzed for PCE, TCE, 1,1-DCE, cis-1,2-DCE, 
trans-1,2-DCE, and vinyl chloride (VC).  PCE, TCE, and cis-1,2-DCE were detected in the soil gas 
samples with PCE being detected at the highest concentrations, which ranged from 5.9 to 860 parts per 
billion by volume (ppbv).  TCE concentrations ranged from 0.064 to 0.25 ppbv and cis-1,2-DCE 
concentrations ranged from 0.085 to 0.37 ppbv. 

Twelve subsurface soil samples were collected from direct push borings and were analyzed for 
VOCs.  PCE was detected at six subsurface soil sample locations, at concentrations ranging from 6.8 to 
3,100 micrograms per kilogram (µg/kg).  No other VOCs were detected above screening levels. 

Groundwater sampling for the Phase II RFI was performed via direct push borings and monitoring 
wells.  Groundwater samples from monitoring wells were analyzed for pesticides and VOCs and samples 
from direct push borings were analyzed for VOCs only.  Pesticides (4,4-DDD, 4,4-DDT, endosulfan II, 
heptachlor, and 4,4-DDT) were detected in groundwater samples from direct push methods that 
exceeded screening criteria.  VOCs that exceeded the screening criteria in groundwater include PCE, 
1,1,2,2-tetrachloroethane, and methyl tert butyl ether (MTBE).  Pesticides were detected at only one 
direct push boring location in the lower (northern) portion of the site.  Three pesticides, alpha-chlordane, 
chlordane, and gamma-chlordane, were detected at low levels and at all three sample depths at that 
location.  Chlordane was the only pesticide to exceed the RSL of 0.19 micrograms per liter (µg/L) with a 
concentration range of 0.44 to 0.84 µg/L.  The detected concentrations did not exceed the MCL for this 
compound of 2 µg/L.   

VOCs were detected in groundwater samples from monitoring wells from the upper portion and 
lower portion of the site, with PCE being the primary VOC detected at concentrations from 0.16 to 8,400 
µg/L.  One detection of 1,1,2,2-tetrachloroethane was detected at concentrations exceeding the RSL of 
0.0067 µg/L.  Additional VOCs detected above RSL include chloroform, carbon disulfide, and MTBE.  
VOCs detected above both the RSL and MCL include cis-1,2-DCE, methylene chloride, and TCE.  VOCs 
detected below screening criteria include 2-butanone, 2-hexanone, acetone, carbon disulfide, and 
methylene chloride. 
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Six surface soil samples were collected and analyzed for pesticides.  A total of 20 pesticides were 
detected in surface soil samples with no compounds exceeding human health screening levels.  Dieldrin 
was detected above the Ecological Soil Screening Level of 4.9 µg/kg at four locations. 

Three separate rounds of sediment sampling were conducted during the Phase II RFI.  The first 
round of sediment sampling included the collection of four samples in September 2010.  Two samples 
were analyzed for VOCs and two samples were analyzed for pesticides.  A total of 17 pesticide 
compounds were detected in the first round of sediment sampling; none exceeded human health 
screening criteria.  Twelve compounds were detected above ecological screening criteria, including: 
4,4-DDD, 4,4-DDE, 4,4-DDT, alpha-chlordane, chlordane, delta-BHC, dieldrin, endrin, endrin ketone, 
gamma-BHC, gamma-chlordane, and heptachlor.  Five VOCs were detected in sediment samples; 
however, no detections exceeded human health screening criteria.  PCE exceeded the ecological 
screening value (468 µg/kg) at a concentration of 3,400 µg/kg at one sediment sample location. 

The second round of sediment sampling consisted of the collection of eight sediment samples in 
October 2010, which were analyzed for VOCs only.  Five compounds were each detected in at least one 
sample, with PCE detected in seven of the eight samples at concentrations ranging from 49 to 2,800 
µg/kg.  PCE exceeded the ecological screening level of 468 µg/kg in three samples.  No other 
compounds exceeded ecological screening levels.   

Six sediment samples were collected during the third round of sediment sampling, which was 
conducted in November 2010.  Five compounds were each detected in at least one sample.  PCE was 
detected in five of the six sediment samples with concentrations ranging from 71 to 1,600 µg/kg.  PCE 
exceeded the ecological screening criteria of 468 µg/kg at one location.   

Surface water samples were collected in four rounds during the Phase II RFI.  The first round of 
surface water samples was collected in September 2010 for pesticides, total and dissolved metals, and 
VOCs (in two samples).  There were no metals exceeding human health criteria, although three metals 
(aluminum, barium, and manganese) did exceed ecological screening criteria.  Two VOCs (carbon 
disulfide and PCE) were reported above ecological screening criteria with PCE also exceeding the health 
screening level of 33 µg/L in both samples. 

A total of 14 surface water samples were collected during the second and third rounds of surface 
water sampling conducted in October and November 2010.  PCE was detected at concentrations ranging 
from 98 to 640 µg/L, which exceeded the human health screening level of 33 µg/L and the ecological 
screening level of 111 µg/L. 

The fourth round of surface water samples consisted of the sampling of downstream samples 
conducted in April 2011, which were analyzed for VOCs only.  Seven compounds were each detected in 
surface water samples.  PCE was detected in all samples at concentrations ranging from 9.3 to 250 µg/L.  
PCE concentrations were highest in the surface water sample that was collected the furthest upstream, 
and decreased with each downstream sample.  PCE exceeded the human health screening level of 
33 µg/L at three of the five locations and the ecological screening level of 111 µg/L at one sample 
location. 

The conclusions and recommendations from the Phase II RFI are as follows: 

• Pesticides detected in SWMU A-05 surface media appear to be related to previous 
widespread use of pesticides at FTBL, rather than any specific release or storage at 
SWMU A-05.  Therefore, no actions are recommended to address pesticides at SWMU A-05. 

• PCE was detected at elevated levels in groundwater, subsurface soil, and surface water. 

• VOCs in groundwater, particularly PCE, represent potential risk to human health, if evaluated 
as a tap water source (it should be noted that groundwater from the shallow/perched aquifer 
at SWMU A-05 is not used as a drinking water source). 

• PCE in sediment and surface water exceeds ecological screening criteria. 
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• The area of the greatest PCE impacts is groundwater in the lower (northern) portion of the 
site, with concentrations as high as 8,400 µg/L.  The PCE in sediment and surface water 
above the ecological risk screening criteria are related to the groundwater impacts observed. 

• PCE impacts to groundwater in the upper (southern) portion of the site were much lower 
(130 µg/L or less).  The detections in the upper portion of the site are believed to be separate 
from PCE impacts in groundwater in the lower portion of the site and will be further 
investigated as SWMU MP-2. 

Based on the results of the Phase II RFI and the human health and ecological risk screening, a 
CMS study was recommended to address PCE and other chemicals contributing to risk in groundwater at 
SWMU A-05.  
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3.0 DEVELOPMENT OF CORRECTIVE MEASURES OBJECTIVES 

This chapter develops the CMOs for contaminated groundwater at CC-A05.  CMOs are media-
specific cleanup objectives that are developed during the CMS to protect human health and the 
environment.  CMOs consist of site-specific, media-specific, and location-specific goals for protecting 
human health and the environment based upon consideration of risk-based Remedial Goal Options 
(RGOs) and pertinent regulations.  CMOs facilitate consideration of all practicable remedial alternatives, 
and specify the following: 

• Relevant exposure route(s) and receptor(s);  

• COIs to be addressed; and, 

• Chemical concentration limits specific to COIs, environmental media, and specific locations at 
the site, referred to as risk-based RGOs. 

The following sections discuss regulations and RGOs for groundwater at CC-A05 and present the 
resultant CMOs.  These CMOs provide the basis for identification, detailed analysis, and selection of 
corrective action alternatives. 

3.1 RCRA PERFORMANCE STANDARDS 

Pertinent groundwater regulations identified for contaminated groundwater at CC-A05 include 
drinking water regulations and health advisories as directed by 61 Federal Regulation 19432, also known 
as “Subpart S” (US EPA, 1996), portions of RCRA regulations, and state primary drinking water 
regulations as amended June 7, 2004.  Virginia water quality standards for groundwater are the MCLs 
given in the state primary drinking water regulations.  Although groundwater at CC-A05 is not a drinking 
water source, nor is it likely to be, MCLs will be considered as RGOs for any groundwater remedial 
actions (Virginia Anti-Degradation Policy, Section 9VAC25-280-30). 
3.2 RECEPTORS AND CHEMICALS OF INTEREST 

Current and reasonably anticipated future land-use conditions were evaluated in the Phase II RFI 
via a human health risk screening that included current and future industrial use (FTBL workers and 
contractors), in addition to potential residential use.  Based upon the results of the risk ratio evaluation, 
there are no potential concerns for residential and industrial exposure to soil (surface and subsurface), 
sediment, and surface water.  The risk evaluation did reveal risk results for groundwater above the 
US EPA acceptable risk range of 10-6 to 10-4 due primarily to PCE (ECC et al., 2011).  However, the risk 
evaluation considered exposure to groundwater as a tap water source, which is a conservative approach 
since groundwater is not used for tap water at FTBL.  Furthermore, the FTBL Master Plan indicates that 
CC-A05 is not suitable for development; therefore, construction in the vicinity of the PCE in groundwater 
at the north of CC-A05 is unlikely to occur. 

An ecological risk based screen concluded that complete pathways were found connecting 
surface soil, sediment and surface water with ecological receptors.  Pesticides were found at 
concentrations exceeding screening values in all media (surface soil, sediment, and surface water).  
However, these risks appear to not be site-specific, but a result of historical use of pesticides at FTBL 
based upon detections at upgradient sample locations and consistent detections in surface soil across the 
SWMU.  PCE measured in sediment, and PCE and carbon disulfide measured in surface water exceeded 
screening values. 

After evaluation of both the human health risk evaluation and the ecological risk-based screen 
performed in the Phase II RFI for CC-A05 (ECC et al., 2011), the primary COI for the site is PCE due to 
its high concentrations in groundwater and migration to surface water at concentrations posing 
unacceptable risk to ecological receptors.  Other COIs include carbon disulfide that also may pose 
unacceptable risk to ecological receptors in the stream, and TCE, cis-1,2-DCE, and methylene chloride 
because they are present above MCLs in groundwater.  Remediating groundwater at CC-A05 will reduce 
the flux of contaminated groundwater to surface water and restore the ecological habitat of the stream.  
Table 3-1 presents the RGOs for COIs for various media at CC-A05. 
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Table 3-1 
Remedial Goal Options 

Contaminant 
of Interest 

Groundwater Surface Water Sediment 
Maximum 

Concentration 
(µg/L) 

MCL 
(µg/L) 

Maximum 
Concentration 

(µg/L) 

Cleanup 
Goal (BTAG) 

(µg/L) 

Maximum 
Concentration 

(mg/kg) 

Cleanup 
Goal (BTAG) 

(mg/kg) 
PCE 8,400 5 640 111 2.8 0.468 
TCE 89 5 NA NA NA NA 

Cis-1,2-DCE 110 70 NA NA NA NA 
Methylene 
Chloride 310 5 NA NA NA NA 

Carbon 
Disulfide 6,500 None 11 0.92 NA NA 

NA - Not a COI for specified media.     
August 2006 US EPA Region III BTAG value for freshwater.    

 

3.2.1 Point of Compliance 

Under RCRA, the point of compliance concept provides a distinct boundary where specified 
levels of groundwater quality must be achieved.  The point of compliance, as described in 40 CFR 
264.95(a), is a “vertical surface located at the hydraulically downgradient limit of the waste management 
area that extends down into the uppermost aquifer underlying the regulated units.” 

As shown on Figure 2-2, the hydraulically downgradient limit of CC-A05 is defined by Stream 4-1.  
This provides a reasonable point of compliance that is attainable and also aligns with goals to reduce the 
flux of PCE from groundwater into Stream 4-1. 

3.2.2 Corrective Measures Objectives for Groundwater 

As presented in Table 3-1, the MCLs are proposed as the RGOs for the COIs in the shallow 
aquifer at CC-A05.  As shown on Figure 2-2, the extent of PCE contamination in the shallow aquifer 
extends downgradient to the stream where PCE-contaminated groundwater is discharging to surface 
water.  PCE was detected at concentrations up to 640 µg/L near the groundwater discharge point, 
declining to 9.3 µg/L as the stream reaches Accotink Bay.  Carbon disulfide was detected in surface water 
at concentrations up to 11 µg/L, rapidly declining to non-detect downstream.  To ensure that potential 
ecological receptors are adequately protected from contact with PCE and carbon disulfide contaminated 
groundwater from CC-A05, the following CMOs are identified for the shallow aquifer: 

• Prevent PCE and carbon disulfide from impacting ecological receptors in Stream 4-1 at 
concentrations exceeding RGOs within 30 years; 

• Contain the VOC solute plume, as defined by MCLs for PCE, TCE, cis-1,2-DCE, and 
methylene chloride, at the point of compliance within 30 years; and, 

• Prevent exposure via vapor intrusion in the unlikely event that a building is to be constructed 
over the plume. 
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4.0 IDENTIFICATION, SCREENING, AND DEVELOPMENT OF CORRECTIVE MEASURE 
TECHNOLOGIES 

This section identifies potential remediation technologies that can potentially achieve the CC-A05 
CMOs of containing the VOC solute plume to MCLs at the point of compliance and preventing the 
migration of PCE and carbon disulfide from impacting surface water of Stream 4-1, tributary to Accotink 
Bay.  

Remediation technologies focused on VOCs, and particularly PCE, were screened for achieving 
the CMOs.  Technologies that are unlikely to perform satisfactorily based on inherent technology 
limitations, site-specific limitations, or unlikely to achieve the CMOs within a reasonable time period were 
eliminated from further consideration.  A brief description is given for each technology. 

4.1 GENERAL CORRECTIVE MEASURES TECHNOLOGIES 

No Action, Land Use Controls (LUCs), and Long-Term Monitoring (LTM) are often used to either 
compare against or as a component of multi-technologies remedial alternatives.  By themselves, these 
technologies typically can only meet CMOs for plumes that are stable and/or decreasing in mass.  Since 
the Phase II RFI human health risk screening found potential human and ecological exposure concerns 
for PCE, these general technologies will be used for remedial alternative comparison or as a component 
of fully developed remediation alternatives. 

4.1.1 No Action 

No Action is a baseline against which the adequacies of other remedial alternatives are 
compared.  The no action alternative would not meet the CMOs and contains no remedial measures, 
engineering or administrative controls, or monitoring of contaminated media.  Contaminants would be 
allowed to migrate with time through dispersion and diffusion.  The no action option is retained for further 
development as a comparative baseline. 
4.1.2 Land Use Controls 

LUCs consist of physical and/or legal measures that restrict potential exposure routes for human 
contact with site contamination.  CC-A05 is within the boundary of an active military facility and LUCs 
such as limited Base access with restrictive property boundary fencing and associated signage are 
currently present.  LUCs alone will not meet the CMOs and therefore is not retained for development as a 
“stand-alone” alternative.  CC-A05 specific LUCs that limit exposure pathways to soil and groundwater will 
be retained in conjunction with all remedial alternatives and as a component of the final remedy. 

4.1.3 Long-Term Monitoring 

LTM provides a method for identifying spatial and temporal changes in the extent of 
contamination and to determine that LUCs and other components of a remedy are effective.  An LTM 
program for the contaminated groundwater could be implemented, but it is not a remedial technology and 
will not by itself meet the CMOs.  Although not retained for development as a “stand-alone” alternative, 
LTM is retained as a component of all remedial alternatives as a means to measure the long-term 
effectiveness of the alternative. 

4.2 SOIL REMEDIATION TECHNOLOGIES 

Based upon the results of the phase II RFI risk ratio evaluation, there are no potential concerns 
for residential and industrial exposure to soil (surface and subsurface) and sediment.  The RFI risk 
evaluation indicated that groundwater risk results for PCE were above the US EPA acceptable risk range 
of 10-6 to 10-4; therefore, the goal of soil remediation technologies is for PCE mass reduction to eliminate 
further soil to groundwater PCE contributions.  

4.2.1 Soil Excavation and Removal 

This technology consists of detailed soil source area characterization; excavation of soil source 
material; treatment of excavated material exceeding RCRA Toxicity Characteristic Leaching Procedure 
(TCLP) hazardous waste criteria; transportation to an off-site disposal facility; and backfilling the 
excavation with borrow soil.  
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The contaminated soil would be excavated using conventional equipment.  Soil exceeding RCRA 
TCLP criteria would be segregated and stabilized before disposal.  The total volume of the soil requiring 
excavation for off-site disposal is estimated at 7,000 cubic yards.  Approximately 50 percent (3,500 cubic 
yards) of the material excavated is assumed to exceed RCRA TCLP criteria and require treatment before 
disposal.  Following treatment, the soil should no longer exceed TCLP criteria and therefore would not be 
subject to land disposal restrictions.  Given the reasonable depth below ground and the high 
concentrations of PCE observed in the subsurface, soil excavation is retained for further evaluation and 
alternative development. 

4.2.2 Soil Cover 

Installation of a multilayer cap would limit further infiltration reducing or eliminating future 
contaminant migration from the soil to the groundwater.  Although low-permeability covers would minimize 
the migration of soil bound contamination to groundwater by limiting infiltration, the cover would not 
prevent further groundwater migration because the PCE source is below the water table, and therefore, 
soil covers are eliminated from further alternative development as a standalone technology. 
4.2.3 Soil Vapor Extraction 

Soil vapor extraction (SVE) consists of installing wells into the vadose zone and applying a 
vacuum to the wells to collect soil gas and volatilized contaminants.  The reduced soil gas pressure 
induces trapped contaminants from the soil and partitioned dissolved-phase contaminants from the 
groundwater.  SVE is often combined with in situ technologies that increase the volatilization of VOCs, 
such as air sparging and in situ thermal treatment (ISTT).  SVE is eliminated from consideration as a 
“stand-alone” alternative but will be retained as a component of a multi technology groundwater remedy. 

4.3 GROUNDWATER REMEDIATION TECHNOLOGIES 

The RFI risk evaluation indicated that groundwater risk results for PCE were above the US EPA 
acceptable risk range of 10-6 to 10-4; therefore, the goal of groundwater remediation technologies is to 
meet the CMO of containing the groundwater plume and preventing the migration of the COIs from 
impacting surface water of the unnamed tributary to Accotink Bay. 

4.3.1 Groundwater Extraction 

Extraction wells can be utilized to contain the groundwater plume and remove contaminated 
groundwater from the shallow aquifer at CC-A05.  Extraction wells (recovery wells) are effective in 
removing contaminated groundwater and contaminant mass from the contaminated zone.  Contaminant 
mass reduction is principally achieved by increased VOC mobility and removal.  Once extracted, the 
groundwater would undergo ex situ treatment prior to disposal.  Treatment options for the extracted 
groundwater include: 

• Air Stripping.  Air stripping volatilizes VOCs from the extracted groundwater by passing the 
contaminated water through an air stripping tower.  This process is an efficient technology 
that may not require separate vapor phase treatment, depending on the concentration and 
mass of the off-gas.   

• Activated Carbon.  Passing contaminated groundwater through a bed of activated carbon 
can be used to treat the extracted groundwater.  The hydrophobic chemicals preferentially 
partition to the carbon, resulting in an effluent free of contaminants.   

Potential disposal options for the treated groundwater include discharge to FTBL wastewater 
treatment plant (WWTP), point-source discharge through a permitted National Pollutant Discharge 
Elimination System (NPDES) outfall, irrigation ponds, irrigation, off-site WWTP, and underground 
injection. 

Groundwater extraction can also be coupled with groundwater reinjection to implement 
technologies such as in situ enhanced bioremediation (ISEB) (detailed below) and surfactant flushing.  
The injection of a surfactant or co-solvent into the subsurface can increase the mobility of VOCs.  Once 
the VOCs are mobilized, a groundwater extraction system is used to remove the VOCs and the surfactant 
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or co-solvent from the subsurface.  Groundwater extraction also can provide a hydraulic barrier to 
contaminant migration, preventing future spreading.   

Because of the limited site access, high concentrations of PCE, and evidence that the plume is in 
communication with surface water, complete capture of the PCE plume is impractical.  Although PCE is 
the primary contaminant of concern, other contaminants such as carbon disulfide are also present which 
may decrease the treatment options and/or overall PCE treatment effectiveness.  Finally, groundwater 
capture relies on the solubility and mobility of PCE in the subsurface which is recalcitrant to flow with the 
groundwater often requiring decades for regulatory standard to be met.  Although groundwater extraction 
is feasible for CC-A05, the technology is eliminated from alternative development.   

4.3.2 Vertical Barriers 

This remedial technology involves using different process options for containment of the 
groundwater plume.  Such process options include grout curtains, slurry walls, and sheet piling.  These 
walls typically are installed to divert uncontaminated groundwater around a contaminated source area.  
Since contaminants are in communication with the surface water, this process option is not feasible for 
eliminating further migration or reduction of contaminant mass; therefore, vertical barriers are eliminated 
from further consideration. 

4.3.3 Monitored Natural Attenuation 

The natural attenuation processes such as dilution, dispersion, volatilization, sorption, 
biodegradation, and chemical reactions will reduce contaminant concentrations in the site groundwater 
over time (US EPA, 1999).  Monitored natural attenuation (MNA) is a risk management strategy that 
evaluates and demonstrates that ongoing natural processes are controlling plume migration and/or will 
lead to site restoration within a reasonable timeframe (e.g., ~30 years).  Under this option, periodic 
groundwater monitoring is required to measure the reductions achieved due to natural attenuation and to 
validate that the natural attenuation process continue to contribute to site restoration.  Detection of TCE 
and cis-1,2-DCE at some sampling locations indicates the possibility of partial dechlorination are 
occurring in CC-A05 groundwater to a limited extent.  However, site groundwater conditions (moderately 
aerobic and oxidizing) are not favorable for biodegradation of PCE through reductive dechlorination.  The 
high PCE concentrations present and potential exposure concerns would require a high degree of natural 
attenuation to occur to reach acceptable concentrations; therefore, natural attenuation is eliminated from 
consideration as a “stand-alone” remedial approach.  MNA will be retained as a component of a remedial 
alternative coupled with active biological treatment for source area treatment and/or mass reduction. 

4.3.4 In Situ Enhanced Bioremediation 

Bioremediation through reductive dechlorination is a well-documented, biologically catalyzed 
anaerobic process that can result in the complete dechlorination of PCE and its daughter products (TCE, 
DCE, and VC).  This natural process is a component of natural attenuation; however, the rate of PCE 
reduction may be unacceptably slow and the process is usually limited by the lack of an electron donor or 
biodegradable organic carbon source.  ISEB accelerates the reductive dechlorination process by 
providing a readily fermented organic carbon source, such as molasses, lactate or emulsified vegetable 
oil (EVO), that provide food for microbial cell growth.  Fermentation of the carbon source produces a pool 
of hydrogen gas (H2) necessary for the replacement of chloride to complete the dechlorination.   

Carbon sources can be injected in a grid pattern to target specific source areas, recirculated 
through a series of injection and extraction wells to sweep the reagent across large distances or under 
sensitive surface structures, or placed in barrier walls to treat groundwater as it migrates through the wall.  
Carbon source selection is dependent on the method of reagent delivery and the type of treatment zone 
desired. 

• Dissolved carbon sources such as molasses, sodium lactate, cheese whey, and ethanol 
are used where the subsurface allows for high injection flow rates and large injection well 
spacing.  These carbon sources typically are consumed in the subsurface within 180 days.  
Multiple injections are often required to maintain optimal in situ organic carbon (food) 
concentrations over the duration of the treatment. 
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• Durable carbon sources such as HRC (Regenesis), hydrophobic EVO products such as 
EOS (Solutions IES), Newman zone (RNAS), and EDS (Tersus) are designed to stay within 
the initial injection vicinity.  These durable carbon compounds ferment slowly releasing a low 
concentration of organic carbon to the aquifer over 3 to 5 years.   

In addition, bioaugmentation is often coupled with ISEB to provide a robust microbial culture 
known to perform reductive dechlorination.  While many dechlorinating microorganisms have been 
identified, only one, Dehalococcoides sp (DHC), is capable of completely reducing PCE and TCE to 
ethene.  DHC is not ubiquitous at all sites contaminated with chlorinated ethenes.  Several sites lacking 
this microorganism exhibit incomplete dechlorination and accumulation of DCE or VC.  Several stable, 
natural microbial consortia containing DHC are commercially available including KB-1 (Sirem) and CB&I’s 
SDC-9 consortia. 

VOC data collected during the first and second phase RFI indicated that PCE biodegradation 
process are not significantly active and therefore both carbon and bioaugmentation is likely required for 
successful ISEB implementation.  Dissolved oxygen (DO) levels were above 1 mg/L, oxidation-reduction 
potentials (ORP) were above 50 millivolts (mV) and pH levels were less that optimal (<5.5) during the 
2010 phase II RFI investigation.  Detection of TCE and cis-1,2-DCE at some sampling locations indicates 
the possibility of partial dechlorination occurring in CC-A05 groundwater.  However, site groundwater 
conditions (moderately aerobic and oxidizing) are not favorable for biodegradation of PCE through 
reductive dechlorination.  The addition of a carbon source will help to consume the available DO creating 
anaerobic and reducing conditions necessary for ISEB remediation of PCE and its daughter products.  
Buffering will also be necessary to raise the pH levels above 5.5 for optimal growth of PCE/TCE reducing 
cultures.  Since PCE is in communication with the unnamed tributary to Accotink Bay, injection of a 
dissolved carbon may pose risks if it infiltrates the surface water causing the total depletion of oxygen 
(O2) resulting in a fish kill.  Due to the potential adverse effect on surface water, ISEB using dissolved 
carbon sources is eliminated from further consideration.  The use of a durable carbon source which will 
limit potential surface water impacts combined with bioaugmentation with SDC-9™ consortia is retained 
for further consideration. 
4.3.5 Proton Reduction with SDC-9™ Bioaugmentation 

The Proton Reduction (PtR) is a developing technology that provides a non-carbon source 
electron donor for the implementation of ISEB.  A series of paired cathodes and anodes are installed on a 
grid working at low voltage to produce H2 and O2, respectively.  The excess H2 migrates with groundwater 
away from the cathode and is used by anaerobic microbes as an electron donor in reductive 
dechlorination processes while the O2 may be used by aerobic microbes to consume fuel compounds.  
The PtR would be coupled with bioaugmentation to ensure the presence of a robust microbial population 
capable of complete reductive dechlorination was present.  PtR is suitable for prolonged treatment of 
sites where a persistent source of contaminant promises to create a long-term remediation problem (e.g., 
dense non-aqueous phase liquid [DNAPL] sources or consolidated sediments), and for treating remote 
sites where accessing or maintaining electrical feeds is cost prohibitive. In some climates solar panel can 
be installed to power the in situ PtR wells.   

As a developing technology, the technology’s treatment effectiveness and efficiency on CC-A05 
source area concentrations are unknown.  However, the approach should be as effective as carbon 
source bioremediation and will be retained as a component for general plume treatment. 

4.3.6 Combination Biological/Chemical Technologies 

Zero valent iron (ZVI) can be used as a standalone reagent to chemically drive reductive 
dechlorination of most chlorinated solvents such as PCE.  ZVI has been used predominantly in the 
application of permeable reactive barriers (PRBs) discussed in the following section.  ZVI also has been 
used in combination with durable carbon sources to achieve bio/chemical reduction of PCE.  EHC® 
technology is integrated carbon and ZVI source that yields redox potentials (Eh) as low as -500 mV.  The 
Eh produced by EHC® is significantly lower than that achieved when using either organic carbon sources 
(i.e., lactate, molasses) or reduced metal alone.  Eh potentials in this range facilitate chemical PCE 
reduction with less formation of bioremediation daughter products DCE and VC. 
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Emulsified ZVI, developed by NASA, is a surfactant-stabilized, biodegradable emulsion that forms 
microscopic liquid-oil membrane spheres that have a core consisting of ZVI particles suspended in water.  
As a result of the liquid oil sphere hydrophobic nature, the emulsified ZVI droplets enhance the 
destruction of chlorinated DNAPL in source zones by creating intimate contact between the DNAPL and 
the nano- or microscale iron particles.  The emulsified ZVI liquid-oil membrane contains vegetable oil and 
surfactant, which provides a long-term electron donor carbon source that can stimulate further 
degradation via anaerobic biodegradation.  

Biological/chemical in situ reduction can be employed in both the source area treatment zone and 
the plume perimeter.  Pneumatic fracturing and injection, hydraulic fracturing, and injection via direct push 
rigs have been used successfully to introduce biological/chemical reagents to the groundwater or soil 
source area.  The use of biological/chemical treatments is retained for further consideration. 
4.3.7 Permeable Reactive Barriers 

Passive treatment walls, also known as PRBs, are typically installed across the migration path of 
a plume to destroy contaminants as groundwater passes through the barrier.  PRB material promotes 
either a biological and/or chemical reaction destroying the contaminant.  PRBs can be created using 
solid- or liquid-phase carbon substrate amendments (e.g., mulch and emulsified oil, respectively) and/or 
ZVI.  The contaminants are concentrated and either degraded or retained in the barrier material, which 
may need to be replaced periodically.  

PRBs can be installed as permanent or semi-permanent units.  The most commonly used PRB 
configuration is that of a continuous trench in which a treatment reagent (i.e., ZVI, mulch) is mixed with a 
porous material such as sand or gravel and is backfilled.  The trench is cut perpendicular to and 
intersects the groundwater plume.  Another frequently used configuration is the funnel and gate, in which 
low-permeability walls (the funnel) direct the groundwater plume toward a permeable treatment zone (the 
gate).  Funnel and gate PRBs use collection trenches, funnels, or complete containment to capture the 
plume and pass the groundwater, by gravity or hydraulic head, through a treatment barrier.  

Mulch and granular ZVI wall are typically installed using trenching techniques and are limited to 
depth of less than 75 ft bgs.  Emulsified oil and/or nano-scale ZVI walls are typically installed using 
injection technologies, allowing for deeper installation depths.  Both carbon substrate and ZVI PRBs 
promote reductive dechlorination of PCE sequentially to TCE, DCE, to VC, and finally to innocuous 
ethene.  These remedial processes are similar in nature to accelerated anaerobic biodegradation, 
discussed in Section 4.3.4.  PRB is retained for further consideration. 

4.3.8 Phytoremediation 

Phytoremediation is the use of plant based approaches to contain, degrade, or eliminate 
contaminants from soil, groundwater, surface water, or sediments.  Phytotechnologies include 
phytosequestration, rhizodegradation, phytohydraulics, phytoextraction, phytodegradation, and 
phytovolatilization.  For the CC-A05, site phytoremediation would consist of installing a grid of hybrid 
poplar trees across the site to control and accelerate the degradation of PCE in groundwater and soil.  
During the warm months, the normal water uptake of the trees would perform like groundwater extraction 
(phytohydraulic) pumps containing the groundwater and slowing the further migration of the plume.  If 
possible, the trees would be arranged so that the plume would not migrate beyond the phytohydraulic 
capture zone.  In addition to hydraulic control, the poplar trees may take up dissolved PCE and release 
the PCE to the atmosphere (phytoextraction and phytovolatilization) and the trees’ root zone 
(rhizodegradation) would form naturally dense microbial communities fostering conditions supportive of 
PCE biodegradation.  Another potential phytoremediation scheme for CC-A05 PCE plume treatment 
would be to construct a riparian corridor consisting of heavy layers of peat or other high carbon material 
to intercept and retard PCE migration and wetland plants to foster the PCE treatment through 
rhizodegradation, phytoextraction, and phytovolatilization prior to communication with surface water.  

While phytoremediation is a low maintenance remedial technology, typically 3 to 5 years are 
required for the phytoremediation system to mature to full remediation capacity.  In addition, PCE taken 
into plant tissue is an exposure risk for wildlife that feeds on the plant tissues and once in the food chain 
can lead to bioaccumulation in predator species.  For this reason and because PCE in groundwater is 
currently impacting ecological receptors in the stream, time is limited to install and meet site CMOs using 
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phytoremediation technologies.  Therefore, phytoremediation is eliminated from further alternative 
development. 

4.3.9 In Situ Thermal Treatment/Soil Vapor Extraction 

ISTT heats the subsurface in an attempt to accelerate the volatilization of contaminants.  
Contaminant mobility is enhanced through one or more of the following mechanisms: 

• Volatilization due to increased vapor pressure; 

• Dissolution due to increased solubility; 

• Liquid flow due to reduced viscosity and/or density; 

• Desorption due to decreased solid-phase adsorption and organic matter absorption; 

• Molecular diffusion in aqueous and gaseous phase due to increased diffusion coefficients; 

• Boiling of the interstitial groundwater and dissolved contaminants; and, 

• Steam stripping and steam distillation. 

In the vadose zone, rising steam and contaminant vapors are collected by conventional SVE 
wells.  A condenser is used to separate contaminant-laden condensate from the contaminant-laden 
vapor.  Standard air phase (e.g., catalytic incineration with scrubbers) and water treatment technologies 
(e.g., tray strippers, carbon, or oxidation) are then employed to treat the discharges.  There are many 
different ways that the subsurface has been heated with two common methods discussed below.  

• In Situ Six-Phase Heating (SPH).  SPH is a polyphase electrical technique used to 
resistively heat soil and create an in situ source of steam to strip volatile contaminants, which 
are then captured using standard SVE techniques (US EPA, 1997).  The technology was 
initially developed by Battelle Memorial Institute for the U.S. Department of Energy as a 
method to enhance the removal of volatile organic contaminants from low-permeability soils. 

The SPH technology uses conventional 60-hertz utility transformers to convert the three-
phase electricity from standard power lines into six electrical phases.  Electrodes typically are 
installed using standard drilling techniques to carry the electrical power to the subsurface.  
Electrical current flows from each electrode to the other electrodes out of phase with it.  The 
soil matrix is heated due to the resistive electric flow.  Electricity takes pathways of least 
resistance when moving between electrodes; also, these pathways are heated preferentially.  
Examples of low resistance pathways include silt or clay lenses and areas of high free ion 
content.  The increased soil temperature from applying SPH speeds the removal of volatile 
contaminants by accelerating the rate of volatilization and by inducing steam stripping.  

• In Situ Steam Stripping.  In situ steam stripping involves the injection of steam into the 
aquifer formation to enhance the stripping of VOCs and to mobilize VOCs for extraction from 
a multiphase recovery well.  Mass reduction is principally achieved by increasing mobility and 
facilitating removal of the contaminants by changing the environmental conditions (US EPA, 
1997). 

For PCE, the dominant removal mechanism is volatilization.  Steam is injected in injection 
wells beneath the targeted treatment zone, optimally bringing the entire treatment zone to the 
boiling point of water.  Steam injection can displace mobile contaminants in front of the steam 
and vaporize residual volatile contaminants.  Condensation will occur at the advancing 
thermal front, creating a bank of contaminants in front of the advancing steam.  Volatile 
contaminants can thus be recovered in both dissolved and vapor phases.  Mobilization of 
DNAPL may also occur as a result of the lowered interfacial tensions due to the increase in 
temperature.   

Since it is possible that DNAPL may be present, although it has never been detected, ISTT 
coupled with SVE is retained for alternative development. 
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4.3.10 In Situ Chemical Oxidation 

In situ chemical oxidation (ISCO) entails the injection of chemical oxidants into the subsurface to 
destroy the contaminants by converting them to innocuous breakdown products.  Oxidants are not 
selective, as they oxidize both the contaminants and natural organic compounds found in the subsurface.  
Commonly, application of ISCO involves multiple injection events.  The periods between injection events 
are typically on the order of months to a year.  Hundreds of ISCO remedies have been implemented at 
chlorinated solvent sites.  Groundwater recirculation, pneumatic fracturing and injection, hydraulic 
fracturing, and injection via direct push rigs have been used successfully to introduce ISCO reagents to 
the ground-water or soil source area.  

Oxidants commonly applied in situ include potassium or sodium permanganate, persulfate, 
ozone, and hydrogen peroxide in the form of Fenton’s Reagent.  Each of these oxidants has advantages 
and limitations.  Potassium permanganate (KMnO4) treatment is the most commonly deployed oxidant for 
in situ PCE treatment.  KMnO4 offers the following advantages over other oxidants for PCE treatment: 

• Quickly and completely oxidizes chlorinated ethenes to innocuous end products over a wide 
pH range.  Reaction half-lives are between 1 minute (trans-1,2-DCE) to 4 hours (PCE) (Yan 
and Schwartz, 2000). 

• Easy to track the injection influence or degree of treatment because of the purple colored 
solution. 

• Chemically stable in groundwater – stays in solution until it is reacted and therefore can 
penetrate into the least permeable lithology. 

• No off-gas treatment required. 

• Minimal energy and equipment requirements. 

ISCO will increase the oxidation-reduction and change the chemistry of the subsurface which can 
have adverse effects on surface water ecology.  Since the CC-A05 groundwater is known to be in 
communication with surface water which may be damaged if oxidants were to enter the water, ISCO is 
eliminated from further consideration. 

4.4 CORRECTIVE MEASURE DEVELOPMENT 

Table 4-1 includes a summary of the preceding technologies and the rational for retention or 
elimination of said technologies.  The following were retained for alternative development to meet the 
CMOs for the shallow aquifer of CC-A05: 

• No Action 

• LUCs 

• LTM 

• Soil Excavation 

• SVE 

• MNA 

• ISEB 

• PtR 

• Biological/Chemical Reduction 

• PRB 

• ISTT 
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As discussed above, many of these technologies (i.e., LUCs, LTM, SVE, and MNA) are 
supporting technologies that are not “stand-alone” technologies.  The primary technologies were 
assembled into six CMAs listed below, augmented as appropriate with supporting technologies: 

• Alternative 1 – No Action; 

• Alternative 2 – Soil Excavation, LUCs, LTM, and MNA; 

• Alternative 3 – ISEB, Bioaugmentation, LUCs, LTM, and MNA; 

• Alternative 4 – PtR, Bioaugmentation, LUCs, LTM, and MNA; 

• Alternative 5 – PRB, Bioaugmentation, LUCs, LTM, and MNA; and, 

• Alternative 6 – ISTT, PRB, SVE, LUCs, LTM, and MNA. 



Table 4-1 
Fort Belvoir CMS Summary of Technologies 

Page 1 of 6 

Technology Summary Rationale Retained/Eliminated 

No Action 

No action contains no remedial measures, 
engineering or administrative controls, or 
monitoring of contaminated media.  
Contaminants would be allowed to migrate with 
time through dispersion and diffusion. 

No Action is a baseline against which 
the adequacies of other remedial 
alternatives are compared.   

Retained 

Land Use Controls 

LUCs consist of physical and/or legal measures 
that restrict potential exposure routes for human 
contact with site contamination.  CC-A05 is 
within the boundary of an active military facility 
and LUCs such as limited Base access, 
restrictive boundary fencing and associated 
signage are already present.   

LUCs alone will not meet the CMOs. 

Retained in 
conjunction with all 

remedial alternatives 
as a component of 
the final remedy 

Long-Term 
Monitoring 

LTM provides a method for identifying spatial 
and temporal changes in the extent of 
contamination and to determine that LUCs are 
effective.   

An LTM program for the contaminated 
groundwater could be implemented, 
but will not by itself meet the CMOs. 

Retained in 
conjunction with all 

remedial alternatives 
as a component of 
the final remedy 

Soil Excavation and 
Removal 

Detailed soil source area characterization; 
excavation of soil source material; treatment of 
excavated material exceeding RCRA TCLP 
hazardous waste criteria; transportation to an 
off-site disposal facility; and backfilling the 
excavation with borrow soil. 

Contamination at a reasonable depth 
below ground surface and high 
concentrations of PCE observed in the 
subsurface. 

Retained 

Soil Cover Installation of a multilayer cap. 

Although low-permeability covers 
would minimize the migration of soil 
bound contamination to groundwater 
by limiting infiltration, the cover would 
not prevent further groundwater 
migration because the PCE source is 
below the water table. 

Eliminated 
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Technology Summary Rationale Retained/Eliminated 

Soil Vapor Extraction 
Installation of wells into the vadose zone and 
applying a vacuum to the wells to collect soil gas 
and volatilized contaminants. 

The reduced soil gas pressure 
induces trapped contaminants from 
the soil and partitioned dissolved-
phase contaminants from the 
groundwater.  SVE is often combined 
with in situ technologies that increase 
the volatilization of VOCs, such as air 
sparging and ISTT. 

Retained as a 
component of ISTT 

Groundwater 
Extraction 

Extraction wells (recovery wells) are effective in 
removing contaminated groundwater and 
contaminant mass from the contaminated zone.  
Contaminant mass reduction is principally 
achieved by increased VOC mobility and 
removal.  Once extracted, the groundwater 
would undergo ex situ treatment (air stripping 
and activated carbon) prior to disposal. 

Because of the limited site access, 
high concentrations of PCE, and 
evidence that the plume is in 
communication with surface water, 
complete capture of the PCE plume is 
impractical.  Although PCE is the 
primary contaminant of concern, other 
contaminants such as carbon disulfide 
are also present which may decrease 
the treatment options and/or overall 
PCE treatment effectiveness.  Finally, 
groundwater capture relies on the 
solubility and mobility of PCE in the 
subsurface which is recalcitrant to flow 
with the groundwater often requiring 
decades for regulatory standard to be 
met. 

Eliminated 

Vertical Barriers 
Use of grout curtains, slurry walls, and sheet 
piling to divert uncontaminated groundwater 
around a contaminated source area.  

Contaminants are in communication 
with the surface water, thus this 
process option is not feasible for 
eliminating further migration or 
reduction of contaminant mass. 

Eliminated 
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Technology Summary Rationale Retained/Eliminated 

Monitored Natural 
Attenuation 

MNA is a risk management strategy that 
evaluates and demonstrates that ongoing 
natural processes are controlling plume 
migration and/or will lead to site restoration 
within a reasonable timeframe (e.g., ~30 years).  

Site groundwater conditions 
(moderately aerobic and oxidizing) are 
not favorable for biodegradation of 
PCE through reductive dechlorination.  
The high PCE concentrations present 
and potential exposure concerns 
would require a high degree of natural 
attenuation to occur to reach 
acceptable concentrations. 

Retained not as a 
“stand alone 

alternative,” but as a 
component of all 

remedial alternatives 

In Situ Enhanced 
Bioremediation 

ISEB accelerates the reductive dechlorination 
process by providing a readily fermented organic 
carbon source, such as molasses, lactate or 
EVO, that provide food for microbial cell growth.  
Fermentation of the carbon source produces a 
pool of hydrogen gas (H2) necessary for the 
replacement of chloride to complete the 
dechlorination.  Bioaugmentation is often 
coupled with ISEB to provide a robust microbial 
culture (DHC) known to perform reductive 
dechlorination. 

VOC data collected indicated that 
PCE biodegradation processes are 
not significantly active and therefore 
both carbon and bioaugmentation is 
likely required for successful ISEB 
implementation.  Detection of TCE 
and cis-1,2-DCE at some sampling 
locations indicates the possibility of 
partial dechlorination occurring in 
groundwater.  However, site 
groundwater conditions are not 
favorable for biodegradation of PCE 
through reductive dechlorination.  
Since PCE is in communication with 
the unnamed tributary to Accotink 
Bay, injection of a dissolved carbon 
may pose risks if it infiltrates the 
surface water causing the total 
depletion of oxygen (O2) resulting in a 
fish kill.   

Retained when a 
durable carbon 

source is used, not a 
dissolved carbon 

source 
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Technology Summary Rationale Retained/Eliminated 

Proton Reduction with 
SDC-9TM 
Bioaugmentation 

The PtR is a developing technology that 
provides a non-carbon source electron donor for 
the implementation of ISEB.  A series of paired 
cathodes and anodes are installed on a grid 
working at low voltage to produce H2 and O2, 
respectively.  The excess H2 migrates with 
groundwater away from the cathode and is used 
by anaerobic microbes as an electron donor in 
reductive dechlorination processes while the O2 
may be used by aerobic microbes to consume 
fuel compounds.   

As a developing technology, the 
technology’s treatment effectiveness 
and efficiency on CC-A05 source area 
concentrations are unknown.  
However, the approach should be as 
effective as carbon source 
bioremediation. 

Retained 

Biological/Chemical 
Technologies 

ZVI can be used as a standalone reagent to 
chemically drive reductive dechlorination of most 
chlorinated solvents such as PCE.  Emulsified 
ZVI is a surfactant-stabilized, biodegradable 
emulsion that forms microscopic liquid-oil 
membrane spheres that have a core consisting 
of ZVI particles suspended in water.  As a result 
of the liquid oil sphere hydrophobic nature, the 
emulsified ZVI droplets enhance the destruction 
of chlorinated DNAPL in source zones by 
creating intimate contact between the DNAPL 
and the nano- or microscale iron particles. 

Biological/chemical in situ reduction 
can be employed in both the source 
area treatment zone and the plume 
perimeter.  Pneumatic fracturing and 
injection, hydraulic fracturing, and 
injection via direct push rigs have 
been used successfully to introduce 
biological/chemical reagents to the 
groundwater or soil source area. 

Retained as a robust 
method of treatment 

in a PRB 

Permeable Reactive 
Barriers 

PRBs, are typically installed across the migration 
path of a plume to destroy contaminants as 
groundwater passes through the barrier.  PRB 
material promotes either a biological and/or 
chemical reaction destroying the contaminant.  
Mulch and granular ZVI wall are typically 
installed using trenching techniques and are 
limited to depth of less than 75 ft bgs.  
Emulsified oil and/or nano-scale ZVI walls are 
typically installed using injection technologies, 
allowing for deeper installation depths.   

Both carbon substrate and ZVI PRBs 
promote reductive dechlorination of 
PCE sequentially to TCE, DCE, to VC, 
and finally to innocuous ethane. 

Retained 
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Technology Summary Rationale Retained/Eliminated 

Phytoremediation 

Site phytoremediation would consist of installing 
a grid of hybrid poplar trees across the site to 
control and accelerate the degradation of PCE in 
groundwater and soil.  Another potential 
phytoremediation scheme for the PCE plume 
treatment would be to construct a riparian 
corridor consisting of heavy layers of peat or 
other high carbon material to intercept and 
retard PCE migration and wetland plants to 
foster the PCE treatment through 
rhizodegradation, phytoextraction, and 
phytovolatilization prior to communication with 
surface water. 

While phytoremediation is a low 
maintenance remedial technology, 
typically 3 to 5 years are required for 
the phytoremediation system to 
mature to full remediation capacity.  In 
addition, PCE taken into plant tissue is 
an exposure risk for wildlife that feeds 
on the plant tissues and once in the 
food chain can lead to 
bioaccumulation in predator species.   

Eliminated 

In Situ Thermal 
Treatment/Soil Vapor 
Extraction 

ISTT heats the subsurface in an attempt to 
accelerate the volatilization of contaminants. In 
the vadose zone, rising steam and contaminant 
vapors are collected by conventional SVE wells.  
A condenser is used to separate contaminant-
laden condensate from the contaminant-laden 
vapor.  Standard air phase (e.g., catalytic 
incineration with scrubbers) and water treatment 
technologies (e.g., tray strippers, carbon, or 
oxidation) are then employed to treat the 
discharges.   

Preferable if DNAPL is present at a 
know location. Retained 

In Situ Chemical 
Oxidation 

ISCO entails the injection of chemical oxidants 
into the subsurface to destroy the contaminants 
by converting them to innocuous breakdown 
products.  ISCO will increase the oxidation-
reduction and change the chemistry of the 
subsurface which can have adverse effects on 
surface water ecology. 

Groundwater is known to be in 
communication with surface water 
which may be damaged if oxidants 
were to enter the water. 

Eliminated 
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bgs below ground surface 
CMO Corrective Measures Objective 
DCE Dichloroethene 
DHC Dehalococcoides sp 
DNAPL Dense Non-Aqueous Phase Liquid 
EVO Emulsified Vegetable Oil 
ISCO In Situ Chemical Oxidation 
ISEB In Situ Enhance Bioremediation 
ISTT In Situ Thermal Treatment 
MNA Monitored Natural Attenuation 
LTM Long-Term Monitoring 
LUC Land Use Control 
PCE Tetrachloroethene 
PRB Permeable Reactive Barrier 
PtR Proton Reduction 
RCRA Resource Conservation and Recovery Act 
SDC-9TM Shaw Dechlorinating Culture 
SVE  Soil Vapor Extraction 
TCE Trichloroethene 
TCLP Toxicity Characteristic Leaching Procedure 
VC Vinyl Chloride 
VOC Volatile Organic Compound 
ZVI Zero Valent Iron 
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5.0 EVALUATION OF CORRECTIVE MEASURE ALTERNATIVES FOR THE SHALLOW AQUIFER 

This chapter contains a detailed evaluation of the CMAs that address the CMOs for the CC-A05 
shallow aquifer at FTBL.  In compliance with the FTBL RCRA permit, each alternative is evaluated 
according to the following considerations: 

1. Control of the sources of releases so as to reduce or eliminate, to the extent practicable, 
further releases that may pose a threat to human health and the environment; 

2. Overall Protection of human health and the environment; 

3. Compliance with standards and criteria for all media based on state and federal regulations 
and requirements; 

4. Long-term reliability and effectiveness, including an evaluation of the persistence, toxicity, 
and mobility of the hazardous substances and constituents, and their propensity to 
bioaccumulate; 

5. Short-term effectiveness and potential for human exposure; 

6. Feasibility of using the technology; 

7. Capital and Operation and Maintenance (O&M) Costs; and, 

8. State, US EPA, and community acceptance. 

5.1 ALTERNATIVE 1 – NO ACTION 

5.1.1 Description 

The no action alternative is included as a baseline for comparison purposes only.  It contains no 
remedial measures, engineering or administrative controls, or monitoring of contaminated groundwater.  
Contaminants would be allowed to migrate with time through diffusion and dispersion.  

5.1.2 Control of Source Releases 

There are no active disposal operations at CC-A05 and contaminants are no longer being 
released at the site.  However, the contamination in the soil and shallow aquifer, constituting the source 
area, presents a source of contamination to groundwater and subsequently surface water.  The no action 
alternative does not include any measures to mitigate the further migration of contaminants. 

5.1.3 Protection of Human Health and the Environment 

The no action alternative would allow contamination to remain in place and have no effect on the 
contaminant mass within the aquifer and migrating down the stream.  This alternative would not 
accelerate restoration of the stream or be able to monitor potential threats to surface water and Accotink 
Bay.  No additional protection of human health and the environment would result from implementing this 
alternative.  

The no action alternative would not comply with the CMOs identified in Section 3, established for 
the protection of human health and the environment. 

If no action is taken, ecological receptors in the stream could be adversely affected for an 
uncertain amount of time.  It is also possible, although unlikely, that the groundwater could be used in the 
future as a drinking water source, or that a building could be constructed overlying the plume with no 
measures taken to mitigate vapor intrusion from PCE. 

5.1.4 Compliance with Standards and Criteria 

No applicable standards for the management of wastes would be triggered with the 
implementation of the no action alternative. 

Per FTBL’s RCRA permit (Attachment IV.MM, Section 2.a.[3]), compliance with state and federal 
standards and criteria may be established by risk-based assessment of human health and the 
environment and the establishment of risk-based action levels.  The Phase II RFI established that the 
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only risk to human health would be if groundwater were used as a drinking water source, which is not 
expected to occur, even under the no action alternative.  However, the RFI identified potential risk to 
ecological receptors in the stream.  The no action alternative would not comply with CMOs to reduce PCE 
concentrations in the stream.  Additionally, while unlikely due to the current land use, a groundwater 
resource theoretically suitable for use exceeds the MCL for COIs. 

5.1.5 Long-Term Reliability and Effectiveness 

The no action alternative would not entail any active removal, treatment, or containment 
technologies, nor any LTM of the site.  Eventually, natural attenuation processes will remediate the site, 
but there would be no controls in place to verify that this is occurring and that receptors are protected.  
Therefore, the no action alternative would not be reliable or effective in the long term. 

The no action alternative would not cause the reduction in the mobility, toxicity, or mass of 
contaminants any faster than would occur under natural processes. 

A groundwater flow model is presented in Appendix A of this report, with two estimated 
timeframes: 1) time until PCE concentrations in groundwater at the stream decline to acceptable surface 
water concentrations (111 µg/L), and 2) time until PCE concentrations in groundwater throughout the site 
decline to the MCL (5 µg/L).  These estimates assume there are no ongoing sources such as DNAPL in 
the aquifer or residual contamination in the vadose zone.  If no action were conducted, the model shows 
that PCE concentrations will naturally decline to 111 µg/L at the stream in 30 years, and to 5 µg/L 
throughout the site in 43 years.   

5.1.6 Short-Term Effectiveness 

The short-term effectiveness describes the risk to human health and the environment until 
CMOs are attained.  The Phase II RFI risk evaluation indicated that the only unacceptable risk to human 
health would be associated with use of groundwater as a tap water source, which is not occurring and is 
not likely to occur in the short term.  However, the Phase II RFI identified potential current risk to 
ecological receptors in the stream.  Therefore, the short-term timeframe of concern is the time it will take 
for PCE concentrations in the stream to decline to the cleanup goal of 111 µg/L.  Based on the 
groundwater flow model included as Appendix A, this will take 30 years assuming there is no DNAPL or 
ongoing source coming from the vadose zone.   

5.1.7 Feasibility 

The no action alternative would be technically feasible, but may not be administratively 
implementable given the unacceptable impacts of PCE to Stream 4-1. 

5.1.8 Cost 

There are no costs associated with this alternative. 

5.1.9 State, US EPA, and Community Acceptance 

State, US EPA, and Community acceptance will be determined after completion of the 
Statement of Basis and Public Comment Period.  The Army does not know of any State or Community 
concerns regarding the acceptability of the alternative. 

5.2 ALTERNATIVE 2 – SOIL EXCAVATION, LAND USE CONTROLS, LONG-TERM 
MONITORING, AND MONITORED NATURAL ATTENUATION 

5.2.1 Description 

This alternative consists of the excavation of contaminated unsaturated and saturated soil for 
source treatment, LUCs for limiting potential exposure activities, LTM to evaluate the effects of CC-A05 
remedial activities and site restoration progress, and MNA for plume perimeter PCE polishing. 

The excavation would remove soil from the hotspot, defined as the area where PCE in 
groundwater exceeds 5,000 µg/L.  A pre-excavation membrane interface probe (MIP) investigation would 
be conducted to determine the approximate bounds of soils targeted for excavation which are currently 
estimated to be 90 ft wide by 60 ft across and 35 ft deep, or approximately 7,000 cubic yards (loose) 
Figure 5-1.  Trees, brush, and vegetation would be cleared, as required, before excavation activities 
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began.  Cleared material would be chipped and stockpiled on site.  All anticipated work would be outside 
previously delineated wetland limits as shown on Figure 5-1 with the exception that some of the four 
proposed shallow/deep monitoring well pairs shown on Figure 5-1 could be located within wetland limits.  
Erosion and sediment control measures would be installed prior to ground disturbance to protect adjacent 
areas including delineated wetlands.  Protective measures, such as the use of temporary work platforms, 
would be taken to minimize impact to wetlands during well installation activities.   

Extraction wells will be installed to de-water the aquifer prior to excavation activities.  
Groundwater captured during excavation dewatering activities would also be stored on site and treated 
using a granulated activated carbon (GAC) system.   

Prior to backfill activities, composite confirmation samples would be collected from the excavation 
area to confirm that all soil with COI concentrations exceeding remedial goals (RGs) were removed.  It is 
assumed that 10 composite floor (one per 500 sq ft) and 6 excavation perimeter (one per 50 linear feet) 
samples will be collected.  The samples would be analyzed to confirm that contaminant of concern 
concentrations did not exceed the RGs.  After the site was backfilled, it would be revegetated to minimize 
erosion.  Existing monitoring wells MW-02, MW-08D, MW-08S, MW-09D, MW-09S, MW-10D, and 
MW-10S would likely be abandoned due to excavation activities.  Any well requiring abandonment for the 
excavation would be replaced during post excavation site restoration.  

Side wall shoring would be required to minimize excavation benching and site impact.  It is 
anticipated that 80 percent of the top 15 ft of soil will be clean and used to refill the excavation pit, while 
the bottom 15 to 20 ft will likely have to undergo treatment prior to transportation off site for disposal.  
Because the excavated soil would be sent for off-site disposal, composite samples would be collected for 
waste characterization every 200 cubic yards of excavated soil.  Each sample would be analyzed for the 
full TCLP analysis to determine if it was a hazardous waste.  Soil exceeding RCRA TCLP criteria would 
be segregated and treated before disposal if economically advantageous.  Following treatment, the soil 
should no longer exceed TCLP criteria and therefore would not be subject to land disposal restrictions.  
Nonhazardous soil would be landfilled in a Subtitle D disposal facility.  Water collected during the 
saturated soil excavation activities would be collected and treated by GAC prior to discharge to the 
unnamed tributary.   

LUCs for CC-A05 would consist of restricting the installation of wells for drinking water production 
and a prohibition on construction activities unless appropriate barriers are included with new construction 
such that exposure via vapor intrusion is prevented. 

The LTM program would include semiannual sampling events for monitoring wells screened in 
the shallow aquifer as well as annual surface water and sediment sampling to evaluate the effects of the 
source removal and to demonstrate that MNA was contributing to site restoration.  Groundwater samples 
would be analyzed for VOCs using US EPA Method 8260D.  A total of 14 monitoring wells, 10 surface 
water, and 10 sediment samples are proposed for inclusion in the LTM program (Figure 5-2).  Table 5-1 
lists the analytical components included in the LTM program and the number of samples collected in each 
event.  Groundwater sampling would occur semiannually for 30 years.  Surface water and sediment 
sampling would occur annually for 30 years.  Results from the sampling events would provide data on 
spatial and temporal changes in the extent of groundwater, surface water, and sediment contamination.  
The duration of the LTM program is projected to be greater than 30 years.  There is a potential for ramp 
down of the monitoring program in the future if consistent declines in PCE concentration are documented; 
however, the conservative annual program outlined above is assumed because the CMOs are not 
expected to be met prior to year 26.    

5.2.2 Control of Source Releases 

There are no active disposal operations at CC-A05 and contaminants are no longer being 
released at the site.  However, the contamination in the soil and shallow aquifer, constituting the source 
area, presents a source of contamination to groundwater and subsequently surface water.  Alternative 2 
would remove a majority of the contaminant mass from the site and minimize further contribution from the 
soil to the groundwater.  MNA processes would reduce the contaminant concentrations over time. 
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5.2.3 Protection of Human Health and the Environment 

This alternative would effectively reduce or eliminate risks to human health and the environment 
at the site by excavating contaminated soil from the site, treating the portion of the material exceeding 
RCRA TCLP criteria, and disposal off site.  Once the contaminated media is removed from the site, risk 
from direct exposure would be minimized and the potential for any future contaminant migration from the 
source area to groundwater or surface water would subsequently be reduced to meet RGs. 

Alternative 2 will remove contaminant mass and will comply with the CMOs over time as MNA 
reduces the remaining PCE concentrations below regulatory limits.  The LUC program would limit 
potential exposure to the PCE contamination and the LTM/MNA program would monitor and evaluate 
contaminant mass reduction. 

Once Stream 4-1 is protected from the contribution of contaminated groundwater from the source, 
the shallow and relatively fast-moving nature of the small tributary will aid in the stream restoration 
through sediment movement and PCE volatilization.  During periods of storm flow in particular, the stream 
accepts surface water runoff from a large paved area.  The high flow during these events will prevent 
deposits of fine-grained material that might otherwise accumulate and store contaminants. 

5.2.4 Compliance with Standards and Criteria 

Alternative 2 would comply with applicable standards for management of wastes.  Stock piles of 
excavated soils with PCE above regulatory limits would be managed in accordance with the FTBL quality 
assurance program plan.  Any leachate derived from saturated soils will be collected and stored on site in 
tanks or containers before treatment using a GAC system.  Groundwater captured during excavation 
dewatering activities would also be stored on site and treated using a GAC system.   

Investigation-derived waste (IDW) generated during the pre-excavation investigations and during 
LTM activities, including soil cuttings, purge water, bailers, decontamination water, and personal 
protective equipment (PPE), would be analyzed and disposed in compliance with waste management 
standards as specified in the FTBL Corrective Measures Implementation Work Plan (CMIWP) that will be 
developed for the site. 

This alternative would also comply with RGs established as CMOs.  

5.2.5 Long-Term Reliability and Effectiveness 

This alternative is permanent and would be effective over the long-term because it removes 
contaminated media posing a risk to human and ecological receptors from the site.  Soils above 
regulatory limits could be treated before off-site disposal.  Treatment of this portion of the soil would 
reduce the volume of contaminants. 

For this alternative, the model presented in Appendix A shows that PCE concentrations will 
decline to 111 µg/L at the stream in 26 years, and to 5 µg/L throughout the site in 42 years.  These 
timeframes are not significantly better than the no action alternative (30 and 43 years, respectively), even 
though considerable contaminant mass was removed.  This is because so much residual contamination 
will remain sorbed to soil outside of the excavation footprint (i.e., where PCE contamination in 
groundwater is 1,000 to 5,000 µg/L).  Groundwater will continue flowing through contaminated soil outside 
of the excavated area, desorbing PCE, and impacting Stream 4-1.  Although the concentrations entering 
the stream will always be lower than if no action was done, the time needed to desorb and disperse 
contaminants in groundwater to RGs is not significantly shortened.  Excavation of soil will remove 
contaminant from above and below the water table, and potentially DNAPL if present, so the approach 
does reduce modeling uncertainty of ongoing sources that would extend the estimated timeframes. 

5.2.6 Short-Term Effectiveness 

The short term is defined as the time it will take for PCE concentrations in the stream to decline to 
the cleanup goal of 111 µg/L.  Based on the groundwater flow model included as Appendix A, this will 
take approximately 26 years.  During that time, the alternative would not be effective at protecting the 
stream. 
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Alternative 2 could also present a considerable potential for short-term impacts due to the depth 
of excavation into the saturated zone, the limited amount of available area to work in the lower portion of 
CC-A05, and the proximity to the stream.  Dewatering would be necessary, posing safety concerns if not 
properly controlled or if significant flow in the stream were to occur during a rain event.  Human health 
and environmental risks from excavation (e.g., runoff, dust, and off-gassing of VOCs), treatment, and 
transportation of waste would be maintained as low as possible during remediation through compliance 
with permitting requirements, project-specific work plans and health and safety plans, and use of best 
engineering practices. 

Excavation and transportation of waste would require the irreversible and irretrievable 
commitment of fuel and other nonrenewable energy resources as well as resources such as borrow soil.  
Any treatment of waste to meet RCRA land disposal restrictions would also require the commitment of 
treatment agents. 

5.2.7 Feasibility 

Alternative 2 is technically feasible, although considerable difficulties are anticipated during 
implementation due to the topographical constraints and hydrologic conditions associated with the site.  
While well-established excavation and waste-handling processes are available, the steep terrain where 
the contamination is located, the shallow water table, and the heterogeneity of the soils may present 
technical challenges.  Treatment of waste could present technical difficulties due to the potential for 
generation of large volumes of contaminated groundwater for dewatering. 

The water table at the site is shallow and both unsaturated and saturated soils are targeted for 
removal.  Dewatering of the site would be required to lower the groundwater and to remove any rainwater 
to allow excavation.  Dewatering and hydraulic control would also be needed during excavation and 
backfilling to prevent recontamination by contaminated groundwater.  Hydraulic control may be difficult to 
achieve due to the close proximity of the stream, especially if storm events occur.  Stockpiled, water 
saturated soil would require dewatering before loading onto trucks.  Extended periods of inclement 
weather would make this process more difficult and time-consuming because the nature of the waste is 
not fully known, difficulties could be encountered during implementation of the action that cannot be 
anticipated during planning and design. 

5.2.8 Cost 

The costs associated with implementing this alternative are: 

  Alternative 2 
Capital Cost $2,669,833  
O&M Cost $2,851,891  
30-Year Present Value $4,792,849 

This alternative is characterized by high capital cost to excavate the soil and high O&M cost 
because monitoring is anticipated to occur throughout the entire 30 years until RGs are achieved.  A more 
detailed breakdown of these costs is provided in Appendix B. 

5.2.9 State, US EPA, and Community Acceptance 

State, US EPA, and Community acceptance will be determined after completion of the Statement 
of Basis and Public Comment Period.  The Army does not know of any State or Community concerns 
regarding the acceptability of the alternative. 
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5.3 ALTERNATIVE 3 – IN SITU ENHANCED BIOREMEDIATION, BIOAUGMENTATION, LAND 
USE CONTROLS, LONG-TERM MONITORING, AND MONITORED NATURAL ATTENUATION 

5.3.1 Description 

Alternative 3 combines ISEB with bioaugmentation for source treatment, LUCs for limiting 
potential exposure activities, LTM to evaluate the effects of CC-A05 remedial activities and site 
restoration progress, and MNA for plume perimeter PCE polishing. 

The current CC-A05 aquifer conditions do not appear to be supportive of anaerobic 
biodegradation.  DO levels were above 1 mg/L, ORP was above 50 mV, and pH levels were less that 
optimal (<5.5) during the 2010 Phase II RFI investigation.  The addition of a carbon source will help to 
consume the available DO creating anaerobic and reducing conditions necessary for ISEB remediation of 
PCE and its daughter products.  Buffering will also be necessary to raise the pH levels above 5.5 for 
optimal growth of PCE/TCE reducing cultures. 

The ISEB and bioaugmentation component consists of the injection of a durable carbon source 
such as EVO and SDC-9 reductive dechlorination cultures into a 20,727 sq ft portion of the aquifer “hot 
spot” where PCE concentrations above 1,000 µg/L were previously detected (Figure 5-3).  A 50-ft buffer 
from Stream 4-1 will be maintained with no injections to minimize potential migration of EVO to surface 
water potentially leading to Biological Oxygen Demand (BOD) impacts.  If this remedy is selected, the 
distance may be re-evaluated and reduced if possible, but will likely be limited by topography and aquifer 
characteristics.  Fifty-five (55) injection points located on 20-ft centers would be used to distribute the 
EVO and SDC-9 reagents between 40 and 60 ft amsl (Figure 5-3).  Approximately 818 pounds of EVO, 
2.8 liters of SDC-9 reductive dechlorination cultures, and 91 pounds of sodium bicarbonate buffer would 
be added to each point.    

Eight (four shallow/deep well pairs) additional monitoring wells would be installed for performance 
monitoring of the treatment zone along with the eight existing wells (MW-03D, MW-03S, MW-8D, MW-8S, 
MW-9D, MW-9S, MW-10D, and MW-10S or their replacements).  The proposed well pairs would be 
installed along the tributary to monitor the leading edge of the treatment zone and point of compliance.  
All injection activities would be conducted outside previously delineated wetland limits shown on 
Figure 5-3.  Proposed monitoring wells might be located within wetland limits.  Although there is limited 
impact to wetlands anticipated during well installation, protective measures, such as the use of temporary 
work platforms, would be taken to minimize impact to wetlands. 

LUCs for CC-A05 would consist of restricting the installation of wells for drinking water production 
and restricting construction unless appropriate measures are taken to mitigate inhalation risks for vapor 
intrusion.   

The LTM program would include semiannual sampling events for monitoring wells screened in 
the shallow aquifer and annual surface water and sediment sampling to evaluate the effects of treatment 
and to demonstrate that MNA is contributing to site restoration.  Groundwater samples would be analyzed 
for VOCs using US EPA Method 8260D.  A total of 14 monitoring wells, 10 surface water and 
10 sediment samples are proposed for inclusion in the LTM program (Figure 5-2).  Table 5-1 lists the 
analytical components included in the LTM program and the number of samples collected in each event.  
Based on the modeling results presented in Appendix A, the estimated timeframe until the cleanup goal 
for PCE of 111 µg/L at the stream is met is between 11 to 16 years.  Consequently, groundwater 
sampling is anticipated to ramp down from semiannual to annual in Year 11, and all sampling is 
anticipated to ramp down to biennial in Year 21.  Monitoring would continue through Year 30 while PCE 
concentrations still exceed the MCL.  Results from the sampling events would provide data on spatial and 
temporal changes in the extent of groundwater, surface water, and sediment contamination.  The 
sampling schedule will be as indicated or until RGs are met.  The duration of the LTM program is 
projected to be 30 years. 

5.3.2 Control of Source Releases 

There are no active disposal operations at CC-A05 and contaminants are no longer being 
released at the site.  However, the contamination in the soil and shallow aquifer, constituting the source 
area, presents a source of contamination to groundwater and subsequently surface water.  ISEB is 
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expected to be effective in the reduction of contaminant mass in the aquifer, thereby reducing 
contaminant migration to the surface water.  Natural attenuation processes would reduce the contaminant 
concentrations over time.  It should be noted that ISEB would not be applied to unsaturated soil; 
therefore, contamination would remain in the soil above the water table until it volatilizes or migrates 
vertically into the saturated zone where it will undergo ISEB treatment. 

5.3.3 Protection of Human Health and the Environment 

Alternative 3 is expected to provide a high level of protection to human health and the 
environment.  ISEB has been demonstrated in many field-scale treatments as being capable of complete 
destruction of chlorinated ethenes such as PCE.  The efficiency of ISEB treatment is limited primarily by 
successful carbon distribution and the establishment of reductive dechlorination supportive aquifer 
conditions.  Eliminating the highest PCE concentrations in the aquifer will allow for natural attenuation 
processes to meet CMOs at and beyond the point of compliance. 

Once Stream 4-1 is protected from the contribution of contaminated groundwater from the source, 
the shallow and relatively fast-moving nature of the small tributary will aid in the stream restoration 
through sediment movement and PCE volatilization.  During periods of storm flow in particular, the stream 
accepts surface water runoff from a large paved area.  The high flow during these events will prevent 
deposits of fine-grained material that might otherwise accumulate and store contaminants. 

5.3.4 Compliance with Standards and Criteria 

Wastes generated would include purge water, bailers, decontamination water, injection system 
bag filters, and PPE.  The ISEB application wastes would be analyzed and disposed in compliance with 
waste management standards as specified in the FTBL CMIWP that would be developed for the site. 

This alternative would also comply with RGs established as CMOs. 

5.3.5 Long-Term Reliability and Effectiveness 

The in situ injection of EVO and SDC-9 cultures should have a significant and permanent effect 
on the mass and concentration of chlorinated ethenes at the CC-A05 site.  ISEB and MNA processes will 
eliminate a long-term threat to the aquifer from dissolved-phase contaminants.  Monitoring of groundwater 
and surface water will be conducted to evaluate ISEB treatment progress and provide the information 
needed for future optimization applications should further treatment be necessary.   

Alternative 3 would reduce the toxicity, mobility, and volume of contamination through the 
bioremediation of PCE in the source area and on the plume perimeter through MNA. 

For this alternative, the model presented in Appendix A shows that PCE concentrations will 
decline to 111 µg/L at the stream in 11 to 16 years, and to 5 µg/L throughout the site in 24 to 29 years.  
These timeframes are a significant improvement over the no action alternative (30 and 43 years, 
respectively) because considerable contaminant mass will be destroyed through treatment over a large 
portion of the plume.   

5.3.6 Short-Term Effectiveness 

The short term is defined as the time it will take for PCE concentrations in the stream to decline to 
the cleanup goal of 111 µg/L.  Based on the groundwater flow model included as Appendix A, this will 
take 11 to 16 years assuming no DNAPL is present or ongoing source coming from the vadose zone.  
During that time, the alternative may not be effective at protecting the stream. 

The ISEB approach will require a month of field injections to distribute EVO throughout the 
treatment areas and for anaerobic and reducing condition supportive of reductive dechlorination to 
develop.  Once the proper conditions are developed, biodegradation will sequentially reduce PCE to TCE 
to DCE to VC and finally innocuous ethene.  Transient accumulations of DCE and VC are possible while 
PCE and TCE reductions are completed.  This would be a concern if there were human health receptors 
exposed because VC is more toxic to humans and has a lower MCL than PCE.  However, this does not 
translate to aquatic receptors.  VC and 1,2-DCE are less toxic to aquatic receptors than PCE and TCE 
based on their higher US EPA Region 3 Biological Technical Assistance Group (BTAG) freshwater 
screening benchmarks. 
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ISEB may have negative short-term impacts on water quality if the ISEB carbon source migrates 
to surface water.  An increase of total organic carbon in the surface water could potentially deplete water 
O2 levels leading to lethal aquatic (i.e., fish kill) conditions.  Once the EVO carbon is consumed in the 
tributary, natural conditions would be restored and the affected species could repopulate the tributary with 
time.  To minimize any potential BOD impact to the stream, a durable carbon source (EVO) will be used 
and the EVO injections will be set back from the stream edge to allow for the complete consumption of 
the EVO carbon prior to contact with surface water. 

5.3.7 Feasibility 

The technical feasibility of implementing ISEB at CC-A05 would only be limited by drilling 
equipment access to the hotspot area, which has been done before, and the ability to maintain 
subsurface conditions supportive of reductive dechlorination (total organic carbon [TOC] levels > 2 mg/L, 
DO < 1 mg/L, pH ~7, and ORP <-50).  However, ISEB may be ineffective in treating carbon disulfide 
which has been shown to be recalcitrant to this technology.  
5.3.8 Cost 

The costs associated with implementing this alternative are: 

  Alternative 3 
Capital Cost $522,896  
O&M Cost $2,102,701 
30-Year Present Value $2,216,230 

This alternative is characterized by low capital cost to implement the initial treatment and high 
O&M cost due primarily to ongoing monitoring but also the additional cost for reinjection of EVO in Year 5.  
A more detailed breakdown of these costs is provided in Appendix B. 

5.3.9 State, US EPA, and Community Acceptance 

State, US EPA, and community acceptance will be determined after completion of the Statement 
of Basis and Public Comment Period.  The Army does not know of any State or Community concerns 
regarding the acceptability of the alternative. 

5.4 ALTERNATIVE 4 – PROTON REDUCTION, BIOAUGMENTATION, LAND USE CONTROLS, 
LONG-TERM MONITORING, AND MONITORED NATURAL ATTENUATION 

5.4.1 Description 

Alternative 4 combines in situ PtR with bioaugmentation for plume treatment, LUCs for limiting 
potential exposure activities, LTM to evaluate the effects of CC-A05 remedial activities and site 
restoration progress, and MNA for plume perimeter PCE polishing.  The in situ PtR component consists of 
installing a series of electrodes into the aquifer for consuming hydrogen ions (H+) and generating H2 at 
the cathode as depicted below. 
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The consumption of H+ will increases pH of the groundwater and the generated H2 is available as 
an electron donor to support in situ bioremediation via reductive dechlorination.  The electrodes require 
very little voltage and can be powered by solar charged batteries.  Although solar generated electricity is 
not a requirement of the technology, the use of solar power makes the technology suitable for sites where 
electrical power is not readily available, where system mobility is desirable, or where prolonged treatment 
is necessary.  For CC-A05, the use of solar panels will not be considered as electric utilities are located 
nearby. 

The PtR electrodes would be installed in a series of PVC wells placed in either a grid or a series 
of parallel cathode/anode arrays covering a 30,398 sq ft portion of the aquifer “hot spot” where PCE 
concentrations above 1,000 µg/L were previously detected (Figure 5-4).  Approximately 2.8 liters of 
concentrated SDC-9 reductive dechlorination cultures would be injected into each well prior to the 
installation of the electrode.  Unlike Alternative 3, no carbon is added to the aquifer, so the electrode 
treatment can be implemented immediately adjacent to the stream bank where the terrain allows.  The 
PtR technology has the added benefit of raising the pH, so no buffer would be needed.  For a grid based 
application, approximately 86 electrodes would be installed on 20-ft centers between 40 and 60 ft amsl.   

Eight (four shallow/deep well pairs) additional monitoring wells would be installed for performance 
monitoring of the treatment zone along with the eight existing wells (MW-03D, MW-03S, MW-8D, MW-8S, 
MW-9D, MW-9S, MW-10D, and MW-10S or their replacements).  The proposed well pairs would be 
installed along the tributary to monitor the leading edge of the treatment zone and point of compliance.  A 
portion of the injection and well installation activities may be conducted within previously delineated 
wetland limits as shown on Figure 5-4.  Although there is minimal impact anticipated for this alternative, 
protective measures, such as the use of temporary work platforms, would be taken to minimize impact to 
wetlands during injection and well installation activities. 

LUCs for CC-A05 would consist of restricting the installation of wells for drinking water production 
and restricting construction unless appropriate measures are taken to mitigate inhalation risks for vapor 
intrusion.  

The LTM program would include semiannual sampling events for monitoring wells screened in 
the shallow aquifer and annual surface water and sediment sampling to evaluate the effects of treatment 
and to demonstrate that MNA was contributing to site restoration.  Groundwater samples would be 
analyzed for VOCs using US EPA Method 8260D.  A total of 14 monitoring wells, 10 surface water 
samples, and 10 sediment samples are proposed for inclusion in the LTM program (Figure 5-2).  
Table 5-1 lists the analytical components included in the LTM program and the number of samples 
collected in each event.  Based on the modeling results presented in Appendix A, the estimated 
timeframe until the cleanup goal for PCE of 111 µg/L at the stream is met is between 9 to 15 years.  
Consequently, groundwater sampling is anticipated to ramp down from semiannual to annual in Year 11, 
and all sampling is anticipated to ramp down to biennial in Year 21.  Monitoring would continue through 
Year 30 while PCE concentrations still exceed the MCL.  Results from the sampling events would provide 
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data on spatial and temporal changes in the extent of groundwater, surface water, and sediment 
contamination.  The sampling schedule will be as indicated or until RGs are met.  The duration of the LTM 
program is projected to be 30 years. 

5.4.2 Control of Source Releases 

There are no active disposal operations at CC-A05 and contaminants are no longer being 
released at the site.  However, the contamination in the soil and shallow aquifer, constituting the source 
area, presents a source of contamination to groundwater and subsequently surface water.  PtR is 
expected to be effective in the reduction of contaminant mass in the aquifer, thereby reducing 
contaminant migration to the surface water.  Natural attenuation processes would reduce the contaminant 
concentrations over time.  It should be noted that PtR would not be applied to unsaturated soil; therefore, 
contamination would remain in the soil above the water table until it volatilizes or migrates vertically into 
the saturated zone where it will undergo treatment. 

5.4.3 Protection of Human Health and the Environment 

Alternative 4 is expected to provide protection to human health and the environment.  PtR has 
been demonstrated in recent field trials as being capable of complete destruction of chlorinated ethenes 
such as PCE.  However, the efficiency of PtR treatment for CC-A05 is unknown since the technology is in 
the developmental stage.  Eliminating the highest PCE concentrations in the aquifer will allow for natural 
attenuation processes to meet CMOs at and beyond the point of compliance. 

Once Stream 4-1 is protected from the contribution of contaminated groundwater from the source, 
the shallow and relatively fast-moving nature of the small tributary will aid in the stream restoration 
through sediment movement and PCE volatilization.  During periods of storm flow in particular, the stream 
accepts surface water runoff from a large paved area.  The high flow during these events will prevent 
deposits of fine-grained material that might otherwise accumulate and store contaminants. 

5.4.4 Compliance with Standards and Criteria  

Wastes generated during the PtR, LUC, LTM and MNA activities would include well installation 
soil cutting purge water, bailers, decontamination water, and PPE.  The PtR application wastes would be 
analyzed and disposed in compliance with waste management standards as specified in the FTBL 
CMIWP that will be developed for the site. 

This alternative should comply with RGs established as CMOs.  The technology has worked well 
at other sites and has the potential to be effective at A05.  However, the success of any proton reduction, 
or other bioremediation, approach is determined in large part by distribution of the produced hydrogen 
and the presence of the correct microorganisms to facilitate dehalogenation.  Distribution of hydrogen 
from the cathodes, or from an added carbon source, is predominantly determined by groundwater flow.  

5.4.5 Long-Term Reliability and Effectiveness 

The application of PtR and SDC-9 cultures to stimulate reductive dechlorination should have a 
significant and permanent effect on the mass and concentration of chlorinated ethenes at the CC-A05 
site.  PtR and MNA processes will eliminate a long-term threat to the aquifer from dissolved-phase 
contaminants.  Monitoring of groundwater and surface water will be conducted to evaluate PtR treatment 
progress and provide the information needed for future optimization applications should further treatment 
be necessary. 

Alternative 4 would reduce the toxicity, mobility, and volume of contamination through the 
bioremediation of PCE in the source area and on the plume perimeter through natural attenuation 
processes. 

For this alternative, the model presented in Appendix A shows that PCE concentrations will 
decline to 111 µg/L at the stream in 9 to 15 years, and to 5 µg/L throughout the site in 23 to 28 years.  
These timeframes are a significant improvement over the no action alternative (30 and 43 years, 
respectively) because considerable contaminant mass will be destroyed through treatment over a large 
portion of the plume. 
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5.4.6 Short-Term Effectiveness 

The short term is defined as the time it will take for PCE concentrations in the stream to decline to 
the cleanup goal of 111 µg/L.  Based on the groundwater flow model included as Appendix A, this will 
take 9 to 15 years assuming no DNAPL is present or ongoing source coming from the vadose zone.  
During that time, the alternative would not be effective at protecting the stream. 

The PtR approach will require 2 to 3 months for anaerobic and reducing condition supportive of 
reductive dechlorination to develop.  Anodes and cathodes will be placed in off-set rows; however, the 
polarity of the electrode will be alternated on some frequency to prevent large pH swings and passivation 
of the electrodes by mineral deposits.  Once the proper conditions are developed, biodegradation would 
sequentially reduce PCE to TCE to DCE to VC and finally innocuous ethene.  Transient accumulations of 
DCE and VC are possible while PCE and TCE reductions are completed.  This would be a concern if 
there were human health receptors exposed because VC is more toxic to humans and has a lower MCL 
than PCE.  However, this does not translate to aquatic receptors.  VC and 1,2-DCE are less toxic to 
aquatic receptors than PCE and TCE based on their higher US EPA Region 3 BTAG freshwater 
screening benchmarks.  

5.4.7 Feasibility 

PtR is a developing technology and the efficiency of PtR treatment for CC-A05 is unknown.  The 
technology uses commonly available components and its implementation would only be limited by drilling 
equipment access to the hotspot area, which has been done before, and the ability to maintain 
subsurface conditions supportive of reductive dechlorination (DO < 1 mg/L, pH ~7, and ORP <-50).  PtR 
may be ineffective in treating carbon disulfide which has been shown to be recalcitrant to this technology.  
5.4.8 Cost 

The costs associated with implementing this alternative are: 

  Alternative 4 
Capital Cost $688,918  
O&M Cost $2,099,686  
30-Year Present Value $2,345,146 

This alternative is characterized by low capital cost to implement the initial treatment and high 
O&M cost due primarily to ongoing monitoring but also adjustments and repairs to keep the system 
operating efficiently.  A more detailed breakdown of these costs is provided in Appendix B. 

5.4.9 State, US EPA, and Community Acceptance 

State, US EPA, and Community acceptance will be determined after completion of the Statement 
of Basis and Public Comment Period.  The Army does not know of any State or Community concerns 
regarding the acceptability of the alternative. 

5.5 ALTERNATIVE 5 – PERMEABLE REACTIVE BARRIER, BIOAUGMENTATION, LAND USE 
CONTROLS, LONG-TERM MONITORING, AND MONITORED NATURAL ATTENUATION 

5.5.1 Description 

Alternative 5 combines a PRB using bioaugmentation for source interception and treatment, 
LUCs for limiting potential exposure activities, LTM to evaluate the effects of CC-A05 remedial activities 
and site restoration progress, and MNA for plume perimeter PCE polishing.   

The PRB component consists of installing a 320-ft long, 25-ft deep (65-40 ft amsl), and 36-inch 
wide permeable wall parallel to the unnamed tributary and perpendicular to groundwater flow 
(Figure 5-5).  The PRB wall will be constructed with sand and/or gravel mixed with reactive media so that 
the resulting wall is more permeable than the surrounding aquifer allowing groundwater to easily flow 
through the structure.  The reactive material of the PRB would consist of Daramend® which combines ZVI 
with a slowly degradable carbon substrate which would drive both chemical and biological reduction of 
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dissolved PCE as it passes through the wall.  This bio/chemical combination rapidly creates buffered, 
strongly reducing conditions, which result in more complete solvent degradation (i.e., direct 
mineralization).  The extent and level of reducing activity commonly observed are much greater when 
both the carbon substrate and the ZVI are present.  ZVI also has the potential to treat carbon disulfide 
which was detected in the stream and during direct push technology sampling of the subsurface, but has 
not been detected in monitoring wells. 

Depending on the accessibility of the equipment, either a one pass trencher or a long-reach 
excavator will be used to install the wall (or series of walls) to achieve the necessary PCE residence for 
complete treatment.  Once the PRB is completed, wells will be installed into the wall for the delivery of 
SDC-9 reductive dechlorination cultures and additional fluid carbon amendments as needed.  It is 
anticipated that the wall will need to be refurbished approximately every 15 years.   

Another option for establishing the PRB is to inject EHC®, a less coarse form of Daramend®, at 
points spaced along the proposed PRB alignment.  This approach eliminates the need for a long-reach 
excavator or trencher; however, the PRB created by injecting EHC would not be continuous and may be 
less effective than a PRB created by trenching.  This method is not recommended because an injected 
PRB would be less homogenous than a trenched PRB and also less permeable than the native formation.  
Contaminated groundwater could preferentially pass around the PRB or through thin spots within the 
PRB.   

Eight (four shallow/deep well pairs) additional monitoring wells would be installed for performance 
monitoring of the treatment zone along with the eight existing wells (MW-03D, MW-03S, MW-8D, MW-8S, 
MW-9D, MW-9S, MW-10D, and MW-10S or their replacements).  The proposed well pairs would be 
installed along the tributary as the point of compliance.  

All PRB installation activities would be conducted outside previously delineated wetland limits 
shown on Figure 5-5.  Proposed monitoring wells could be located within wetland limits.  Although there 
is limited impact to wetlands anticipated during well installation, protective measures, such as the use of 
temporary work platforms, would be taken to minimize impact to wetlands. 

LUCs for CC-A05 would consist of restricting the installation of wells for drinking water production 
and restricting construction unless appropriate measures are taken to mitigate inhalation risks for vapor 
intrusion.   

The LTM program would include semiannual sampling events for monitoring wells screened in 
the shallow aquifer and annual surface water and sediment sampling to evaluate the effects of treatment 
and to demonstrate that MNA was contributing to site restoration.  Groundwater samples would be 
analyzed for VOCs using US EPA Method 8260D.  A total of 14 monitoring wells, 10 surface water 
samples, and 10 sediment samples are proposed for inclusion in the LTM program (Figure 5-2).  
Table 5-1 lists the analytical components included in the LTM program and the number of samples 
collected in each event.  Based on the modeling results presented in Appendix A, the estimated 
timeframe until the cleanup goal for PCE of 111 µg/L at the stream is met is between 9 to 19 years.  
Consequently, groundwater sampling is anticipated to ramp down from semiannual to annual in Year 11, 
and all sampling is anticipated to ramp down to biennial in Year 21.  Monitoring would continue through 
Year 30 while PCE concentrations still exceed the MCL.  Results from the sampling events would provide 
data on spatial and temporal changes in the extent of groundwater, surface water and sediment 
contamination.  The sampling schedule will be as indicated or until RGs are met.  The duration of the LTM 
program is projected to be greater than 30 years. 

5.5.2 Control of Source Releases 

There are no active disposal operations at CC-A05 and contaminants are no longer being 
released at the site.  However, the contamination in the soil and shallow aquifer, constituting the source 
area, presents a source of contamination to groundwater and subsequently surface water.  PRB is 
expected to be effective in the reduction of contaminant mass in the aquifer, thereby reducing 
contaminant migration to the surface water.  Natural attenuation processes would reduce the remaining 
contaminant concentrations over time. 
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It should be noted that the PRB would not be applied to unsaturated soil; therefore, contamination 
would remain in the soil above the water table until it volatilizes or migrates vertically into the saturated 
zone where it will undergo treatment when flowing through the PRB.   

5.5.3 Protection of Human Health and the Environment 

Alternative 5 is expected to provide a protection to human health and the environment.  PRB is a 
commonly applied remedial approach and has been demonstrated in multiple field applications as being 
capable of complete destruction of chlorinated ethenes such as PCE.  Reducing PCE concentrations as 
groundwater passes through the PRB will meet CMOs at and beyond the point of compliance.  

Once Stream 4-1 is protected from the contribution of contaminated groundwater from the source, 
the shallow and relatively fast-moving nature of the small tributary will aid in the stream restoration 
through sediment movement and PCE volatilization.  During periods of storm flow in particular, the stream 
accepts surface water runoff from a large paved area.  The high flow during these events will prevent 
deposits of fine-grained material that might otherwise accumulate and store contaminants. 

5.5.4 Compliance with Standards and Criteria 

Wastes generated during the PRB, LUC, LTM, and MNA activities would include well installation 
and PRB wall soil cuttings, purge water, bailers, decontamination water, and PPE.  The PRB application 
wastes would be analyzed and disposed in compliance with waste management standards as specified in 
the FTBL CMIWP that will be developed for the site. 

This alternative would also comply with RGs at the point of compliance, established as CMOs. 

5.5.5 Long-Term Reliability and Effectiveness 

The application of PRB and SDC-9 cultures to drive chemical and reductive dechlorination 
processes should have a significant and permanent effect on the mass and concentration of chlorinated 
ethenes at the CC-A05 site.  The PRB approach will treat dissolved PCE as it passes through the wall; 
however, many years will be required for the source area mass to migrate through the wall.  PRB and 
subsequent MNA processes will eliminate a long-term threat to the aquifer and surface water from 
dissolved-phase contaminants.  Monitoring of groundwater and surface water will be conducted to 
evaluate PRB treatment progress and provide the information needed for future optimization applications 
should further treatment be necessary.   

Alternative 5 would reduce the toxicity, mobility, and volume of contamination at the site as PCE 
contaminated groundwater passes through the PRB and on the plume perimeter through MNA. 

For this alternative, the model presented in Appendix A shows that PCE concentrations will 
decline to 111 µg/L at the stream in 9 to 19 years, and to 5 µg/L throughout the site in 38 years.  These 
timeframes are a significant improvement over the no action alternative (30 and 43 years, respectively) 
because considerable contaminant mass will be destroyed through treatment. 

5.5.6 Short-Term Effectiveness 

The short term is defined as the time it will take for PCE concentrations in the stream to decline to 
the cleanup goal of 111 µg/L.  Based on the groundwater flow model included as Appendix A, this will 
take approximately 9 to 19 years.  During that time, the alternative would not be effective at protecting the 
stream. 

5.5.7 Feasibility 

PRB is a commonly applied remedial approach.  The technology uses commercially available 
components, but its implementation would be problematic due to the small footprint of the site and 
difficulty gaining equipment access to the area.  There may be some difficulties encountered during the 
design and implementation stages due to the topography and the eroding stream which is undercutting 
the banks in places.  In order to excavate a 30-ft-deep trench to tie into the confining layer, an 
assessment will be needed to determine how far back from the stream the wall can be installed safely 
without compromising the bank.  The farther from the stream the wall is placed, the longer the time 
needed to meet RGs.  An improved access pathway will also be needed to transport excavated soil and 
PRB material to and from the site.  



  Section 5.0 
Evaluation of Corrective Measure Alternatives for the Shallow Aquifer 

W912DY-10-D-0014, DO #2 5-14 Corrective Measures Study Report, CC-A05 
WERS02-29  Fort Belvoir 
September 2013  Final Document 

5.5.8 Cost 

The costs associated with implementing this alternative are: 

  Alternative 5 
Capital Cost $978,247  
O&M Cost $2,360,706  
30-Year Present Value $2,773,342 

This alternative is characterized by low to medium capital cost to install the PRB and high O&M 
cost due primarily to ongoing monitoring, but also the anticipated cost for renewal of the PRB at Year 15 
and Year 30.  A more detailed breakdown of these costs is provided in Appendix B. 

5.5.9 State, US EPA, and Community Acceptance 

State, US EPA, and Community acceptance will be determined after completion of the Statement 
of Basis and Public Comment Period.  The Army does not know of any State or Community concerns 
regarding the acceptability of the alternative. 

5.6 ALTERNATIVE 6 – IN SITU THERMAL TREATMENT, PERMEABLE REACTIVE BARRIER, 
SOIL VAPOR EXTRACTION, LAND USE CONTROLS, LONG-TERM MONITORING, AND 
MONITORED NATURAL ATTENUATION 

5.6.1 Description 

Alternative 6 consists of ISTT coupled with SVE for source treatment, PRB to treat contaminants 
that may be mobilized to groundwater during heating, LUCs for limiting potential exposure activities, LTM 
to evaluate the effects of CC-A05 remedial activities and site restoration progress, and MNA for plume 
perimeter PCE polishing.   

This alternative includes the PRB from Alternative 5, which must be installed prior to ISTT to treat 
contaminants mobilized by the thermal heating.  By emplacing the biochemical PRB first, any potential 
surge in contaminants will be treated prior to reaching the stream.   

Extraction wells will be installed to de-water the aquifer during ISTT so that convective cooling by 
flowing groundwater is minimized.  Groundwater captured during the dewatering activities would be 
stored on site and treated using a GAC system.  The electro resistive heating would be applied to the 
90 ft by 60 ft by 30 ft deep treatment zone where PCE >5,000 µg/L in groundwater has been detected 
(Figure 5-6).  The exact size and location of the treatment area would be determined by a design 
investigation using a MIP.  ISTT electrodes would be placed in a 30- to 40-ft diameter hexagonal array 
with a multiphase extraction well in the center of the array.  Trees, brush, and vegetation would be 
cleared, as required, before the thermal system can be installed.  Cleared material would be chipped and 
stockpiled on site.  

All remedial installation activities would be conducted outside previously delineated wetland limits 
shown on Figure 5-6.  Proposed monitoring wells could be located within wetland limits.  Although there 
is limited impact to wetlands anticipated during well installation, protective measures, such as the use of 
temporary work platforms, would be taken to minimize impact to wetlands. 

The resistive heating will produce a “hot plate” effect that would result in the vertical migration of 
the volatilized PCE upwards through to the vadose zone where a soil extraction system would be used to 
capture the vapors for ex situ treatment.  Electrodes from each array with identical voltages would be 
connected to the same transformer.  The heating of the fine-grained sandy clays and clayey sands would 
not only volatilize any adsorbed phase contaminants but would also promote improved SVE performance 
by drying the soils, thereby creating additional flow paths for vapor migration.   

A vacuum pump would be used to recover steam vapors from the extraction wells and to convey 
them to the steam condenser.  An off-gas collection and treatment system (including piping, a vacuum 
extractor, a steam condenser, a condensate holding tank, and an off-gas treatment unit) would be located 
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in an equipment compound.  Recovered condensate would be stripped through a tray air stripper.  The 
contaminated vapor influent would probably be treated with a thermal oxidizer equipped with an acid gas 
scrubber.  Operation of the ISTT system would continue until the mass recovery from the extraction wells 
reached a predetermined goal.  This technology application would be an aggressive source treatment that 
is designed to produce a fast and complete recovery of chlorinated ethenes in the vadose zone for 
ultimate destruction in aboveground treatment processes.  ISTT will reduce the contaminant mass of the 
source area by greater than 90 to 95 percent in a time period of 3 to 4 months.  In addition, this 
technology will also treat carbon disulfide – a contaminant that is recalcitrant to other treatments. 

Eight (four shallow/deep well pairs) additional monitoring wells would be installed for performance 
monitoring of the treatment zone along with the eight existing wells (MW-03D, MW-03S, MW-8D, MW-8S, 
MW-9D, MW-9S, MW-10D, and MW-10S or their replacements).  The proposed well pairs would be 
installed along the tributary to monitor the leading edge of the treatment zone and point of compliance.   

LUCs for CC-A05 would consist of restricting the installation of wells for drinking water production 
and restricting construction unless appropriate measures are taken to mitigate inhalation risks for vapor 
intrusion.  

The LTM program would include semiannual sampling events for monitoring wells screened in 
the shallow aquifer and annual surface water and sediment sampling to evaluate the effects of treatment 
and to demonstrate that MNA was contributing to site restoration.  Groundwater samples would be 
analyzed for VOCs using US EPA Method 8260D.  A total of 14 monitoring wells, 10 surface water 
samples, and 10 sediment samples are proposed for inclusion in the LTM program (Figure 5-2).  
Table 5-1 lists the analytical components included in the LTM program and the number of samples 
collected in each event.  Based on the modeling results presented in Appendix A, the estimated 
timeframe until the cleanup goal for PCE of 111 µg/L at the stream is met is between 8 to 19 years.  
Consequently, groundwater sampling is anticipated to ramp down from semiannual to annual in Year 11, 
and all sampling is anticipated to ramp down to biennial in Year 21.  Monitoring would continue through 
Year 30 while PCE concentrations still exceed the MCL.  Results from the sampling events would provide 
data on spatial and temporal changes in the extent of groundwater, surface water, and sediment 
contamination.  The sampling schedule will be as indicated or until RGs are met.  The duration of the LTM 
program is projected to be 30 years.  

5.6.2 Control of Source Releases 

There are no active disposal operations at CC-A05 and contaminants are no longer being 
released at the site.  However, the contamination in the soil and shallow aquifer, constituting the source 
area, presents a source of contamination to groundwater and subsequently surface water.  ISTT is 
expected to be effective in the rapid reduction of contaminant levels in the shallow aquifer and soil, 
thereby eliminating potential contaminant migration to Stream 4-1.  It should be noted that ISTT would 
treat soil in the vadose zone as well as below the water table, and would also be effective on DNAPL if 
present. 

5.6.3 Protection of Human Health and the Environment 

ISTT is expected to achieve protection of human health and the environment through the 
aggressive volatilization and extraction of the PCE from the source area soils and groundwater media.   

Alternative 6 will remove contaminant mass and will comply with the CMOs over time as MNA 
reduces the remaining PCE concentrations below regulatory limits.  The LUC program would limit 
potential exposure to the PCE contamination and the LTM/MNA program would monitor and evaluate 
contaminant mass reduction.   

Once Stream 4-1 is protected from the contribution of contaminated groundwater from the source, 
the shallow and relatively fast-moving nature of the small tributary will aid in the stream restoration 
through sediment movement and PCE volatilization.  During periods of storm flow in particular, the stream 
accepts surface water runoff from a large paved area.  The high flow during these events will prevent 
deposits of fine-grained material that might otherwise accumulate and store contaminants. 



  Section 5.0 
Evaluation of Corrective Measure Alternatives for the Shallow Aquifer 

W912DY-10-D-0014, DO #2 5-16 Corrective Measures Study Report, CC-A05 
WERS02-29  Fort Belvoir 
September 2013  Final Document 

5.6.4 Compliance with Standards and Criteria 

Wastes generated during the ISTT, LUC, LTM, and MNA activities would include well installation 
soil cuttings, extracted groundwater from dewatering, purge water, bailers, decontamination water, and 
PPE.  All waste streams would be analyzed and disposed in compliance with waste management 
standards as specified in the FTBL CMIWP developed for the site. 

This alternative would also comply with RGs established as CMOs. 

5.6.5 Long-Term Reliability and Effectiveness 

The application of ISTT should have a significant and permanent effect on the mass and 
concentration of chlorinated ethenes at CC-A05.  Some residual contamination may survive the ISTT 
application due to uneven soil matrix heating and preferential flow paths.  The net effect of an active 
source remedy like ISTT would be to eliminate a long-term threat to the aquifer from dissolved-phase 
chlorinated ethenes.  Capture and removal of adsorbed and free-phase contaminants from both above 
and below the water table would forever eliminate the mass from the site and reduce the time required for 
site restoration to be achieved. 

A potential concern with the application of ISTT is the potential for increased mobility of the 
contamination in the event of a power failure or equipment downtime.  A condensate front is created 
along the propagating steam front created from the ISTT.  A residual DNAPL or highly concentrated 
dissolved phase of PCE in the groundwater can collect at this interface.  A loss of heat in the formation 
can result in the condensate front collapsing and settling vertically back into the deeper soil matrix.  The 
heating of the clays can also result in the downward migration of chlorinated ethenes from beneath the 
active area of soil heating.  The increased contaminant solubility and lowered DNAPL viscosity from the 
heating processes may accelerate the migration of contamination toward Stream 4-1. 

ISTT would reduce the volume of contamination at the site through the mass removal of 
contaminants.  The potential exists for mobilizing a fraction of the DNAPL or dissolved chlorinated ethene 
during interruptions in the heating process as mentioned above.   

For this alternative, the model presented in Appendix A shows that PCE concentrations will 
decline to 111 µg/L at the stream in 8 to 19 years, and to 5 µg/L throughout the site in 37 years.  The 
protection of the stream timeframe is a significant improvement over the no action alternative (30 years) 
because the PRB provides rapid protection of the stream.  Surprisingly, full remediation of the site to 
MCLs in 37 years is not significantly better than no action’s 43 years even though ISTT is a rapid and 
aggressive technology.  This is because so much residual contamination will remain sorbed to soil 
outside of the ISTT footprint (i.e., where PCE contamination in groundwater is 1,000 to 5,000 µg/L).  It 
should be noted, however, that ISTT would remove contaminant from above and below the water table, 
and potentially DNAPL if present, so the approach does reduce modeling uncertainty of ongoing sources 
that would extend the estimated timeframes.   

5.6.6 Short-Term Effectiveness 

The short term is defined as the time it will take for PCE concentrations in the stream to decline to 
the cleanup goal of 111 µg/L.  Based on the groundwater flow model included as Appendix A, this will 
take 8 to 19 years.  During that time, the alternative would not be effective at protecting the stream.  

The operation of an ISTT system in close proximity to an active facility poses some potential 
human health risks.  The electrodes would be supplied with energy potential of up to 1,100 volts.  
However, proper engineering controls and safeguards can be built in to the equipment and protocols to 
prevent the chance of an accidental electrocution.  A second health threat is posed by the generation of 
VOC-laden steam vapors emanating from the ground.  Any uncollected vapors could pose a significant 
breathing zone hazard to site workers.  Proper engineering controls for the vapor collection system and 
diligent air-phase monitoring should preclude this threat. 

5.6.7 Feasibility 

For the PRB, there may be some difficulties encountered during the design and implementation 
stages due to the topography and the eroding stream which is undercutting the banks in places.  An 
assessment will be needed to determine how far back from the stream the PRB can be installed safely 
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without compromising the stream bank.  An improved access pathway will also be needed to transport 
excavated soil and PRB material to and from the site 

Implementation of ISTT at CC-A05 could be limited by several factors: 

• CC-A05 contains a silt/clay layer overlying the sand/silt layer where the bulk of the 
continuation resides.  Typically, clay and silts are not favorable for efficient or complete soil 
vapor capture.  The incomplete capture of soil vapors laden with VOCs could further 
distribute the contaminants and increase the difficulty and expense of additional remedial 
approaches. 

• Access to the steep terrain source area may be difficult, leading to longer installation time as 
well as operational and maintenance difficulties. 

ISTT is a sparely used technology that has been deployed on a handful of sites to date and has 
proven successful at reaching the CMOs for these sites in all but one case.  Application of ISTT at the 
Launch Complex 34 site at Cape Canaveral, Florida was unsuccessful at removing the bulk of chlorinated 
ethenes (Interagency DNAPL Consortium, 2001).  This result has been attributed to problems with vapor 
collection due to high water tables and potential calcite layer buildup, equipment downtime due to 
inclement weather, and a pronounced groundwater gradient that caused dissipation of the core heating 
zone. 

5.6.8 Cost 

The costs associated with implementing this alternative are: 

  Alternative 6 
Capital Cost $3,082,136 
O&M Cost $1,932,604  
30-Year Present Value $4,605,529 

This alternative is characterized by high capital cost to install the PRB and perform the ISTT, and 
high O&M cost attributable to ongoing monitoring.  While these O&M costs are considered high, they are 
a slight improvement over other alternatives because no re-injections or PRB refurbishments are 
anticipated after ISTT aggressively removes contaminant mass.  A more detailed breakdown of these 
costs is provided in Appendix B. 

5.6.9 State, US EPA, and Community Acceptance 

State, US EPA, and community acceptance will be determined after completion of the Statement 
of Basis and Public Comment Period.  The Army does not know of any State or Community concerns 
regarding the acceptability of the alternative. 

5.7 SUMMARY OF ALTERNATIVES FOR CC-A05 

A total of 11 technologies were evaluated for their applicability at the CC-A05 site, incorporated 
into 6 alternatives.  Because of site constraints of the CC-A05 terrain, proximity of the unnamed tributary 
and the current PCE impact on surface water, active remedial processes cannot capture all contamination 
above regulatory limits.  However, the developed alternative can meet the CMOs of containing the 
groundwater plume and prevention of further migration of PCE to the unnamed tributary to the Accotink 
Bay.  A summary of the Alternative evaluation for CC-A05 is presented in Table 5-2. 

The no action alternative and five active remedial approaches were evaluated.  The no action 
alternative (Alternative 1) does not remove, contain, or treat the COIs in the shallow aquifer, and does not 
monitor the PCE plume; therefore, further evaluation of the PCE plume will not be possible.  Estimated 
time for PCE to decline to 111 µg/L in groundwater at the stream is 30 years. 

Alternative 2 – Soil Excavation Source Removal, LUCs, LTM, and MNA consists of the 
excavation of contaminated unsaturated and saturated soil from the main hot spot for source treatment, 
LUCs for limiting potential exposure activities, LTM to evaluate the effects of CC-A05 remedial activities 
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and site restoration progress and MNA for plume perimeter PCE polishing.  Estimated time for PCE to 
decline to 111 µg/L in groundwater at the stream is 26 years.  This is the most expensive alternative at 
$4.8M. 

Alternatives 3 – ISEB, Bioaugmentation, LUCs, LTM, and MNA and Alternative 4 – PtR, 
Bioaugmentation, LUCs, LTM, and MNA both consist of technologies which treat a portion of the 
aquifer “hot spot” area where PCE concentrations are greater than 1,000 µg/L, using different 
bioremediation technologies.  These technologies are combined with LUCs for limiting potential exposure 
activities, LTM to evaluate the effects of CC-A05 remedial activities and site restoration progress, and 
MNA for plume perimeter PCE polishing.  Estimated time for PCE to decline to 111 µg/L in groundwater 
at the stream using ISEB is between 11 and 16 years, with the PtR technology approximately 1-2 years 
faster due to the opportunity for treatment closer to the stream.  These alternatives represent the fastest 
cleanup timeframes and also the lowest cost at $2.2M and $2.3M, respectively.  

Alternative 5 – PRB, Bioaugmentation, LUCs, LTM, and MNA consists primarily of a PRB for 
source interception and treatment, coupled with LUCs for limiting potential exposure activities, LTM to 
evaluate the effects of CC-A05 remedial activities and site restoration progress, and MNA for plume 
perimeter PCE polishing.  Estimated time for PCE to decline to 111 µg/L in groundwater at the stream is 
between 9 and 19 years.  This alternative is $2.8M. 

Alternative 6 – ISTT, SVE, LUCs, LTM, and MNA consists of in situ thermal heating coupled 
with SVE for source treatment of soil in the main hot spot, LUCs for limiting potential exposure activities, 
LTM to evaluate the effects of CC-A05 remedial activities and site restoration progress, and MNA for 
plume perimeter PCE polishing.  Estimated time for PCE to decline to 111 µg/L in groundwater at the 
stream is between 8 and 19 years.  This alternative is the second most expensive at $4.6M. 



Table 5-1 
Fort Belvoir CMS LTM Sampling Program 

Proposed 
Samples Frequency1 TCL VOCs MNA Indicator 

Parameters2 
Water Quality 
Parameters3 

Groundwater 
A05-MW02 Semiannually X X X 
A05-MW05 Semiannually X X X 
A05-MW08S Semiannually X X X 
A05-MW08D Semiannually X X X 
A05-MW10S Semiannually X X X 
A05-MW10D Semiannually X X X 
A05-MW11S Semiannually X X X 
A05-MW11D Semiannually X X X 
A05-MW12S Semiannually X X X 
A05-MW12D Semiannually X X X 
A05-MW13S Semiannually X X X 
A05-MW13D Semiannually X X X 
A05-MW14S Semiannually X X X 
A05-MW14D Semiannually X X X 

Surface Water/Sediment 
A05-SW/Sed04  Annually X -- -- 
A05-SW/Sed05  Annually X -- -- 
A05-SW/Sed06  Annually X -- -- 
A05-SW/Sed07  Annually X -- -- 
A05-SW/Sed08  Annually X -- -- 
A05-SW/Sed09  Annually X -- -- 
A05-SW/Sed10  Annually X -- -- 
A05-SW/Sed11  Annually X -- -- 
A05-SW/Sed14  Annually X -- -- 
A05-SW/Sed16 Annually X -- -- 

QC Samples 
Field Duplicate4 10% X X -- 
Rinse Blank5 5% X X -- 
Trip Blank6 1/cooler X -- -- 

1  Initial monitoring with ramp down occurring as concentrations reach RGs. 
2  MNA indicator parameters include nitrate, chloride, sulfate, TOC, methane, ethane, ethene, and ferrous 

iron.  Ferrous iron is to be performed in the field with Hach kit.  For wells where it is seen to exhibit good 
degradation, Dehalococcoides ethenogenes analysis will also be performed on select samples. 

3  Water quality parameters include pH, specific conductance, DO, temperature, turbidity, and ORP. 
4  Field duplicates will be collected on a 10% frequency for each matrix (groundwater, surface water, 

sediment). 
5  Rinse blanks will be collected on a 5% frequency for groundwater and sediment only.  Surface water 

samples will be collected directly from the sample jars. 
6  Trip blanks will accompany each cooler containing aqueous VOC samples. 



Table 5-2
CC-A05 Summary of Alternative Evaluation

Page 1 of 3

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6
No Action Soil Excavation, LUCs, LTM, 

and MNA
In Situ Enhanced 
Bioremediation, 

Bioaugmentation, LUCs, 
LTM, and MNA

Proton Reduction, 
Bioaugmentation, LUCs, 

LTM, and MNA

Permeable Reactive Barrier, 
Bioaugmentation, LUCs, 

LTM, and MNA

In Situ Thermal Treatment, 
Permeable Reactive Barrier, 

LUCs, LTM, and MNA

Provides no added control of 
source material that may remain in 

the subsurface.

Removes contaminated soil in the 
source area from above and below 

the water table, potentially 
including DNAPL.

Treats the source area and 
reduces contaminant migration to 

surface water.

Treats the source area and 
reduces contaminant migration to 

surface water.

Treats groundwater prior to 
migrating to surface water.

Treats contaminated soil in the 
source area above and below the 
water table, potentially including 

DNAPL.

Protection of Human Health Does not protect receptors from 
drinking groundwater; however, 
groundwater is not likely to be 

used for drinking.

Yes, through LUCs in the short 
term and removal/destruction of 
contaminants in the long term.

Yes, through LUCs in the short 
term and destruction of 

contaminants in the long term.

Yes, through LUCs in the short 
term and destruction of 

contaminants in the long term.

Yes, through LUCs in the short 
term and destruction of 

contaminants in the long term.

Yes, through LUCs in the short 
term and removal/destruction of 
contaminants in the long term.

Protection of the Environment No, does nothing to reduce 
impacts to the stream.

Yes, after cleanup goals in surface 
water are achieved.

Yes, after cleanup goals in surface 
water are achieved.

Yes, after cleanup goals in surface 
water are achieved.

Yes, after cleanup goals in surface 
water are achieved.

Yes, after cleanup goals in surface 
water are achieved.

Compliance with CMOs Does nothing to contain the plume 
or reduce contaminants from 

reaching the stream.

Meets CMOs Meets CMOs Meets CMOs Meets CMOs Meets CMOs

Compliance with Remedial Goals Ultimately will comply through 
natural processes, but will take an 

unacceptably long time.

Yes, but not significantly faster 
than no action.

Yes Yes Yes Yes

Compliance with Laws and Permits Does not comply with RCRA 
permit.

Yes Yes Yes Yes Yes

Magnitude of Residual Risk Residual risk to human health is 
low because groundwater is not 

used as a drinking source.  

Residual risk to the environment is 
unacceptable due to impacts to the 
stream over a long period of time.

Residual risk to human health is 
low because groundwater is not 

used as a drinking source.  

Residual risk to the environment 
will decrease to acceptable levels 
within an acceptable timeframe.

Residual risk to human health is 
low because groundwater is not 

used as a drinking source.  

Residual risk to the environment 
will decrease to acceptable levels 
within an acceptable timeframe.

Residual risk to human health is 
low because groundwater is not 

used as a drinking source.  

Residual risk to the environment 
will decrease to acceptable levels 
within an acceptable timeframe.

Residual risk to human health is 
low because groundwater is not 

used as a drinking source.  

Residual risk to the environment 
will decrease to acceptable levels 
within an acceptable timeframe.

Residual risk to human health is 
low because groundwater is not 

used as a drinking source.  

Residual risk to the environment 
will decrease to acceptable levels 
within an acceptable timeframe.

Adequacy and Reliability of Controls No controls in place. LUCs and monitoring controls 
should be reliable and adequate.

LUCs and monitoring controls 
should be reliable and adequate.

LUCs and monitoring controls 
should be reliable and adequate.

LUCs and monitoring controls 
should be reliable and adequate.

LUCs and monitoring controls 
should be reliable and adequate.

Time until PCE in groundwater at the stream 
declines to below the 111 µg/L BTAG 
benchmark for freshwater*

30 years 26 years 11 to 16 years 9 to 15 years 9 to 19 years 8 to 19 years

Time until PCE in groundwater declines to 
below the 5 µg/L MCL throughout the site*

43 years 42 years 24 to 29 years 23 to 28 years 38 years 37 years

Reduction of Toxicity, Mobility, and Volume Does nothing to reduce TMV 
beyond natural processes.

Rapidly reduces TMV through 
removal and treatment of soil and 

groundwater removed from the 
source area and on the plume 

perimeter through MNA.

Reduces TMV through 
bioremediation of PCE in the 

source area and on the plume 
perimeter through MNA.

Reduces TMV through 
bioremediation of PCE in the 

source area and on the plume 
perimeter through MNA.

Reduces TMV of PCE 
contaminated groundwater passing 
through the PRB and on the plume 
perimeter through MNA. Potential 

to reduce carbon disulfide 
contaminated groundwater passing 

through the PRB.

Rapidly reduces TMV through 
ISTT/SVE of PCE in the source 

area and on the plume perimeter 
through MNA.

Criteria

1. CONTROL OF SOURCE RELEASES 

2. PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

3. COMPLIANCE WITH STANDARDS AND CRITERIA

4. LONG-TERM RELIABILITY AND EFFECTIVENESS 
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Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6
No Action Soil Excavation, LUCs, LTM, 

and MNA
In Situ Enhanced 
Bioremediation, 

Bioaugmentation, LUCs, 
LTM, and MNA

Proton Reduction, 
Bioaugmentation, LUCs, 

LTM, and MNA

Permeable Reactive Barrier, 
Bioaugmentation, LUCs, 

LTM, and MNA

In Situ Thermal Treatment, 
Permeable Reactive Barrier, 

LUCs, LTM, and MNA

Criteria

Community Protection Poses no significant risk to the 
community in the short term.

Poses no significant risk to the 
community in the short term.

Poses no significant risk to the 
community in the short term.

Poses no significant risk to the 
community in the short term.

Poses no significant risk to the 
community in the short term.

Poses no significant risk to the 
community in the short term.

Worker Protection Poses few hazards to workers. Requires comprehensive planning 
and compliance with procedures 

due to major excavation of 
contaminated soil on a small 

footprint site near a stream subject 
to large storm flows and bank 

erosion.

Poses few hazards to workers. Poses few hazards to workers. Requires comprehensive planning 
and compliance with procedures 

due to major excavation on a small 
footprint site near a stream subject 

to large storm flows and bank 
erosion.

Requires proper controls to protect 
workers from electrical energy 

potential, generation of VOC-laden 
steam vapors, and excavation on a 
small footprint site near a stream 
subject to large storm flows and 

bank erosion.
Environmental Impacts No added impacts but does not 

mitigate existing impacts to the 
stream from PCE contaminated 

groundwater.

Requires major vegetation and soil 
disturbance, increasing erosion 

and sedimentation unless proper 
controls are in place.

Could temporarily reduce oxygen 
levels in the stream if a dissolved 

carbon source is used or injections 
are too close to the stream.

No significant impacts anticipated. Requires major vegetation and soil 
disturbance, increasing erosion 

and sedimentation unless proper 
controls are in place.

Requires major vegetation and soil 
disturbance, increasing erosion 

and sedimentation unless proper 
controls are in place.

Technical Feasibility Technically Feasible Technically feasible, although 
considerable difficulties are 

anticipated during implementation 
due to the topographical 

constraints and hydrologic 
conditions associated with the site. 

Dewatering could also be 
problematic and generate large 
volumes of water, especially if a 

storm event were to occur.

Technical feasibility limited by site 
access for drilling equipment and 
the ability to maintain subsurface 
conditions supportive of reductive 

dechlorination. 

Technical feasibility also limited by 
site access for drilling equipment 

and the ability to maintain 
subsurface conditions supportive 

of reductive dechlorination. 

Technically feasible, although 
considerable difficulties are 

anticipated during implementation 
due to the topographical 

constraints and hydrologic 
conditions associated with the site. 
Stream bank stability is a concern 

given the severe erosion that 
occurs during each storm event.

Technically feasible, although 
considerable difficulties are 

anticipated during implementation 
due to the topographical 

constraints and hydrologic 
conditions associated with the site. 
Stream bank stability is a concern 

given the severe erosion that 
occurs during each storm event.  
Efficiency of complete soil vapor 

capture from clay and silts is 
uncertain.  Incomplete capture of 

soil vapors laden with VOCs could 
further distribute the contaminants 

and increase the difficulty and 
expense of additional remedial 

approaches.  Dewatering could be 
problematic and generate large 

volumes of water.

Reliability of the Technology Not Applicable Reliable Reliable PtR is a developing technology 
and the efficiency of treatment at 

CC-A05 is uncertain. 

Reliable ISTT is a sparely used technology 
deployed on a handful of sites to 

date, but has proven to be 
successful.  

Ability to Obtain Approvals and Coordinate 
with other Agencies

No Requires permitting for erosion 
and sediment control, and NPDES 

permitting for treatment and 
disposal of contaminated 

groundwater.

Requires wetlands permitting and 
erosion and sediment control 

permitting.

Requires wetlands permitting and 
erosion and sediment control 

permitting.

Requires wetlands permitting and 
erosion and sediment control 

permitting.

Requires wetlands permitting and 
erosion and sediment control 

permitting, and NPDES permitting 
for treatment and disposal of 
contaminated groundwater.

6. FEASIBILITY

5. SHORT-TERM EFFECTIVENESS



Table 5-2
CC-A05 Summary of Alternative Evaluation

Page 3 of 3

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Alternative 6
No Action Soil Excavation, LUCs, LTM, 

and MNA
In Situ Enhanced 
Bioremediation, 

Bioaugmentation, LUCs, 
LTM, and MNA

Proton Reduction, 
Bioaugmentation, LUCs, 

LTM, and MNA

Permeable Reactive Barrier, 
Bioaugmentation, LUCs, 

LTM, and MNA

In Situ Thermal Treatment, 
Permeable Reactive Barrier, 

LUCs, LTM, and MNA

Criteria

Availability of Services, Equipment, 
Specialists and Materials

No No significant concerns. No significant concerns. No significant concerns. No significant concerns. ISTT vendors are limited, but 
should not pose a significant 

concern.

Capital $0 $2.7M $0.5M $0.7M $1.0M $3.1M
30-Year O&M $0 $2.9M $2.1M $2.1M $2.4M $1.9M
Present Worth $0 $4.8M $2.2M $2.3M $2.8M $4.6M

* Groundwater flow and transport model assumed no significant ongoing sources are present in the vadose zone or as DNAPL in the aquifer. 

7. COST

8. STATE, US EPA, AND COMMUNITY ACCEPTANCE 
To be determined after completion of the Statement of Basis and Public Comment Period
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6.0 JUSTIFICATION AND RECOMMENDATION OF THE FINAL CORRECTIVE MEASURE 
ALTERNATIVES 

This section provides justification and recommendations for the CC-A05 site.  The no action 
alternative and five active remedial approaches were evaluated and are as follows:   

• Alternative 1 – No Action; 

• Alternative 2 – Soil Excavation, LUCs, LTM, and MNA; 

• Alternative 3 – ISEB, Bioaugmentation, LUCs, LTM, and MNA; 

• Alternative 4 – PtR, Bioaugmentation, LUCs, LTM, and MNA; 

• Alternative 5 – PRB, Bioaugmentation, LUCs, LTM, and MNA; and, 

• Alternative 6 – ISTT, PRB, SVE, LUCs, LTM, and MNA. 

LUCs, LTM, and MNA were not retained for development as “stand-alone” alternatives; however, 
LUCs, LTM, and MNA were included as supporting components of other alternatives.  LUCs for CC-A05 
would consist of restricting the installation of wells for drinking water production.  An LTM program is also 
recommended as a component of the final remedy to evaluate the effects of active treatments and to 
demonstrate that MNA is contributing to site restoration. 

6.1 JUSTIFICATION AND RECOMMENDATION FOR CC-A05 

The no action alternative (Alternative 1) does not remove, contain, or treat the COIs in the 
shallow aquifer and does not monitor the PCE plume.  Alternative 1 (No Action) is not recommended 
for groundwater at CC-A05, but provides a baseline for comparison. 

Alternatives 2, 3, 4, and 6 all include treatment of the source area.  Alternative 2 (Soil Excavation) 
and Alternative 6 (ISTT) both use aggressive and expensive methods to focus removal or treatment on 
the source area where PCE has been detected in groundwater at the highest concentrations (greater than 
5,000 µg/L).  Alternative 3 (ISEB) and Alternative 4 (PtR) use a more cost-efficient approach to allow 
in situ treatment across a broader portion of the plume where PCE has been detected in groundwater 
above 1,000 µg/L.   

Alternative 5 does not provide treatment of the source area, but provides a barrier zone of highly 
efficient treatment along Stream 4-1 to provide a safety net to treat groundwater before it reaches surface 
water.  The feasibility of implementing this alternative is unfavorable because it requires significant 
excavation as close to the stream as possible.  Given the small footprint of the site, the difficult access, 
and the potential instability of the stream bank due to erosion, Alternative 5 (PRB) is not a preferred 
alternative.  Other alternatives are more feasible, more effective, and less expensive.  

Of the four remaining alternatives (2, 3, 4, and 6), Alternative 2 (Soil Excavation) and 
Alternative 6 (ISTT) are double the cost of the two bioremediation alternatives (3 and 4), and they require 
extensive excavation adjacent to the eroding stream, posing feasibility concerns.  Alternative 2 (Soil 
Excavation) does not significantly accelerate the time before PCE in groundwater declines to acceptable 
levels.  This is because only a small percentage of the mass is targeted due to cost and feasibility 
limitations.  Contaminant mass in the remainder of the plume will continue to desorb and migrate over 
time.  Therefore, due to the poor effectiveness, poor feasibility, and high cost, Alternative 2 (Soil 
Excavation) is not a preferred alternative.  

Alternative 6 (ISTT) is equally expensive as Alternative 2 (Soil Excavation) and presents similar 
feasibility challenges associated with difficulty accessing the site and excavating adjacent to the stream.  
However, it is the most aggressive treatment of all alternatives and holds some significant advantages.  
First, it provides the fastest modeled timeframe to achieve acceptable concentrations in groundwater at 
the stream when short PCE half-lives are assumed.  This advantage is lost when longer PCE half-lives 
are assumed and the model suggests that the bioremediation alternatives (3 and 4) are faster.  The 
second advantage to the ISTT alternative is that it would be effective in removing potential sources in the 
vadose zone and DNAPL, if present.  The RFI concluded that DNAPL had not been observed and is not 
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considered likely, but if present, ISTT would provide faster cleanup than bioremediation.  The final 
advantage to ISTT is that it would aggressively remove carbon disulfide which is a COI that is recalcitrant 
to other treatment methods.  Since carbon disulfide was only detected in direct push grab samples and 
surface water grab samples, not in groundwater from monitoring wells, its presence may be associated 
with sorption to entrained sediment rather than as a dissolved component of groundwater.  Given the 
difficulties in feasibility and high cost with uncertain benefit, Alternative 6 (ISTT) is not a preferred 
alternative.   

Alternative 3 (ISEB) and Alternative 4 (PtR) are similar bioremediation technologies that are 
feasible to implement with the least intrusive activity at the site.  They are both effective in reducing 
timeframes to cleanup at the stream as well as across the site.  Based on the results of the groundwater 
flow and transport model (Appendix A), Alternative 4 (PtR) shows a slightly faster time to achieve 
cleanup levels because the treatment area is larger and closer to the stream, while a buffer between the 
stream and the ISEB injections is needed for Alternative 3 to reduce the risk of carbon reaching the 
stream and causing oxygen depletion.  However, the PtR technology is newer and less developed than 
ISEB, posing some uncertainty in effectiveness.  It also requires regular (annual) maintenance.  Since the 
costs for Alternative 3 (ISEB) are lower than Alternative 4 (PtR), and it meets the CMOs in a similar 
timeframe, Alternative 3 (ISEB) is recommended for the shallow aquifer as the final remedy. 

6.2 SUMMARY OF RECOMMENDED ALTERNATIVE 

The CMS remedial alternative recommendation for CC-A05 is Alternative 3 – ISEB, 
Bioaugmentation, LUCs, LTM, and MNA.  The recommended alternative was fully described in 
Section 5.3 and depicted graphically on (Figure 5-3).  This alternative includes the injection of 1) a 
durable carbon source such as EVO to create reducing conditions conducive to biological reductive 
dechlorination, 2) sodium bicarbonate to raise the pH to levels more favorable to microbes, and 3) SDC-9 
reductive dechlorination cultures to increase the effectiveness of complete reduction of PCE to non-toxic 
end products.  The reagents would be injected into a 20-ft thickness of the aquifer through 55 points 
arranged in a grid across a 20,727 sq ft portion of the aquifer “hot spot” where PCE concentrations above 
1,000 µg/L were previously detected.  This approach is one of the most feasible and cost-effective to 
implement and provides one of the shortest timeframes to contain the PCE plume at the point of 
compliance and Stream 4-1, and ultimately reduce concentrations at the site to below MCLs.  Although it 
does not treat carbon disulfide which was detected in grab samples during early characterization of the 
site, carbon disulfide has not been detected in groundwater from monitoring wells.  The LTM program 
would include the collection of groundwater, surface water, and sediment samples as summarized in 
Table 5-1.  Groundwater sampling would occur semiannually for the first 10 years, and thereafter 
annually for 10 years, and biennially for 10 years.  Surface water and sediment sampling would occur 
annually for 10 years and then fall in line with the groundwater sampling events.  LUCs for CC-A05 would 
consist of restricting the installation of wells for drinking water production and restricting construction 
unless appropriate measures are taken to mitigate inhalation risks for vapor intrusion.  The costs 
associated with implementing this alternative are: 

Capital Cost $522,896  
O&M Cost $2,102,701 
30-Year Present Value $2,216,230 
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Appendix A 
Groundwater Flow and Transport Model
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Groundwater Flow and Transport Model 

The programs MODFLOW2000 and MODFLOW-SURFACT (version 3) were used for the 
groundwater flow and solute transport simulation.  The simulations were run from the integration software 
Groundwater Vistas, Version 6.10.   

Flow Model  

The model domain is centered on the tetrachloroethene (PCE) plume area in the northern portion 
of CC-A05 and spans an area of 500 ft (feet) by 500 ft, as shown on Figure 1.  The model grid consists of 
84 rows and 98 columns, and the smaller grid nodes in the PCE plume area are 5 ft by 5 ft.  The 
horizontal axis of the model rotates 25 degrees counterclockwise from the west-east direction.   

The model is two-dimensional, consisting of one layer representing the surficial aquifer that 
consists of fine to medium sand and silt material and discharges to the unnamed stream in the northern 
portion of the site.  This unit lies below a surficial silt/clay unit of 10 to 40 ft thickness, and above a 
confining unit of clay/silt that starts at about 40 ft above mean sea level.  Interpolation/Extrapolation of 
layer thickness in the modeled area was based on geologic cross-section maps (Figures 4-3a/b/c, ECC, 
EA and Tidewater, 2011).  This layer was modeled as a confined/unconfined type of hydrogeology unit of 
approximately 20 ft thick in the PCE plume area near the stream and up to about 50 ft in the upland 
areas.  Although head differences were observed in the upper and lower depth intervals of the aquifer, 
there were no identified geological differences and no separate potentiometric surface maps or 
concentration contour maps developed for them.  Therefore this aquifer was treated as one layer in the 
model.   

The flow model was set up as steady state to represent average flow conditions. 

General head boundary conditions were assigned to most boundary cells of the domain, as 
shown on Figure 1.  No-flow conditions were assigned to a section on the northwest side.  Drain 
boundary conditions were assigned along the stream.  The water levels in the drain were interpolated 
based on the U.S. Geological Survey topographic map and the fact that the stream is only a few inches 
deep. 

The recharge to groundwater from infiltration was estimated to be 1.7 inches/year in the model, 
based on annual average precipitation of 39 inches in northern Virginia, taking into account the silt/clay 
layer above the aquifer and the heavily sloped terrain.  For the modeled domain, recharge from infiltration 
is negligible in comparison to horizontal groundwater flow recharge from upgradient areas. 

The initial hydraulic conductivity values were based on the slug test results for seven monitoring 
wells (Table 4-9, ECC, EA and Tidewater, 2011) that ranged from 1 to 7 ft/day.   

The steady-state flow model calibration was based on the potentiometric surface map (Figure 2-4 
of the main report) and the topographic contours near the stream, and focused on the PCE plume area.  
Water levels away from the PCE plume area where most monitoring wells resided were inferred and were 
less important to model outcome.  The calibrated hydraulic conductivity values, observed and simulated 
potentiometric surface contours are shown on Figure 2.  The calibration statistics are shown on Figure 3.  
The absolute residual mean (0.25 ft) was 1.25 percent of the head range (20 ft) and the maximum 
absolute residual was 0.51 ft among the 12 synthetic calibration targets (see Figure 4).  

The surface water gain was reported to be 0.6 ft3/sec (51,840 ft3/day) between SW15&SW16 and 
SW13&SW14 (Table 4-10 and Table 5-2, ECC, EA and Tidewater, 2011).  However, this data was 
suspected to be inaccurate because of the shallow depths of water (i.e., a few inches) and the associated 
difficulty in calculating stream flow cross-sectional area to come up with flow rate.  A preliminary 
calibration suggested the average hydraulic conductivity in the model domain would have to be set at 
15 ft/day, five times as high as the average of field measurements, to obtain a stream gain of about 
20,000 ft3/day in the modeled area, which might contribute to approximately 2/3 of the stream flow gain 
between SW15&SW16 and SW13&SW14.  Therefore, the model was not calibrated against the reported 
stream flow gain.        
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Transport Model  

The initial groundwater PCE concentrations were based on the PCE contour map in the main 
report, as shown on Figure 5.  It was assumed that there was no persistent source area, thus the current 
mass in dissolved and absorbed phases constituted the total mass of PCE.  The sorption coefficient Kd 
was calculated as Koc X foc.  A uniform foc value of 0.001 was assigned to the model, due to lack of field 
total organic carbon (TOC) data from this sandy aquifer at Fort Belvoir.  This assumption was at the 
higher end of literature values for fine to medium-grained sand (Table D.6, Spitz and Moreno, 1996), in 
order to obtain a conservative estimation of the time to reach the Corrective Measures Objective (CMO).   

An effective porosity of 0.3 was used throughout the domain, based on literature reported values.  
The longitudinal dispersivity was set at 5 ft in the model.  The longitudinal dispersivity for the site was 
calculated to be 4 ft (Xu and Eckstein, 1995) to 16 ft (1/10 of plume length), based on common practices 
(BIOCHLOR User’s Manual Addendum, 2002).  The transverse dispersivity was set at 1/10 of the 
longitudinal dispersivity.  Limited sensitivity analysis showed that model outcomes were not sensitive to 
longitudinal dispersivity values in the range of 0 to 16 ft.      

The modeled treatment areas for proton, In Situ Enhanced Bioremediation (ISEB) and Permeable 
Reactive Barrier (PRB) are shown on Figures 6, 7, 8 and 9, respectively.  Two sets of PRB designs were 
considered, with the PRB wall aligning along the stream (Figure 8) or bending southwestward on the 
west side to allow easy site access and construction (Figure 9).  The scenario of in-situ thermo treatment 
followed by the southwestward bending PRB wall was simulated with the assumption of 90 percent mass 
reduction by thermo treatment, which lead to decreased model initial concentrations in the thermo 
treatment area (Figure 10).  PCE degradation was simulated as first-order decay, and the assignments of 
decay half-lives in treatment areas were based on experiences with remediation technologies, as listed in 
Table 1.  The PCE decay half-life was set at 20 years for natural conditions outside of treatment zones, 
considering there was very limited biodegradation, but other mechanisms such as vaporization and 
hydrolysis may contribute to mass reduction in the long term.  It was assumed that electron acceptors 
from the Proton, ISEB or PRB treatment zones might creep downgradient into the area between the 
treatment zone and the stream and thus reduce the PCE decay half-life there.  In order to better quantify 
the time to reach CMO, the model simulated PCE reduction only.  Simulating the sequential 
biotransformation from PCE to trichloroethene, cis-dichloroethene and vinyl chloride would have too much 
parameter uncertainty involved and lead to less dependable and less comparable answers.  

The time to reach CMO was determined as no PCE concentration higher than the CMO 
(111 micrograms per liter [µg/L]) or maximum contaminant level (MCL) (5 µg/L) in groundwater under the 
stream or next to the stream.  Examples of simulated PCE plume one year before reaching CMO or MCL 
are shown on Figures 11 and 12.  The simulation results of time to reach CMO or MCL are listed in 
Table 1.        

 

References: 
BIOCHLOR Natural Attenuation Decision Support System (version 2.2) User’s Manual Addendum, March 
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Spitz, K. and J. Moreno, 1996, A Practical Guide to Groundwater and Solute Transport Modeling, ©John 
Wiley & Sons. 

Xu, M. and Y. Eckstein, 1995, Use of Weighted Least-Squares Method in Evaluation of the Relationships 
Between Dispersivity and Scale, J. of Groundwater, 33(6): 905-908. 



CM Alternatives PCE Half-Life (Year) Time to Reach CMO (Year) Time to Reach MCL (Year)

Proton (20 ft Away from Creek) 0.75 Year in Proton Area, 2 Years between Proton area and creek 9 23

Proton (20 ft Away from Creek) 0.75 Year in Proton Area, 5 Years between Proton area and creek 10 24

Proton (20 ft Away from Creek) 0.75 Year in Proton Area, 20 Years between Proton area and creek 12 25

Proton (20 ft Away from Creek) 1.5 Year in Proton Area, 5 Years between Proton area and creek 14 27

Proton (20 ft Away from Creek) 1.5 Year in Proton Area, 20 Years between Proton area and creek 15 28

ISEB (50 ft away from Creek) 0.6 Year in ISEB Area, 2 Year between ISEB area and creek 11 24

ISEB (50 ft away from Creek) 0.6 Year in ISEB Area, 5 Year between ISEB area and creek 14 27

ISEB (50 ft away from Creek) 1.2 Year in ISEB Area, 2 Year between ISEB area and creek 12 26

ISEB (50 ft away from Creek) 1.2 Year in ISEB Area, 5 Year between ISEB area and creek 16 29

PRB (20 feet away from Creek) 2 Years between PRB and creek 6 40

PRB (20 feet away from Creek) 5 Years between PRB and creek 8 40

PRB (20 feet away from Creek) 20 Years between PRB and creek 11 40

PRB (bend southwestward) 2 Years between PRB and creek 9 38

PRB (bend southwestward) 5 Years between PRB and creek 12 38

PRB (bend southwestward) 20 Years between PRB and creek 19 38

In-Situ Thermo + PRB (bend southwestward) 2 Years between PRB and creek 8 37

In-Situ Thermo + PRB (bend southwestward) 5 Years between PRB and creek 12 37

In-Situ Thermo + PRB (bend southwestward) 20 Years between PRB and creek 19 37

Excavation 26 42

No Action (MNA) 30 43

Notes:
(1) Sorption Kd calculated as Kd = Koc X foc.  Assume foc = 0.001 for the sand material in the saturated zone. 
(2) Assume PCE half-life of 20 Years in natural soil, everywhere at the site unless specified in the table.
(3) All concentration levels are considered treatable and having the same half-life during Proton or ISEB treatment. 

Table 1 - Model Simulated Time to Reach CMO
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Figure 1 – Flow Domain and Boundary Condition Setup. 



Figure 2 – Calibrated Hydraulic Conductivity, and Observed and Simulated Water Levels. 
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Figure 3 – Flow Model Calibration Statistics. 



Figure 4 – Water Level Calibration Target Locations and Residuals.   

Head Target 
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Observed Head – Modeled Head 



Figure 5 – Initial Concentrations of the PCE Plume (µg/L).  
 



Figure 6 – Location of Proton Treatment Area. 
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Figure 7 – Location of ISEB Treatment Area. 

ISEB Treatment Area 



Figure 8 – Option 1 of PRB Wall Location - along the Stream. 

PRB Wall 



Figure 9 – Option 2 of PRB Wall Location – bend Southwestward. 

PRB Wall 



Figure 10 – Model Initial Concentrations of the PCE Plume (µg/L) after In-Situ Thermo Treatment. 



Figure 11 – Example of PCE Concentration Distribution at One Year Before Reaching CMO. 
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Figure 12 – Example of PCE Concentration Distribution at One Year Before Reaching MCL. 



 

 

Appendix B 
Detailed Cost Analysis by Alternative 



Cost Summary

Alternative 1
No Action

Alternative 2 
Soil Excavation, LUC, 

LTM, MNA

Alternative 3       
In Situ Enhanced 
Bioremediation, 

Bioaugmentation, 
LUC, LTM, MNA

Alternative 4
Proton Reduction, 
Bioaugmentation, 
LUC, LTM, MNA

Alternative 5
Permeable Reactive 

Barrier, 
Bioaugmentation, 
LUC, LTM, MNA

Alternative 6
In Situ Thermal 

Treatment, 
Permeable 

Reactive Barrier, 
Soil Vapor 

Extraction, LUC, 
LTM, and MNA

CC-A05
Capital Cost $0 $2,669,833 $522,896 $688,918 $978,247 $3,082,136
O&M Costs $0 $2,851,891 $2,102,701 $2,099,686 $2,360,706 $1,932,604
Total Present Worth $0 $4,792,849 $2,216,230 $2,345,146 $2,773,342 $4,605,529



1.0 Capital Costs
Item Unit Unit Rate Quantity Cost
None $0

SUBTOTAL $0
Contingency (10%) $0
Management (5%) $0

TOTAL $0

2.0 O&M Costs
Item Unit Unit Rate Quantity Cost
None $0

SUBTOTAL $0
Contingency (10%) $0
Management (5%) $0

TOTAL $0

PRESENT WORTH CALCULATION:
Using a discount rate of: 2%

Description of Cost Details Year Capital O&M Present Worth Value

Summary of Capital Costs 0 $0 $0 $0
TOTAL: $0 $0 $0

ALTERNATIVE 1
NO ACTION

Alternative 1 includes no actions and no costs and is provided as a baseline for comparison.



Contaminated Soil Volume Area (SF) Depth (ft) Volume (CY)
5400 35.0 7000

Total 5400 7000

Silt Fencing Length (ft)
Excavation Areas 1000

Total 1000

CAPITAL COSTS:

Item Unit Rate Quantity Cost
Permits $20,000 1 $20,000
Ecological and Wetland Surveys $5,000 2 $10,000
Health and Safety Plan $20,000 1 $20,000
Erosion and Sediment Control Plan $10,000 1 $10,000
Work Plan and Design $25,000 1 $25,000
QA/QC Plan $5,000 1 $5,000
Closure Report $30,000 1 $30,000

SUBTOTAL $120,000
Contingency (10%) $12,000
Management (5%) $6,000

TOTAL $138,000

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Labor Office Support Day $600 2 $1,200
Site Prep (Incl. Site Access, Clearing & Grubbing) Lump Sum $8,000 1 $8,000
Geologist II (10-hr day) Day $620 14 $8,680
Safety/Quality Specialist (10-hr day) Day $885 14 $12,390
Per Diem Day $240 28 $6,720
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
Rental Small SUV w/ FOG Month $2,070 0.75 $1,553
Monitoring Well Installation and Development Wells $3,000 8 $24,000
Subcontractor Crew Per Diem Day $240 28 $6,720
Handling and Disposal of Drill Cuttings LS $10,000 1 $10,000
Civil Surveyor Day $1,800 2 $3,600
Super Silt Fence LF $5.15 1000 $5,150
Trencher or Mini-Excavator for Silt Fence w/ FOG Week $600.00 1 $600
Decontamination Area Materials Lump Sum $3,000 1 $3,000

SUBTOTAL $102,513
Contingency (10%) $10,251
Management (5%) $5,126

TOTAL $117,889

Site prep, road access improvement for drilling equipment, clearing and grubbing.

Assumed dimensions of the Areas of Concern:

1.0 Permits and Report Writing

Prior to work, all necessary permits such as stream encroachment permit and wetlands permits must be acquired.  Additionally, a Work 
Plan, a Site Health and Safety Plan and an Erosion and Sedimentation Control Plan must be produced, approved and finalized.  

2.0 Installation of Additional Monitoring Wells

ALTERNATIVE 2
SOIL EXCAVATION, LTM, LUC, and MNA

Alternative 2 involves excavating the PCE-contaminated soil above 5,000 µg/kg, ex-situ stabilization treatment, de-watering aquifer and 
treatment of PCE contaminated groundwater, and transportation/disposal off-site as a non-hazardous waste.  The excavation will then be
backfilled with soil from an approved source and revegetated.

GENERAL ASSUMPTIONS
The costs are adopted from experience at Fort Belvoir and other facilities in Virginia and Maryland, and professional judgment. 

Installation of eight 2-inch observation wells using hollow-stem auger includes well completion and development.
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Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.50 $1,500
Chemist III Day $637 3 $1,911
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 1 $300
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960 2 $1,920
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report Lump Sum $15,000 0.50 $7,500

SUBTOTAL $34,756
Contingency (10%) $3,476
Management (5%) $1,738

TOTAL $39,969

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,844
Contingency (10%) $784
Management (5%) $392

TOTAL $9,020

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,744
Contingency (10%) $774
Management (5%) $387

TOTAL $8,905

Collect 10 samples plus 15% QC

3.0 Baseline Sampling and Analysis
Baseline groundwater monitoring for VOCs and MNA
Data interpretation and reporting
Collect groundwater samples from 14 wells, plus 15% QC.

Baseline surface water monitoring for VOCs

Data interpretation and reporting

Baseline sediment monitoring for VOCs
Collect 10 samples plus 15% QC.
Data interpretation and reporting
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Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $20,000 1 $20,000
Construction Site Mgr (10-hr day) Day $918 7 $6,426
Safety/Quality Specialist (10-hr day) Day $885 7 $6,195
Equipment Operator (EO3)  (10-hr day) Day $432 7 $3,024
Laborer (L3)   (10-hr day) Day $331 7 $2,317
Laborer (L3)   (10-hr day) Day $331 7 $2,317
Per Diem Day $240 35 $8,400
Rental 4WD Truck with FOG Day $150 9 $1,350
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 2 $600
Rental Small SUV w/ FOG Month $2,070 0.4 $828
Site Preparation (Includes site access, clear & grub) Lump Sum $50,000 1 $50,000
Super Silt Fence LF $5.15 1000 $5,150
Trencher or Mini-Excavator for Silt Fence w/ FOG Week 600 1 $600
Track Loader (CAT 953 or equal) w/FOG Week 2500 1 $2,500
Excavator (JD 200CLC or equal) w/ FOG Week 2000 1 $2,000
Geologist II  (10-hr day) Day $620 19 $11,780
Per Diem Day $240 19 $4,560
Civil Surveyor Day $1,800 1 $1,800
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Month $1,277 1 $1,277
DPT (MIP) Subcontractor Cost Day $3,000 5 $15,000

SUBTOTAL $146,124
Contingency (10%) $14,612
Management (5%) $7,306

TOTAL $168,043

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Construction Site Mgr (10-hr day) Day $918 40 $36,720
Foreman (10-hr day) Day $487 40 $19,480
Laborer (L3) #1  (10-hr day) Day $331 40 $13,240
Laborer (L3) #2  (10-hr day) Day $331 40 $13,240
Geologist II (10-hr day) Day $620 14 $8,680
Per Diem (calendar days) Day $240 160 $38,400
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #1 Month $1,277 2 $2,554
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #2 Month $1,277 2 $2,554
Rental Small SUV w/ FOG Month $2,070 0.75 $1,553
Monitoring Well Subcontractor Cost Lump Sum $12,000 1 $12,000
GAC (includes shipment and disposal) Lump Sum $160,000.00 1 $160,000
Ancillary Materials and Equipment Lump Sum $60,000 1 $60,000
Laboratory Confirmation Analysis - VOCs Sample $100.00 30 $3,000
Decontamination Area Materials Lump Sum $10,000 1 $10,000
Frac Tanks (Includes Mob & Demob) Month $2,100 20 $42,000
Drop Electrical Line to Panel & Permitting Lump Sum $30,000 1 $30,000
Misc. Consumables Lump Sum $1,200 2 $2,400
Handling and Disposal of Drill Cuttings LS $10,000 1 $10,000
Dewatering Storage Tank, IDW Disposal Lump Sum $2,100 20 $42,000

SUBTOTAL $517,821
Contingency (10%) $51,782
Management (5%) $25,891

TOTAL $595,494

Decontamination pad constructed using a plastic liner, pumps, and water storage drums.

5.0 Dewater Aquifer and Treat PCE Contaminated Groundwater
Install 3 extraction wells to de-water the aquifer.

Abandonment of 7 monitoring wells, installation of 7 monitoring wells.
DPT subcontractor, supervised by Shaw, to perform MIP Investigation, 75 points.

Treat PCE contaminated groundwater utilizing GAC.

4.0 Site Preparation and Pre-Excavation Membrane Interface Probe (MIP) Investigation
Trees and brush removed from excavation areas.
Silt fencing installed along the downgradient edges.

Dewater Aquifer
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6.0 Excavation, Treatment, Transport, and Disposal of Contaminated Soil
Contaminated soil will be excavated using an excavator. 
Soil disposal as non-hazardous waste in Subtitle D landfill.
Estimated unit weight of contaminated soil: 1.5 Ton/CY
Estimated number of 20-yard Trucks: 350
Item Unit Unit Rate Quantity Cost
Construction Site Mgr (Provided in 4.0 above) Day $918 0 $0
Foreman (10-hr day) Day $487 30 $14,610
Sr. Field Engineer (10-hr day) Day $885 10 $8,850
Safety/Quality Specialist (For dewater & excavation) Day $885 40 $35,400
Equipment Operator (EO3)  (10-hr day) Day $432 30 $12,960
Equipment Operator (EO3)  (10-hr day) Day $432 30 $12,960
Laborer (L3)   (10-hr day) Day $331 30 $9,930
Laborer (L3)   (10-hr day) Day $331 30 $9,930
Per Diem Day $240 200 $48,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #1 Month $1,277 2 $2,554
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #2 Month $1,277 2 $2,554
Rental Small SUV w/ FOG #1 Month $2,070 2 $4,140
Rental Small SUV w/ FOG #2 Month $2,070 0.5 $1,035
Excavator, Loader, and Trucks w/ FOG Day $2,000 30 $60,000
Ancillary Materials and Equipment, Shoring lump sum $250,000 1 $250,000
Subtitle D Landfill with Transportation Ton $65 10,500 $682,500
Seeding/Fertilizer/Straw/Tackifier (native seed) Acre $2,500 1 $2,500
Tree Planting (includes 2:1 replacement) Per Tree $3,500 2 $7,000

SUBTOTAL $1,164,923
Contingency (10%) $116,492
Management (5%) $58,246

TOTAL $1,339,661

7.0 Confirmation Sampling, Soil Profiling for Disposal, and Decon Water Profiling

Item Unit Unit Rate Quantity Cost
Laboratory Confirmation Analysis - VOCs Each $100.00 20 $2,000
Decon Water Waste Characterization Samples Each $730.00 2 $1,460
Haz Waste Characterization Samples per 200 CY Each $1,040 35 $36,400

SUBTOTAL $39,860
Contingency (10%) $3,986
Management (5%) $1,993

TOTAL $45,839

8.0 Site Restoration and Demobilization

Item Unit Unit Rate Quantity Cost
Demobilization of Personnel and Equipment (see 4.0) Lump Sum $10,000 1 $10,000
Construction Site Mgr (10-hr day) Day $918 3 $2,754
Safety/Quality Specialist (10-hr day) Day $885 3 $2,655
Equipment Operator (10-hr day) Day $432 3 $1,296
Laborer   (10-hr day) Day $331 3 $993
Laborer   (10-hr day) Day $331 3 $993
Per Diem Day $240 15 $3,600
Native Tree Seedlings Each $25.00 36 $900
Common Fill Ton $12.00 10,500 $126,000
Compaction CY $0.54 7,000 $3,780
Unscreened Topsoil, 6" CY $23.00 1,080 $24,840
Hydroseeding AC $2,000.00 1.1 $2,200

SUBTOTAL $180,011
Contingency (10%) $18,001
Management (5%) $9,001

TOTAL $207,013

TOTAL CAPITAL: $2,669,833

Characterization sampling and analysis include soil confirmation sampling, contaminated soil profiling for disposal, and decon water 
characterization.

Site restoration activities include backfilling of the excavation area with clean common earth materials, compaction, slope stabilization, 
removal of gravel, and reestablishment of vegetation cover.  Assumes tree seedling replacement at 100 per acre.  
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OPERATION & MONITORING (O&M) COSTS:
9.0 Years 1-30 Semi-Annual Groundwater Monitoring and Annual Surface Water and Sediment
Semi-Annual groundwater monitoring of 14 wells for VOCs and MNA. 
Data interpretation and reporting.
15% Field QC
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 1.50 $4,500
Chemist III Day $637 5 $3,185
Environmental Scientist  II  (10-hr day) Day $620 8 $4,960
Environmental Scientist II  (10-hr day) Day $620 8 $4,960
Per Diem Day $240 16 $3,840
Sampling Equipment Day $500 8 $4,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
RDW Treatment and Disposal Day $2,500 2 $5,000
Data Management and QC Day $960.00 2 $1,920
Analytical for MNA Each $465 34 $15,810
Analytical for VOCs Each $100 42 $4,200
Daily Sample Shipping Each $60 8 $480
LTM Report (GW = 2/3 annual cost) Lump Sum $15,000 0.67 $10,050

SUBTOTAL $63,805
Contingency (10%) $6,381
Management (5%) $3,190

TOTAL $73,376

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,479
Contingency (10%) $648
Management (5%) $324

TOTAL $7,451

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,379
Contingency (10%) $638
Management (5%) $319

TOTAL $7,336

Data interpretation and reporting

Annual sediment sampling (10) for VOCs.
Data interpretation and reporting

Annual surface water sampling (10) for VOCs.
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Item Unit Rate Quantity Cost
5-Year Review $30,000 1 $30,000

Contingency (10%) $3,000
Management (5%) $1,500

TOTAL $34,500

PRESENT WORTH CALCULATION:
Using a discount rate of: 2%

Description of Cost Details Year Capital O&M Present Worth 
Value

Summary of Capital Costs 0 $2,669,833 $0 $2,669,833
Semi-Annual LTM (Section 9.0) 1 $88,163 $86,434
Semi-Annual LTM (Section 9.0) 2 $88,163 $84,740
Semi-Annual LTM (Section 9.0) 3 $88,163 $83,078
Semi-Annual LTM (Section 9.0) 4 $88,163 $81,449
Semi-Annual LTM and 5-Yr Rev (Sect 9.0 and 10.0) 5 $122,663 $111,100
Semi-Annual LTM (Section 9.0) 6 $88,163 $78,286
Semi-Annual LTM (Section 9.0) 7 $88,163 $76,751
Semi-Annual LTM (Section 9.0) 8 $88,163 $75,246
Semi-Annual LTM (Section 9.0) 9 $88,163 $73,771
Semi-Annual LTM and 5-Yr Rev (Sect 9.0 and 10.0) 10 $122,663 $100,626
Semi-Annual LTM (Section 9.0) 11 $88,163 $70,906
Semi-Annual LTM (Section 9.0) 12 $88,163 $69,516
Semi-Annual LTM (Section 9.0) 13 $88,163 $68,153
Semi-Annual LTM (Section 9.0) 14 $88,163 $66,817
Semi-Annual LTM and 5-Yr Rev (Sect 9.0 and 10.0) 15 $122,663 $91,140
Semi-Annual LTM (Section 9.0) 16 $88,163 $64,222
Semi-Annual LTM (Section 9.0) 17 $88,163 $62,963
Semi-Annual LTM (Section 9.0) 18 $88,163 $61,728
Semi-Annual LTM (Section 9.0) 19 $88,163 $60,518
Semi-Annual LTM and 5-Yr Rev (Sect 9.0 and 10.0) 20 $122,663 $82,549
Semi-Annual LTM (Section 9.0) 21 $88,163 $58,168
Semi-Annual LTM (Section 9.0) 22 $88,163 $57,027
Semi-Annual LTM (Section 9.0) 23 $88,163 $55,909
Semi-Annual LTM (Section 9.0) 24 $88,163 $54,813
Semi-Annual LTM and 5-Yr Rev (Sect 9.0 and 10.0) 25 $122,663 $74,767
Semi-Annual LTM (Section 9.0) 26 $88,163 $52,684
Semi-Annual LTM (Section 9.0) 27 $88,163 $51,651
Semi-Annual LTM (Section 9.0) 28 $88,163 $50,639
Semi-Annual LTM (Section 9.0) 29 $88,163 $49,646
Semi-Annual LTM and 5-Yr Rev (Sect 9.0 and 10.0) 30 $122,663 $67,719

TOTAL: $2,669,833 $2,851,891 $4,792,849

10.0 Five-Year Reviews
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Area of Treatment Area (SF) Saturated 
Interval (ft) Volume (CY)

A-05 Treatment Area 20727 20.0 15353
Total 20727 15353

CAPITAL COSTS:

Item Unit Rate Quantity Cost
Permits $5,000 1 $5,000
Ecological and Wetland Surveys $5,000 2 $10,000
Health and Safety Plan $15,000 1 $15,000
Erosion and Sediment Control Plan $10,000 1 $10,000
ISEB Work Plan and Design $20,000 1 $20,000
QA/QC Plan $5,000 1 $5,000
Closure Report $40,000 1 $40,000

SUBTOTAL $105,000
Contingency (10%) $10,500
Management (5%) $5,250

TOTAL $120,750

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Labor Office Support Day $600 2 $1,200
Site Prep (Incl. Site Access, Clearing & Grubbing) Lump Sum $8,000 1 $8,000
Geologist II (10-hr day) Day $620 14 $8,680
Safety/Quality Specialist (10-hr day) Day $885 14 $12,390
Per Diem Day $240 28 $6,720
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
Rental Small SUV w/ FOG Month $2,070 0.75 $1,553
Monitoring Well Installation and Development Wells $3,000 8 $24,000
Subcontractor Crew Per Diem Day $240 28 $6,720
Handling and Disposal of Drill Cuttings LS $10,000 1 $10,000
Civil Surveyor Day $1,800 2 $3,600
Super Silt Fence LF $5.15 1000 $5,150
Trencher or Mini-Excavator for Silt Fence w/ FOG Week $600.00 1 $600
Decontamination Area Materials Lump Sum $3,000 1 $3,000

SUBTOTAL $102,513
Contingency (10%) $10,251
Management (5%) $5,126

TOTAL $117,889

2.0 Installation of Additional Monitoring Wells
Installation of eight 2-inch observation wells using hollow-stem auger includes well completion and development.
Site prep, road access improvement for drilling equipment, clearing and grubbing.

ALTERNATIVE 3
IN SITU ENHANCED BIOREMEDIATION, BIOAUGMENTATION, LTM, LUC, and MNA

Alternative 3 involves In Situ Enhanced Bioremediation with bioaugmentation for source treatment, long-term groundwater monitoring, 
land use controls, and monitored natural attenuation. 

GENERAL ASSUMPTIONS

The costs are adopted from experience at Fort Belvoir and other facilities in Virginia and Maryland, and professional judgment. 

Assumed dimensions of the Area of Treatment:

1.0 Permits and Report Writing

Prior to work, all necessary permits such as stream encroachment permit and wetlands permits must be acquired.  Additionally, a 
Work Plan, a Site Health and Safety Plan and an Erosion and Sedimentation Control Plan must be produced and approved.  
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Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.50 $1,500
Chemist III Day $637 3 $1,911
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 1 $300
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960 2 $1,920
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report Lump Sum $15,000 0.50 $7,500

SUBTOTAL $34,756
Contingency (10%) $3,476
Management (5%) $1,738

TOTAL $39,969

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,844
Contingency (10%) $784
Management (5%) $392

TOTAL $9,020

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,744
Contingency (10%) $774
Management (5%) $387

TOTAL $8,905

3.0 Baseline Sampling and Analysis
Baseline groundwater monitoring for VOCs and MNA

Collect groundwater samples from 14 wells, plus 15% QC.

Baseline surface water monitoring for VOCs
Collect 10 samples plus 15% QC

Data interpretation and reporting

Data interpretation and reporting

Baseline sediment monitoring for VOCs
Collect 10 samples plus 15% QC.
Data interpretation and reporting
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4.0 EVO and Bioaugmentation Purchase and Prep
EVO purchase and shipping.
SDC-9 purchase and shipping.
Item Unit Unit Rate Quantity Cost
Office Labor Day $600 2 $1,200
Miscellaneous Parts for SDC-9 Injection Each $1,000 1 $1,000
Sodium Bicarbonate Pound $0.22 5,027 $1,106
Sodium Bicarbonate Shipping Pound $0.09 5,027 $452
SDC-9 Liter $85 154 $13,090
SDC-9 Shipping Each $50 4 $200
Emulsified Oil Pound $2.00 44,979 $89,958
Oil Shipping Pound $0.09 44,979 $4,048

SUBTOTAL $111,054
Contingency (10%) $11,105
Management (5%) $5,553

TOTAL $127,713

5.0 ISEB Injection
Permitting.
DPT subcontractor with oversight, to mix and inject reagents assume 5 point per day. 55 total points.
Item Unit Unit Rate Quantity Cost
Office Labor hour $75.00 60 $4,500
Engineering Technician III (10-hr day) Day $681 14 $9,534
Scientist III  (10-hr day) Day $797 14 $11,158
Per Diem Day $240 28 $6,720
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
Subcontract Injection Each $750 55 $41,250
Subcontractor Mobe/Demob Each $2,500 2 $5,000
Subcontractor Crew Per Diem Day $240 28 $6,720

SUBTOTAL $85,782
Contingency (10%) $8,578
Management (5%) $4,289

TOTAL $98,649

TOTAL CAPITAL: $522,896

OPERATION & MONITORING (O&M) COSTS
6.0 Years 1-10 Monitoring:  Semi-Annual Groundwater and Annual Surface Water and Sediment Sampling
Semi-Annual groundwater monitoring of 14 wells for VOCs and MNA. 
Data interpretation and reporting.
15% Field QC
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 1.50 $4,500
Chemist III Day $637 5 $3,185
Environmental Scientist  II  (10-hr day) Day $620 8 $4,960
Environmental Scientist II  (10-hr day) Day $620 8 $4,960
Per Diem Day $240 16 $3,840
Sampling Equipment Day $500 8 $4,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
RDW Treatment and Disposal Day $2,500 2 $5,000
Data Management and QC Day $960.00 2 $1,920
Analytical for MNA Each $465 34 $15,810
Analytical for VOCs Each $100 42 $4,200
Daily Sample Shipping Each $60 8 $480
LTM Report (GW = 2/3 annual cost) Lump Sum $15,000 0.67 $10,050

SUBTOTAL $63,805
Contingency (10%) $6,381
Management (5%) $3,190

TOTAL $73,376

Page 3 of 6



Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,479
Contingency (10%) $648
Management (5%) $324

TOTAL $7,451

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,379
Contingency (10%) $638
Management (5%) $319

TOTAL $7,336

7.0 Years 11-20 Annual and Years 21-30 Biennial Monitoring
One round of groundwater monitoring of 14 wells for VOCs and NAPs. 
Data interpretation and reporting.
15% Field Duplicates
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.5 $1,500
Chemist III Day $637 2 $1,274
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 2 $450
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960.00 1 $960
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report (GW = 1/5 annual cost) Lump Sum $15,000 0.50 $7,500

SUBTOTAL $33,309
Contingency (10%) $3,331
Management (5%) $1,665

TOTAL $38,305

Annual surface water sampling (10) for VOCs.
Data interpretation and reporting

Data interpretation and reporting
Annual sediment sampling (10) for VOCs.
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Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $40 1 $40
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,799
Contingency (10%) $780
Management (5%) $390

TOTAL $8,968

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,819
Contingency (10%) $782
Management (5%) $391

TOTAL $8,991

8.0 Five-Year Review
Item Unit Rate Quantity Cost
5-Year Review $30,000 1 $30,000

Contingency (10%) $3,000
Management (5%) $1,500

TOTAL $34,500

9.0 Second EVO Injection
Item Unit Rate Quantity Cost
Second EVO Injection in Year 5 $196,836 1 $196,836

Contingency (10%) $19,684
Management (5%) $9,842

TOTAL $226,362

One round of sediment sampling (10) for VOCs.
Data interpretation and reporting

One round of surface water sampling (10) for VOCs.
Data interpretation and reporting
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PRESENT WORTH CALCULATION:
Using a discount rate of: 2%

Description of Cost Details Year Capital O&M Present Worth 
Value

Summary of Capital Costs 0 $522,896 $0 $522,896
Semi-Annual LTM (Section 6.0) 1 $88,163 $86,434
Semi-Annual LTM (Section 6.0) 2 $88,163 $84,740
Semi-Annual LTM (Section 6.0) 3 $88,163 $83,078
Semi-Annual LTM (Section 6.0) 4 $88,163 $81,449
Semi-Annual LTM and 5-Yr Review (Sect 6.0 and 8.0) 5 $122,663 $111,100
Semi-Annual LTM and 2nd EVO Inj (Sect 6.0 & 9.0) 6 $314,525 $279,289
Semi-Annual LTM (Section 6.0) 7 $88,163 $76,751
Semi-Annual LTM (Section 6.0) 8 $88,163 $75,246
Semi-Annual LTM (Section 6.0) 9 $88,163 $73,771
Semi-Annual LTM and 5-Yr Review (Sect 6.0 and 8.0) 10 $122,663 $100,626
Annual LTM (Section 7.0) 11 $56,265 $45,252
Annual LTM (Section 7.0) 12 $56,265 $44,364
Annual LTM (Section 7.0) 13 $56,265 $43,495
Annual LTM (Section 7.0) 14 $56,265 $42,642
Annual LTM and 5-Yr Review (Sect 7.0 and 8.0) 15 $90,765 $67,440
Annual LTM (Section 7.0) 16 $56,265 $40,986
Annual LTM (Section 7.0) 17 $56,265 $40,182
Annual LTM (Section 7.0) 18 $56,265 $39,394
Annual LTM (Section 7.0) 19 $56,265 $38,622
Annual LTM and 5-Yr Review (Sect 7.0 and 8.0) 20 $90,765 $61,082
None 21 $0 $0
Biennial LTM (Section 7.0) 22 $56,265 $36,394
None 23 $0 $0
Biennial LTM (Section 7.0) 24 $56,265 $34,981
5-Yr Review (Section 8.0) 25 $34,500 $21,029
Biennial LTM (Section 7.0) 26 $56,265 $33,623
None 27 $0 $0
Biennial LTM (Section 7.0) 28 $56,265 $32,317
None 29 $0 $0
5-Year Review (Section 8.0) 30 $34,500 $19,046

TOTAL: $522,896 $2,102,701 $2,216,230
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Area of Treatment Area (SF) Saturated 
Interval (ft) Volume (CY)

A-05 Treatment Area 30398 20.0 22517
Total 30398 22517

CAPITAL COSTS:

Item Unit Rate Quantity Cost
Permits $5,000 1 $5,000
Ecological and Wetland Surveys $5,000 2 $10,000
Health and Safety Plan $15,000 1 $15,000
Erosion and Sediment Control Plan $10,000 1 $10,000
Corrective Measures Implementation Work Plan $20,000 1 $20,000
QA/QC Plan $5,000 1 $5,000
Closure Report $40,000 1 $40,000

SUBTOTAL $105,000
Contingency (10%) $10,500
Management (5%) $5,250

TOTAL $120,750

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Labor Office Support Day $600 2 $1,200
Site Prep (Incl. Site Access, Clearing & Grubbing) Lump Sum $8,000 1 $8,000
Geologist II (10-hr day) Day $620 14 $8,680
Safety/Quality Specialist (10-hr day) Day $885 14 $12,390
Per Diem Day $240 28 $6,720
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
Rental Small SUV w/ FOG Month $2,070 0.75 $1,553
Monitoring Well Installation and Development Wells $3,000 8 $24,000
Subcontractor Crew Per Diem Day $240 28 $6,720
Handling and Disposal of Drill Cuttings LS $10,000 1 $10,000
Civil Surveyor Day $1,800 2 $3,600
Super Silt Fence LF $5.15 1000 $5,150
Trencher or Mini-Excavator for Silt Fence w/ FOG Week $600.00 1 $600
Decontamination Area Materials Lump Sum $3,000 1 $3,000

SUBTOTAL $102,513
Contingency (10%) $10,251
Management (5%) $5,126

TOTAL $117,889

Site prep, road access improvement for drilling equipment, clearing and grubbing.

1.0 Permits and Report Writing
Prior to work, all necessary permits such as stream encroachment permit and wetlands permits must be acquired.  Additionally, a 
Work Plan, a Site Health and Safety Plan and an Erosion and Sedimentation Control Plan must be produced and approved.  

2.0 Installation of Additional Monitoring Wells
Installation of eight 2-inch observation wells using hollow-stem auger includes well completion and development.

Assumed dimensions of the Area of Treatment:

ALTERNATIVE 4
PROTON REDUCTION, BIOAUGMENTATION, LTM, LUC, and MNA

Alternative 4 involves in situ  proton reduction (PtR) with bioaugmentation for source treatment, long-term groundwater monitoring, 
land use controls, and monitored natural attenuation. 

GENERAL ASSUMPTIONS
The costs are adopted from experience at Fort Belvoir and other facilities in Virginia and Maryland, and professional judgment. 
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Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.50 $1,500
Chemist III Day $637 3 $1,911
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 1 $300
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960 2 $1,920
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report Lump Sum $15,000 0.50 $7,500

SUBTOTAL $34,756
Contingency (10%) $3,476
Management (5%) $1,738

TOTAL $39,969

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,844
Contingency (10%) $784
Management (5%) $392

TOTAL $9,020

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,744
Contingency (10%) $774
Management (5%) $387

TOTAL $8,905

Baseline groundwater monitoring for VOCs and MNA
Data interpretation and reporting

3.0 Baseline Sampling and Analysis

Collect groundwater samples from 14 wells, plus 15% QC.

Baseline surface water monitoring for VOCs
Collect 10 samples plus 15% QC
Data interpretation and reporting

Baseline sediment monitoring for VOCs
Collect 10 samples plus 15% QC.
Data interpretation and reporting
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4.0 Proton Reduction Bioaugmentation
SDC-9 purchase and shipping.
DPT subcontractor to install 84 total points.
Item Unit Unit Rate Quantity Cost
Office Labor Day $600.00 5 $3,000
Geologist III  (10-hr day) Day $797 16 $12,752
Safety/Quality Specialist (10-hr day) Day $885 16 $14,160
Per Diem Day $240 32 $7,680
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Month $1,277 1 $1,277
Rental Small SUV w/ FOG #1 Month $2,070 1 $2,070
Misc Consumables Lump Sum $1,000 1 $1,000
Survey Crew with equipment Day $1,800 2 $3,600
SDC-9 Liter $85 235 $19,975
SDC-9 Shipping Each $50 6 $300
DPT Mob/demob Lump Sum $2,500 2 $5,000
Subcontractor Crew Per Diem Day $240 32 $7,680
Subcontractor Drill & Install 2" PVC Proton Reduction Wells Each $2,100 86 $180,600

Well Vault & Electrical Boxes Each $240 86 $20,640
Proton Reduction Electrodes Linear Ft $2 1,720 $3,870
Electrical Wiring Linear Ft $42 1,000 $42,000
IDW Disposal Lump Sum $600 1 $600
Security Fencing and signage Linear Foot $15 1000 $15,000

SUBTOTAL $341,204
Contingency (10%) $34,120
Management (5%) $17,060

TOTAL $392,385

TOTAL CAPITAL: $688,918

OPERATION & MONITORING (O&M) COSTS
5.0 Annual Proton Reduction System Maintenance
Semi-annual Inspections
Replacement of electrodes and wiring
Repair of security fencing
Item Unit Unit Rate Quantity Cost
Geologist III  (10-hr day) Day $797 2 $1,594
Engineer (10-hr day) Day $885 2 $1,770
Rental Small SUV w/ FOG #1 Day $100 2 $200
Site Access (Vegetation Removal) Lump Sum $1,000 1 $1,000
Wiring and Electrode Replacement/Repair Lump Sum $1,000 1 $1,000
Security Fencing and signage repair Lump Sum $1,500 1 $1,500

SUBTOTAL $7,064
Contingency (10%) $706
Management (5%) $353

TOTAL $8,124

6.0 Years 1-10 Monitoring:  Semi-Annual Groundwater and Annual Surface Water and Sediment Sampling
Semi-Annual groundwater monitoring of 14 wells for VOCs and MNA. 
Data interpretation and reporting.
15% Field QC
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 1.50 $4,500
Chemist III Day $637 5 $3,185
Environmental Scientist  II  (10-hr day) Day $620 8 $4,960
Environmental Scientist II  (10-hr day) Day $620 8 $4,960
Per Diem Day $240 16 $3,840
Sampling Equipment Day $500 8 $4,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
RDW Treatment and Disposal Day $2,500 2 $5,000
Data Management and QC Day $960.00 2 $1,920
Analytical for MNA Each $465 34 $15,810
Analytical for VOCs Each $100 42 $4,200
Daily Sample Shipping Each $60 8 $480
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LTM Report (GW = 2/3 annual cost) Lump Sum $15,000 0.67 $10,050
SUBTOTAL $63,805

Contingency (10%) $6,381
Management (5%) $3,190

TOTAL $73,376

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,479
Contingency (10%) $648
Management (5%) $324

TOTAL $7,451

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,379
Contingency (10%) $638
Management (5%) $319

TOTAL $7,336

7.0 Years 11-20 Annual and Years 21-30 Biennial Monitoring
One round of groundwater monitoring of 14 wells for VOCs and NAPs. 
Data interpretation and reporting.
15% Field Duplicates
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.5 $1,500
Chemist III Day $637 2 $1,274
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 2 $450
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960.00 1 $960
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240

Annual sediment sampling (10) for VOCs.
Data interpretation and reporting

Annual surface water sampling (10) for VOCs.
Data interpretation and reporting
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LTM Report (GW = 1/5 annual cost) Lump Sum $15,000 0.50 $7,500
SUBTOTAL $33,309

Contingency (10%) $3,331
Management (5%) $1,665

TOTAL $38,305

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $40 1 $40
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,799
Contingency (10%) $780
Management (5%) $390

TOTAL $8,968

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,819
Contingency (10%) $782
Management (5%) $391

TOTAL $8,991

8.0 Five-Year Review
Item Unit Rate Quantity Cost
5-Year Review $30,000 1 $30,000

Contingency (10%) $3,000
Management (5%) $1,500

TOTAL $34,500

9.0 Proton Reduction System Removal
Removal of wiring and fencing
Abandonment of wells
Item Unit Unit Rate Quantity Cost
Geologist (10-hr day) Day $797 5 $3,985
Per Diem Day $240 5 $1,200
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 1 $300
Well Abandonment Well $300 86 $25,800
Site Access (Vegetation Removal) Lump Sum $1,000 1 $1,000
Wiring and Electrode Removal Lump Sum $1,000 1 $1,000

One round of surface water sampling (10) for VOCs.
Data interpretation and reporting

One round of sediment sampling (10) for VOCs.
Data interpretation and reporting
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Security Fencing and signage removal Lump Sum $5,000 1 $5,000
SUBTOTAL $38,285

Contingency (10%) $3,829
Management (5%) $1,914

TOTAL $44,028

PRESENT WORTH CALCULATION:
Using a discount rate of: 2%

Description of Cost Details Year Capital O&M Present Worth 
Value

Summary of Capital Costs 0 $688,918 $0 $688,918
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 1 $96,287 $94,399
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 2 $96,287 $92,548
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 3 $96,287 $90,733
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 4 $96,287 $88,954
Semi-Annual LTM, 5-Yr Rev, and Maint (Sect 5.0, 6.0, 8.0) 5 $130,787 $118,457
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 6 $96,287 $85,500
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 7 $96,287 $83,823
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 8 $96,287 $82,180
Semi-Annual LTM and Maintenance (Section 5.0 and 6.0) 9 $96,287 $80,568
Semi-Annual LTM, 5-Yr Rev, and Maint (Sect 5.0, 6.0, 8.0) 10 $130,787 $107,291
Annual LTM and Maintenance (Section 5.0 and 7.0) 11 $64,389 $51,785
Annual LTM and Maintenance (Section 5.0 and 7.0) 12 $64,389 $50,770
Annual LTM and Maintenance (Section 5.0 and 7.0) 13 $64,389 $49,774
Annual LTM and Maintenance (Section 5.0 and 7.0) 14 $64,389 $48,798
Annual LTM, 5-Yr Rev, and Maint (Sect 5.0, 7.0, 8.0) 15 $98,889 $73,476
Annual LTM and Maintenance (Section 5.0 and 7.0) 16 $64,389 $46,904
Annual LTM and Maintenance (Section 5.0 and 7.0) 17 $64,389 $45,984
Annual LTM and Maintenance (Section 5.0 and 7.0) 18 $64,389 $45,082
Annual LTM and Maintenance (Section 5.0 and 7.0) 19 $64,389 $44,198
Annual LTM, 5-Yr Rev, and Maint (Sect 5.0, 6.0, 7.0) 20 $42,624 $28,684
Maintenance (Sect 5.0) 21 $8,124 $5,360
Biennial LTM and Maintenance (Section 5.0 and 7.0) 22 $64,389 $41,649
Maintenance (Sect 5.0) 23 $8,124 $5,152
Biennial LTM and Maintenance (Section 5.0 and 7.0) 24 $64,389 $40,032
5-Yr Review and Maint (Sect 5.0 and 8.0) 25 $42,624 $25,980
Biennial LTM and Maintenance (Section 5.0 and 7.0) 26 $64,389 $38,477
Maintenance (Sect 5.0) 27 $8,124 $4,759
Biennial LTM and Maintenance (Section 5.0 and 7.0) 28 $64,389 $36,983
Maintenance (Sect 5.0) 29 $8,124 $4,574
5-Yr Rev and System Removal (Sect 8.0 and 9.0) 30 $78,528 $43,353

TOTAL: $688,918 $2,099,686 $2,345,146
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CAPITAL COSTS:

Item Unit Rate Quantity Cost
Permits $5,000 1 $5,000
Ecological and Wetland Surveys $5,000 2 $10,000
Health and Safety Plan $20,000 1 $20,000
Erosion and Sediment Control Plan $15,000 1 $15,000
Corrective Measures Implementation Work Plan $25,000 1 $25,000
QA/QC Plan $5,000 1 $5,000
Closure Report $40,000 1 $40,000

SUBTOTAL $120,000
Contingency (10%) $12,000
Management (5%) $6,000

TOTAL $138,000

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Labor Office Support Day $600 2 $1,200
Site Prep (Incl. Site Access, Clearing & Grubbing) Lump Sum $8,000 1 $8,000
Geologist II (10-hr day) Day $620 14 $8,680
Safety/Quality Specialist (10-hr day) Day $885 14 $12,390
Per Diem Day $240 28 $6,720
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
Rental Small SUV w/ FOG Month $2,070 0.75 $1,553
Monitoring Well Installation and Development Wells $3,000 8 $24,000
Subcontractor Crew Per Diem Day $240 28 $6,720
Handling and Disposal of Drill Cuttings LS $10,000 1 $10,000
Civil Surveyor Day $1,800 2 $3,600
Super Silt Fence LF $5.15 1000 $5,150
Trencher or Mini-Excavator for Silt Fence w/ FOG Week $600.00 1 $600
Decontamination Area Materials Lump Sum $3,000 1 $3,000

SUBTOTAL $102,513
Contingency (10%) $10,251
Management (5%) $5,126

TOTAL $117,889

Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.50 $1,500
Chemist III Day $637 3 $1,911

ALTERNATIVE 5
PERMEABLE REACTIVE BARRIER, BIOAUGMENTATION, LTM, LUC, and MNA

Alternative 5 involves a permeable reactive barrier (PRB) for source interception and treatment, long-term groundwater monitoring, 
land use controls, and monitored natural attenuation. 

GENERAL ASSUMPTIONS

Baseline groundwater monitoring for VOCs and MNA

The costs are adopted from experience at Fort Belvoir and other facilities in Virginia and Maryland, and professional judgment. 

Installation of a single PRB trench, measuring 300-ft long x 25-ft deep (65-40 ft msl) x 36 inches wide (39-in actual width), parallel 
to the unnamed tributary and perpendicular to groundwater flow using a long arm excavator.

1.0 Permits and Report Writing

Prior to work, all necessary permits such as stream encroachment permit and wetlands permits must be acquired.  Additionally, a 
Work Plan, a Site Health and Safety Plan and an Erosion and Sedimentation Control Plan must be produced and approved.  

3.0 Baseline Sampling and Analysis

2.0 Installation of Additional Monitoring Wells
Installation of eight 2-inch observation wells using hollow-stem auger includes well completion and development.
Site prep, road access improvement for drilling equipment, clearing and grubbing.

Data interpretation and reporting
Collect groundwater samples from 14 wells, plus 15% QC.
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Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 1 $300
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960 2 $1,920
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report Lump Sum $15,000 0.50 $7,500

SUBTOTAL $34,756
Contingency (10%) $3,476
Management (5%) $1,738

TOTAL $39,969

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,844
Contingency (10%) $784
Management (5%) $392

TOTAL $9,020

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,744
Contingency (10%) $774
Management (5%) $387

TOTAL $8,905

4.0 PRB Installation
Permitting, Site Preparation (includes site access and clearing and grubbing).
Daramend to ground surface since too hard to control placement to potentiometric surface; say 200,000 pounds.
pH Buffer 0.1% addition to mixture.
Excavate one trench:  300' x 25' x 36"; then, mix reagents with sand/gravel and backfill trench.

Data interpretation and reporting

Collect 10 samples plus 15% QC.
Baseline sediment monitoring for VOCs

Data interpretation and reporting

Baseline surface water monitoring for VOCs
Collect 10 samples plus 15% QC
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Based on 10-hr days, M-F, 6 days site prep, 5 days trenching, and 6 days cleanup / restoration.

Item Unit Unit Rate Quantity Cost
Office Labor Hour $75.00 120 $9,000
Mob / Demob of Personnel and Equipment Lump Sum $20,000 1 $20,000
Construction Site Mgr (10-hr day) Day $918 18 $16,524
Foreman (10-hr day) Day $487 18 $8,766
Engineer V (10-hr day) Day $1,062 5 $5,310
Safety/Quality Specialist (10-hr day) Day $885 17 $15,045
Equipment Operator (EO3)  (10-hr day) Day $432 17 $7,344
Equipment Operator (EO3)  (10-hr day) Day $432 17 $7,344
Equipment Operator (EO3)  (10-hr day) Day $432 5 $2,160
Equipment Operator (EO3)  (10-hr day) Day $432 5 $2,160
Equipment Operator (EO3)  (10-hr day) Day $432 5 $2,160
Laborer (L3)   (10-hr day) Day $331 17 $5,627
Laborer (L3)   (10-hr day) Day $331 17 $5,627
Laborer (L3)   (10-hr day) Day $331 17 $5,627
Per Diem (calendar days; $169 lodging +$71 meals) Day $240 158 $37,920
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 3 $9,000
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 1 $3,000
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 1 $3,000
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 1 $3,000
Tire Loader (4.5 CY bucket; JD644J or equal) w/FOG Week $1,500 3 $4,500
All Terrain Extend-a-Hoe w/ FOG Week $1,800 1 $1,800
Concrete Mixer with Operator Day $1,500 5 $7,500
Feed Hopper and Conveyor System for Daramend Week $2,000 2 $4,000
Excavator (JD 200CLC Long Arm or equal) w/ FOG Week $2,500.00 2 $5,000
Crawler Carrier (MST2200 or equal; 5+ cy cap.) w/ FOG Week $3,000.00 2 $6,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #1 Week $300 3 $900
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #2 Week $300 3 $900
Rental Small SUV w/ FOG #1 Month $2,070 0.75 $1,553
Rental Small SUV w/ FOG #2 Month $2,070 0.25 $518
Tree Service for Access, Clearing, Chipping, Restoration Lump Sum $25,000 1 $25,000
Super Silt Fence LF $5.15 800 $4,120
Trencher or Mini-Excavator for Silt Fence w/ FOG Week $600.00 1 $600
Decontamination Area Materials Lump Sum $3,000 1 $3,000
MW Abandonment Subcontractor Lump Sum $5,000 1 $5,000
Misc Consumables Lump Sum $500 1 $500
Survey Crew with Equipment Day $1,800 2 $3,600
Frac Tanks (3), Pumps, Hoses, Bio Slurry Lump Sum $20,000 1 $20,000
Daramend for PRB (107,000 lbs below water table) Pounds $0.65 200,000 $130,000
Daramend Shipping Lump Sum $22,000 1 $22,000
pH Buffer (0.1% x (300'x13'x3.25'/27CF/CY)(1.7T/CY)) Pounds $0.80 3,400 $2,720
pH Buffer Shipping Lump Sum $1,500 1 $1,500
Adventus / Daramend Consultant for 3 days Lump Sum $5,000 1 $5,000
Portland Cement Type K (to solidify trench spoils) Ton $150 40 $6,000
Subtitle D Landfill (T&D:  902 bcy x 1.7 T/bcy = 1,534 T Ton $65 1,534 $99,710
Analytical for Soil and Water Disposal Lump Sum $750 2 $1,500
Bioslurry Water Transportation Lump Sum $3,000.00 1 $3,000
Bioslurry Water Treatment Gals $0.40 25,000 $10,000
Coarse Backfill (300'x25'x3.25'/27CF/CY)(1.5 T/CY) Ton $15 1,400 $21,000
Topsoil for Restoration CY $30 42 $1,260
Analytical for Imported Backfill and Topsoil Lump Sum $750 2 $1,500
Seeding/Fertilizer/Straw/Tackifier (native seed) Acre $2,500 1 $2,500
Tree Planting (includes 2:1 replacement) Per Tree $3,500 2 $7,000

SUBTOTAL $577,794
Contingency (10%) $57,779
Management (5%) $28,890

TOTAL $664,463

TOTAL CAPITAL: $978,247

Shaw to provide site access, reagent mixing, filling of trencher feed hopper with reagent backfill, spoils solidification / removal, and 
site restoration.  Clear of branches and trees, chipping of vegetation, trench excavation will be subcontracted by Shaw, and 
planting of trees for mitigation of removed trees.
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OPERATION & MONITORING (O&M) COSTS
5.0 Years 1-10 Monitoring:  Semi-Annual Groundwater and Annual Surface Water and Sediment Sampling
Semi-Annual groundwater monitoring of 14 wells for VOCs and MNA. 
Data interpretation and reporting.
15% Field QC
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 1.50 $4,500
Chemist III Day $637 5 $3,185
Environmental Scientist  II  (10-hr day) Day $620 8 $4,960
Environmental Scientist II  (10-hr day) Day $620 8 $4,960
Per Diem Day $240 16 $3,840
Sampling Equipment Day $500 8 $4,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
RDW Treatment and Disposal Day $2,500 2 $5,000
Data Management and QC Day $960.00 2 $1,920
Analytical for MNA Each $465 34 $15,810
Analytical for VOCs Each $100 42 $4,200
Daily Sample Shipping Each $60 8 $480
LTM Report (GW = 2/3 annual cost) Lump Sum $15,000 0.67 $10,050

SUBTOTAL $63,805
Contingency (10%) $6,381
Management (5%) $3,190

TOTAL $73,376

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,479
Contingency (10%) $648
Management (5%) $324

TOTAL $7,451

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,379
Contingency (10%) $638
Management (5%) $319

TOTAL $7,336

Annual surface water sampling (10) for VOCs.
Data interpretation and reporting

Annual sediment sampling (10) for VOCs.
Data interpretation and reporting
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6.0 Years 11-20 Annual and Years 21-30 Biennial Monitoring
One round of groundwater monitoring of 14 wells for VOCs and NAPs. 
Data interpretation and reporting.
15% Field Duplicates
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.5 $1,500
Chemist III Day $637 2 $1,274
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 2 $450
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960.00 1 $960
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report (GW = 1/5 annual cost) Lump Sum $15,000 0.50 $7,500

SUBTOTAL $33,309
Contingency (10%) $3,331
Management (5%) $1,665

TOTAL $38,305

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $40 1 $40
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,799
Contingency (10%) $780
Management (5%) $390

TOTAL $8,968

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,819
Contingency (10%) $782
Management (5%) $391

TOTAL $8,991

One round of surface water sampling (10) for VOCs.
Data interpretation and reporting

One round of sediment sampling (10) for VOCs.
Data interpretation and reporting
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7.0 Five-Year Review
Item Unit Rate Quantity Cost
5-Year Review $30,000 1 $30,000

Contingency (10%) $3,000
Management (5%) $1,500

TOTAL $34,500

8.0 Re-Injection of PRB
Item Unit Rate Quantity Cost
Re-Injection of PRB $200,000 1 $200,000

Contingency (10%) $20,000
Management (5%) $10,000

TOTAL $230,000

PRESENT WORTH CALCULATION:
Using a discount rate of: 2%

Description of Cost Details Year Capital O&M Present Worth 
Value

Summary of Capital Costs 0 $978,247 $0 $978,247
Semi-Annual LTM (Section 5.0) 1 $88,163 $86,434
Semi-Annual LTM (Section 5.0) 2 $88,163 $84,740
Semi-Annual LTM (Section 5.0) 3 $88,163 $83,078
Semi-Annual LTM (Section 5.0) 4 $88,163 $81,449
Semi-Annual LTM and 5-Yr Review (Sect 6.0 and 7.0) 5 $122,663 $111,100
Semi-Annual LTM (Section 5.0) 6 $88,163 $78,286
Semi-Annual LTM (Section 5.0) 7 $88,163 $76,751
Semi-Annual LTM (Section 5.0) 8 $88,163 $75,246
Semi-Annual LTM (Section 5.0) 9 $88,163 $73,771
Annual LTM and 5-Yr Review (Sect 6.0 and 7.0) 10 $90,765 $74,459
Annual LTM (Section 6.0) 11 $56,265 $45,252
Annual LTM (Section 6.0) 12 $56,265 $44,364
Annual LTM (Section 6.0) 13 $56,265 $43,495
Annual LTM (Section 6.0) 14 $56,265 $42,642
Annual LTM, 5-Yr Rev and Re-Inj (Sect 6.0, 7.0 and 8.0) 15 $320,765 $238,333
Annual LTM (Section 6.0) 16 $56,265 $40,986
Annual LTM (Section 6.0) 17 $56,265 $40,182
Annual LTM (Section 6.0) 18 $56,265 $39,394
Annual LTM (Section 6.0) 19 $56,265 $38,622
Annual LTM and 5-Yr Review (Sect 6.0 and 7.0) 20 $90,765 $61,082
None 21 $0 $0
Biennial LTM (Section 6.0) 22 $56,265 $36,394
None 23 $0 $0
Biennial LTM (Section 6.0) 24 $56,265 $34,981
5-Yr Review (Sect 7.0) 25 $34,500 $21,029
Biennial LTM (Section 6.0) 26 $56,265 $33,623
None 27 $0 $0
Biennial LTM (Section 6.0) 28 $56,265 $32,317
None 29 $0 $0
Biennial LTM, 5-Yr Rev, Re-inj (Sect 6.0, 7.0, 8.0) 30 $320,765 $177,085

TOTAL: $978,247 $2,360,706 $2,773,342
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Contaminated Soil Volume Area (SF) Depth (ft) Volume (CY)
A05 Source Area 16000 40.0 23704

Total 16000 23704

CAPITAL COSTS:

Item Unit Rate Quantity Cost
Permits $5,000 1 $5,000
Ecological and Wetland Surveys $5,000 2 $10,000
Health and Safety Plan $20,000 1 $20,000
Erosion and Sediment Control Plan $15,000 1 $15,000
Corrective Measures Implementation Work Plan $25,000 1 $25,000
QA/QC Plan $5,000 1 $5,000
Closure Report $40,000 1 $40,000

SUBTOTAL $120,000
Contingency (10%) $12,000
Management (5%) $6,000

TOTAL $138,000

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Labor Office Support Day $600 2 $1,200
Site Prep (Incl. Site Access, Clearing & Grubbing) Lump Sum $8,000 1 $8,000
Geologist II (10-hr day) Day $620 14 $8,680
Safety/Quality Specialist (10-hr day) Day $885 14 $12,390
Per Diem Day $240 28 $6,720
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
Rental Small SUV w/ FOG Month $2,070 0.75 $1,553
Monitoring Well Installation and Development Wells $3,000 8 $24,000
Subcontractor Crew Per Diem Day $240 28 $6,720
Handling and Disposal of Drill Cuttings LS $10,000 1 $10,000
Civil Surveyor Day $1,800 2 $3,600
Super Silt Fence LF $5.15 1000 $5,150
Trencher or Mini-Excavator for Silt Fence w/ FOG Week $600.00 1 $600
Decontamination Area Materials Lump Sum $3,000 1 $3,000

SUBTOTAL $102,513
Contingency (10%) $10,251
Management (5%) $5,126

TOTAL $117,889

Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.50 $1,500

Assumed dimensions of the Areas of Concern:

1.0 Permits and Report Writing
Prior to work, all necessary permits such as stream encroachment permit and wetlands permits must be acquired.  Additionally, a Work 
Plan, a Site Health and Safety Plan and an Erosion and Sedimentation Control Plan must be produced and approved.  

2.0 Installation of Additional Monitoring Wells
Installation of eight 2-inch observation wells using hollow-stem auger includes well completion and development.

ALTERNATIVE 6
IN SITU THERMAL TREATMENT, PERMEABLE REACTIVE BARRIER, SOIL VAPOR EXTRACTION, LUC, 

LTM, and MNA

Alternative 6 involves a permeable reactive barrier, in situ thermal heating coupled with soil vapor extraction for source treatment, long-
term groundwater monitoring, land use controls, and monitored natural attenuation. 

GENERAL ASSUMPTIONS
The costs are adopted from experience at Fort Belvoir and other facilities in Virginia and Maryland, and professional judgment. 

Site prep, road access improvement for drilling equipment, clearing and grubbing.

3.0 Baseline Sampling and Analysis
Baseline groundwater monitoring for VOCs and MNA
Data interpretation and reporting
Collect groundwater samples from 14 wells, plus 15% QC.
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Chemist III Day $637 3 $1,911
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 1 $300
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960 2 $1,920
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report Lump Sum $15,000 0.50 $7,500

SUBTOTAL $34,756
Contingency (10%) $3,476
Management (5%) $1,738

TOTAL $39,969

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,844
Contingency (10%) $784
Management (5%) $392

TOTAL $9,020

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Each $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.25 $75
Data Management and QC Day $960 0.50 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,744
Contingency (10%) $774
Management (5%) $387

TOTAL $8,905

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Labor Office Support Day $600 2 $1,200

4.0 Pre-Excavation Membrane Interface Probe (MIP) Investigation
DPT sub contractor, supervised by Shaw, to perform MIP Investigation, 75 points.

Baseline surface water monitoring for VOCs
Collect 10 samples plus 15% QC
Data interpretation and reporting

Baseline sediment monitoring for VOCs
Collect 10 samples plus 15% QC.
Data interpretation and reporting
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Geologist II  (10-hr day) Day $620 5 $3,100
Safety/Quality Specialist  (10-hr day) Day $885 5 $4,425
Per Diem Day $240 10 $2,400
Rental 4WD Truck w/ FOG Day $150 7 $1,050
DPT (MIP) Subcontractor Cost Day $3,000 5 $15,000
Civil Surveyor Day $1,800 1 $1,800
Decontamination Area Materials Lump Sum $3,000 1 $3,000

SUBTOTAL $41,975
Contingency (10%) $4,198
Management (5%) $2,099

TOTAL $48,271

Abandon 7 PVC Monitoring Wells.
Well installation will be conducted by a drilling subcontractor under Shaw supervision.
Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $10,000 1 $10,000
Labor Office Support Day $600 2 $1,200
Geologist II  (10-hr day) Day $620 6 $3,720
Safety/Quality Specialist  (10-hr day) Day $885 6 $5,310
Per Diem Day $240 12 $2,880
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 2 $600
Rental Small SUV w/ FOG Month $2,070 0.3 $621
Monitoring Well Subcontractor Cost Lump Sum $52,000 1 $52,000
Civil Surveyor Day $1,800 1 $1,800
Decontamination Area Materials Lump Sum $3,000 1 $3,000

SUBTOTAL $81,131
Contingency (10%) $8,113
Management (5%) $4,057

TOTAL $93,301

6.0 PRB Installation
Permitting, Site Preparation (includes site access and clearing and grubbing).
Daramend to ground surface since too hard to control placement to potentiometric surface; say 200,000 pounds.
pH Buffer 0.1% addition to mixture.
Excavate one trench:  300' x 25' x 36"; then, mix reagents with sand/gravel and backfill trench.
Based on 10-hr days, M-F, 6 days site prep, 5 days trenching, and 6 days cleanup / restoration.

Item Unit Unit Rate Quantity Cost
Office Labor Hour $75.00 120 $9,000
Mob / Demob of Personnel and Equipment Lump Sum $20,000 1 $20,000
Construction Site Mgr (10-hr day) Day $918 18 $16,524
Foreman (10-hr day) Day $487 18 $8,766
Engineer V (10-hr day) Day $1,062 5 $5,310
Safety/Quality Specialist (10-hr day) Day $885 17 $15,045
Equipment Operator (EO3)  (10-hr day) Day $432 17 $7,344
Equipment Operator (EO3)  (10-hr day) Day $432 17 $7,344
Equipment Operator (EO3)  (10-hr day) Day $432 5 $2,160
Equipment Operator (EO3)  (10-hr day) Day $432 5 $2,160
Equipment Operator (EO3)  (10-hr day) Day $432 5 $2,160
Laborer (L3)   (10-hr day) Day $331 17 $5,627
Laborer (L3)   (10-hr day) Day $331 17 $5,627
Laborer (L3)   (10-hr day) Day $331 17 $5,627
Per Diem (calendar days; $169 lodging +$71 meals) Day $240 158 $37,920
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 3 $9,000
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 1 $3,000
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 1 $3,000
Track Loader (2.2 CY bucket; CAT 953 or equal) w/FOG Week $3,000 1 $3,000
Tire Loader (4.5 CY bucket; JD644J or equal) w/FOG Week $1,500 3 $4,500
All Terrain Extend-a-Hoe w/ FOG Week $1,800 1 $1,800
Concrete Mixer with Operator Day $1,500 5 $7,500
Feed Hopper and Conveyor System for Daramend Week $2,000 2 $4,000
Excavator (JD 200CLC Long Arm or equal) w/ FOG Week $2,500.00 2 $5,000

5.0 Installation of Stainless Steel Wells
Installation of 4 (2") stainless steel wells using hollow-stem auger includes well completion and development.

Shaw to provide site access, reagent mixing, filling of trencher feed hopper with reagent backfill, spoils solidification / removal, and site 
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Crawler Carrier (MST2200 or equal; 5+ cy cap.) w/ FOG Week $3,000.00 2 $6,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #1 Week $300 3 $900
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #2 Week $300 3 $900
Rental Small SUV w/ FOG #1 Month $2,070 0.75 $1,553
Rental Small SUV w/ FOG #2 Month $2,070 0.25 $518
Tree Service for Access, Clearing, Chipping, Restor Lump Sum $25,000 1 $25,000
Super Silt Fence LF $5.15 800 $4,120
Trencher or Mini-Excavator for Silt Fence w/ FOG Week $600.00 1 $600
Decontamination Area Materials Lump Sum $3,000 1 $3,000
MW Abandonment Subcontractor Lump Sum $5,000 1 $5,000
Misc Consumables Lump Sum $500 1 $500
Survey Crew with Equipment Day $1,800 2 $3,600
Frac Tanks (3), Pumps, Hoses, Bio Slurry Lump Sum $20,000 1 $20,000
Daramend for PRB (107,000 lbs below water table) Pounds $0.65 200,000 $130,000
Daramend Shipping Lump Sum $22,000 1 $22,000
pH Buffer (0.1% x (300'x13'x3.25'/27CF/CY)(1.7T/CY)) Pounds $0.80 3,400 $2,720
pH Buffer Shipping Lump Sum $1,500 1 $1,500
Adventus / Daramend Consultant for 3 days Lump Sum $5,000 1 $5,000
Portland Cement Type K (to solidify trench spoils) Ton $150 40 $6,000
Subtitle D Landfill (T&D:  902 bcy x 1.7 T/bcy = 1,534 T Ton $65 1,534 $99,710
Analytical for Soil and Water Disposal Lump Sum $750 2 $1,500
Bioslurry Water Transportation Lump Sum $3,000.00 1 $3,000
Bioslurry Water Treatment Gals $0.40 25,000 $10,000
Coarse Backfill (300'x25'x3.25'/27CF/CY)(1.5 T/CY) Ton $15 1,400 $21,000
Topsoil for Restoration CY $30 42 $1,260
Analytical for Imported Backfill and Topsoil Lump Sum $750 2 $1,500
Seeding/Fertilizer/Straw/Tackifier (native seed) Acre $2,500 1 $2,500
Tree Planting (includes 2:1 replacement) Per Tree $3,500 2 $7,000

SUBTOTAL $577,794
Contingency (10%) $57,779
Management (5%) $28,890

TOTAL $664,463

7.0 Thermal Treatment
Permitting.
Electro-resistive heating would be applied to the treatment area by a thermal treatment subcontractor, supervised by Shaw. 
Analytical Samples for VOCs (45 Vapor, 45 Water, 12 Soil).
Item Unit Unit Rate Quantity Cost
Office Labor Hour $75.00 120 $9,000
Engineering Technician III  (10-hr day) Day $681 35 $23,835
Safety/Quality Specialist (10-hr day) Day $885 35 $30,975
Engineer V (10-hr day) Day $1,062 5 $5,310
Per Diem Day $240 75 $18,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG #1 Week $300 3 $900
Rental 4WD Truck w/FOG Day $150 37 $5,550
Rental Small SUV w/ FOG #1 Month $2,070 2 $4,140
Rental Small SUV w/ FOG #2 Month $2,070 0.25 $518
Frac Tanks (Includes Mob & Demob) Month $2,100 12 $25,200
Drop Electrical Line to Panel & Permitting Lump Sum $30,000 1 $30,000
Electrical Wiring Linear Ft $42 1,000 $42,000
Electrical Usage Kwhr $0.08 770,000 $61,600
Thermal Heat Subcontract
  - Design, work plans, permits LS $149,725 1 $149,725
  - Electrode Materials Mobilization LS $181,246 1 $181,246
  - Subsurface Installation LS $200,947 1 $200,947
  - Surface Installation and Startup LS $261,362 1 $261,362
  - Remediation System Operation LS $469,532 1 $469,532
  - Demobilization and Final Report LS $70,923 1 $70,923
Confirmatory Boring and Soil Sampling LS $30,000 1 $30,000
Drill Cuttings and Waste Disposal LS $10,000 1 $10,000
Carbon Usage, Transportation, and Regeneration LS $40,000 1 $40,000
Condensate Disposal LS $5,000 1 $5,000
Misc. Thermal Heat Installation Expenses LS $15,000 1 $15,000
Misc. Consumables Lump Sum $1,200 1 $1,200
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Dewatering Storage Tank, IDW Disposal Lump Sum $2,100 2 $4,200
Analytical Samples VOC Each $100 102 $10,200

SUBTOTAL $1,706,363
Contingency (10%) $170,636
Management (5%) $85,318

TOTAL $1,962,317

TOTAL CAPITAL: $3,082,136

OPERATION & MONITORING (O&M) COSTS
8.0 Years 1-10 Monitoring:  Semi-Annual Groundwater and Annual Surface Water and Sediment Sampling
Semi-Annual groundwater monitoring of 14 wells for VOCs and MNA. 
Data interpretation and reporting.
15% Field QC
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 1.50 $4,500
Chemist III Day $637 5 $3,185
Environmental Scientist  II  (10-hr day) Day $620 8 $4,960
Environmental Scientist II  (10-hr day) Day $620 8 $4,960
Per Diem Day $240 16 $3,840
Sampling Equipment Day $500 8 $4,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 3 $900
RDW Treatment and Disposal Day $2,500 2 $5,000
Data Management and QC Day $960.00 2 $1,920
Analytical for MNA Each $465 34 $15,810
Analytical for VOCs Each $100 42 $4,200
Daily Sample Shipping Each $60 8 $480
LTM Report (GW = 2/3 annual cost) Lump Sum $15,000 0.67 $10,050

SUBTOTAL $63,805
Contingency (10%) $6,381
Management (5%) $3,190

TOTAL $73,376

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 13 $1,300
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,479
Contingency (10%) $648
Management (5%) $324

TOTAL $7,451

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.25 $159
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.50 $480

Annual surface water sampling (10) for VOCs.
Data interpretation and reporting

Annual sediment sampling (10) for VOCs.
Data interpretation and reporting
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Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 0.5 $30
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.17 $2,500

SUBTOTAL $6,379
Contingency (10%) $638
Management (5%) $319

TOTAL $7,336

9.0 Years 10-20 Annual and Years 21-30 Biennial Monitoring
One round of groundwater monitoring of 14 wells for VOCs and NAPs. 
Data interpretation and reporting.
15% Field Duplicates
Item Unit Unit Rate Quantity Cost
Mob / Demob of Personnel and Equipment Lump Sum $3,000 0.5 $1,500
Chemist III Day $637 2 $1,274
Environmental Scientist  II  (10-hr day) Day $620 4 $2,480
Environmental Scientist II  (10-hr day) Day $620 4 $2,480
Per Diem Day $240 8 $1,920
Sampling Equipment Day $500 4 $2,000
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 2 $450
RDW Treatment and Disposal Day $2,500 1 $2,500
Data Management and QC Day $960.00 1 $960
Analytical for MNA Each $465 17 $7,905
Analytical for VOCs Each $100 21 $2,100
Daily Sample Shipping Each $60 4 $240
LTM Report (GW = 1/5 annual cost) Lump Sum $15,000 0.50 $7,500

SUBTOTAL $33,309
Contingency (10%) $3,331
Management (5%) $1,665

TOTAL $38,305

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0
Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $40 1 $40
LTM Report (1/6 of annual cost) Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,799
Contingency (10%) $780
Management (5%) $390

TOTAL $8,968

Item Unit Unit Rate Quantity Cost
Mobilization of Personnel and Equipment Lump Sum $3,000 0.25 $750
Chemist III Day $637 0.50 $319
Environmental Scientist  II  (10-hr day) Day $620 0.5 $310
Environmental Scientist II  (10-hr day) Day $620 0.5 $310
Per Diem Day $240 1 $240
Sampling Equipment Day $500 0.5 $250
Rental Pickup/Crew Cab/F150 Class/Gas/4WD/FOG Week $300 0.5 $150
Data Management and QC Day $960 0.5 $480
Analytical for MNA Each $465 0 $0

One round of sediment sampling (10) for VOCs.
Data interpretation and reporting

Data interpretation and reporting
One round of surface water sampling (10) for VOCs.
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Analytical for VOCs Each $100 12 $1,200
Daily Sample Shipping Each $60 1 $60
LTM Report Lump Sum $15,000 0.25 $3,750

SUBTOTAL $7,819
Contingency (10%) $782
Management (5%) $391

TOTAL $8,991

10.0 Five-Year Review
Item Unit Rate Quantity Cost
5-Year Review $30,000 1 $30,000

Contingency (10%) $3,000
Management (5%) $1,500

TOTAL $34,500

PRESENT WORTH CALCULATION:
Using a discount rate of: 2%

Description of Cost Details Year Capital O&M Present Worth 
Value

Summary of Capital Costs 0 $3,082,136 $0 $3,082,136
Semi-Annual LTM (Section 8.0) 1 $88,163 $86,434
Semi-Annual LTM (Section 8.0) 2 $88,163 $84,740
Semi-Annual LTM (Section 8.0) 3 $88,163 $83,078
Semi-Annual LTM (Section 8.0) 4 $88,163 $81,449
Semi-Annual LTM and 5-Yr Review (Sect 8.0 and 10.0) 5 $122,663 $111,100
Semi-Annual LTM (Section 8.0) 6 $88,163 $78,286
Semi-Annual LTM (Section 8.0) 7 $88,163 $76,751
Semi-Annual LTM (Section 8.0) 8 $88,163 $75,246
Semi-Annual LTM (Section 8.0) 9 $88,163 $73,771
Semi-Annual LTM and 5-Yr Review (Sect 8.0 and 10.0) 10 $122,663 $100,626
Annual LTM (Section 9.0) 11 $56,265 $45,252
Annual LTM (Section 9.0) 12 $56,265 $44,364
Annual LTM (Section 9.0) 13 $56,265 $43,495
Annual LTM (Section 9.0) 14 $56,265 $42,642
Annual LTM and 5-Yr Review (Sect 9.0 and 10.0) 15 $90,765 $67,440
Annual LTM (Section 9.0) 16 $56,265 $40,986
Annual LTM (Section 9.0) 17 $56,265 $40,182
Annual LTM (Section 9.0) 18 $56,265 $39,394
Annual LTM (Section 9.0) 19 $56,265 $38,622
Annual LTM and 5-Yr Review (Sect 9.0 and 10.0) 20 $90,765 $61,082
None 21 $0 $0
Biennial LTM (Section 9.0) 22 $56,265 $36,394
None 23 $0 $0
Biennial LTM (Section 9.0) 24 $56,265 $34,981
5-Yr Review (Sect 6.0) 25 $34,500 $21,029
Biennial LTM (Section 9.0) 26 $56,265 $33,623
None 27 $0 $0
Biennial LTM (Section 9.0) 28 $56,265 $32,317
None 29 $0 $0
Annual LTM and 5-Yr Review (Sect 9.0 and 10.0) 30 $90,765 $50,109

TOTAL: $3,082,136 $1,932,604 $4,605,529
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