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1. INTRODUCTION 
This report presents the feasibility study (FS) completed by EPA for the Hamilton/Labree 
Roads Groundwater Contamination Superfund Site (Site) in Chehalis, Washington.  The FS 
was completed under the EPA Region 10 Architect and Engineering Services (Small 
Business) Contract No. 68-S7-03-04. 

1.1 PURPOSE 
The FS was prepared by EPA Region 10 to identify and evaluate potential remedial 
alternatives for cleanup of contaminated groundwater and creek bed sediment/soil related to 
historical spills and releases of hazardous materials to the ground and Berwick Creek, in 
order to allow EPA to select a preferred alternative. 

This FS report was prepared in accordance with Guidance for Conducting Remedial 
Investigations and Feasibility Studies under the Comprehensive Environmental Response, 
Compensation, and Liability Act [CERCLA] (Interim Final, October 1988). 

1.2 ORGANIZATION 
This report is divided into eight major sections including: 

• Section 1: Introduction – describes Site information including, but not limited to, site 
description and history, historical investigations, and previous remedial actions. 

• Section 2: Applicable and Relevant Appropriate Requirements – discusses the 
potential applicable and relevant appropriate requirements (ARARs) that could 
impact the type of remedial action selected and extent of treatment required at the 
Site. 

• Section 3: Remedial Action Objectives/General Response Actions – describes the 
remedial action objectives (RAOs) for each media of concern and general remedial 
response actions.  

• Section 4: Identification and Screening of Technologies – identifies potential 
remedial technology options by media. 

• Section 5: Development and Screening of Alternatives – describes potential remedial 
alternatives which may include a combination of several technologies presented in 
Section 4. 

• Section 6: Detailed Analysis of Alternatives – presents the results of the analysis of 
each of the alternatives in which the performance and attributes of each alternative is 
described with regards to specific evaluation criteria. 

• Section 7: Comparative Analysis of Alternatives – provides a comparison and 
ranking of the developed remedial alternatives based on the evaluation criteria 
established under CERCLA. 

• Section 8: References. 



Hamilton/Labree Roads Groundwater Contamination Superfund Site 
Draft Final Feasibility Study 
Revision 0 
EPA Region 10 

 

1-2 June 2006│ 415-2328-007 (024) Revision 0 

1.3 BACKGROUND 
This section presents site background information including, but not limited to, a description 
of the Site and history, a summary of previous investigation, the nature and extent of 
contamination, baseline risk assessment results, and a description of the fate and transport 
process affecting contaminant migration.  

1.3.1 Site Description and History 
The Hamilton/Labree Site is located near the intersection of Hamilton Road and Labree 
Road, west of Interstate 5 (I-5), about 2 miles south of the city of Chehalis, Washington 
(Figure 1-1).  The Hamilton/Labree Site includes the S.C. Breen Construction Company 
(Breen) Property, Hamilton Road Impact Area (HRIA), and the geographic area underlain by 
groundwater containing chemicals of potential concern (COPCs).  This geographic area 
encompasses the area between and around the Breen property and the HRIA and extends to 
the northwest to MW-28 (Figure 1-2). 

The boundary between the City of Chehalis and unincorporated Lewis County bisects the 
Hamilton/Labree Site roughly north to south along the western side of Labree Road.  The 
HRIA and the Breen property are both within the city limits of Chehalis.  This entire portion 
of the site within the city of Chehalis is zoned for commercial use.  The portion of the site 
located in Lewis County is zoned rural development district, and includes agricultural uses 
(predominately dairy) and residential uses (Farallon 2003). 

The Site is located within the Newaukum River valley and has a relatively flat topography.  
Berwick Creek traverses the site from southeast to northwest.  Overall, the site slopes to the 
northwest.  Groundwater and surface water flow is generally northwest toward the Chehalis 
River.  

On October 31, 2001, an Administrative Order on Consent (AOC) between the EPA and 
Breen was signed (U.S. EPA Docket No. CERCLA 10-2002-0002).  In accordance with the 
AOC, Breen (through their consultant, Farallon Consulting) conducted remedial investigation 
(RI) activities under EPA oversight to investigate the COPCs in the shallow aquifer at the 
Breen Property, primarily tetrachloroethene (PCE) and associated degradation products.  In 
addition, EPA conducted an investigation within the HRIA to further evaluate contamination 
within Berwick Creek and the shallow aquifer. 

Breen Property 

The Breen Property is located in the northeast quarter of the southeast quarter of Section 9, 
Township 13 North, Range 2 West, Willamette Baseline and Meridian in Lewis County, 
Washington.    

The Breen Property has been previously discussed as two geographic areas: the western and 
eastern portions (Figure 1-3).  The western portion consists of approximately 6.5 acres 
containing three wood-framed, steel-clad buildings with concrete floors.  The Bulldog Trailer 
Company occupies the northern building (Building A), a building located in the center 
portion of the property is unoccupied (Building B), and a building located on the southern 
portion of the property is also unoccupied (Building C).  A concrete wash-down pad 
approximately 24 feet by 38 feet is located southeast of Building C. 

The eastern portion of the Breen Property is approximately 4.5 acres and contains the 
Chehalis Livestock Auction.  The eastern portion is no longer owned by Breen (Farallon 
2003).  Two buildings are located on the portion of the Property: a large wood-framed 
building is located on the northeast portion and a smaller wood-framed building is located 
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along the southeastern boundary and Berwick Creek.  Most of the eastern portion of the 
Breen Property is an unpaved parking area. 

   

HRIA 

The HRIA is located southeast of the Breen Property (see Figure 1-3).  The HRIA is shown in 
the AOC as a roughly rectangular area approximately 3 acres in size, located immediately 
east of the United Rentals building and extending eastward to the western edge of I-5.  This 
area includes a portion of the United Rentals property and small portions of properties owned 
by Mr. Reggie Hamilton and Mr. Willard Warren.  The area is crossed in a north-south 
direction by Hamilton Road and Berwick Creek.  The portion of the HRIA located between 
Hamilton Road and I-5 consists of grassy open land that includes Berwick Creek, which 
flows north; overhead power lines; and a wire field fence preventing access to I-5.  An 
unnamed ditch passes underneath I-5 and discharges to Berwick Creek within the HRIA.   

1.3.2 Historical Site Investigations 
Both the Breen Property and the HRIA have been identified as sources of PCE in shallow 
groundwater beneath the Site.  This groundwater occurs in a “shallow” aquifer occurring 
from roughly 5 feet to approximately 50 feet below ground surface (bgs).  Regional 
groundwater flow in the shallow aquifer is to the northwest along the Newaukum River 
valley. 

During late 1993 and early 1994, Washington State Department of Health (WDOH) sampled 
18 private water-supply wells in the vicinity of the Hamilton/Labree Site as part of a routine 
sampling program.  PCE was detected in six of the 18 water-supply wells.  These six wells 
were screened in the shallow aquifer and contained PCE at concentrations ranging from 3.3 
micrograms per liter (µg/L) to 2,165 µg/L (Ecology 1999).  The maximum contaminant level 
(MCL) for PCE is 5 µg/L.  Lewis County Public Services informed affected well owners of 
the sampling results and advised them to obtain alternative sources of drinking water. 

In 1996, WDOH re-sampled five of the six water-supply wells that previously exhibited PCE 
concentrations and found that concentrations had increased slightly from those measured in 
1993 and 1994.  Also in 1996, Ecology learned from a confidential source that drums 
containing solvents might have been buried on the Breen Property.  Ecology initiated an 
investigation that included a geophysical survey by Geo-Recon International and a subsurface 
investigation by Science Applications International Corporation (SAIC).  Between October 
1997 and July 1998, Ecology performed quarterly sampling of monitoring wells installed by 
SAIC and some private water-supply wells.  In spring 1998, Ecology contracted Transglobal 
Environmental Geosciences (TEG) Northwest, Inc. to conduct an additional subsurface 
investigation. 

In June 1999, Ecology installed seven additional monitoring and recovery wells within the 
HRIA study area and contracted GeoPotential to conduct an additional geophysical survey.  
In August 1999, Breen entered into an Agreed Order with Ecology and contracted for 
additional investigation on the Breen Property.  This investigation included a geophysical 
survey by Northwest Geophysical Associates in August 1999 and additional subsurface 
investigation by GeoEngineers, Inc.   In September 1999, 70 drums and a number of pails and 
cans were removed from beneath Building B on the Breen Property.  PCE was detected in the 
contents of some drums and in water in the drum excavation (GeoEngineers 2001). 
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On July 27, 2000, the Hamilton/Labree Site was added to the EPA National Priorities List 
(NPL).  The same year the EPA Superfund Technical Assistance and Response Team 
(START) contractor began a phased removal assessment including installing soil borings and 
new groundwater monitoring wells, and collecting subsurface soil and groundwater samples 
in and near the HRIA.  The assessment resulted in the expansion of the City of Chehalis 
municipal water-supply system to include those residences at the Site with contaminated 
water-supply wells.   

Beginning in July 2002, Farallon, under contract to Breen, conducted Phase I RI activities.  
Farallon installed and sampled temporary borings and conducted a soil gas investigation on 
the Breen Property, collected surface water and stream-bed soil samples from Berwick Creek, 
and sampling groundwater from existing monitoring and private water-supply wells within 
the overall Hamilton/Labree Site.   

In 2003, URS began additional field investigations in the HRIA to support completion of an 
Engineering Evaluation/Cost Analysis (EE/CA).  The purpose of the field investigations was 
to better define the extent of soil and groundwater contamination including defining the 
extent of dense non-aqueous phase liquid (DNAPL) in the Berwick Creek bed and the 
shallow aquifer. URS also evaluated potential alternatives for remediation of contamination 
in the HRIA. 

Beginning in late 2003, Farallon conducted Phase II RI sampling and analysis to better define 
the nature and extent of contamination at the Breen Property and to determine potential 
sources on areas of the property.  This included conducting soil and groundwater sampling, 
monitoring well installation and sampling, surface water sampling, pump testing, and various 
other activities.  This data was collected, but was not reported. 

The history of investigations conducted at the Hamilton/Labree Site is summarized in Table 
1-1. 

1.3.3 Site Geology, Hydrogeology, and Surface Water Hydrology 
Geology 

The overall soil-type distribution from ground surface to approximately 47 feet bgs of the site 
is silt and clay underlain by water-bearing sand and gravel, underlain by a silt and clay 
aquitard.  These soil types are consistent with regional geologic mapping by Weigle and 
Foxworthy (1962) and a regional study for the Chehalis Generation Facility (Dames and 
Moore 1994).  These regional studies classify the upper 50 feet of soil in the area of the site 
as recent alluvium and glaciofluvial sediments.  The aquitard found at approximately 50 feet 
bgs is widespread, is often described as a blue-gray, clayey silt, and is reported to be more 
than 100 feet thick (Dames and Moore 1994). 

The low permeability silt cap of the aquifer was found to be continuous within the Site, 
ranging in thickness from less than 1 foot beneath Berwick Creek to 15 feet at the Breen 
Property.  The silt cap creates locally confined groundwater conditions in the shallow aquifer.  
In some cases, the silt grades to a silty sand or silty gravel at its contact with the underlying 
sand and gravel of the shallow aquifer.   

The sand and gravel of the shallow aquifer underlies the silt cap and extends to a depth of 
about 50 feet bgs.  Soil types within the sand and gravel typically range from fine-grained, 
poorly sorted sand to coarse gravel, with cobbles prevalent.  The silt content of the sands and 
gravels varies substantially throughout the shallow aquifer, with some zones classified as silty 
sands and silty gravels and other zones classified as clean sands or gravels.  The degree of 
correlation in soil types between nearby borings is poor, indicating a high degree of grain size 
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and silt content variation within the shallow aquifer.  In general, laterally continuous beds or 
zones of particular grain sizes or silt content are not apparent.  A somewhat laterally 
extensive bed of poorly sorted sand was identified in borings beneath and around Berwick 
Creek at a depth of about 30 feet bgs.  However, this bed does not appear to be a substantial 
barrier to downward contaminant migration.  Silt lenses have been reported within the sand 
and gravel shallow aquifer by previous investigators.   

The silt and clay aquitard that forms the base of the shallow aquifer was present at all 
sampling locations drilled sufficiently deep.  The aquitard appears to be continuous beneath 
the Site, which is consistent with regional geologic information (Dames and Moore 1994 and 
Ecology 2005).   

Hydrogeology 

The groundwater flow direction beneath the HRIA/Berwick Creek source area is to the 
southwest, but becomes westerly downgradient of the United Rentals building.  The flow 
direction becomes northwesterly downgradient of the Breen Property and on a regional scale. 

Regional investigations conducted by others (Dames and Moore 1994 and Ecology 2005) 
have categorized the shallow aquifer in the area as an unconfined aquifer or semi-confined.  
However, in the HRIA, the shallow aquifer exhibits the characteristics of a confined or semi-
confined aquifer, primarily due to the low permeability silt cap immediately above the 
aquifer.  The mean vertical hydraulic conductivity of the silt capping the shallow aquifer was 
measured as 6.3 x 10-7 centimeters per second (cm/s).   The silt cap of the shallow aquifer 
exhibits vertical hydraulic conductivities less than the 8 x 10-6 cm/s rule-of-thumb value 
published as representative of confining layers (Fetter 1980).  

START estimated the horizontal hydraulic conductivity in the area of the HRIA at 4.4 x 10-2 
cm/s or 125 feet per day (ft/d).  The horizontal hydraulic conductivity estimated based on 
long-term pumping tests completed in the HRIA during the EE/CA (URS 2004) ranged from 
1.7 x 10-3 to 4.9 x 10-2 cm/s (4.8 to 135 ft/d).  The average hydraulic conductivity was 
calculated at 4.9 x 10-3 cm/s (13.5 ft/d).  Calculated hydraulic conductivity for pump testing 
completed at the Breen Property showed a value between 5.1 x10-3 to 6.4 x 10-3 cm/s (14.5 
and 18 ft/d).  

The overall groundwater gradient beneath the HRIA is 0.0063 foot per foot (ft/ft) (URS 
2004).  A localized steeper gradient (approximately 0.016 ft/ft) is apparent immediately 
downgradient of Hamilton Road.  START previously calculated an average groundwater 
gradient of 0.0032 ft/ft for the entire Site (EPA 2001).  The average regional gradient in the 
area of the Site is 0.0055 ft/ft (Ecology 2005). 

Surface Water Hydrology 

There are three surface water features in the immediate vicinity of the release: Berwick Creek 
and two unnamed ditches that flow into Berwick Creek.  Both ditches pass under I-5, with 
flow from east to west.  Both ditches are intermittent drainages, and discharge and frequency 
data are not available.  Berwick Creek drains into Dillenbaugh Creek, which flows into the 
Chehalis River.   

Surface water monitoring on Berwick Creek was completed as part of the site-wide RI/FS 
investigation.  Monitoring between August and November of 2002 indicated that the surface 
water had the potential to discharge to groundwater at the majority of the stations monitored. 
A comparison of surface water and groundwater elevations for corresponding monitoring 
points measured in September and November 2002 indicated that surface water elevations 
were at or above the potentiometric surface of the shallow aquifer during both events 
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(Farallon 2003).  These data indicate that there is a potential for surface water to seasonally 
discharge to groundwater in areas where the creek bed is permeable. 

During the EE/CA investigation, groundwater elevations in monitoring wells within the 
HRIA and adjacent to Berwick Creek were above the approximate surface water elevation.  
This indicates a potential for groundwater to seasonally discharge to surface water in this 
reach of Berwick Creek.  However, at all exploration locations near the creek, the low 
permeability silt was found to be present between surface water and groundwater.  The low 
vertical hydraulic conductivity (6.3 x 10-7 cm/s) of the silt layer probably minimizes the 
groundwater and surface water interaction within the HRIA. 

1.3.4 Nature and Extent of Contamination 
Based on the results of the baseline risk assessment, the primary contaminant of potential 
concern (COPC) is PCE.  Degradation products including trichloroethylene (TCE), cis-1,2-
dichloroethylene (cis-1,2-DCE), and vinyl chloride have been detected in soil and 
groundwater samples collected at the Site, but less frequently and at much lower 
concentrations than PCE.  TCE and other breakdown products are also coextensive with PCE 
at the Hamilton/Labree Site.  Therefore, for the purpose of discussing the nature and extent of 
contamination at the site, PCE will be considered the contaminant of concern for the Site.  A 
summary of the results of the baseline risk assessment is presented in Section 1.3.6. 

Soil 

Currently, the only identified surface/near surface soil source for PCE concentrations to 
groundwater is creek bed sediment/soil in the HRIA (see below).  Only minor surface soil 
contamination has been identified at the Breen Property and in areas downgradient of the 
HRIA/Berwick Creek source area in the HRIA. 

Subsurface sampling results for the HRIA have indicated PCE concentrations ranging up to 
3,220 milligrams per kilogram (mg/kg).  These concentrations are directly related to PCE 
DNAPL, which has been observed in aquifer soils beneath the apparent PCE release area in 
Berwick Creek.  Only minor subsurface concentrations of PCE have been detected in 
subsurface soils at the Breen Property.  Soil contamination related to the leakage from drums 
buried beneath Building B was removed during remedial action to remove the drums in 2001. 

Groundwater 

The groundwater sampling results indicate that there are two distinct source areas within the 
HRIA.  The southeastern hotspot at the HRIA is located in the area of monitoring wells MW-
600 through 604 (see Figure 1-3).  This hotspot is located beneath the assumed PCE release 
location into Berwick Creek.  PCE concentrations in groundwater have been detected up to 
2,720,000 µg/L at MW-602.  PCE DNAPL has been detected in groundwater and aquifer 
soils from just beneath the silt layer in the bed of Berwick Creek to 30 feet bgs. 

Dissolved PCE in groundwater at concentrations greater than 1,000 µg/L does not appear to 
have migrated southwest of the United Rentals building (see Figure 1-3).  PCE dissolved at 
concentrations less than 1,000 µg/L has migrated substantially farther downgradient of this 
area and has commingled with the PCE plume originating from the Breen Property.  PCE 
migrating downgradient beyond the United Rentals property is typically found at the highest 
concentrations at an intermediate depth in the shallow aquifer of approximately 30 to 35 feet 
bgs. 

The northwestern hotspot is centered on monitoring well MWR-4, where PCE concentrations 
of 5,300 µg/Land 8,800 µg/L were detected in groundwater samples collected during 
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February and November 2003 sampling events, respectively (see Figure 1-3).  Dissolved PCE 
in groundwater appears to have migrated northwest of the northwestern hotspot based on the 
most recent data collected by Farallon. A groundwater sample at MW-33, located west of the 
northwestern hotspot, contained a PCE concentration of 1,100 µg/L during April 2004 
sampling. 
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The results of groundwater sampling conducted at the Breen Property indicate the presence of 
a confirmed source at the Building B former drum area and two potential source areas:  

• A former wash-down pad area. 

• An area between the southeast corner of Building C and the Torpedo Tube. 

Groundwater sampling results from location downgradient of the former drum area contained 
PCE at a maximum concentration of 75 µg/L, indicating that the former drum area is only a 
minor contributor of PCE to shallow aquifer.  

Historically, groundwater samples collected from RS-7 and SG2-15, located near the wash-
down pad, contained PCE concentrations of 2,400 µg/L and 1,500 µg/L, respectively.  
Groundwater samples collected during February and November 2003 sampling events from 
monitoring well MW-8 and monitoring well pair MW-20/MW-21 detected concentrations of 
PCE ranging from 1,400 µg/L to 1,800 µg/L.  These data indicate a suspected source of PCE 
to groundwater at or upgradient of the wash-down pad area (Farallon 2003).  Groundwater 
samples collected from MW-30 and MW-34, located upgradient of the wash-down pad, had 
detected concentrations of PCE during 2003 and 2004 sampling events.  MW-30 contained 
PCE ranging from 1,300 µg/L to 1,700 µg/L during fall 2003 sampling events.  MW-34 
contained a PCE concentration of 1,700 µg/L in April 2004.  These results indicate a 
potential PCE source upgradient of the wash-down pad.  However, the PCE source for this 
groundwater contamination has not been identified, if still present. 

Groundwater samples collected from sampling points located in the suspected source area in 
the center of the Property between the southeast corner of Building C and the Torpedo Tube 
indicate a potential source of PCE to groundwater.  PCE concentrations in groundwater 
samples collected from this area have historically ranged from 1,300 µg/L to 1,600 µg/L. 
These results indicate a potential localized PCE source somewhere between Building C and 
the Torpedo Tube.  However, the PCE source for this groundwater contamination has not 
been identified, if still present. 

An additional area of high PCE concentrations is located downgradient of HRIA and 
crossgradient (south) of Breen Property. Private well PW-9 showed PCE concentrations of 
2,100 ug/L and 2,500 ug/L during the February and November 2003 sampling events, 
respectively.  Historically, concentrations in PW-9 have ranged from 1,460 ug/L in June 1999 
to 3,350 ug/L in June 2000.  The source of the PCE in PW-9 is not known, but may be 
associated with an additional PCE release to Berwick Creek south of the Breen Property. 

Currently, the overall PCE plume in groundwater extends to approximately 800 to 1,000 feet 
northwest of MW-25 or approximately 4,000 feet northwest of the Breen Property.  

Surface Water 

PCE concentrations in surface water within known areas of contamination within the HRIA 
(locations SW-3, SW-5, and SW-7) have ranged from not detected at a method detection limit 
(MRL) of  0.2 µg/L to 40 µg/L (location SW-5 in the unnamed ditch in November 2002).  
The detection of PCE in surface water samples at these three locations has varied 
considerably and no clear seasonal trend has been identified.  However, by far the highest 
concentrations of PCE at locations SW-7 and SW-5 were detected during November (12 and 
40 µg/L, respectively), typically a high precipitation month.     

SW-1 and SW-2, located 800 to 1,200 feet downstream of the HRIA and sampled by Ecology 
in 1998, exhibited PCE concentrations ranging from 8.5 to 16 µg/L, similar to concentrations 
measured within the HRIA.  Repeated sampling by Farallon in this same reach of stream 
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(locations SW-8 and SW-9) in 2002 and 2003 found no PCE concentrations exceeding 1.0 
µg/L.  Farallon also found concentrations less than 1.0 µg/L in surface water samples from 
SW-10.  These data indicate that there are currently no significant concentrations of PCE in 
surface water.  The source of the PCE detected in surface water samples collected at several 
stations may be residual contamination in the creek bed sediment/soil. 

Creek Bed Sediment 

During EE/CA investigations, 39 shallow soil samples were collected from the bed and bank 
along Berwick Creek and the unnamed ditch (URS 2004) in the HRIA.  The maximum PCE 
concentration detected was 5,220 mg/kg.  The average PCE concentration of all 39 creek bed 
and bank samples (using half the detection limit for samples with no detectable PCE) was 195 
mg/kg.   

Creek channel samples CC-1 through CC-9 were collected by Farallon in September 2003 
during Phase II RI/FS sampling.  The samples were collected from various locations along 
Berwick Creek adjacent to the Breen Property.  The samples were collected from the creek 
bed sediment/soil at approximately 1 foot bgs.  No PCE was detected above laboratory 
detection limits in any of the samples collected. 

PCE contamination within the creek bed sediment/soil appears to be confined primarily to the 
HRIA. 

1.3.5 Fate and Transport 
The two primary sources of contamination at the Hamilton/Labree Roads Site appear to be: 

• Liquid PCE released directly into Berwick Creek within the HRIA.  

• PCE leaked or spilled onto the soil at both the HRIA and Breen Property.   

The fate of PCE in the subsurface at the HRIA study area can be summarized as follows: 

• Continued dissolution of PCE DNAPL with continued expansion of the dissolved 
PCE plume. 

• Continued increase in concentration of dissolved PCE downgradient HRIA/Berwick 
Creek source area. 

• Physical advection of dissolved PCE in groundwater, chemical dispersion, and 
simultaneous dilution. 

• Minor biodegradation of PCE to daughter products such as TCE. 

Some minimal biodegradation is indicated by the presence of the daughter products TCE and 
cis-1,2-DCE in some groundwater samples.  However the overall geochemistry of the aquifer 
is unfavorable for biodegradation (URS 2004). 

The future fate and transport of PCE from the HRIA and the Breen Property was evaluated 
using a three-dimensional groundwater model.  The modeling was used to estimate the 
maximum extent of the PCE plume downgradient of the HRIA and Breen Property in the 
absence of source control and to estimate the general effects of implementing source control. 

The results of the groundwater modeling effort showed the following: 

• Under current conditions (no source control), the PCE plume from the 
HRIA/Berwick Creek source area will continue to increase in concentration and will 
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continue to migrate, potentially impacting drinking water sources located greater than 
three miles downgradient of the HRIA.    

• If the source of dissolved-phase PCE is removed to the extent that practicable and 
dissolved concentrations are reduced by 85 percent or more at the HRIA/Berwick 
Creek source area, the maximum plume length in the shallow aquifer is unlikely to 
exceed three miles and will eventually be remediated through natural attenuation 
including physical advection of dissolved PCE in groundwater, chemical dispersion, 
and simultaneous dilution.  Biodegradation was not considered a natural attenuation 
process occurring at the Site for the purposes of groundwater modeling.  

• Source areas at the Breen Property appear to have been the main contributor of PCE 
to the leading edge of the plume.  Modeling results showed that the PCE 
concentration detected in groundwater at MW-25 (located about 2,400 feet 
downgradient of the Breen Property) is not associated with the HRIA/Berwick Creek 
source area.   

• The portion of the plume originating at the Breen Property will most likely be 
reduced through natural attenuation processes to concentrations below MCLs prior to 
reaching additional downgradient drinking water sources.  This assumes no 
continuing source of dissolved PCE to groundwater is present at the Property.   

• With or without source control, PCE-impacted groundwater may have the potential to 
discharge to surface water (Dillenbaugh Creek and the Newaukum River) 
downgradient and crossgradient of MW-25.  Additional data may be necessary to 
determine if groundwater/surface water interaction is occurring in this area. 

The results of the groundwater modeling effort are shown in Appendix A. 

1.3.6 Baseline Risk Assessment Summary 
The objectives of the baseline risk assessment were to: 

• Evaluate potential effects of chemicals detected in soil and groundwater on human 
and ecological receptors at the HRIA and Breen Property source areas,  

• Evaluate contaminants in groundwater at areas downgradient and cross-gradient of 
the source areas, and 

• Evaluate surface water and sediment in Berwick Creek associated with the source 
areas. 

Existing environmental data was reviewed to determine COPCs. Chemical concentrations 
were summarized for four exposure areas (areas upgradient of the HRIA, HRIA, Breen 
Property, and areas downgradient of the Breen Property) and compared to risk-based 
screening benchmarks for human and ecological health.  The COPCs to human health at the 
HRIA, Breen Property, and downgradient areas identified from the risk screening and 
evaluated in the baseline risk assessment included: 

• cis-1,2-DCE 

• Methylene chloride 

• PCE 

• Tetrahydrofuran 
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• TCE 

• Vinyl chloride 

No COPCs were identified for the areas upgradient of the HRIA. 

COPCs evaluated for ecological health included:  

• cis-1,2-DCE  

• PCE  

• TCE 

The overall results of the human health risk assessment indicate that current contaminant 
concentrations (predominantly PCE) in groundwater associated with the HRIA and Breen 
Property source areas represent a potential for elevated health risks to current or future site 
workers and downgradient residents if receptors were to use the groundwater for domestic 
purposes.  Currently the affected receptors are connected to the municipal water system.   

The overall results of the ecological risk assessment indicate that current contaminant 
concentrations (predominantly PCE) in sediment associated with the HRIA source area and 
PCE in subsurface soils may represent a potential for elevated risks to organisms 
encountering the HRIA/Berwick Creek source area.  However, risks to ecological receptors 
are considered to be minimal since (1) highly conservative exposure estimates were utilized 
in the BRA and (2) the HRIA/Berwick Creek source area is confined to a small area within 
Berwick Creek and is not shown to be moving downstream. 

The following are the general conclusions from the baseline risk assessment: 

• PCE and associated VOCs were historically released from spills and leaks at the 
HRIA and Breen Property. These releases have lead to the contamination of soils and 
groundwater located at the HRIA and Breen Property and in downgradient 
groundwater wells. The primary source of the dissolved-phase PCE plume is the 
HRIA/Berwick Creek source area. 

• The human health risk assessment concluded that drinking current or future 
groundwater concentrations of VOCs (particularly PCE) may potentially adversely 
affect the health of on-site workers and downgradient residents. However, the 
commercial and private properties within this area are connected to the municipal 
water system. Thus, current human populations are not drinking contaminated water. 
However, there are potential risks to human health if existing or future wells draw 
water from the shallow groundwater aquifer. Estimated risks from the volatilization 
of contaminants in groundwater to indoor air appear to be elevated above risk 
threshold levels only at the buildings present at the HRIA (i.e., United Rentals). 
Indoor air estimates are likely to be overestimated due to the nature of the Johnson 
and Ettinger volatilization model and limited air sampling results indicated low PCE 
concentrations (WDOH 2004). Recreational activities at Berwick Creek are 
anticipated to be of minimal concern if conducted away from the HRIA/Berwick 
Creek source area. 

• The ecological risk assessment concluded that current concentrations of PCE in 
Berwick Creek sediment may adversely affect ecological receptors only at the 
HRIA/Berwick Creek source area. Additionally, VOC concentrations in soil at the 
HRIA and Breen Property may present risks to burrowing animals. Surface water 
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concentrations do not appear to pose a risk to aquatic receptors within Berwick 
Creek. 

• Overall, PCE and associated VOC risks at the HRIA are localized in soil and 
sediment and groundwater. Domestic use of groundwater is the primary concern at 
the Site (i.e., HRIA, Breen Property and downgradient) and use of municipal water 
systems rather than groundwater sources for domestic purposes and institutional 
controls to restrict access to the source areas will reduce exposure to contaminants 
associated with the HRIA and Breen Property source areas. 

1.3.7 Estimated Mass of PCE at the HRIA 
During preparation of the EE/CA, the estimated mass of PCE as DNAPL, absorbed to soil, 
and dissolved in groundwater was calculated for the HRIA/Berwick Creek source area (URS 
2004).  Mass calculations were only completed for the HRIA since remediation is proposed 
for this area only.  Within the HRIA/Berwick Creek source area, there appears to be 
approximately 2,100 kilograms (kg) of PCE present in the subsurface.  The 90 percent 
confidence interval for this estimate is approximately 825 to 4,250 kg.  Of this mass, 1,480 
kg, or 70 percent, is estimated to be present as DNAPL.  The calculated mass of PCE at the 
HRIA/Berwick Creek source area is only an estimate based on existing Site data and 
interpreted site condition.  The actual mass of total PCE and PCE DNAPL may vary based on 
actual site conditions.   

Table 1-2 presents estimates of the mass of PCE present at the HRIA.  The estimated DNAPL 
zone at the HRIA/Berwick Creek source area is shown in Figure 1-4.   PCE mass calculations 
are presented in the EE/CA (URS 2004). 

1.3.8 Previous Remedial Action 
In September 1999, sixty-six 55-gallon drums, four 30-gallon drums, and a number of pails 
and cans were removed from beneath Building B on the Breen Property.  PCE was detected 
in the contents of some drums and in water in the drum excavation.  In addition, 
approximately 600 tons of PCE and petroleum contaminated soil was removed from the drum 
excavation.  Confirmation sampling results from samples collected from the final excavation 
were either non-detect or contained contamination below MTCA Method A and/or Method B 
cleanup levels (GeoEngineers 2001). 

Approximately twenty-four private water-supply wells are located in the shallow aquifer 
downgradient of the HRIA.  Of the properties supplied by these wells, all but seven were 
connected to the City of Chehalis municipal water supply during a removal action completed 
in 2002 (EPA 2003).  The properties connected to the water-supply line are those located 
within an approximately 3,800-foot radius of the intersection of Hamilton and Labree Roads 
and roughly downgradient of the source areas.  The location of the water-supply line is shown 
on Figure 1-5.  PCE has not been detected in the private wells located downgradient of the 
intersection of Hamilton and Labree Roads that remain unconnected to the municipal water 
supply.     

Expansion of the water main to service homes and businesses with contaminated or 
potentially contaminated drinking water wells was selected as the time-critical removal action 
to protect human health.  The water main was extended across I-5 at Labree Road and was 
installed beside portions of Labree Road, Hamilton Road North, and Rice Road.  The water 
main was extended along Rice Road approximately parallel to the direction of contaminated 
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groundwater flow as far as 2296 Rice Road (see Figure 1-5).  Along Hamilton Road North, 
the water-supply line extends southward to 269 Hamilton Road North.  
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2. APPLICABLE AND RELEVANT APPROPRIATE REQUIREMENTS 
The potential ARARs for the Hamilton/Labree Road site include three types: 

• Chemical-specific;  

• Location-specific; and  

• Action-specific.   

Chemical-specific ARARs are typically health- or risk-based values that when applied to site-
specific conditions represent cleanup standards.  Location-specific ARARs are related to the 
geographical position and/or physical condition of the site and may affect the type of 
remedial action selected for the site.  Action-specific ARARs are usually technology-based or 
activity-based requirements or limitations on actions or conditions taken with respect to 
specific hazardous substances.  The action-specific requirements do not determine the 
selected remedial alternative, but indicate how or to what level a selected alternative must 
perform. 

Potential ARARs were identified for each media of concern.  These potential ARARs are 
shown in Table 2-1. 
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3. REMEDIAL ACTION OBJECTIVES 
This section presents the proposed RAOs for impacted media at the Site. 

3.1 REMEDIAL ACTION OBJECTIVES 
RAOs consist of media-specific or operable-unit specific goals for protecting human health 
and the environment based on the COPCs, receptors, and exposure routes at the Site.  For the 
Site, RAOs were evaluated for groundwater, aquifer soil (soil located in the shallow aquifer 
beneath the low permeability silt layer), creek bed sediment/soil, and surface water.        

3.1.1 Groundwater 
The RAOs for groundwater include: 

• Prevent human exposure to groundwater containing PCE at concentrations exceeding 
the Ecology Model Toxics Control Act (MTCA) Method A and Federal/State 
maximum contaminant level (MCL) value of 5 µg/L. 

• Prevent further migration of contaminated groundwater exceeding the PCE MCL of 5 
µg/L to drinking water sources that are currently below the PCE MCL.   

• Restore the groundwater quality of the shallow aquifer to Federal drinking water 
standards.   

3.1.2 Aquifer Soil 
The RAOs for the aquifer soil include: 

• Reduce the mass of PCE DNAPL in aquifer soil to the extent practicable at the 
HRIA/Berwick Creek source area.. 

3.1.3 Creek Bed Sediment/Soil 
The RAOs for Berwick Creek bed sediment/soil include: 

• Reduce or eliminate human exposure through direct contact (incidental soil ingestion, 
skin contact with soil, and inhalation of vapors) with contaminated soils that exceed 
protective regulatory levels. 

• Reduce or eliminate risks to ecological receptors from contaminated sediments in 
Berwick Creek at the HRIA. 

• Reduce the mass of PCE DNAPL in creek bed sediment/soil to the extent practicable 
at the HRIA/Berwick Creek source area.  

3.1.4 Surface Water 
• Prevent human exposure to surface water in Berwick Creek containing PCE at 

concentrations exceeding protective regulatory levels.  
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4. IDENTIFICATION AND SCREENING OF TECHNOLOGIES 
This section includes a discussion of the general response actions and the identification and 
screening of remedial technology types that could potentially be used at the Hamilton/Labree 
Site. 

4.1 GENERAL RESPONSE ACTIONS 
General response actions describe those actions that will satisfy the RAOs.  These may 
include institutional controls, treatment, containment, excavation, extraction, or a 
combination of these.  A discussion of possible general response actions for the Site is 
presented in the following sections. 

4.1.1 No Action 
No Action is retained throughout the FS process as required under 40 CFR 300.430(3)(6)  
and provides a baseline for comparison.  No remedial action would be completed to reduce 
the toxicity, volume or mobility of the contaminated groundwater, aquifer soils, and creek 
bed sediment.  

4.1.2 Institutional Control 
Institutional controls (ICs) provide protection from exposure through the use of non-
engineered or legal controls that limit land or resource use, such as access controls and 
property restrictions.  Although ICs provide no reduction of toxicity, volume or mobility of 
contaminants, they can reduce or eliminate direct exposure pathways and resultant risk.  
Proprietary controls could include easements for site access to monitor onsite wells and 
promise to not use wells completed in the shallow aquifer as a drinking water source.  
Government controls could include state and local government restrictions on installing 
groundwater wells in the shallow aquifer within the existing footprint of the PCE plume plus 
some distance downgradient. 

4.1.3 Containment 
Containment is the use of a subsurface or surface barrier to isolate a contaminated media to 
reduce the likelihood of direct contact to the media.  For groundwater at the Site, this could 
include either a physical or hydraulic barrier.  This may also be combined with in-situ or ex-
situ treatment to help reduce the volume and toxicity of the contaminants present. 

4.1.4 Collection/Treatment 
This action would include in-situ treatment using chemical, biological and/or physical 
treatment designed to reduce the toxicity, volume or mobility of contaminants.  In some 
cases, this may include vapor extraction to collect volatilization products generated during in-
situ treatment, and the ex-situ treatment of this vapor. 

4.1.5 Removal/Disposal 
The removal/disposal option consists of physically removing the contaminated media through 
excavation or a similar method, and disposing of the media at an off-site facility.   For the 
Site, this action would be used for remediation of the PCE-contaminated sediment/soil in the 
bed of Berwick Creek. 
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4.2 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES 
Screening of remedial technologies types and process options were completed using the on-
line screening tool at the EPA’s CLU-IN website, Federal Remediation Technologies 
Roundtable (FRTR) Remediation Technologies Screening Matrix and related websites, and 
information presented in the Engineering Evaluation/Cost Analysis (EE/CA) Hamilton-
Labree Impact Area Superfund Site (URS 2004). 

Potential remedial technologies are shown in Table 4-1. 
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5. DEVELOPMENT AND SCREENING OF ALTERNATIVES 
Evaluation of existing soil and groundwater data including three-dimensional modeling was 
used to evaluate the fate and transport of PCE in groundwater.  The results of the data 
evaluation and modeling showed the following: 

• PCE in the bed of Berwick Creek is a constant source of PCE dissolving into the 
water of Berwick Creek and the shallow groundwater aquifer beneath the HRIA. 

• The PCE DNAPL in the shallow aquifer at the HRIA/Berwick Creek source area is 
slowly dissolving, acting as a continuing source of dissolved PCE concentrations in 
groundwater. 

• Hazardous material releases associated with historical waste handling activities 
conducted on the Breen Property are or were sources for contamination of the 
shallow aquifer and may have been the primary source of contamination at the 
current leading edge of the PCE plume.  The existence or absence of potential 
existing source areas for shallow aquifer groundwater contamination at the Breen 
Property were not adequately confirmed during previous site investigations.   

• PCE-impacted groundwater has a potential to discharge to surface water (creeks) 
downgradient of the Breen Property. 

• If the source of dissolved-phase PCE is removed to the extent practicable, and 
dissolved concentrations are reduced by 85 percent or more at the HRIA/Berwick 
Creek source area, the maximum plume length in the shallow aquifer is unlikely to 
exceed three miles and will eventually be remediated through natural attenuation 
including physical advection of dissolved PCE in groundwater, chemical dispersion, 
and simultaneous dilution. 

Based on these conclusions, source control at the HRIA/Berwick Creek source area, natural 
attenuation of the dissolved-phase PCE plume, establishment of institutional controls, and 
long-term monitoring of PCE plume was determined to be an effective strategy for achieving 
RAOs at the Site. The proposed treatment area at the HRIA is shown in Figure 1-4.   

If the HRIA/Berwick Creek source area is removed and/or contained, the PCE groundwater 
plume will most likely not migrate beyond three miles and would not impact downgradient 
drinking water sources.  Residences and businesses located within the portion of the plume 
exceeding MCLs that used the shallow aquifer as a drinking water were connected to the City 
of Chehalis municipal water supply during a removal action completed in 2002 (EPA 2003).  
Institutional controls would be implemented to protect human health by restricting the use of 
and access to PCE-contaminated groundwater of the shallow aquifer in areas downgradient of 
the HRIA/Berwick Creek source area.  By completing these tasks, adequate protection of 
downgradient receptors is anticipated.   

Long-term monitoring will be conducted following remedial action at the HRIA/Berwick 
Creek source area to assess migration of the dissolved-phase plume and to assess whether or 
not sufficient natural attenuation is occurring to achieve RAOs.  If the results of long-term 
monitoring do not indicate that RAOs will be met, the need for additional investigation or 
remedial action will be evaluated.  Needs could include additional evaluation of potential 
source areas at the Breen Property if dissolved PCE concentrations in groundwater do not 
appear to be decreasing through natural attenuation or increase over time on or immediately 
downgradient of the Property.  
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Based on this determination of remedial strategy, the selected preliminary remedial 
alternatives for the HRIA/Berwick Creek source area include the following: 

• No Action 

• Electrical Resistance Heating  

• Chemical Oxidation with Creek Bed Silt Removal 

• Permeable Reactive Barrier with Creek Bed Silt Removal 

• Hydraulic Containment/Pump and Treat with Creek Bed Silt Removal 

A brief description of these remedial alternatives is presented below. 

No-Action.  The No-Action alternative consists of allowing the Site to remain in its present 
condition, with no measures completed to reduce or monitor the PCE concentrations. This 
alternative is retained throughout the process of alternative development and analysis as a 
baseline for comparison of other alternatives. 

Electrical Resistance Heating.  This alternative allows for treatment of the shallow aquifer 
and the contaminated silt in the Berwick Creek bed together by applying a strong electric 
current to heat the soil and groundwater.  The PCE in the soil and groundwater is volatilized 
by this process and collected by a vapor extraction system.  The PCE and other vapors are 
then treated in an on-site treatment system.  Since this technology uses heat for treatment, the 
water in Berwick Creek would also be heated, which could negatively impact in-creek life. 
The creek would have to be diverted prior to installation to allow for fish passage.   

Chemical Oxidation.  In this alternative, potassium permanganate or Fenton’s Reagent would 
be repeatedly injected into the shallow aquifer to chemically break-down the PCE.  Because 
this technology would not be effective in treating the PCE-impacted low permeability silt in 
the bed of Berwick Creek, this material would be excavated and disposed of off-site, and 
replaced with a low-permeability material layer and habitat material.  The chemical oxidation 
process would take place prior to removal of the Berwick Creek bed silt. Berwick Creek 
would be diverted during silt removal.   

Permeable Reactive Barrier Containment.  This alternative would involve constructing a wall 
of iron filings or other reactive material downgradient of the PCE source area.  The wall 
would allow groundwater to pass through, but the iron or other material would react with the 
PCE, chemically breaking it down.  The wall would be installed to the full depth of the 
aquifer (approximately 48 feet deep) and 340 feet long.  Because this technology would not 
be effective in treating the PCE-impacted low permeability silt in the bed of Berwick Creek, 
this material would be excavated and disposed of off-site, and replaced with a low-
permeability material layer and habitat material.  Berwick Creek would be diverted during silt 
removal.  

Hydraulic Containment.  In this alternative some of the wells installed near Berwick Creek 
during the various site investigations would be pumped continuously to create a hydraulic 
barrier.  This pumping would minimize dissolved PCE moving with groundwater.  The 
pumped water would be treated using air stripping and/or adsorption and discharged to 
Berwick Creek.  Because this technology would not be effective in treating the PCE-impacted 
low permeability silt in the bed of Berwick Creek, this material would be excavated and 
disposed of off-site and replaced with a low-permeability material layer and habitat material.  
Berwick Creek would be diverted during silt removal.   
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For all alternatives (excluding the No-Action alternative), long-term groundwater monitoring 
would be conducted to monitor contaminant attenuation within the dissolved plume 
downgradient of the treatment area.    In addition, ICs would be implemented restricting the 
use of and access to PCE-contaminated groundwater of the shallow aquifer in areas not 
treated.
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6. DETAILED ANALYSIS OF ALTERNATIVES 
This section presents a detailed description of the elected remedial alternatives for the 
HRIA/Berwick Creek source area, a general conceptual design for the alternative, and a 
detailed analysis of alternatives.  

6.1 ALTERNATIVE DESCRIPTION/CONCEPTUAL DESIGN 
This section presents a description of each of the five selected remedial alternatives and a 
general conceptual design for the alternative.  Information sources for completing this 
detailed analysis included the Federal Remediation Technologies Roundtable (FRTR) 
website, EPA’s CLU-IN website, Engineering Evaluation/Cost Analysis Report, Hamilton 
Road Impact Area, Hamilton-Labree Roads Superfund Site, Chehalis, Washington (URS 
2004), and various vendors of remedial technologies. 

6.1.1 Alternative 1 - No-Action 
The No-Action alternative is retained throughout the alternative development and analysis 
process as a baseline for comparison to other alternatives.  The no-action alternative consists 
of allowing the site to remain in its present condition, with no measures taken to reduce or 
monitor PCE concentrations. 

6.1.2 Alternative 2 - Electrical Resistance Heating 
Alternative 2, Electrical Resistance Heating (ERH) would consist of the following: 

• ERH for treatment of contaminated creek bed silt and groundwater at the 
HRIA/Berwick Creek source area. 

• Long-term monitoring of the migration and natural attenuation of PCE remaining in 
groundwater. 

• Institutional controls for areas downgradient of the treatment area. 

ERH is an in-situ, polyphase electrical heating technology that uses commonly available 
electricity and applies it into the ground through electrodes.  This technology is equally 
effective in treating both soil and groundwater.  The electrodes heat the soil and groundwater 
to over 100 degrees Celsius via resistive current.  Contaminates are volatized and removed 
from the subsurface via a vapor extraction system.   

ERH would be used to treat the contaminated silt in the Berwick Creek bed and banks 
concurrently with treatment of the aquifer soils.  This is the only alternative that would 
provide in-situ treatment of the creek bed silt without physical removal through excavation. 
ERH at the Site would involve the installation of electrodes, temperature monitoring points 
(TMPs), vapor recovery wells below the silt, and horizontal vapor recovery piping above the 
silt.  Prior to installation of the ERH system, four existing monitoring wells (MWR-1, -2, and 
-5, and MW-9) would be abandoned, because they are not constructed to withstand the 
induced heat.   

The reach of Berwick Creek within the treatment zone would be isolated using earthen berms 
and dewatered.  Fish within the isolated creek section would be “rounded-up” or moved from 
the work area to below the downstream net. 
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A one-year diversion of Berwick Creek would be required to provide fish passage to 
upstream habitat.  The diversion would route Berwick Creek through a 48 inch-diameter 
HDPE pipe beneath Hamilton Road (Figure 6-1).  The diversion would occur upstream of the 
treatment zone.  The water from Berwick Creek would be diverted back into the existing 
creek channel at the downstream end of the treatment zone.  The diversion would include 395 
feet of 48 inch-diameter HDPE and earthen berms at the upstream and downstream ends of 
the treatment zone.  

A diversion alignment between Berwick Creek and I-5 may also be feasible.  This alternative 
alignment could be hindered by logistical construction difficulties related to access from I-5, 
stability issues with I-5 related to deep trenching close to the roadway, and deeper trenching 
because of the topography in this area.  The costs for diversion alignments on either the 
western or eastern banks of Berwick Creek are likely to be similar, and selection of the best 
diversion alignment could be accomplished during design. 

Due to the presence of the low permeability silt cap, the aquifer is slightly artesian, so 
penetrating the cap during installation of the diversion may result in the introduction of 
contaminated water into the work zone.  If dewatering is needed, pumping would be from 
existing wells located near the alignment of the diversion and would utilize a temporary 
pumping and treatment system.   

Once dewatering was complete, the creek bed would be filled to produce a level surface.  The 
treatment zone in the creek would be sealed with a sheet of high temperature grade plastic, a 
layer of pumice gravel placed over the plastic for insulation, and a second top layer of plastic 
sheeting placed over the gravel. Once a level and insulated surface was constructed over the 
creek, the rest of the treatment area would need to be graded to provide a level area for the 
installation of the ERH system.  Based on information provided by the vendor, the natural silt 
cap at the site will provide sufficient cover for the vapor extraction process.   

Once site preparation is complete, drilling and installation of the electrodes, vapor extraction 
wells and TMP placement would commence.  Based on vendor estimates (Appendix B), 
preparation for the thermal heating process would include the installation of 62 electrodes 
spaced approximately 19 feet apart and ranging in depth between 4 and 42 feet.  There would 
be eleven TMPs.  The approximate configuration of the electrodes and TMPs is shown on 
Figure 6-1. 

The vapor recovery wells will be co-located next to the electrodes.  Therefore, there would be 
62 vapor recovery points at the site to extract the vaporized PCE.  The vapor recovery air 
flow rate will be approximately 510 standard cubic feet per minute (scfm).  Extracted vapor 
would be treated using granular activated carbon (GAC) and would be discharged to the 
atmosphere following treatment.  Condensate is expected to be generated at a rate of 
approximately 6.5 gallons per minute (gpm).  The condensate would be disposed of off-site 
or reused as drip water for electrode wetting. 

Treatment system infrastructure and equipment would be assembled and staged on the 
northeast shoulder of Hamilton Road, requiring long-term traffic control.  In addition, a new 
transformer would be installed at the treatment location to provide three-phase electrical 
power, and Lewis County Public Utility District (PUD) would run additional power supply 
lines.  The treatment area and infrastructure would be fenced-in to prevent tampering and 
vandalism. 

Once all electrodes and TMPs are in place, the system would be hooked up to the new 
electrical system, and the system would begin to heat the soil and groundwater.  Raising the 
temperature of the contaminated soils to begin removal would require approximately 50 to 60 
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days.  The total heating/treatment time is estimated at between 219 to 305 days in order to 
achieve RAOs for aquifer soil, creek bed sediment/soil, and groundwater.  Sampling would 
be ongoing through the removal process to monitor groundwater and soil temperatures, as 
well as contaminant concentration in groundwater from existing wells.  Once achievement of 
RAOs is confirmed through groundwater and vapor sampling, treatment would be 
discontinued and confirmation soil sampling would be conducted at nine locations within the 
treatment zone. 

ERH vendor TRS has stated that vapor recovery performed as part of the treatment process 
will be sufficient to maintain hydraulic control of potentially mobilized PCE.  The mass 
removal of vapor from the subsurface should limit the movement of the DNAPL.     

According to TRS, hydraulic containment is normally not required when the average 
groundwater flow rate is less than 1 ft/d.  The calculated average groundwater flow rate for 
the site is 0.36 ft/d.  However, there is always uncertainty when dealing with subsurface 
lithology and the effect of this lithology on groundwater flow rates.  Because of the 
uncertainty, hydraulic control has been included in the cost estimate for this alternative.  The 
need for pumped hydraulic control would be further evaluated during the design phase. 

Following treatment, the gravel and plastic would be removed from the creek bed and banks.  
The plastic would be disposed of and the gravel would be redistributed elsewhere at the site.  
The channel and habitat of Berwick Creek would be restored in the following in-stream 
construction season, and the water flow returned to the main channel. 

Long-term groundwater monitoring would be performed semi-annually for 30 years in the 
HRIA/Berwick Creek area and along the entire plume length.  Long-term groundwater 
monitoring is discussed in Section 6.1.6.  

ICs would be established for the area within the entire plume length where concentrations 
still exceed groundwater criteria to insure protection of human receptors that could 
potentially access PCE-impact groundwater.  ICs are discussed in Section 6.1.7. 

6.1.3 Alternative 3 - Chemical Oxidation with Creek Bed Silt Removal 
Alternative 3, Chemical Oxidation would consist of the following: 

• In-situ chemical oxidation (ISCO) of PCE (dissolved phase and DNAPL) in 
groundwater at the HRIA/Berwick Creek source area. 

• Excavation of contaminated silt from the creek bed. 

• Long-term monitoring of the migration and natural attenuation of PCE remaining in 
groundwater. 

• Institutional controls for areas downgradient of the treatment area. 

ISCO would be used to treat the PCE-contaminated groundwater at an adjacent source area in 
Berwick Creek.  ISCO involves injecting a chemical oxidant into the shallow aquifer and 
chemically degrading contaminants in groundwater into innocuous compounds (carbon 
dioxide and water).  Contaminant concentration, general chemistry parameters, and 
environmental indicators are monitored prior to and following injection to assess the 
degradation process. 

For this alternative, the PCE mass in groundwater would be treated using modified Fenton’s 
Reagent.  Treatment using modified Fenton’s Reagent is based on the following chemical 
reactions: 
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 C2Cl4Fe+2 + 3H2O2→ 2CO2
- + 2H2O + 4Cl- + 2H+ 

A different oxidant or a combination of oxidants could be selected during the design phase 
based on the results of treatability testing. 

An ISCO bench-scale treatability test would be conducted to help refine the full-scale 
injection approach.  Results of the treatability test would also be used to determine if a pilot 
test is required before full-scale treatment is completed.   

Modified Fenton’s Reagent (3 to 12 percent hydrogen peroxide and iron-based catalyst) 
would be injected into the shallow aquifer via injection point clusters spaced approximately 
30 feet apart throughout the treatment zone (based on the expected radius of influence of 12 
feet).  Approximately 75 injection locations (66 treatment and 9 polishing) consisting of three 
injection points would be installed using a hollow-stem auger rig.  Each injection point 
cluster would be installed to allow oxidant injection at three different 10 foot depth intervals.  
The proposed injector scheme is shown in Figure 6-2.  This preliminary injector scheme 
could be modified based on the pilot test results.  Injection of a total of 249,000 pounds of 
hydrogen peroxide, or roughly 5,000 pounds per day, would be injected over a 50-day period 
to achieve the RAOs. Each injection event would partially overlap (approximately 50 
percent) the previous event.  Monitoring of PCE, oxidant concentrations, and other 
parameters (i.e., pH, iron concentration) in groundwater would be performed during and 
between injections.   

ISCO would not be effective in treating the low permeability silt present in the bed and banks 
of Berwick Creek.  Therefore, the contaminated low permeability silt would be excavated 
from the creek and disposed of off-site and the creek bed would be reconstructed.   
Excavation would be completed following ISCO treatment since the silt cap would contain 
the Fenton’s Reagent within the aquifer for more effective treatment. 

Prior to excavation, Berwick Creek would be temporarily diverted and the area to be 
excavated would be dewatered (Figure 6-3). Construction dewatering would be accomplished 
by pumping wells MW-600 through MW-603.  Prior to dewatering of the work area, fish 
would be moved from the excavation area and relocated downstream.  The pumped water 
would be treated using a portable GAC treatment system and discharged to Berwick Creek.  
Once dewatering is completed, the contaminated silt layer in the creek bed and banks would 
be removed using a tracked excavator or similar. Approximately 900 cubic yards of 
contaminated silt and creek bank soil would be removed from Berwick Creek and would be 
disposal of at an off-site facility. 

Following excavation of the silt, the creek bed would be reconstructed to minimize discharge 
of contaminated groundwater into surface water in the creek.  Reconstruction of the creek bed 
would include installation of a geosynthetic clay liner (GCL) or similar liner into the creek 
bed and replacement of fish habitat.  Habitat restoration would include planting of native 
vegetation and installation of fish spawning habitat, such as spawning gravel. 

Long-term groundwater monitoring would be performed semi-annually for 30 years in the 
HRIA/Berwick Creek area and along the entire plume length.  Long-term groundwater 
monitoring is discussed in Section 6.1.6. 

ICs would be established for the area within the entire plume length where concentrations 
still exceed groundwater criteria to insure protection of human receptors that could 
potentially access PCE-impact groundwater.  ICs are discussed in Section 6.1.7. 

The treatment time to achieve RAOs for groundwater and aquifer soil is only an estimate.  
Additional injection events after the proposed 50-day treatment event may be required to 
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achieve the RAOs.  In addition, there may be potential issues with ineffective treatment of 
low permeability materials in the aquifer soil and the potential for leaching of residual PCE  
and associated concentration “rebound” in groundwater.  This could potentially greatly 
impact the project cost.  A discussion on the estimated cost for this alternative is presented in 
Section 7.7. 

6.1.4 Alternative 4 - Permeable Reactive Barrier with Creek Bed Silt 
Removal 

Alternative 4, Permeable Reactive Barrier (PRB) would consist of the following: 

• Installation of a PRB immediately downgradient of the Berwick Creek source area. 

• Excavation of contaminated silt from the creek bed as described in Alternative 3. 

• Long-term monitoring of the migration and natural attenuation of PCE remaining in 
groundwater. 

• Institutional controls for areas downgradient of the treatment area. 

Under this alternative, a PRB wall composed of reactive iron would be installed to contain 
and treat the highest groundwater PCE concentrations migrating from the Berwick Creek 
source area.  Groundwater containing PCE and breakdown compounds such as TCE and cis-
1,2-DCE would be remediated as it flowed through the wall.  PCE and breakdown products 
would react with the iron in a process known as abiotic reductive dehalogenation.  The 
concentration reduction that can be achieved is dependent on the groundwater flow velocity 
through the wall and the wall thickness. 

The PRB has been conceptually designed to exceed the 85 percent source concentration 
reduction.  Assuming a residence time of 1.7 days (based on the half life data for PCE) and a 
groundwater flow velocity of 0.36 ft/d (URS 2004), a 0.6-foot thick, 340-foot long, 48-foot 
deep wall would be installed immediately downgradient of the Berwick Creek source area 
(Figure 6-4).  The PRB wall would be installed beneath the northeastern shoulder of 
Hamilton Road North and would include short alignment extensions toward Berwick Creek 
to help prevent contaminated groundwater flow around the ends of the wall.  Successful 
design of Alternative 4 is likely to require a treatability study using groundwater from the site 
prior to final wall design and installation.   

Prior to installation of the PRB wall, the contaminated creek bed silt would be excavated and 
disposed of off-site.  This would include temporarily diverting Berwick Creek, dewatering 
the area to be excavated, and reconstructing the creek bed as described under Alternative 3. 

Installation of the PRB wall would include:  

• Excavation of a trench along the PRB alignment from ground surface to the aquitard.  

• Stabilization of the open trench with biodegradable guar-based slurry. 

• Placement of granular iron in the trench through the slurry. 

• Restoration of the ground surface. 

Trenching for wall installation would produce approximately 1,000 cubic yards of 
contaminated soil requiring off-site disposal.  This assumes a 2-foot wide trench would be 
excavated for wall installation. 
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Performance monitoring of the PRB would include periodic sampling and water level 
measurement in wells near the treatment zone.  The monitoring program would be designed 
to verify hydraulic control, verify a complete reaction within the PRB, and identify wall 
fouling.  The results of the conventional chemistry analyses conducted at the HRIA (URS 
2004) indicate the geochemistry of the site is favorable and indicates a low potential for 
precipitate fouling. 

Based on information supplied by Environmental Technologies, Inc., a vendor of this 
technology, for most sites, rejuvenation of the treatment media will be required 
approximately every 15 years.  Technologies for in-situ rejuvenation are not well developed.     

Since the source area groundwater PCE concentration at the HRIA is not reduced using this 
remedial alternative, long-term groundwater monitoring would be performed semi-annually 
for 30 years in the HRIA/Berwick Creek area and along the entire plume length.  Long-term 
groundwater monitoring is discussed in Section 6.1.6. 

ICs would be established for the area within the entire plume length where concentrations 
still exceed groundwater criteria to insure protection of human receptors that could 
potentially access PCE-impact groundwater.  ICs are discussed in Section 6.1.7. 

6.1.5 Alternative 5 - Hydraulic Containment/Pump and Treat with Creek 
Bed Silt Removal 

Alternative 5, Hydraulic Containment would consist of the following: 

• Groundwater extraction using existing wells to remove and treat contaminated 
groundwater, and produce a hydraulic barrier at the HRIA/Berwick Creek source 
area. 

• Excavation of contaminated silt from the creek bed. 

• Long-term monitoring of the migration and natural attenuation of PCE remaining in 
groundwater. 

• Institutional controls for areas downgradient of the treatment area. 

This alternative consists of capturing groundwater with high dissolved PCE concentrations 
before it can migrate outside the treatment zone.  Several existing monitoring wells installed 
along Berwick Creek would be pumped continuously to create a hydraulic barrier to 
contaminant migration.  This alternative would contain the PCE in the area where it is present 
as DNAPL, cutting off the constant source area from the downgradient areas of the site.   

Similar to Alternatives 3 and 4, the contaminated low permeability silt would be excavated 
from the creek and disposed of off-site and the creek bed replaced.  Silt removal, construction 
dewatering and creek bed replacement is discussed under Alternative 3.  Since construction 
dewatering would be accomplished using several of the wells proposed in groundwater 
extraction and treatment system described below, the system would be installed prior to silt 
removal. 

Under the hydraulic containment alternative, continuous pumping would be performed from 
eight existing monitoring wells: MW-600 through MW-604, MWR-1, MWR-2, and MWR-5.  
Using calculations presented in the EE/CA (URS, 2004), the results of three-dimensional 
groundwater modeling, and an assumed pumping rate of approximately 8 gpm per well, the 
expected capture zone for this configuration would include most groundwater exhibiting PCE 
concentrations greater than 50,000 µg/L (Figure 6-5).  This capture zone is based on an 
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average hydraulic conductivity of 4.8 x 10-3 cm/sec and a local groundwater flow direction to 
the southwest.   

The extracted groundwater would be treated by a system located in the area of monitoring 
well MW-5, and discharge to Berwick Creek.  The aboveground treatment system would 
consist of a pre-manufactured, skid-mounted unit including sediment filtration, air stripping, 
and activated carbon polishing.  The treatment system will be sized to accommodate 
approximately 85 gpm.  The air stripper will consist of a stainless steel, low profile tray 
stripper with four 3-ft. by 6-ft. removable trays.  Effluent from the air stripper would be 
treated using granular activated carbon for final polishing before discharging to Berwick 
Creek.  The vapor from the stripper will be treated using granular activated carbon prior to 
release to the atmosphere. 

Performance monitoring of the hydraulic containment system would include periodic 
monitoring of the system, and periodic sampling and water-level measurement in wells in the 
HRIA/Berwick Creek area.  The monitoring program would be designed to verify hydraulic 
containment and to document mass removal over time.   

Long-term groundwater monitoring would be performed semi-annually for 30 years in the 
HRIA/Berwick Creek area and along the entire plume length.  Long-term groundwater 
monitoring is discussed in Section 6.1.6. 

ICs would be established for the area within the entire plume length where concentrations 
still exceed groundwater criteria to insure protection of human receptors that could 
potentially access PCE-impact groundwater.  ICs are discussed in Section 6.1.7. 

6.1.6 Long-Term Monitoring  
For Alternatives 2 through 5, long-term groundwater monitoring would be performed semi-
annually for 30 years in the HRIA/Berwick Creek area and along the entire plume length to 
insure the permanence of the remedial alternative, that the downgradient edge of the PCE 
plume is not migrating, and to assess whether or not sufficient natural attenuation is occurring 
to achieve RAOs.  The monitoring program would include the groundwater location along the 
full length of the plume downgradient of the HRIA/Berwick Creek source area.  This 
monitoring would include surface water locations along Dillenbaugh Creek and the 
Newaukum River to determine potential discharge of PCE-impact groundwater to these water 
bodies.  Potential discharge of PCE-contaminated groundwater is discussed in Section 1.3.5. 

Currently, few monitoring wells are located downgradient of the Breen Property, especially at 
the leading edge of the PCE plume.  Additional monitoring wells would need to be installed 
at and downgradient of the leading edge of the groundwater plume for monitoring plume 
migration and natural attenuation.  An estimated three to five new monitoring wells would be 
installed between existing monitoring wells MW-25 and MW-28.   

If the results of long-term monitoring do not indicate that RAOs will be met, the need for 
additional remedial action to protect human health and the environment will be evaluated. 

6.1.7 Institutional Controls  
For Alternatives 2 through 5, ICs would be implemented in areas downgradient of the 
HRIA/Berwick Creek source area to insure protection of human receptors that could 
potentially access PCE-impact groundwater.  Anticipated ICs would include:  

• Restrictions on installation of shallow aquifer drink water wells within one or more 
miles downgradient of the leading edge of the plume 
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• Restrictions on shallow aquifer groundwater use at locations within the PCE plume 
footprint, particularly for wells already completed in the aquifer. 

• Easements with property owners for assessment of long-term groundwater 
monitoring. 

The need for additional ICs will be evaluated during remedial design.   

6.2 DETAILED ANALYSIS 
A detailed analysis of alternatives was completed as described in Guidance for Conducting 
Remedial Investigations and Feasibility Studies under CERCLA (EPA 1988).  Each of the 
alternatives is to be evaluated against the following nine criteria: 

• Overall Protection of Human Health and the Environment, 

• Compliance with ARARs, 

• Long-Term Effectiveness and Permanence, 

• Reduction of Toxicity, Mobility, and Volume Through Treatment, 

• Short-Term Effectiveness, 

• Implementability, 

• Cost, 

• State Acceptance, and 

• Community Acceptance 

The last two criteria, State and Community Acceptance, are normally evaluated following 
comment on the RI/FS report and proposed plan, and included in the Record of Decision 
(ROD). 

The detailed analysis of the alternatives discussed above is presented in Table 6-1.  
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7. COMPARATIVE ANALYSIS OF ALTERNATIVES 
The purpose of the comparative analysis is to evaluate the relative performances of each 
HRIA remedial alternative in relation to each of the nine evaluation criteria.  The comparative 
analysis also identifies the advantages and disadvantages of each alternative relative to one 
another to assist in selection of a final remedial alternative for the Site.  Overall protection of 
human health and the environment and compliance with ARARs serve as threshold criteria, 
so they must be met by any alternative for it to be eligible for selection.  Since the No-Action 
alternative does not meet these criteria, it will not be included in the detailed comparison. 

7.1  OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 
Alternative 2 (ERH) would provide the highest level of protection to human health and the 
environment by physically removing, through in-situ and ex-situ treatment, most of the 
dissolved PCE and PCE DNAPL in the creek bed silt, aquifer soil, and groundwater within 
the HRIA/Berwick Creek source area.  Alternative 2 is the only alternative that would 
effectively remove the PCE DNAPL from all impacted media within the source area, thereby 
eliminating the source of dissolved PCE to groundwater and surface water and associated 
negative impacts to human health and the environment. 

Alternative 3 (ISCO) would provide a level of protection to human health and the 
environment by reducing the mass of PCE in aquifer soil and groundwater. Reduction of PCE 
concentration in groundwater would effectively eliminate exposure pathways and the 
potential for migration to local production wells and the possible discharge of contaminates to 
downgradient surface waters.  However, this alternative would not be effective at treating 
DNAPL within low permeability soil within the aquifer, thereby leaving a potential source of 
future contamination to groundwater and leaving a potential exposure pathway. 

Alternative 4 (PRB) and Alternative 5 (Hydraulic Containment) would provide protection of 
downgradient receptors by containing PCE contaminated groundwater at the source area.  
However, the effectiveness of these alternatives would need to be monitored over the long 
term to ensure protection of downgradient receptors.  The DNAPL within the aquifer soils at 
the source area would not be removed with these remedial alternatives, leaving a source of 
future contamination to groundwater and leaving a potential exposure pathway. 

Alternative 5 (Hydraulic Containment) would provide some treatment of PCE DNAPL within 
groundwater, but pump-and-treat technology is not very effective in treating the DNAPL.  
Alternative 4 (PRB) would provide the lowest level of protection to human health and the 
environment since source area groundwater and aquifer soil contamination would not be 
treated.     

Under Alternatives 3, 4, and 5, removal of contaminated creek bed silt would eliminate future 
pathways for human and ecology exposure to PCE-impacted creek bed sediment and surface 
water. 

For all the alternatives, ICs would be implemented to protect human health by restricting the 
use of and access to PCE-contaminated groundwater of the shallow aquifer in areas 
downgradient of the HRIA/Berwick Creek source area. 

In addition, for all alternatives, long-term monitoring will be conducted following remedial 
action at the HRIA/Berwick Creek source area to assess natural attenuation and migration of 
the dissolved-phase PCE plume and to assess whether or not sufficient natural attenuation is 
occurring to achieve RAOs.  If the results of long-term monitoring do not indicate that RAOs 
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will be met, the need for additional remedial action to protect human health and the 
environment will be evaluated. 

7.2  COMPLIANCE WITH ARARS 
Alternative 2 (ERH) would meet ARARs for groundwater, aquifer soil, and creek bed 
sediment/soil through physical treatment.  

Alternative 3 (ISCO) would likely meet ARARs for groundwater and aquifer soil through 
physical treatment.  ARARs may not be met if DNAPL cannot be adequately removed for 
low permeability aquifer soils. 

Alternative 4 (PRB) would likely meet ARARs for groundwater downgradient of the wall 
through treatment of contaminated groundwater.  This alternative would not meet ARARs 
within the HRIA source since no active treatment would be occurring.  PCE DNAPL in 
aquifer soil and groundwater would not be removed and would continue to be a source of 
dissolved PCE to groundwater.  Alternative 4 would not meet the ARARs for the aquifer soils 
at the site as it only addresses the groundwater. 

Alternative 5 (Hydraulic Containment) may not meet all ARARs for groundwater through 
physically removal of contaminated groundwater from the subsurface, since DNAPL would 
not be fully removed and would continue to be a source of dissolved PCE to groundwater.  
This alternative would not meet the ARARs for the aquifer soils at the Site as it only 
addresses groundwater. 

Alternatives 3, 4, and 5 would most likely meet the ARARs for creek bed sediment/soil by 
physically removing contaminated material through excavation and off-site disposal.  
However, because the extent of PCE DNAPL is estimated based on available data, there is a 
possibility for DNAPL to be present outside the proposed excavation area.  A potential exists 
for residual DNAPL to remain in the low permeability silt and provide a continued source of 
dissolved-PCE to groundwater. 

For all alternatives, ARARs for surface water quality would be met by removing the source 
of the dissolved PCE in Berwick Creek. 

7.3  LONG-TERM EFFECTIVENESS AND PERMANENCE 
Alternative 2 (ERH) would be expected to provide the highest degree of long-term 
effectiveness and permanence because the technology would achieve remediation goals by 
physically removing PCE from the aquifer soil, the groundwater and the creek bed 
sediment/soil. Alternative 2 is the only alternative that would effectively remove DNAPL 
from all media including low permeability soils within the aquifer. 

Under Alternative 3 (ISCO), where effective, there would be little residual at source area.  
However, DNAPL within low permeability zones within the shallow aquifer may not be 
effectively treated and could provide a future source of dissolved PCE to groundwater.  

Under Alternative 4 (PRB), replacement or rejuvenation of the PRB could be required after 
10 to 15 years, if significant fouling or loss of reactivity occurs.  Technologies for in-situ 
rejuvenation are not well-developed.  

Alternative 5 (Hydraulic Containment) with pump and treat technology is not highly effective 
at removing DNAPL, although close well spacing maximizes its effectiveness.  Based on 
historical information, the effectiveness of pump and treat may be reduced over time. 
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For all alternatives, long-term monitoring (30 years) would be required following installation 
to ensure effectiveness and to monitor the natural attenuation and migration of remaining site 
plume. 

7.4  REDUCTION OF TOXICITY, MOBILITY, AND VOLUME THROUGH 
TREATMENT 
Alternative 2 (ERH) would reduce the toxicity and volume of PCE by removing dissolved 
PCE and PCE DNAPL from creek bed silt, aquifer soil, and groundwater within the treatment 
zone.  The mobility of dissolved PCE and PCE DNAPL would also be reduced through 
proper design of the vapor extraction system. ERH with vapor extraction is the only in-situ 
technology that would effectively reduce the toxicity and volume of PCE DNAPL within all 
media (including the creek bed sediment/soil) at the HRIA/Berwick Creek source area. 

Alternative 3 (ISCO) would reduce the toxicity and volume of PCE in groundwater by 
chemically degrading dissolved PCE and PCE DNAPL within the treatment zone to 
innocuous compounds.  However, this alternative would not directly affect the mobility of 
dissolved PCE or PCE DNAPL in groundwater. 

Alternative 4 (PRB) and Alternative 5 (Hydraulic Containment) would directly reduce the 
mobility of PCE in groundwater by providing a barrier to groundwater flow.  Alternative 5 
would reduce the volume of PCE in groundwater at and downgradient of the HRIA/Berwick 
Creek source area, but would not directly affect the toxicity.  Alternative 4 would reduce the 
volume and toxicity of PCE downgradient of the source area, but would not affect either 
volume or toxicity within the source area.  Neither alternative would reduce the volume or 
toxicity of PCE DNAPL within the aquifer soil or groundwater at the source area. 

Alternative 3 (ISCO), Alternative 4 (PRB), and Alternative 5 (Hydraulic Containment) would 
reduce the toxicity, mobility, and volume of PCE in Berwick Creek and the shallow aquifer 
by physically removing the contaminated silts from the creek bed that is a source of PCE to 
surface water and groundwater. 

7.5 SHORT-TERM EFFECTIVENESS 
For all alternatives, the community and the environment would be protected during 
completion by the use of site control and traffic control during construction, placement of the 
system infrastructure primarily on unused public land away from current public use, and 
fencing and/or burial of system infrastructure, as applicable.  Health risk to workers 
performing remedial and monitoring activities would be mitigated through proper health and 
safety measures. 

Alternative 2 (ERH) is anticipated to have the greatest short-term effectiveness with respect 
to meeting RAOs.  Aquifer soils, groundwater and creek bed sediment RAOs would be met 
within 12 months. 

Alternative 3 (ISCO) is anticipated to have the moderate short-term effectiveness with respect 
to meeting RAOs.  Groundwater and creek bed sediment/soil RAOs would be met within 2 to 
3 months.  However, aquifer soils may require a longer timeframe based on the effectiveness 
of DNAPL treatment, especially in low permeability soils.  Treatment of DNAPL in these 
soils may be difficult and potentially ineffective. 

Alternative 4 (PRB) and Alternative 5 (Hydraulic Containment) would be effective in the 
short term since both would be effective within a short time of installation.  Containment 
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would be achieved within a few hours of installation and start-up.  However, it is estimated 
that it may take over 30 years to achieve the RAOs using these technologies. 

7.6 IMPLEMENTABILITY 
Alternative 5 (Hydraulic Containment) could be easily implemented at the Site.  Pump and 
treat technology is well established and has been used from groundwater cleanup at numerous 
sites throughout the country.  Existing monitoring wells would be converted to extraction 
wells; no new wells would be required.  The groundwater extraction system could also be 
expanded to allow capture of a larger portion of the site-wide plume, if necessary.   

Alternative 3 (ISCO) could be easily implemented at the Site.  ISCO is a well established 
technology, which has been successfully implemented at numerous sites.  Although some 
preferential flow pathways clearly exist beneath the Site, the sand and gravel soils of the 
shallow aquifer are more homogeneous than soils at many sites.  This indicates that the soil 
conditions beneath the site are generally favorable for chemical oxidation.  A pilot test would 
be conducted in the source area as part of the overall treatment process to assist in designing 
the most efficient injection program.   

Alternative 4 (PRB) could be implemented fairly easily at the Site.  Excavation for wall 
installation would be deep, but could still be accomplished using standard techniques.  PRB 
walls have been implemented at numerous locations around the world.  The necessary 
materials and services for implementing this alternative are readily available, although the 
PRB technology is proprietary and a licensing fee is required.  Trenching for wall installation 
would be deep, but installation could still be accomplished using standard techniques.   

For Alternative 3, 4, and 5, excavation and off-site disposal of the contaminated silt can be 
accomplished using standard construction techniques and equipment. 

Alternative 2 (ERH) is a relatively new technology that requires sophisticated equipment and 
skilled technical personnel.  A limited number of vendors provide this proprietary 
technology.  Implementation of Alternative 2 would require a 12 month diversion of Berwick 
Creek designed to accommodate fish passage.  ERH has been successfully completed at 
nearby Fort Lewis.  Per discussions with the vendor providing ERH services for Fort Lewis, 
it is predicted that the implementation would be similar at the Site. 

7.7 COST 
The cost estimates prepared for this FS are “order-of-magnitude” estimates having an 
accuracy range of -30 percent to +50 percent and are suitable for comparing costs, not as an 
estimate of construction costs.  The actual cost for these remedial alternatives will depend on 
actual site and subsurface conditions, competitive bids, and market conditions at the time of 
implementation.  Because of these factors and potential unforeseen issues, the actual cost and 
feasibility of these alternatives may vary.  Detailed cost estimates for each of the four 
alternatives (excluding Alternative 1 – No-Action) and supporting information are presented 
in Appendix C. 

Alternative 3 (ISCO) has the lowest present worth cost of the four alternatives evaluated at an 
estimated $3,270,000 to $4,410,000.  A range of costs was presented because the cost for 
ISCO varied greatly between vendors.  The actual cost is dependant primarily on the number 
of injection events and quantity of oxidant required to reduce aquifer soil and groundwater 
contamination below RAOs.  Vendor 1 assumed that one 40-day injection event would be 
required to reach RAOs.  Vendor 2 assumed that up to five short-term injection events would 
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be required to meet the RAOs.  The lowest cost presented in the FS assumes the one 40-day 
primary injection event.  The exact number of injection events and quantity of oxidant can 
only be estimated at this time, but would be determined based on the results of pilot testing 
and the previous injection event.  Therefore, there is uncertainty with the actual effort that is 
required for meeting RAOs using ISCO and a greater uncertainty with the overall cost of this 
alternative versus Alternative 2 (ERH).    

Alternative 4 (PRB) has a second lowest present worth ($4,330,000) than Alternatives 2 and 
3 primarily due to higher initial capital costs and the need for long-term monitoring.  Based 
on the unknown long-term effectiveness of this remedial alternative and the long timeframe 
for attainment of RAOs, the certainty of the cost estimate for this alternative is lower than 
cost estimates for Alternatives 2 and 3. 

Alternative 2 (ERH) has the next lowest present worth at an estimated $4,500,000.  The cost 
for installing and operating the ERH system is based on experience at the nearby Fort Lewis 
site with similar stratigraphy.  This alternative is anticipated to be more effective than 
Alternative 3 (ISCO).  The cost effectiveness of this alternative may be considered better 
based on the high effectiveness versus ISCO. 

Alternative 5 (Hydraulic Containment) has the highest present worth ($5,070,000) primarily 
because of the long-term operation and maintenance (O&M) cost for the pump and treat 
system and the long-term semi-annual groundwater monitoring costs.  The cost effectiveness 
is considered low as compared to other alternatives based on the high present worth value, 
long timeframe for attainment of groundwater RAOs, and ineffectiveness for treating 
DNAPL in groundwater and aquifer soil. 

Detailed cost estimates for each alternative are presented in Appendix C. 

7.8 STATE ACCEPTANCE 
To be addressed in the ROD. 

7.9 COMMUNITY ACCEPTANCE 
To be addressed in the ROD. 
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Table 1-1. Summary of Historical Investigations Conducted at the Hamilton/Labree Roads Groundwater Contamination Superfund Site 

Dates Investigated By Scope of Investigation 
Data 

Sources 
1993-94 Washington State 

Department of Health 
(WDOH) 

Sampled 18 private water-supply wells in the Hamilton/Labree Roads area. Ecology 
1999a 

1996 WDOH Re-sampled 5 of 6 wells previously exhibiting tetrahloroethylene (PCE). Ecology 
1999a 

1996 Geo-Recon and SAIC (for 
Washington Department of 
Ecology  [Ecology]) 

Geophysical reconnaissance investigation on the Breen property for sources, sampled private water-
supply wells, and installed monitoring wells in the upper aquifer. 

SAIC 1997 

1997-2000 Ecology Quarterly sampling of monitoring wells and private water-supply wells. Installed 7 wells intended for 
monitoring and remediation, all within the HRIA study area. Sampling of surface water in Berwick 
Creek. 

Ecology 
1999b, 
2000 

1998 Transglobal Environmental 
Geosciences Northwest, 
Inc. [TEG] (for Ecology) 

Sampled soil and groundwater from 28 temporary borings in the Hamilton/Labree Roads area. Ecology 
1999a 

1999 Northwest Geophysical 
Associates and 
GeoEngineers (for Breen) 

Located and removed 70 drums and several small containers, and contaminated soil from beneath a 
building on the Breen property. 

GeoEngine
ers 2001 

2000-02 START Contractor - 
Ecology and Environment, 
Inc. (for EPA) 

Four phases of work as part of a time-critical removal action. Installed and sampled temporary 
borings, monitoring wells, and combined monitoring and recovery wells. All temporary and permanent 
sampling locations assessed the shallow aquifer, with various sampling and screen depths. Evaluated 
removal action alternatives. 

EPA 2000, 
2001, 
2002b 

2002-03 Farallon Consulting (for 
Breen) 

Phase I investigation work for preparation of a site-wide remedial investigation/feasibility study. Within 
the HRIA study area, collected surface water from Berwick Creek and groundwater from existing 
monitoring and private water-supply wells. Outside of HRIA study area, installed and sampled 
temporary borings and permanent monitoring wells, collected stream-bed soil samples from Berwick 
Creek, collected soil gas samples on Breen property. 

Farallon 
2003 

2003 RAC Contractor - URS 
Group (for EPA) 

Engineering evaluation/cost analysis (EE/CA) investigation for HRIA study area. Performed 
geophysical survey to look for targets and characterize subsurface. Collected soil gas samples, 
stream bed and bank soil samples from Berwick Creek, sampled soil and groundwater from borings to 
50 feet bgs, installed and sampled permanent monitoring wells, and performed two constant-
discharge aquifer performance tests. 

URS 2004 

2003-04 Farallon Consulting (for Collected soil, groundwater, and surface water data to support the RI/FS on the Breen property.  Data _ 
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Table 1-1. Summary of Historical Investigations Conducted at the Hamilton/Labree Roads Groundwater Contamination Superfund Site 

Dates Investigated By Scope of Investigation 
Data 

Sources 
Breen) collected but not reported. 
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Table 1-2.  Estimated Mass of PCE at the HRIA 

Mass of PCE DNAPL 
(kg) 

Mass of PCE Sorbed and Dissolved 
(kg) 

Zone Name 
Best 

Estimate 95%LB 95%UB 
Best 

Estimate 95%LB 95%UB 

Aquifer Treatment 
Zone 

1,300 480 2,700 170 88 290 

Silt Cap Treatment 
Zone 

180 34 490 80 35 150 

Remainder Zone 
>1,000 contour 

0 - - 300 160 490 

Remainder Zone 
<1,000 contour 

0 - - 66 28 120 

Total 1,480 514 3,190 616 311 1,050 
Source:  URS (2004) 
 
95%LB = 95 percent confidence lower bound 
95%UB = 95 percent confidence upper bound 
kg = kilogram 
DNAPL = dense nonaqueous-phase liquid 
PCE = tetrachloroethene 
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Table 2-1.  Potential Applicable or Relevant and Appropriate Requirements (ARARs) 
 

ARAR Description Applicability 
Groundwater 
Clean Water Act, Section 304, National Recommended 
Water Quality Criteria, EPA Office of Science and 
Technology (4304T, 2004). 

There are no ambient water quality criteria for PCE for protection of freshwater organisms. Surface water quality criteria are potentially relevant and appropriate to ambient surface 
water quality in and point-source discharges to Berwick Creek. 

Safe Drinking Water Act, Primary Drinking Water 
Regulations (40 CFR 141.61(a)) 

These regulations protect the quality of public drinking water supplies through regulation of chemical parameters and 
constituent concentrations as maximum concentration limits (MCLs).  

MCLs and are potentially relevant and appropriate at the site where groundwater is a 
potential source of drinking water.   

Surface Water 
Clean Water Act, National Pollutant Discharge 
Elimination System (40 CFR Part 122) and Washington 
State National Pollutant Discharge Elimination System 
Permit Program (WAC 173-220).   

The National Pollutant Discharge Elimination System (NPDES) program requires that permits be obtained for point-
source discharges of pollutants to surface water.  Under this regulation, a point-source discharge to a surface water 
body cannot cause an exceedance of water quality standards in the receiving water body outside the mixing zone. 

Although permits would not be required for on-site actions under CERCLA, the substantive 
regulatory requirements of the NPDES permit program are potentially applicable to the direct 
discharge of treated groundwater to a surface water body such as Berwick Creek (or to the 
unnamed or small ditches, since they have a connection to Berwick Creek). 

Clean Water Act, General Pretreatment Regulations (40 
CFR Part 403).   

The regulations limit pollutants in wastewater discharges to sanitary sewer systems to protect publicly owned treatment 
work (POTWs) from accepting wastewater that would damage their system or cause them to exceed their NPDES 
permit discharge limits. 

These regulations are potentially applicable to the discharge of treated groundwater to City of 
Chehalis POTWs.  The City of Chehalis pretreatment ordinance would be potentially 
applicable as well. 

Washington Surface Water Quality Standards, Short-
Term Modifications (WAC 173-201A-410) 

Washington State provides for short-term modifications of standards for specific water bodies on a short-term basis 
when necessary to accommodate essential activities, respond to emergencies, or to otherwise protect the public 
interest.     

The substantive requirements of this regulation are potentially applicable for in-water work at 
Berwick Creek. 

Washington State Water Quality Standards for Surface 
Waters (WAC 173-201A) 

Washington State water quality standards protect freshwater aquatic life by specifying protection criteria by stretch of 
surface waters.  WAC 173-201A provides limitations on other parameters such as turbidity, temperature, dissolved 
oxygen, and pH for protection of organisms.  Tributaries of waters whose uses are designated salmon and trout 
spawning, core rearing and migration, or extraordinary primary contact recreation are protected at the same level as 
the waters themselves.   

These would be potentially applicable to remedial actions within or impacting Berwick Creek. 

Washington Hydraulics Project Approval (WAC 220-110)   This regulation requires Washington Department of Fish and Wildlife (WDFW) approval for projects that will use, divert, 
obstruct, or change the natural flow or bed of waters of the state.  WDFW typically issues in stream work windows 
under the authority of this program.   

Substantive technical provisions written for freshwater hydraulic projects covered in WAC 
220-110-040 through -224 are potentially applicable to work within or effecting Berwick Creek 

Clean Water Act, Section 404, Dredge or Fill 
Requirements (33 CFR Parts 320 to 330; 40 CFR Part 
230) 

EPA guidelines for discharge of dredged or fill materials in 40 CFR Part 230 specify consideration of alternatives that 
have less adverse impacts; prohibit discharges that would result in exceedance of surface water quality standards, 
exceedance of toxic effluent standards, and jeopardy of threatened or endangered species; and provide for evaluation 
and testing of fill materials before placement. 

These requirements are potentially applicable to remedial actions in or near navigable 
waters, which include wetlands, establishing requirements that limit the discharge of dredged 
or fill material to these waters.   

Air 
Washington Clean Air Act and Implementing Regulations 
(WAC 173-400; WAC 173-460; WAC 173-490)  

WAC 173-400 requires air emissions at the site boundary fall below the acceptable source impact limit (ASIL).  WAC 
173-400 also requires control of fugitive dust emissions during construction and defines general emission discharge 
treatment requirements.  WAC 173-460 requires systemic control of new sources emitting air pollutants.  WAC 173-490 
sets emission standards and source control for volatile organic compounds.  

Applicable for air stripping/sparging remedial technology.     

Southwest Clean Air Agency [SWCAA] Regulation 
(SWCAA 400 and 490) 

Air regulations applicable to Lewis, Cowlitz, Clark, Skamania, and Wahkiakum Counties.  SWCAA 400 are the general 
air pollution regulations.  SWCAA 490 sets emission standards and source control for volatile organic compounds 

Applicable for air stripping/sparging remedial technology.   

All Media 

Model Toxics Control Act (WAC 173-340)   Model Toxics Control Act (MTCA) regulates the investigation and cleanup of releases to the environment that may 
pose a threat to human health or the environment.  Establishes cleanup levels for soil, air, groundwater, and surface 
water. 

MTCA is applicable at the site for soil, air, groundwater, and surface water. 

Miscellaneous 
Protection of Wetlands, Executive Order 11990 
(40 CFR Part 6, Appendix A)   

This executive order mandates that response actions taken by federal agencies must be designed to avoid long- and 
short-term impacts to wetlands.  If remediation activities are located near/in wetlands, the activities must be designed 
to avoid adverse impact to the wetlands wherever possible, including minimizing wetlands destruction and preserving 
wetland values. 

This Act would be potentially applicable to remedial activities at the site. 

Endangered Species Act (50 CFR Parts 17, 402)   Section 7 of the Endangered Species Act (ESA) and 40 CFR Part 402 require that federal agencies consider the 
effects of their proposed actions on federal listed species.  It requires consultation between the agency proposing the 
action and the U.S. Fish and Wildlife Service (USFWS) or National Oceanic and Atmospheric Administration (NOAA) 
Fisheries, as appropriate.  Preparation of a biological assessment is conducted, addressing the potential effects to 
listed species in the area and ways to minimize those effects.   

The ESA is potentially applicable to remedial actions at the site because the USFWS has 
determined that federal threatened species (bald eagle and bull trout) may use the project 
area.  Therefore, they could potentially be affected by these actions. 
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Table 2-1.  Potential Applicable or Relevant and Appropriate Requirements (ARARs) 
 

ARAR Description Applicability 
 

Native American Graves Protection and Repatriation Act 
(43 CFR Part 10)   

Native American Graves Protection and Repatriation Act regulations protect Native American burials from desecration 
through the removal and trafficking of human remains and “cultural items,” including funerary and sacred objects.   

This Act is potentially applicable to remedial actions at the site because it is possible that the 
disturbance of Native American materials could occur as a result of work in the stream bed or 
subsurface excavations elsewhere at the site.  Such materials are not known to be present at 
the site, but could be inadvertently uncovered during soil or sediment removal.   

National Historic Preservation Act (36 CFR Parts 60, 63, 
and 800) 

National Historic Preservation Act (NHPA) regulations require federal agencies to consider the possible effects on 
historic sites or structures of actions proposed for federal funding or approval.  Historic sites or structures as defined in 
the regulations are those on or eligible for the National Register of Historic Places, generally at least 50 years old.   

This Act is potentially applicable to stream bed or other subsurface work at the site.  No such 
sites are known to be present in the area.  

Washington Hazardous Waste Management Act (WAC 
173-303) 

Establishes standards for the generation, transport, treatment, storage, or disposal of designated dangerous waste in 
the state.   

This regulation is potentially applicable to alternatives that would involve handling of 
contaminated media on-site.  The area of contamination policy allows contaminated media to 
be consolidated within the same area of a site without triggering Resource Conservation and 
Recovery Act or Washington dangerous waste regulations. 

Washington Solid Waste Handling Standards (WAC 173-
350) 

Establishes standards for handling and disposal of solid non-hazardous waste in Washington. These regulations are potentially applicable to solid nonhazardous wastes and are potentially 
relevant and appropriate to on-site remedial actions governing contaminated media 
management. 
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Table 4-1. Remedial Technology Screening 

Media Preliminary Remedial 
Action Objectives 

General Response 
Actions 

Remedial 
Technology Type 

Process Options Effectiveness Implementability Cost 

No Action/Institutional 
Control 

Proprietary Controls 
Government Controls 
 

NA This technology would not be effective 
at meeting the RAOs.  The PCE source 
would remain.  Institutional Controls 
would provide short-term effectiveness.  
Migration of PCE to downgradient 
drinking water sources would not be 
prevented.    

The No Action alternative would be 
easy to implement because no action 
would be required.  Implementing 
Institutional Controls can be difficult.  

There is no cost for the No Action 
alternative.  The cost for applying 
Institutional Controls can be high. 

Vertical Barriers Slurry Wall – a physical barrier used to 
contain contaminated groundwater or 
divert it from a downgradient receptor. 
 

This technology would be effective at 
meeting the groundwater RAOs.  Would 
prevent downgradient migration of PCE.  
Containment only, would not treat 
groundwater or provide source removal.  
Degradation of the slurry wall over time 
may occur.  This technology does not 
guarantee that additional remedial 
action will not be required since no 
treatment is occurring. 

Slurry walls have been used for 
decades.  Contaminated soil would 
be generated during wall installation 
and would require off-site disposal.   
Long-term operation (>30 years) 
would be required if source areas 
were not removed and treatment of 
source area contamination is not 
completed. 

The cost for this technology is 
high.  This cost would include the 
off-site disposal of soil excavated 
during installation. 

Containment 

Hydraulic 
Containment 

Pumping – use of groundwater pumping 
to form a barrier and extract groundwater 
for treatment. 
 

This technology would be effective at 
meeting the groundwater RAOs when 
combined with a treatment technology.  
The downgradient migration of PCE 
would be prevented.  This technology is 
normally not effective at removing 
DNAPL.   

Pumping is a well established 
technology.  Additional extraction 
wells may be required to effectively 
contain the PCE plume.  A 
performance monitoring program is 
required to assess the effectiveness 
of this technology. 

The cost for this technology is low 
to medium.  This assumes this 
technology is used in conjunction 
with an ex situ treatment method. 

Air Stripping - volatile organics are 
removed from water by greatly increasing 
the surface area of the contaminated 
water exposed to air and inducing 
volatilization. 

This technology would be effective at 
meeting the groundwater RAOs when 
combined with hydraulic containment 
(pumping).  Historically effective in 
treating PCE. 

Air stripping is a common and well 
established technology, and relatively 
easy to implement. 

The cost for this technology is 
medium.  This assumes this 
technology is used in conjunction 
with pumping. 

Ex Situ Physical 
Treatment (pump and 
treat) 

Adsorption/Absorption – contaminated 
water flows through a media such as 
granular activated carbon (GAC) or a 
synthetic resin to remove contaminants. 

This technology would be effective at 
meeting the groundwater RAOs when 
combined with hydraulic containment.  
Effectiveness of this technology known 
to decrease over time.  Not always 
effective at treating DNAPL. 

The use of adsorption/absorption, 
especially GAC, is a common and 
well established technology, and is 
relatively easy to implement.  Turnkey 
treatment systems are available and 
plumbed into a pumping system at 
the site (see Pumping above). 

The cost for this technology is 
medium to high.  This assumes 
this technology is used in 
conjunction with pumping. 

Permeable Reactive Barrier (PRB) – a 
permeable barrier composed of a reactive 
material that treats contaminated 
groundwater as it flows through it.  

This technology would be effective at 
meeting the groundwater RAOs.  The 
downgradient migration of PCE would 
be prevented.  The long-term 
effectiveness of PRBs has not been 
fully verified.  Loss of reactive capacity 
may occur over time and reactive 
medium may require replacement.   

PRBs have been implemented at 
over 100 sites.  Contaminated soil 
would be generated during wall 
installation and would require off-site 
disposal.  Long term operation (>30 
years) would be required if source 
areas were not removed or additional 
treatment of source area 
contamination is not completed. 

The cost for this technology is 
high.  This cost would include the 
off-site disposal of soil excavated 
during installation. 
 

Groundwater Prevent ingestion of 
groundwater containing PCE 
at concentrations exceeding 
the Ecology MTCA Method 
A and Federal/State MCL 
value of 5.0 µg/L.   
 
Prevent downgradient 
migration of PCE to drinking 
water sources. 
 
Restore aquifer groundwater 
quality. 

Collection/Treatment 

In Situ Treatment 

Monitored Natural Attenuation (MNA) – 
natural subsurface processes such as 
dilution, volatilization, biodegradation and 

MNA would not be effective at meeting 
the groundwater RAOs.  Based on 
previous studies at the site, the 

MNA is easy to implement since little 
to no action is required.  A long-term 
groundwater monitoring system 

The cost for this technology is 
low.    
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Table 4-1. Remedial Technology Screening 

Media Preliminary Remedial 
Action Objectives 

General Response 
Actions 

Remedial 
Technology Type 

Process Options Effectiveness Implementability Cost 

other physical and/or chemical processes 
are allowed to reduce contaminant 
concentrations in the aquifer. 

potential for natural degradation of PCE 
in groundwater is low.  The PCE may 
migrate before it degrades to 
acceptable concentrations. 

would be required to verify the 
effectiveness of this technology.        

Electrical Resistance Heating (ERH) – 
use of electrical current to heat soil and 
groundwater so contaminants are 
vaporized and collected for ex situ 
treatment. 

ERH would be effective at meeting the 
groundwater RAOs.  A large percentage 
of the PCE would be removed from 
shallow groundwater within the 
treatment area preventing downgradient 
migration.  This technology would also 
treat the PCE source (creek bed silt) to 
groundwater.  ERH has proved effective 
at nearby Fort Lewis within similar type 
aquifer materials.  ERH has also been 
combined with steam injection.   

ERH is a newer technology that very 
few companies provide.  This 
technology would be challenging to 
implement at the site.  Berwick Creek 
would need to be diverted prior to 
installation and during treatment. 
Numerous borings would be required 
for equipment installation.  An 
additional electricity source would be 
required to power the vapor 
extraction system.           

The cost for this technology is 
high. 

In Situ Chemical Oxidation (ISCO) – an 
oxidant such as permanganate is injected 
into the aquifer causing rapid degradation 
of organic compounds. 

This technology would be effective at 
meeting the groundwater RAOs.  A 
large percentage of the PCE would be 
removed from shallow groundwater 
within the treatment area preventing 
downgradient migration.  Effectiveness 
limited by low-permeability soils and 
rapid groundwater flow. 

ISCO is a well established 
technology.  A treatability study and 
reaction transport modeling is 
normally required to access 
feasibility.   Migration of oxidant, 
which is toxic to fish, from 
groundwater to Berwick Creek could 
occur.  Installation of numerous 
borings would be required for oxidant 
injection. 

The cost for this technology is 
medium to high. 
 

Air Sparging – air is injected through the 
contaminated aquifer creating a “stripper” 
that removes contaminants by 
volatilization.  

Air sparging may be effective at 
meeting the groundwater RAOs.  The 
effectiveness of this technology can be 
impacted by very small changes in soil 
permeability which can lead to localized 
treatment around the sparge point.  
Effectiveness limited by low-
permeability soils.  Often limited to 
about 30-foot aquifer thickness.  Would 
remove DNAPL slowly as it dissolves. 

The difficulty of implementing this 
technology would be moderate.  
Installation of numerous sparge 
points would be required for air 
injection into the aquifer.  Potential for 
uncontrolled migration of PCE vapors 
due to non-uniform air flow in the 
aquifer. 

The cost for this technology is 
medium. 

No Action/Institutional 
Control 

Proprietary Controls 
Government Controls 
 

NA This technology would not be effective 
at meeting the sediment RAOs.  The 
PCE source would remain.  Institutional 
Controls would provide short-term 
effectiveness.       

The No Action alternative would be 
easy to implement because no action 
would be required.  Implementing 
Institutional Controls can be difficult.  

There is no cost for the No Action 
alternative.  The cost for applying 
Institutional Controls can be high. 

Removal Excavation Excavation – mechanical removal of 
contaminated material from the creek bed. 

This technology would be effective at 
meeting the sediment RAOs when 
combined with a treatment technology 
or offsite disposal.  The PCE source to 
surface water and groundwater would 
be removed.   

The difficulty of implementing this 
technology would be moderate.  
Berwick Creek would require 
rerouting during excavation.  
Replacement of impermeable layer 
may be required at site. 

The cost for this technology is 
medium to high. 

Creek 
Sediment/Soil 

Prevent ingestion of 
sediment containing PCE at 
concentrations exceeding 
the Ecology MTCA Method 
B carcinogenic value for soil 
of 1.9 mg/kg (ingestion). 
 
Prevent migration of PCE to 
surface water and 
groundwater. 

Treatment Ex Situ Treatment Chemical Oxidation - ex situ treatment of 
contaminated sediment/soil following 

This technology would be effective at 
meeting the sediment RAOs when 

Implementation of this technology 
would be moderate to difficult.  The 

The cost for this technology is 
medium.  This assumes the cost 
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Table 4-1. Remedial Technology Screening 

Media Preliminary Remedial 
Action Objectives 

General Response 
Actions 

Remedial 
Technology Type 

Process Options Effectiveness Implementability Cost 

excavation using an oxidant such as 
ORC. 

combined with excavation.  This 
alternative would require combination 
with excavation for removal of the 
contaminated silt in the creek bed.  See 
excavation above. 

excavated material will require 
physical mixing with the oxidant.  This 
process would most like require an 
offsite location. 

for excavation is included. 

Thermal Treatment (Incineration) – ex 
situ treatment of contaminated 
sediment/soil following excavation. 

This technology would be effective at 
meeting the sediment RAOs when 
combined with excavation. This 
alternative would require combination 
with excavation for removal of the 
contaminated silt in the creek bed. See 
excavation above. 

Implementation of this technology is 
easy to moderate.  Contaminated 
sediments would be transported to an 
offsite facility for thermal destruction. 
Acceptance by the disposal facility 
would be required prior to 
transportation.  Availability of local 
treatment facility would need to be 
determined. 

The cost for this technology is 
medium to high.  This assumes 
the cost for excavation and 
transportation to a disposal facility 
is included. 

Electrical Resistance Heating (ERH) - 
see description above. 

This technology would be effective at 
meeting the sediment RAOs. The PCE 
source in the sediments would be 
removed preventing migration of PCE to 
groundwater and surface water. 

See description under groundwater 
above. 

The cost for this technology is 
medium to high. 

In Situ Treatment 

In Situ Chemical Oxidation (ISCO) - an 
oxidant such as permanganate is injected 
into the sediment/soil causing rapid 
degradation of organic compounds. 

This technology would not be effective 
at meeting the sediment RAOs. 
Chemical Oxidation would not be 
effective in treating PCE in the low 
permeability silts in the Berwick Creek 
bed. 

Implementation of ISCO would be 
difficult.  Berwick Creek would need 
to be diverted because of the toxicity 
of permanganate to fish.   May 
require numerous injection point and 
several injection events because of 
the low permeability of the silt in the 
creek. 

The cost for this technology is 
high. 
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Table 6-1.  Detailed Analysis of Alternatives  

Remedial Alternatives 
Criterion 

 1 - No Action 2 - Electrical Resistance Heating (ERH) 3 - In-Situ Chemical Oxidation (ISCO) 4 - Permeable Reactive Barrier (PRB) 5 - Hydraulic Containment 
Overall Protection of Human 
Health and the Environment 

• The No Action alternative provides a 
baseline for comparing other 
alternatives. 

• Under this alternative, future 
pathways for human and ecology 
exposure to PCE-impacted creek 
sediment, surface water, and 
groundwater exist. 

• Under this alternative there would be 
no reduction in risk to human health 
and the environment. 

• The potential exists for migration of 
contaminants in groundwater to 
downgradient drinking water sources. 

• ERH would reduce baseline risk and 
provide level of protection to human 
health and environment by reducing the 
mass of PCE in aquifer soil, the 
contaminated groundwater and the creek 
sediments. 

• Removal of source area contamination 
would eliminate future pathways for 
human and ecology exposure to PCE-
impacted creek sediment and surface 
water. 

• Reduction of PCE concentration in 
groundwater would effectively eliminate 
exposure pathways and the potential for 
migration to local production wells and the 
possible discharge of contaminates to 
downgradient surface waters. 

• Institutional controls would be 
implemented to protect human health by 
restricting the use of and access to PCE-
contaminated groundwater of the shallow 
aquifer in areas downgradient of the 
HRIA/Berwick Creek source area. 

• Alternative 3 would reduce baseline risk and 
provide level of protection to human health 
and environment by reducing the mass of 
PCE in aquifer soil and groundwater. 

• Removal of contaminated silt would eliminate 
future pathways for human and ecology 
exposure to PCE-impacted creek sediment 
and surface water.  

• Alternative 3 would also reduce the leaching 
of PCE from creek bed soil to surface water 
by removal of contaminated silt in Berwick 
Creek. 

• Reduction of PCE concentration in 
groundwater would effectively eliminate 
exposure pathways and the potential for 
migration to local production wells and the 
possible discharge of contaminates to 
downgradient surface waters. 

• Institutional controls would be implemented to 
protect human health by restricting the use of 
and access to PCE-contaminated 
groundwater of the shallow aquifer in areas 
downgradient of the HRIA/Berwick Creek 
source area.  

• The PRB wall would reduce baseline 
risk and provide a level of protection to 
human health and environment by mass 
of PCE in downgradient groundwater. 

• Removal of contaminated silt would 
eliminate future pathways for human 
and ecology exposure to PCE-impacted 
creek sediment and surface water. 

• Containment of the source area 
groundwater contamination would 
reduce the potential migration of 
contaminants to drinking water sources. 

• Alternative 4 would also reduce the 
leaching of PCE from creek bed soil to 
surface water by removal of 
contaminated silt in Berwick Creek. 

• Groundwater and aquifer soil PCE 
concentration in the source area would 
not be reduced by this technology. 

• Institutional controls would be 
implemented to protect human health 
by restricting the use of and access to 
PCE-contaminated groundwater of the 
shallow aquifer in areas downgradient 
of the HRIA/Berwick Creek source area. 

• Hydraulic containment would provide 
adequate protection of human health 
and the environment through the 
reduction of dissolved PCE in the 
groundwater and containing the 
migration of the contaminated water 
downgradient.   

• Removal of contaminated silt would 
eliminate future pathways for human 
and ecology exposure to PCE-
impacted creek bed soil and surface 
water. 

• Alternative 5 would also reduce the 
leaching of PCE from creek bed soil 
to surface water by removal of 
contaminated silt in Berwick Creek. 

• Groundwater and aquifer soil PCE 
concentration in the source area 
would not be reduced by this 
technology. 

• Institutional controls would be 
implemented to protect human health 
by restricting the use of and access to 
PCE-contaminated groundwater of 
the shallow aquifer in areas 
downgradient of the HRIA/Berwick 
Creek source area. 

Compliance with ARARs • Would not meet project ARARs. • ERH and the long-term diversion of 
Berwick Creek would be designed to 
comply with all action-specific and 
location-specific ARARs.   

• ERH would meet chemical-specific 
ARARs for groundwater, aquifer soils, and 
creek bed sediment/soil through physical 
treatment of contamination. 

• ARARs for surface water quality would be 
met by removing the source of the 
dissolved PCE in Berwick Creek. 

• Diversion of Berwick Creek would occur 
within the in-stream work window.   

• The ISCO injections, the temporary diversion 
of Berwick Creek, and the silt removal would 
be designed to comply with all action-specific 
and location-specific ARARs.   

• ISCO would likely meet chemical-specific 
ARARs for groundwater through chemical 
treatment of contaminated groundwater. 

• This alternative would meet the chemical-
specific ARARs for the aquifer soils at the site. 

• The removal of the contaminated silt would 
meet the chemical-specific ARARs for the 
creek bed soil. 

• Diversion of the creek and creek bed silt 
removal would occur within the in-stream work 
window. 

• ARARs for surface water quality would be met 
by removing the source of the dissolved PCE 
in Berwick Creek. 

• The PRB-containment system the 
temporary diversion of Berwick Creek, 
and the silt removal would be designed 
to comply with all action-specific and 
location-specific ARARs.   

• Alternative 4 would likely meet 
chemical-specific ARARs for 
groundwater downgradient of the wall 
through treatment of contaminated 
groundwater.  This alternative would not 
meet ARARs within the HRIA source 
area. 

• This alternative would not meet the 
chemical-specific ARARs for the aquifer 
soils at the Site as it only addresses the 
groundwater. 

• The removal of the contaminated silt 
would meet the chemical-specific 
ARARs for the creek bed soil.   

• The hydraulic containment system the 
temporary diversion of Berwick Creek, 
and the silt removal would be 
designed to comply with all action-
specific and location-specific ARARs. 

• Alternative 5 would likely meet 
chemical specific ARARs for 
groundwater through physically 
removal of contaminated groundwater 
from the subsurface. 

• This alternative would not meet the 
chemical-specific ARARs for the 
aquifer soils at the Site as it only 
addresses groundwater. 

• The removal of the contaminated silt 
would meet the chemical-specific 
ARARs for the creek bed soil. 

• Diversion of the creek and creek bed 
silt removal would occur within the in-
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Table 6-1.  Detailed Analysis of Alternatives  

Remedial Alternatives 
Criterion 

 1 - No Action 2 - Electrical Resistance Heating (ERH) 3 - In-Situ Chemical Oxidation (ISCO) 4 - Permeable Reactive Barrier (PRB) 5 - Hydraulic Containment 
• Diversion of the creek and creek bed silt 

removal would occur within the in-
stream work window. 

• Removal of the contaminated silt would 
also help achieve surface water ARARs 
by removing the source of the dissolved 
PCE in Berwick Creek. 

stream work window. 

• Removal of the contaminated silt 
would also help achieve surface water 
ARARs by removing the source of the 
dissolved PCE in the surface water. 

Long-Term Effectiveness and 
Permanence 

• Since no remedial action would be 
completed, this alternative would not 
be effective in the long term.  

• ERH would be expected to provide the 
highest degree of long-term effectiveness 
and permanence because the technology 
would achieve remediation goal by 
removing PCE from the aquifer soil, the 
groundwater and the creek bed 
sediment/soil.   

• ERH is the only alternative that would 
effectively remove DNAPL from all media 
including low permeability soils within the 
aquifer and creek bed.  This would greatly 
reduce or eliminate the PCE source to 
groundwater.    

• The ERH alternative would meet the 
RAOs by removing the constant source of 
PCE dissolving to groundwater and 
surface water and maximizing the PCE 
mass removal. 

• ERH has been proven to be effective in 
several full-scale projects involving PCE 
and similar contaminants.   

• It is anticipated that the removal of 
contaminants within this remediation zone 
would be permanent and is anticipated to 
result in no treatment residuals. 

• This alternative would be effective in the 
long term, because it would remove 85 
percent of the PCE in aquifer soil and 
groundwater within the treatment zone. 

• Groundwater modeling predicts that the 
result would be stabilization of the plume 
and protection of downgradient drinking 
water receptors.   

• Removing the constant source of PCE to 
groundwater and the highest 
concentrations in groundwater would 
reduce the time for overall aquifer 
restoration. 

• The ISCO alternative would meet the RAOs 
by removing the constant source of PCE 
dissolving to groundwater and surface water, 
and maximizing the PCE mass removal.  

• Removing the constant source of PCE to 
groundwater and the highest concentrations in 
groundwater would reduce the time for overall 
aquifer restoration.   

• The ISCO alternative would be effective in the 
long term because it would remove 100 
percent of the PCE in the creek bed silt within 
the treatment zone through excavation and 85 
percent of the PCE in the sand and gravel 
shallow aquifer within the treatment zone. 

• Where effective, little residual at Berwick 
Creek source area.  However, DNAPL within 
low permeability zones within the shallow 
aquifer may not be effectively treated and 
could provide a future source of dissolved 
PCE to groundwater. 

• Periodic groundwater and system sampling 
together with follow-up soil sampling could be 
used to readily monitor effectiveness. 

• Short-term (2 to 5 years) post-treatment 
monitoring would be required to insure that 
treatment was successful and to monitor the 
migration of remaining site plume. 

• The PRB containment alternative would 
meet the RAO of preventing the 
downgradient migration of PCE in 
groundwater. 

• Alternative 4 would meet the RAOs by 
removing the constant source of PCE 
dissolving to groundwater and surface 
water. 

• Containment under Alternative 4 would 
be effective in the long term, because it 
would cut off the constant source of 
PCE dissolving to downgradient 
groundwater. 

• Alternative 5 would not effectively treat 
aquifer soils that contain DNAPL. These 
soils would be a continuing source of 
PCE into the groundwater. 

• Because PCE would remain untreated 
at HRIA source area, the PRB wall 
would have to remain in place and 
functional for the foreseeable future (at 
least 30 years).   

• Replacement or rejuvenation of the 
PRB could be required after 15 years, if 
significant fouling or loss of reactivity 
occurs.   Technologies for in-situ 
rejuvenation are not well developed. 

• The results of the conventional 
chemistry analyses indicate the 
geochemistry of the site is favorable 
and indicates a low potential for 
precipitate fouling. 

• Containing the constant source of PCE 
would reduce the time for overall aquifer 
restoration downgradient of the PRB 
wall. 

• DNAPL in groundwater and aquifer soil 
would not be effectively treated. 

• Hydraulic containment would meet the 
RAOs by minimizing the downgradient 
migration of PCE in groundwater and 
reducing the leaching of PCE from 
creek bed silt to surface water and 
groundwater. 

• Alternative 5 would meet the RAOs by 
removing the constant source of PCE 
dissolving to groundwater and surface 
water. 

• Alternative 5 would not effectively 
treat aquifer soils that contain DNAPL. 
These soils would be a continuing 
source of PCE into the groundwater. 

• Pump and treat technology is not 
highly effective at removing DNAPL, 
although close well spacing 
maximizes its effectiveness.   

• Periodic groundwater sampling would 
be used to readily monitor 
effectiveness of the hydraulic 
containment.  Monitoring would be 
necessary to ensure that containment 
was maintained. 

• Containing the constant source of 
PCE would reduce the time for overall 
aquifer restoration downgradient of 
the PRB wall. 

• With no additional remedial action, it 
is estimated that it may take over 30 
years to treat the contamination using 
hydraulic containment and ex-situ 
treatment. 

• Alternative 5 would contribute to the 
probable future remedial actions since 
DNAPL would not be effectively 
treated. 

• Long-term monitoring (30-years) 
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Table 6-1.  Detailed Analysis of Alternatives  

Remedial Alternatives 
Criterion 

 1 - No Action 2 - Electrical Resistance Heating (ERH) 3 - In-Situ Chemical Oxidation (ISCO) 4 - Permeable Reactive Barrier (PRB) 5 - Hydraulic Containment 
• Periodic groundwater and system 

sampling together with follow-up soil 
sampling could be used to monitor the 
effectiveness of this alternative. 

• Short-term (2 to 5 years) post-treatment 
monitoring would be required to insure 
that treatment was successful and to 
monitor the migration of remaining site 
plume. 

• With no additional remedial action, it is 
estimated that it may take over 30 years 
to treat the contamination PRB 
technology. 

• Long-term monitoring (30-years) would 
be required following PRB installation to 
ensure effectiveness and to monitor the 
migration of remaining site plume. 

would be required during operation of 
the hydraulic containment system to 
ensure effectiveness and to monitor 
the migration of remaining site plume. 

Reduction of Toxicity, Mobility, 
or Volume Through Treatment 

• Since no remedial action would 
occur, there would be no reduction in 
toxicity, mobility, or volume of PCE in 
affected media. 

• Alternative 2 would reduce the toxicity and 
volume of PCE by removing dissolved 
PCE and PCE DNAPL from creek bed silt, 
aquifer soil, and groundwater within the 
treatment zone. 

• ERH with vapor extraction is the only in-
situ technology that would effectively 
reduce the toxicity and volume of PCE 
NAPL within all media at the 
HRIA/Berwick Creek source area. 

• The mobility of dissolved PCE and PCE 
DNAPL would also be reduced through 
proper design of the vapor extraction 
system.  ERH may temporarily increase 
PCE mobility if vapor extraction is not 
properly designed or implemented.   

• ERH could potentially increase the toxicity 
in the short term by enhancing the 
chemical breakdown of PCE to TCE and 
vinyl chloride, which are more toxic. 

• This alternative would reduce the toxicity, 
mobility, and volume of PCE in Berwick 
Creek by physically removing the 
contaminated silts from the creek 
bed/banks that as a source of PCE to 
surface water. 

• Alternative 3 would reduce the toxicity and 
volume of PCE in groundwater by 1) 
chemically degrading dissolved PCE and 
DNAPL within the treatment zone to 
innocuous compounds, and 2) excavating and 
off-site disposal of contaminated silt that is 
leaching PCE to groundwater. 

• ISCO would not directly affect the mobility of 
PCE in groundwater. 

• Potential for residual contamination in low-
permeability materials (i.e., silt/clay) where 
present in the aquifer, leaving a potential PCE 
source material untreated. 

• This alternative would reduce the toxicity, 
mobility, and volume of PCE in Berwick Creek 
by physically removing the contaminated silts 
from the creek bed that is a source of PCE to 
surface water.  If any PCE-impact silt is 
missed during excavation, a potential source 
of PCE to groundwater would remain. 

• Alternative 4 would reduce the mobility 
and volume of PCE in groundwater by 
1) cutting off the migration of 
groundwater containing dissolved PCE, 
2) treating PCE-contaminated 
groundwater in-situ, 3) excavating and 
off-site disposal of contaminated silt that 
is leaching PCE to groundwater. 

• Alternative 4 would reduce the toxicity 
of PCE passing through the PRB wall 
by inducing chemical breakdown.   

• Dissolved PCE and PCE DNAPL 
immediately upgradient of the PRB wall 
would remain and would not be reduced 
in toxicity or volume.  

• The reaction occurring in the wall has 
the potential to create more toxic 
breakdown compounds.  Design or 
construction errors, however, could 
result in more toxic breakdown products 
migrating downgradient of the wall. 

• The wall thickness would be designed 
to achieve nearly complete breakdown 
of the PCE passing through it.  

• Alternative 4 would reduce the toxicity, 
mobility and volume of PCE in Berwick 
Creek by physically removing the 
contaminated silts from the creek bed 
that is a source of PCE to surface 
water. 

• Alternative 5 would reduce the 
mobility and volume of PCE in 
groundwater by 1) cutting off the 
migration of groundwater containing 
dissolved PCE,  2) treating PCE-
contaminated groundwater,  3) 
excavating and off-site disposal of 
contaminated silt that is leaching PCE 
to groundwater. 

• This alternative would not reduce the 
toxicity of PCE remaining in the 
subsurface. 

• Alternative 5 would be only 
moderately effective at PCE mass 
reduction, especially related to 
DNAPL. 

• This alternative would reduce the 
volume of PCE in the groundwater 
through the physical removal of PCE 
followed by ex-situ treatment. 

• Alternative 5 would reduce the 
toxicity, mobility and volume of PCE in 
Berwick Creek by physically removing 
the contaminated silts from the creek 
bed that is a source of PCE to surface 
water.  

• Potential for residual contamination in 
low-permeability materials (i.e., 
silt/clay) if present in subsurface. 

Short-Term Effectiveness • Since no remedial action would 
occur, there would be no short-term 
risks. 

• The community and the environment 
would be protected during completion by 
the use of site control and traffic control 
during construction, placement of the 
system infrastructure primarily on unused 
public land away from current public use, 
and fencing of treatment area and 

• The community and the environment would be 
protected during completion by the use of site 
control and traffic control during construction, 
placement of the system infrastructure 
primarily on unused public land away from 
current public use, below ground installation of 
the injection wells where necessary. 

• The community and the environment 
would be protected during completion 
by the use of site control and traffic 
control during construction. 

• The PRB alternative would be effective 
in the short term.  Containment would 

• The community and the environment 
would be protected during completion 
by the use of site control and traffic 
control during construction, placement 
of the system infrastructure primarily 
on unused public land away from 
current public use, burial of system 
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Table 6-1.  Detailed Analysis of Alternatives  

Remedial Alternatives 
Criterion 

 1 - No Action 2 - Electrical Resistance Heating (ERH) 3 - In-Situ Chemical Oxidation (ISCO) 4 - Permeable Reactive Barrier (PRB) 5 - Hydraulic Containment 
infrastructure. 

• The ERH system is anticipated to have 
the greatest short-term effectiveness with 
respect to meeting remedial action 
objectives.  Aquifer soils, groundwater and 
creek bed sediment RAOs would be met 
within 4 to 6 months. 

• Health risk to workers performing remedial 
and monitoring activities can be mitigated 
through proper health and safety 
measures such as traffic control, worker 
PPE, air monitoring, and limited access to 
the aboveground treatment system/power 
delivery stations. 

• Moderately effective in the short term.  
The full benefit of treatment using ERH 
would not be realized for approximately 
6 months after beginning of on-site action. 

• ERH could potentially increase the toxicity 
in the short term by enhancing the 
chemical breakdown of PCE to TCE and 
vinyl chloride, which are more toxic.   

• ISCO would be moderately effective in the 
short term.  The full benefit of treatment using 
ISCO would not be realized immediately 
because multiple injection events may be 
required to address the PCE DNAPL. 

• Health risk to workers performing remedial 
and monitoring activities can be mitigated 
through proper health and safety measures. 

• ISCO is anticipated to have the moderate 
short-term effectiveness with respect to 
meeting remedial action objectives.  
Groundwater and creek bed sediment RAOs 
would be met within 3 to 4 months.  Aquifer 
soils may require a longer timeframe based on 
the effectiveness of DNAPL treatment, 
especially in low permeability soils. 

begin immediately after the wall 
construction was completed, with 
treatment beginning following full 
degradation of the trench slurry. 

• Construction of the wall would require 
approximately 1 month, including 
breakdown of the bioslurry. 

• Health risk to workers performing 
remedial and monitoring activities can 
be mitigated through proper health and 
safety measures. 

• It is estimated that it may take over 30 
years to achieve remedial action 
objectives using PRB technology. 

infrastructure, and fencing of 
treatment infrastructure. 

• The hydraulic containment alternative 
would be effective in the short term.  
Hydraulic containment would be 
achieved within a few hours of starting 
the pumping system. 

• Health risk to workers performing 
remedial and monitoring activities can 
be mitigated through proper health 
and safety measures. 

• It is estimated that it may take over 30 
years to to achieve remedial action 
objectives using hydraulic 
containment and ex-situ treatment. 

Implementability • Since no remedial action would 
occur, there would be no technical, 
administrative, or other obstacles to 
implementability. 

• ERH is technically and administratively 
feasible.  However, very few vendors are 
able to provide this proprietary 
technology.  

• Implementation would require a 12-month 
diversion of Berwick Creek designed to 
accommodate fish passage. 

• ERH technology has been successfully 
completed at nearby Fort Lewis.  Per 
discussions with the vendor providing 
ERH for Fort Lewis, it is predicted that the 
implementation would be similar (though 
on a smaller scale) for the 
Hamilton/Labree Site. 

• The necessary electric power and wires 
are located near the site.  A new 
transformer would need to be installed to 
supply the necessary power for soil 
heating. 

• A pilot test would be conducted in the 
source area as part of the overall 
treatment process. 

• Short-term (2 to 5 years) monitoring would 

• ISCO is technically and administratively 
feasible.  Chemical oxidation technology is 
well established and could be implemented at 
the site.   

• Multiple injection events will be required 
because of presence PCE as DNAPL.   

• Although some preferential flow pathways 
clearly exist beneath the site, the sand and 
gravel soils of the shallow aquifer are more 
homogeneous than soils at many sites.  This 
indicates that the soil conditions beneath the 
site are generally favorable for chemical 
oxidation. 

• Generation of gas resulting from oxidation of 
PCE vapor may be an issue due to the 
presence of the silt layer above the shallow 
aquifer  

• The density of the sand and gravel aquifer 
may present a challenge to a large-scale 
Geoprobe program.  A hollow-stem auger rig 
may be required to install injection points. 

• A source of water needed for injection of 
oxidant would bee to be determined. 

• PRB containment is technically and 
administratively feasible.  PRB 
technology has been implemented at 
over 100 sites around the world and 
performance data are available for PRB 
walls as old as 10 years. 

• Excavation and off-site disposal of the 
contaminated silt can be accomplished 
using standard construction techniques 
and equipment.   

• The necessary materials and services 
for implementing Alternative 4 are 
available, although the PRB technology 
is proprietary and a license fee is 
required. 

• Although trenching for wall installation 
would be deep at the HRIA, the 
installation depth would not be 
unprecedented.   

• The competent aquitard at the base of 
the shallow aquifer provides a laterally 
continuous low permeability stratum to 
key into at the base of the PRB wall.   

• Hydraulic containment is technically 
and administratively feasible.  Pump 
and treat technology is well 
established and could be readily 
implemented at the site.   

• Recovery wells currently exist at the 
site in excellent locations for 
implementation of hydraulic 
containment, and no new wells would 
are expected to implement this 
alternative.   

• Detailed design would be required to 
assess the level of uncertainty with 
the expected capture zone and 
confirm the adequacy of the existing 
well network. 

• Excavation and off-site disposal of the 
contaminated silt can be 
accomplished using standard 
construction techniques and 
equipment. 

• URS previously completed design of a 
hydraulic containment system for the 
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Table 6-1.  Detailed Analysis of Alternatives  

Remedial Alternatives 
Criterion 

 1 - No Action 2 - Electrical Resistance Heating (ERH) 3 - In-Situ Chemical Oxidation (ISCO) 4 - Permeable Reactive Barrier (PRB) 5 - Hydraulic Containment 
be required following completion of ERH.  • Excavation and off-site disposal of the 

contaminated silt can be accomplished using 
standard construction techniques and 
equipment.   

• A pilot test would be conducted in the source 
area as part of the overall treatment process. 

• Short-term (2 to 5 years) monitoring would be 
required following ISCO treatment. 

• Long-term monitoring (30-years) would 
be required following PRB installation. 

HRIA.   
• The groundwater extraction system 

could also be expanded to allow 
capture of a larger portion of the site-
wide plume, if necessary. 

• Long-term monitoring (30-years) 
would be required during operation of 
the hydraulic containment system. 

Cost • There is no cost associated with this 
remedial alternative. 

Total Capital Cost =                 $2,140,000 
Total Implementation Cost =   $3,790,000 
TOTAL PRESENT WORTH = $4,500,000 

Total Capital Cost =                 $1,960,000 
Total Implementation Cost =   $2,560,000 
TOTAL PRESENT WORTH = $3,270,000 

Total Capital Cost =                 $3,420,000 
Total Implementation Cost =   $3,500,000 
TOTAL PRESENT WORTH = $4,330,000 

Total Capital Cost =                 $1,600,000 
Total Implementation Cost =   $1,820,000 
TOTAL PRESENT WORTH = $5,070,000 

State Acceptance • The No Action alternative is not 
anticipated to meet State acceptance. 

• To be addressed in the ROD. 

• To be addressed in the ROD. • To be addressed in the ROD. • To be addressed in the ROD. • To be addressed in the ROD. 

Community Acceptance • The No Action alternative is not 
anticipated to meet community 
acceptance. 

• To be addressed in the ROD. 

• To be addressed in the ROD. • To be addressed in the ROD. • To be addressed in the ROD. • To be addressed in the ROD. 
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APPENDIX A 

Groundwater Model
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Figure 4-4

Estimated PCE Plume
No Action – 10 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-5

Estimated PCE Plume
No Action  – 20 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-6 

Estimated PCE Plume
No Action – 30 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-7

Estimated PCE Plume
Source Removal – 5 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-8

Estimated PCE Plume
Source Removal – 10 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-9

Estimated PCE Plume
Source Removal – 20 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington
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Figure 4-10

Estimated PCE Plume
Source Removal – 30 Years

Hamilton-Labree Roads Superfund Site
Chehalis, Washington



 

 

APPENDIX B 

Detailed Cost Estimates and Supporting Information 



Alternative 2 - Electrical Resistance Heating

Unit Costs Costs Source Notes
Description Quantity Unit ($) ($)

DIRECT CAPITAL COSTS
Long-Term Creek Diversion/Site Prep

Mobilization/demobilization 1 ls 20,000 20,000 Misc. Projects Roughly 8% total cost for activity
Fish roundup 1 day 3,500 3,500 Bob Sullivan 2 Staff ($80/hr), 10 hr days, plus equipment $400
Dewatering pump/hose 2 wk 5,700 11,400 Means 2006 6" trash and hose, operator (24 hoursx7daysx$30hr)
Berm construction 1 ls 14,000 14,000 Engineer's Estimate/PA Pond Berm Bid For dams at both ends of creek
Import for berm 65 cy 20 1,300 PA Pond Brem
48-inch diameter HDPE 340 lf 105 35,700 Means 2006 48" Corrugated HDPE ($75/lf), trenching and bedding ($30/lf)
Road crossings 60 sy 54 3,240 Means 2006 4" asphaltic concrete pavement replacement ($45/SY) plus removal ($9/SY)
Traffic control during installation/removal 1 ls 2,500 2,500 Engineer's estimate
Long-term traffic control 1 ls 7,500 7,500 Engineer's estimate
Brushing/fill creek bed/grading 1 ls 7,500 7,500 Means 2006 Dozer to fill
Gravel for creek bed 2,600 tn 22 56,394 Means 2006 Local source,  crushed stone
Liner for creek bed 9,600 sf 2 19,200 PA Landfill 80 mil HDPE installed
Remove fill at project completion 1 ls 7,500 7,500 Engineer's Estimate
Remove diversion piping 1 ls 21,000 21,000 Engineer's Estimate Remove pipe, fill excavation, replace asphalitic concrete ($54/sy)
Habitat restoration 1 ls 65,000 65,000 Sinclair Inlet Restoration Based on miscellaneous bid items, riparean restoration

Electrical Resistance Heating Infrastructure:
Design, work plans, permits by vendor 1 ls 48,000 48,000 TRS Quote
Well abandonment 4 ea 1,700 6,800 Engineers Estimate
Probe boring installation and soil sampling 1 ls 172,000 172,000 TRS Quote/Engineer's estimate includes sampling labor/equipment
Remediation system installation and start-up 1 ls 569,000 569,000 TRS Quote plus construction oversight
Temp. Fencing 1 ls 22,000 22,000 Means 2006/Engineer's Estimate around treatment area, 8' chain link
Waste disposal 1 ls 46,000 46,000 TRS Quote/WM Quote
Electrical utility connection 1 ls 30,000 30,000 TRS Quote
Well abandonment at project end 67 ea 250 16,750 Thea Foss/Engineer's Estimate
Demobilization and final report 1 ls 70,000 70,000 TRS Quote

Subtotal Direct Capital Costs 1,256,284
Direct Capital Cost Contingency (20%) 251,257
Tax (8.8%) 132,664
Total Direct Capital Costs 1,640,204
INDIRECT CAPITAL COSTS
Engineering pre-design (3% of DCC) 3 % 1,640,204 49,000 Engineers Estimate Pilot study, bench scale study, surveying
Engineering design (6% of DCC) 6 % 1,640,204 98,000 Engineers Estimate
Regulatory compliance (2% DCC) 2 % 1,640,204 33,000 Engineers Estimate Institutional controls, interaction with agencies, etc.
Construction management (5% DCC) 8 % 1,640,204 131,000 Engineers Estimate
As-built documentation, O&M plan, monitoring plan 1 ls 35,000 35,000 Engineers Estimate
Total Indirect Capital Costs 346,000
TOTAL CAPITAL COSTS 1,990,000
IMPLEMENTATION O&M COSTS (1 YEAR)
Construction Dewatering System O&M:
   Water treatment operation 1 mo 10,000 10,000 Assumes half of cost for monthly O&M of system in Alt 4, based on experience during EE/CA investigation.
   System electrical usage 1 mo 2,000 2,000 Based on estimated energy usage for equipment included in H2Oil system
   Carbon change-outs 2,000 lb 2.00 4,000 Westates $2/lb - 1 time regen of 2,000 lb system
Electrical Resistance Heating O&M:

Remediation system operation 1 ls 362,000 362,000 TRS Quote
Electrical energy usage 1 ls 287,000 287,000 TRS Quote
Carbon usage, transportation and regeneration 1 ls 50,000 50,000 TRS Quote/Engineer's estimate
Misc. operational costs (include vapor sampling) 1 ls 50,000 50,000 TRS Quote
Groundwater sampling 1 ls 27,000 27,000 TRS Quote Samples to Manchester
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Alternative 2 - Electrical Resistance Heating

Unit Costs Costs Source Notes
Description Quantity Unit ($) ($)

Management during operating period 10 % 776,000 77,600 Engineers Estimate
One-time confirmation soil sampling 2 day 3,500 7,000 Misc. project costs/Cascade Quote Assumes Geoprobe ($2,000/day) for 2 days plus Labor ($75/hr, 10 hr days)x2

Subtotal Implementation O&M Costs 860,600
Implementation O&M Contingency (20%) 172,120
Total Implementation O&M Costs (1 Year of O&M) 1,032,720
TOTAL IMPLEMENTATION COSTS 3,020,000
POSTREMOVAL ACTION PERFORMANCE MONITORING
Groundwater sampling (semiannual for 5 years) 2 sem 27,000 54,000 Palermo LTM costs Assumes about 12 wells sampled, analysis by Manchester lab, one report per year
Annual Cost Contingency (15%) 8,100
Total Annual Cost 62,100
Present-Worth Annual O&M (5 years, 5% Discount, multiplier = 4.33) 268,893
TOTAL PRESENT WORTH COSTS 3,290,000

W:\77901\0408.013\Appendix B headers.xls.xls















Alternative 3 - Chemical Oxidation

Unit Costs Costs Source Notes
Description Quantity Unit ($) ($)

DIRECT CAPITAL COSTS
Temporary Diversion of Berwick Creek:

Mobilization/demobilization 1 ls 55,000               55,000 Misc. Projects Roughly 8% total cost for activity
Fish roundup 1 day 3,500                 3,500 Bob Sullivan verbal 2 ppl x 1d x 10 hr/d x $80/hr, plus equipment and planning  ($800)
Pump - creek water 4 wk 2,000                 8,000 Means 2006 Electric Submersible Pump- 4" 560 GPM rental ($600/wk.) plus 24 hr operation ($1400/wk)
4-inch PVC pipe (includes installation) 350 lf 8                        2,800 Misc Bid Sheets/Means 2006
Dam materials 65 cy 20                      1,300 Engineer's Estimate/PA ponds Soil berm
Dam construction/removal 2 ls 10,000               20,000 Engineer's Estimate Including traffic control

Excavation Dewatering;
Well water recovery and treatment system 1 ls 24,480               24,480 Engineer's Estimate
Wellhead plumbing and electrical connection 1 ls 7,000                 7,000 Engineer's Estimate/Means 2006 240'  4'' PVC header pipe, 40'  2" PVC indiv. pipe runs, 280' 2" PVC elec. conduit, 4 well vaults, 200' temp fence.

Excavate Contaminated Silt:
Excavation 900 cy 50                      45,000 Various 2005 bids
Contaminated soil disposal (includes transport) 1,350 tn 450                    607,500 Waste Management estimate

Creek Restoration:
GCL in creek bed 5,100 sf 1                        5,100 Sinclair Inlet Restoration/Geo-Synthetics Vendor cost of $0.46 delivered plus labor (2 ppl x 2d x 10hr/d x $30/hr) 
Habitat restoration 1 ls 65,000               65,000 Sinclair Inlet Restoration/Engineer's Estimate

Chemical Oxidation:
Mobilzation 1 ls 56,000               56,000 GeoCleanse quote
Bench Scale Testing 1 ls 8,000                 8,000 GeoCleanse quote
Oxidant 1 ls 157,000             157,000 GeoCleanse quote
Install injection points/sampling 1 ls 200,725             200,725 Cascade Drilling/GeoCleanse quote

Subtotal Direct Capital Costs 1,266,405
Direct Capital Cost Contingency (25%) 253,281
Tax (8.8%) 133,732
TOTAL DIRECT CAPITAL COSTS 1,653,418
INDIRECT CAPITAL COSTS
Engineering pre-design (4% of DCC) 5 % 1,653,418          83,000 Engineer's Estimate Pilot study, bench scale study, surveying
Engineering design (5% of DCC) 4 % 1,653,418          66,000 Engineer's Estimate
Regulatory compliance (2% DCC) 2 % 1,653,418          33,000 Engineer's Estimate Institutional controls, interaction with agencies, etc.
Construction management (5% DCC) 5 % 1,653,418          83,000 Engineer's Estimate
Monitoring plan 1 ls 15,000               15,000 Engineer's Estimate
Subtotal Indirect Capital Costs 280,000
TOTAL CAPITAL COSTS 1,930,000
OPERATION AND MAINTENANCE COSTS
Excavation Dewatering O&M:

Water treatment operation 1 mo 10,000               10,000 Engineers Estimate
System electrical usage 1 mo 2,000                 2,000 Engineers Estimate
Carbon change-outs 2,000 lb 2.00                   4,000 Westates $2/lb - 1 time recovery of 2,000 lb system

Chemical Oxidation Injections:
Injection event 1 ls 265,000             265,000 GeoCleanse quote Assumes one 50-day treatment
System water usage 300,000 gal 0.33                   99,000 Geo Cleanse info Assumes local source for water.  
System electrical usage 3 mo 2,000                 6,000 Engineer's Estimate
Groundwater sampling between injection events 3 ea 27,000               81,000 Palermo LTM costs Assumes analysis by Manchester lab, one report per year
Project Documentation 1 ls 10,000               10,000 GeoCleanse quote
One-time confirmation soil sampling 1 ls 21,000               21,000 Cascade quote Mob., 10 borings@$1580, $330 per diem, labor 2 x 10 hrs x $75, plus ODC

Subtotal Indirect Capital Costs 498,000
Indirect Capital Cost Contingency (25%) 124,500
Total Initial Implementation O&M Costs 622,500
TOTAL IMPLEMENTATION COSTS 2,550,000
ANNUAL COSTS - POSTREMOVAL ACTION PERFORMANCE MONITORING
Groundwater sampling (semiannual for 5 years) 2 ea 27,000               54,000 Palermo LTM costs Assumes about 12 wells sampled, analysis by Manchester lab, one report per year
Annual Cost Contingency (15%) 8,100
Total Annual Cost 62,100
Present-Worth Annual O&M (5 years, 5% discount, multiplier = 4.33) 268,893
TOTAL PRESENT WORTH COSTS 2,820,000





















































Alternative 4 - Permeable Reactive Barrier Containment

Unit Costs Costs Source Notes
Description Quantity Unit ($) ($)

DIRECT CAPITAL COSTS
Temporary Diversion of Berwick Creek:

Mobilization/demobilization 1 ls 55,000              55,000 Misc. Projects Roughly 8% total cost for activity
Fish roundup 1 day 3,500                3,500 Bob Sullivan verbal 2 ppl x 1d x 10 hr/d x $80/hr, plus equipment and planning  ($800)
Pump - creek water 4 wk 2,000                8,000 Means 2006 Electric Submersible Pump- 4" 560 GPM rental ($600/wk.) plus 24 hr operation ($1400/wk)
4-inch PVC pipe (includes installation) 350 lf 8                       2,800 Misc Bid Sheets/Means 2006
Dam materials 65 cy 20                     1,300 Engineer's Estimate/PA ponds Soil berm
Dam construction/removal 2 ls 10,000              20,000 Engineer's Estimate Including traffic control

Excavation Dewatering:
   Well Water recovery and treatment system 1 ls 24,480              24,480 Engineer's Estimate
   Wellhead plumbing and electrical connection 1 ls 7,000                7,000 Engineer's Estimate/Means 2006 240'  4'' PVC header pipe, 40'  2" PVC indiv. pipe runs, 280' 2" PVC elec. conduit, 4 well vaults, 200' temp fence.
Excavate Contaminated Silt:
   Excavation 900 cy 50                     45,000 Various 2005 bids Excavator, hydraulic crawler mounted 1 CY capacity ($2000/wk) plus operator ($80/hr)
   Contaminated soil disposal (includes transport) 1,350 tn 450                   607,500 Waste Management estimate
Creek Restoration:
   GCL in creek bed 5,100 sf 1                       5,100 Sinclair Inlet Restoration Vendor cost of $0.46 delivered plus labor (2 ppl x 2d x 10hr/d x $30/hr) 
   Habitat restoration 1 ls 65,000              65,000 Sinclair Inlet Restoration Based on miscellaneous bid items, riparean restoration
PRB Direct Capital Costs:
   PRB vendor design fee 1 ls 10,000              10,000 Envirometal Technologies estimate
   Bench-scale testing 1 ls 15,000              15,000 Envirometal Technologies estimate
   PRB iron 1 ls 520,000            520,000 Envirometal Technologies estimate
   PRB construction 1 ls 450,000            450,000 Envirometal Technologies estimate
   Contaminated soil disposal (includes transport) 1,450 cy 450                   652,500 Waste Management estimate
   PRB license fee 12 % 970,000            116,400 Envirometal Technologies estimate
Subtotal Direct Capital Costs 2,608,580
Direct Capital Cost Contingency (20%) 521,716
Tax (8.8%) 275,466
Total Direct Capital Costs 3,405,762
INDIRECT CAPITAL COSTS
Engineering pre-design (3% of DCC) 3 % 1,965,450         59,000 Engineer's estimate includes surveying
Engineering design (4% of DCC) 4 % 1,965,450         79,000 Engineer's estimate Assumes substantial design effort by vendor
Regulatory compliance (2% DCC) 2 % 1,965,450         39,000 Engineer's estimate Institutional controls, interaction with agencies, etc.
Construction management (3% DCC) 3 % 1,965,450         59,000 Engineer's estimate
As-built documentation and monitoring plan 1 ls 20,000              20,000 Engineer's estimate
Total Indirect Capital Costs 256,000
TOTAL CAPITAL COSTS 3,660,000
OPERATION AND MAINTENANCE COSTS
Excavation Dewatering O&M:

Water treatment operation 1 mo 10,000              10,000 Engineers Estimate
System electrical usage 1 mo 2,000                2,000 Engineers Estimate
Carbon change-outs 2,000 lb 2.00                  4,000 Westates $2/lb - 1 time recovery of 2,000 lb system

Subtotal Indirect Capital Costs 16,000
Indirect Capital Cost Contingency (25%) 4,000
Total Initial Implementation O&M Costs 20,000
TOTAL IMPLEMENTATION COSTS 3,680,000
ANNUAL COSTS - POST REMOVAL ACTION (30 YEARS)
Groundwater sampling (semiannual) 2 ea 9,000                18,000 Palermo LTM Assumes about 4 wells sampled, analysis by Manchester lab, one report per year
Subtotal Annual Costs 18,000
Annual Cost Contingency (15%) 2,700
Total Annual Costs 20,700
Present-Worth Annual O&M (30 years, 5% discount, multiplier = 15.53) 321,471
TOTAL IMPLEMENTATION COSTS (CC + 1 YEAR MONITORING) 3,700,000
TOTAL PRESENT WORTH COSTS 4,000,000





















Alternative 5 - Hydraulic Containment

Unit Costs Costs Source Notes
Description Quantity Unit ($) ($)

DIRECT CAPITAL COSTS
Temporary Diversion of Berwick Creek:
   Mobilization/demobilization 1 ls 50,000            50,000 Misc. Projects Roughly 8% total cost for activity
   Fish roundup 1 day 3,500              3,500 Bob Sullivan verbal 2 ppl x 1d x 10 hr/d x $80/hr, plus equipment and planning  ($800)
   Pump - creek water 4 wk 2,000              8,000 Means 2006 Electric Submersible Pump- 4" 560 GPM rental ($600/wk.) plus 24 hr operation ($1400/wk)
   4-inch PVC pipe (includes installation) 350 lf 8                     2,800 Misc Bid Sheets/Means 2006
   Dam materials 65 cy 20                   1,300 Engineer's Estimate/PA ponds Soil berm
   Dam construction/removal 2 ls 10,000            20,000 Engineer's Estimate
Excavate Contaminated Silt:
   Excavation 900 cy 50                   45,000 Various 2005 bids
   Contaminated soil disposal (includes transport) 1,350 tn 450                 607,500 Waste Management estimate
Creek Restoration:
   GCL in creek bed 5,100 sf 1                     5,100 Sinclair Inlet Restoration Vendor cost of $0.46 delivered plus labor (2 ppl x 2d x 10hr/d x $30/hr) 
   Habitat restoration 1 ls 65,000            65,000 Sinclair Inlet Restoration
Combined Dewatering/Hydraulic Control System:
   Water treatment system purchase 1 ls 148,000          148,000 H2Oil estimate includes shipping ($2k), electrical ($5k), installation ($20k)
   Electrical power drop 1 ls 10,000            10,000 Engineer's Estimate
   Wellhead plumbing and electrical connection 1 ls 15,000            15,000 Means 2006 710', 4" header pipe, 80', 2" PVC indiv. Pipe runs, 790', 2" elec.conduit.  New vaults at 8 wells.
   Discharge plumbing 50 lf 50                   2,500 Means 2006 50 feet of discharge piping from system to Berwick Creek, with riprap stabilized outfall.
   Concrete pad w/ fencing 1 ls 10,500            10,500 Means 2006 Assume 8' tall industrial security fence + gate, 10x10concrete pad with curb ($1500), sump pump ($500)
Subtotal Direct Capital Costs 994,200
Direct Capital Cost Contingency (20%) 198,840
Tax (8.8%) 104,988
Total Direct Capital Cost 1,298,028
INDIRECT CAPITAL COSTS
Engineering pre-design (4% of DCC) 4 % 1,298,028       52,000 Engineer's Estimate Include survey
Engineering design (4% of DCC) 4 % 1,298,028       52,000 Engineer's Estimate
Regulatory compliance (2% DCC) 3 % 1,298,028       39,000 Engineer's Estimate Institutional controls, interaction with agencies, etc.
Construction management (4% DCC) 8 % 1,298,028       104,000 Engineer's Estimate
As-built documentation, O&M plan, monitoring plan 1 ls 30,000            30,000 Engineer's Estimate
Total Indirect Capital Costs 277,000
TOTAL CAPITAL COSTS 1,580,000
OPERATION AND MAINTENANCE COSTS (30 YEARS)
Maintenance and oversight 12 mo 10,000            120,000 Engineer's Estimate Assumes costs slightly less than Well 12A, which was $140,000 per year, labor and misc. ODCs
Groundwater sampling (semiannual) 2 sem 27,000            54,000 Palermo LTM costs Assumes about 12 wells sampled, analysis by Manchester lab, one report per year
System electrical usage 1 yr 10,500            10,500 H2Oil estimate Based on electrical draw of system components - $0.03/kW-hr
Major repair (1 per year, as a percent of system cost) 5 % 148,000          7,000 Percent of system capital costs Assume 5% of original system cost in major repair per year
Carbon change-outs 4,000 lb 1.75                7,000 Westates $1.75/lb
Subtotal O&M 198,500
O&M Contingency (15%) 29,775
Total Annual O&M 228,275
Present-Worth Annual O&M (30 years, 5% discount, multiplier = 15.53) 3,545,111
TOTAL IMPLEMENTATION COSTS (CC + 1 YEAR O&M) 1,810,000
TOTAL PRESENT WORTH COSTS 5,130,000












