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DRAFT FEASIBILITY STUDY REPORT 
PACCAR SITE 
RENTON, WASHINGTON 

1.0 INTRODUCTION 

I.I Purpose 

This report presents the results of our 
Feasibility study (FS) for the former PACCAR 
Defense Systems site (PACCAR site) located in 
Renton, Washington. The purpose of the work is 
to meet three general objectives: 

o Complete a Remedial Investigation/Feasibility 
Study (RI/FS) using Washington state 
Department of Ecology (Ecology) and EPA 
guidelines 

This RI/FS was completed as a voluntary effort 
being coordinated by Ecology under the Model 
Toxics Control Act. The plan developed to guide 
the work is incorporated into a consent decree 
which was entered into Superior Court in 
February 1989, after approval by Ecology and a 
public review comment period. 

The PAC CAR site was proposed for listing as a 
National Priority List (NPL) site on June 24, 
1988 and was officially listed as a NPL site on 
February 15, 1990. If a site is placed on the 
NPL, then a Remedial Investigation (RI) and 
Feasibility Study (FS) needs to be completed. 
PACCAR is completing the RI/FS process. 

This report presents the results of the 
Feasibility Study which identifies and evaluates 
remedial alternatives designed to meet a set of 
Remedial Action Objectives (RAOs). The RAOs 
were developed using data collected during the 
Remedial Investigation (Hart Crowser, 1989) 
which are described in Section 3.0 of this 
report. The objectives were developed based on 
available Applicable or Relevant and Appropriate 
Requirements (ARARs) and the results of the 
baseline risk assessment documented in the RI 
report. 

o Complete necessary site remediation 

PAC CAR Inc. is using the RI/FS process to assess 
soil and groundwater quality conditions beneath 
the site to develop a remedial action plan to 
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achieve the RAOs. This process is being used so 
that remedial actions can be approved by the 
regulatory agencies as a voluntary effort. 

o Redevelop the site 

In addition to addressing issues about soil and 
groundwater quality, PACCAR will use information 
generated in the RI/FS process to plan 
construction of its proposed Kenworth truck 
manufacturing facility. Current plans include 
construction of a large plant building and 
offices (75, 700 square yards) within the central 
area of the site. Demolition of most existing 
structures was completed during the Fall of 1989. 

Construction of the building will result in a 
sUbstantial portion of the site being 
permanently covered. Some soils will 
necessarily be disturbed to remove old 
foundations and pavement and construct new 
building, equipment foundations, utility 
conduits, etc. The purpose of this part of the 
study is to assess soil quality so that the 
disposition of soils which will be removed and 
those soils which will remain beneath·the 
building can be resolved prior to construction. 

site remediation within the construction area 
will be implemented as part of the remedial 
action plan covering site preparation and 
construction activities. Soil handling 
procedures, erosion and runoff controls, and 
monitoring requirements developed as part of the 
site remedial action plan will be implemented 
during 'plant construction to mi tigat'e any 
adverse impacts. 

Remedial alternatives which do not include 
construction of a Kenworth manufacturing 
facility were also included in this FS. This 
approach was taken to allow flexibility in 
preparing the cleanup action plan (CAP) if the 
facility is not built. 

PAC CAR anticipates that development, approval, 
and implementation of a soils remedial action 
plan may be completed independently of a 
remedial action plan for groundwater. 

�.2 How the Report is Organized 

Our Feasibility Study report is organized into 
sections using the recommended FS report outline 
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in the most recent guidance document (EPA, 
1988a) as a guide. 

o The remaining portion of section 1.0 
INTRODUCTION presents a description of the 
site and site history, a summary of the 
results of the RI and a description of the 
Kenworth redevelopment plans. 

o section 2.0 presents a SUMMARY OF FINDINGS 
which provides an overview of our report. 
The remaining report sections should be 
consulted for supporting details and 
technical analyses. 

o section 3.0 REMEDIAL ACTION OBJECTIVES 
presents the objectives and discusses how the 
objectives were developed. 

o section 4.0 IDENTIFICATION AND SCREENING OF 
TECHNOLOGIES lists and screens possible 
remedial action technologies. General 
response actions and remedial technologies 
are discussed for each media which may 
require remediation (soil, groundwater, and 
sediments) . 

o section 5. 0 DEVELOPMENT AND S CREENING OF 
ALTERNATIVES discusses how the applicable 
and representative remedial technologies were 
grouped to form various alternatives and how 
the alternatives were screened to decide 
which alternatives to evaluate in detail. 

o section 6.0 DETAILED ANALYSES OF 
ALTERNATIVES presents the results of the 
detailed analyses of representative remedial 
alternatives for soil, groundwater, and 
sediments. 

o section 7.0 REFERENCES concludes the main 
body of the report. 

Figures for each section are given at the end of 
their respective sections. 

Our report is supported by five appendices. 
These are: 

o Appendix A - Basis for Volume Estimates of 
Groundwater, Soil, and Sediment 

o Appendix B - Remedial Technology Descriptions 
o Appendix C - Cost Estimate Breakdowns 
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o Appendix D - Listing of Potential Location­
Specific ARARs 

o Appendix E - Development of Remediation 
criteria for Proposed utility 
Trenches 

This report has been prepared by Hart Crowser, 
Inc. , for the exclusive use of PACCAR, Inc. for 
the specific application to this project and 
site. This work was performed and this report 
prepared in accordance with generally accepted 
professional practices for the nature of the 
work completed in the same or similar 
localities, at the time the work was performed. 
No other warranty, express or implied, is made. 
Assistance in this report preparation was 
provided by Mr. Matt Dalton of Dalton, Olmsted, 
and Fuglevand, Inc. 

�.3 Summary of Remedial Investigation Report 

�.3.� site Description 

The PACCAR site is located within the city of 
Renton, about 1/2 mile northeast of the downtown 
area (Figure 1-1) and is about 82 acres in ' 
size. The site is within the Cedar River 
Valley, with city land surface elevations 
ranging between 25 and 40 feet. Upland areas of 
Renton with land surface elevations greater than 
200 to 300 feet bound the valley to the east, 
west, and south. 

The Cedar River is located about 2,000 to 3,300 
feet to the southwest and west while Johns Creek 
and Lake Washington lie about 2,500 to 3,000 
feet to the north and northwest. Both Johns 
Creek and the Cedar River flow into Lake 
Washington. 

Previous facilities included a foundry, forge 
shop, machine shops, fabrication, storage, 
assembly and painting buildings, railway spurs, 
and other support facilities (Figure 1-2). All 
production equipment has been sold and has been 
removed. Demolition of most site structures was 
completed during the spring and summer of 1989 
under a permit issued by the City of Renton. 
All waste production and demolition materials 
were disposed of according to applicable laws 
and regulations. Most of the southern portion 
of the site is paved while the northwest and 
northeast portions are mostly unpaved. Unpaved 
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areas are covered with a layer of clean sand and 
gravel. 

Three drainage ditches are present within the 
northern site area, termed west, middle, and 
east ditches. The site is also drained (to the 
north and west) by a culvert, connected to a 
storm drainage system, which lies beneath the 
site. The west drainage channel is equipped 
with an oil/water separator. 

�.3.2 How the site was Used 

The facility opened in 1907 as a foundry and 
rail car manufacturing plant. At its peak, the 
Pacific Car and Foundry (predecessor of PAC CAR 
Defense Systems) plant built rail cars, Sherman 
tanks, and other military vehicles and employed 
up to about 2,100 workers. It stopped making 
rail cars in 1984. From 1984 to 1988, military 
vehicles, castings, forgings, and other 
industrial products were produced at the site. 
Manufacturing activities have ceased and the 
plant was closed during the spring and summer of 

1988. 

Initially, the site was about 40 acres in size 
with the activities being conducted on the 
southern part of the existing site. The site 
expanded northward and east with the last 
property acquisition occurring in the late 19605. 

A variety of activities occurred at the site 
with the potential to have adversely affected 
soil and/or groundwater quality: 

o 

o 

o 

o 

Industrial fill containing heavy metals and 
other materials was deposited mostly on the 
northern half of the site. This practice was 
discontinued in 1962. 

Diesel fuel was stored in an above-ground 
tank facility within the southwestern portion 
of the plant (monitoring well LW-11 area). 

The plant was powered by diesel until a 
natural gas system was installed in 1955. A 
buried pipeline feeder network (now unused) 
was used to distribute th� fuel generally 
within the southern half of the existing site. 

Fuels and solvents were used at the plant 
which were stored in above-ground or 
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underground tanks. 
been removed. 

All of these tanks have 

o Paint spraying operations were conducted 
throughout the plant. 

o Sand and shot blasting operations were 
conducted on the site. 

o Galvanizing was conducted in the 1940s and 
1950s. 

o Transformers and other electrical equipment 
containing PCBs were used on the site. A 
program is currently underway to remove 
transformers and other electrical equipment 
containing PCBs. As of December 1988 the 
concentration of PCBs was below the federal 
EPA-regulated limit of 50 ppm in all 
equipment. containing PCBs. Most electrical 
equipment containing PCBs had been removed 
from the site by the summer of 1989. 

1.3.3 possible Sources of Con�aminan�s 

Potential sources of contamination were 
identified based on past history. Many of these 
sources are no longer present on the site 
because of changing site operations and waste 
handling practices and programs implemented by 
PACCAR to remove possible sources such as 
tanks. The identified possible sources include: 

o Fill materials. 

o Underground and above-ground tanks (now 
removed) . 

o Leakage prior to 1955 from abandoned buried 
diesel distribution lines within the southern 
part of the plant. 

o Transformers and other electrical equipment. 

o Painting and galvanizing operations. 

o Residues from sand blasting and shot blasting. 

o Solvents, degreasing agents, lubrication 
oils, and cutting oils used in the machine 
shop and other operations. 
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�.3.4 Results of Soil and Fill Analysis 

Soils and fill materials on the site have been 
screened and tested for a variety of potential 
contaminants including metals, volatile and 
semivolatile organic chemicals, and PCBs. 

o At a few locations on-site metal 
concentrations exceed background levels but, 
except for lead, nearly all values fall 
within the reported background range. Lead 
concentrations exceeding background levels 
were detected in a greater number of 
locations at the site. Concentrations of 
metals in soils are generally highest in the 
top several feet and decline with increasing 
depth. Highest metal concentrations are 
associated with industrial fill materials. 
Table 1-1 presents a summary of total metal 
concentration data. 

Table 1-1 - Summary of Target Metal and Organic Concentrations 
in Soil 

Typical Regional 
Concentration Highest Background 
Range Concentration Concentration 

Parameter in mgLkg (:e:em) in mgLkg (:e:em) in mgLkg (1212m) 

Arsenic NO to 10 180 5 to 30 
Cadmium NO 9. 7 <1 to 1. 4 
Chromium 10 to 100 1, 600 10 to 70 
Copper 10 to 100 1, 600 5 to 20 
Lead NO to 100 19, 000 10 to 60 
Nickel 10 to 100 330 10 to 70 
Zinc 10 to 100 6, 400 20 to 80 

BTEX NO 7. 3 <0. 01 
Vinyl Chloride NO 0.01 <0. 01 
HPAHs 0.1 to 10 1, 085 <0.01 to 0. 1 
PCBs NO 2 4  <0. 01 

NO = not detected 

The large majority of soils on the site would 
not be designated as dangerous wastes. 
However, a small number of samples indicate 
that some soil has the potential to be 
designated as a dangerous waste if excavated 
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based on total arsenic concentration and EP 
Tox results for lead. 

280 samples were tested for total arsenic. 
274 of the samples would not be classified as 
a dangerous waste (WAC 173-303) based on 
total arsenic concentrations below 100 ppm. 
six of the 280 samples exceeded 100 ppm 
(in situ) which indicates that some of 

the soil on the site could be designated as a 
dangerous waste. However, it is unlikely 
that excavated soil concentrations would 
exceed 100 ppm arsenic because the number of 
samples exceeding 100 ppm was small and most 
of the samples were of relatively low 
concentration (maximum 180 ppm). 

200 samples were tested for Extraction 
Procedure Toxicity (EP Tox) metals. Two 
samples exceeded EP Tox dangerous waste 
criteria for lead. Soil from one of these 
locations was removed from the site in 1987 
with Ecology approval. It is unlikely that 
any excavated soil would exceed the EP Tox 
criteria because of the small number of 
samples which exceeded the criteria. 

o Most of the volatile organic chemicals 
detected in soils were in the range of less 
than detection to 0. 1 mg/kg (ppm), with a few 
samples ranging up to 7. 3 mg/kg. The 
compounds detected include constituents 
associated with fuels (benzene, toluene, 
ethylbenzene, and xylenes) and solvents 
(tetrachloroethene, trichloroethene, and 
1, 2-Dichloroethane). Table 1-1 presents a 
summary of organics concentration data in 
soils. 

o Semivolatile organic chemicals were detected 
in most samples in the range of below 
detection limits to about 10 mg/kg (ppm) with 
a few of the samples ranging up to 1, 300 
mg/kg. We have divided this class of 
chemical compounds into petroleum 
hydrocarbons and polynuclear aromatic 
hydrocarbons (PAHs). Petroleum hydrocarbons 
are measured by two methods; TPH (418. 1) and 
GC/FID (8015-extended). PAHs are broken into 
two subgroups; low molecular weight (LPAHs) 
and high molecular weight (HPAHs). 

Petroleum hydrocarbons concentrations range 
between less than the detection limit to 
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58,000 ppm as measured by TPH (418. 1) and 
10,000 ppm as measured by GC/FID 
(8015-extended). The highest concentrations 
were measured in near-surface soils and the 
concentrations generally declined with 
increasing depth. The highest concentrations 
were also measured within the southern part 
of the site where the buried diesel 
distribution lines are present. GC/FID 
screening analyses indicate that the high 
petroleum hydrocarbon concentrations are 
predominantly the result of the presence of 
diesel fuel although the presence of gasoline 
and heavier oils (e. g. , lubricating and 
cutting oils) are also indicated. 

Low and high molecular weight polynuclear 
aromatic hydrocarbons (LPAH and HPAH) 
concentrations range between not detected to 
222 mg/kg and not detected to 1,085 mg/kg, 
respectively. These compounds are associated 
with fuel and with fill materials containing 
cinders, coal, and other rubble. 
Concentrations decline with increasing depth. 

Generally low concentrations of PCBs were 
detected in site soils. Concentrations range 
from not detected over most of site to about 
5 ppm although one sample detected a 
concentration of 2 4  ppm. The presence of 
PCBs is localized to areas where small spills 
likely occurred. 

�.3.5 Resul�s of Groundwa�er Analyses 

Groundwater samples were obtained from over 70 
monitoring wells and were analyzed for volatile 
and semivolatile organic chemicals, pesticides 
and PCBs, and metals. Samples were obtained 
from both on-site and off-site wells. Table 1-2 
presents a summary of groundwater data for 
organics and Table 1-3 presents a summary of 
groundwater data for metals. 

o Volatile organic chemicals were detected in 
the range of not detected to about 3 mg/L 
(ppm) for shallow on-site monitoring wells 
(less than about 25 feet deep) to not 

detected to about 1 ppm for deeper on-site 
monitoring wells. Samples from two off-site 
monitoring wells detected volatile 
chemicals. The constituents detected are 
indicative of fuels and solvents. Vinyl 
chloride was the only significant detection 
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at 0. 045 ppm (LMW-20) and 0. 004 to 0. 005 ppm 
(OSP-50) in two monitoring wells west of the 
site. These monitoring wells are located 
within the Cedar River catchment area. Well 
OSP-50 is downgradient of well LMW-20 which 
indicates that a significant reduction in 
vinyl chloride concentrations occurs within a 
relatively short distance from the site. 

The vinyl chloride likely is a breakdown 
product of chlorinated solvents which entered 
groundwater. Vinyl chloride was not used on 
the site but is a typical degradation product 
of solvents such as tetrachloroethene and 
trichloroethene, both of which were used. 
However, the source of the vinyl chloride is 
no longer present on the site based on the 
available data. The data includes over 100 
soil samples obtained from locations 
distributed over the entire site and at 
various depths including within the probable 
source area, upgradient of the wells in which 
this compound was detected. Out of 108 soil 
samples analyzed for volatile organic 
chemicals (VOCs), only 4 samples detected 
solvents above the reported detection limits 
(see Appendix G of the remedial investigation 
report) and only one of these samples 
detected vinyl chloride. The detected 
concentrations are very low and ranged 
between 0. 002 and 0. 01 mg/kg (ppm). 

The available monitoring data indicate that 
VOC concentrations in several wells are 
declining as a results of previous actions 
taken by PACCAR. For example, in well 
LW-12 S, benzene, toluene, ethylbenzene, and 
xylene concentrations have declined from 
0. 040 to 0. 006 mg/L (ppm) from July 1986 to 
February 1989; a reduction of about 85 
percent. Similarly vinyl chloride 
concentrations in LW-60 have declined from 
0.080 to 0. 038 mg/L during the same period; a 
reduction of over 50 percent. 

o Semivolatile organic chemicals were not 
detected in groundwater beneath most of the 
site. The highest concentrations were 
detected in samples adjacent to previous tank 
(underground or above-ground) locations. The 
presence of high semivolatile concentrations 
in site soils, especially within the southern 
portion of the site, has not had a 
discernible influence on groundwater 
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quality. No semivolatile organic chemicals 
were detected in off-site monitoring wells. 

The concentrations of semivolatile chemicals 
in several wells are also declining. In well 
LW-12 D the sum of the semivolatile compounds 
has declined from 0. 029 to 0.004 ppm from 
July 1986 to February 1989; a reduction of 
over 85 percent. Concentrations in well 
LW-3S are also showing a declining trend 
during the same period (0.357 to 0.194 ppm; a 
reduction of about 45 percent). 

Table 1 -2 - Summary of Groundwater Data for Organic Compounds 

Parameter 

Volatile 
organic 
Compounds 

semi­
volatile 
organic 
Compounds 

PCBs 

NOTES: 

S 
D 

S 
0 

S 
D 

On-site Concentration 
Range in mg/L (ppm) 

ND to 3.0 (4/22) 
ND to 1.0 (5/19) 

NO to 0.36 (4/22) 
ND to 0. 062 (3/15 ) 

Off-site 
Range in 

ND 
NO 

ND 
ND 

Concentration 
mg/L (ppm) 

(0/12) 
to 0.045 (2/9 ) 

(0/5 ) 
(0/7) 

ND to 0.010 (0/13) No shallow wells sampled 
ND (0/6) ND (0/2) 

* Detected in one well in 1984. Not detected in 
subsequent sampling round. 

NO - Not detected above detection limit. 
S = shallow wells l�ss than 25 feet deep. 
D = deep wells greater than 25 feet deep. 
Concentrations of Volatile Organic Compounds and Semivolatile 
Organic Compounds represent the sum of concentrations of 
individual constituents. 
(3/18) = 3 of 18 wells sampled had significant detectable 

concentrations, based on most recent sampling of each well. 

o Pesticides or PCBs were not detected in 
groundwater beneath the site, except during 
an early sampling round where a single low 
level PCB and several pesticides were 
reported to have been detected. Later 
sampling rounds did not confirm the presence 
of PCBs or the pesticides. 

o Metals: Dissolved lead, zinc, and arsenic 
were the only metals consistently detected in 
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groundwater samples from shallow and deep 
monitoring wells. Copper, nickel, chromium, 
cadmium, mercury, selenium, barium, and 
silver were generally not detected. The 
range of concentrations for lead, zinc, and 
arsenic in groundwater are listed in Table 
1-3. The presence of lead in soils has not 
had a sUbstantive influence on groundwater 
quality. 

Table 1-3 - Summary of Groundwater Data for Metals 

On-site 
Concentration 

Parameter Range in mg/L (ppm) 

Arsenic* S <0. 005 to 0.073 
(6/18>0.010 ppm) 

D <0.005 to 0. 070 
(3/15>0.010 ppm) 

Lead 

Zinc 

NO�ES: 

S <0. 005 to 0.040 
(3/23>0.010 ppm) 

D <0. 005 to 0.012 
(2 /15>0.010 ppm) 

S 0. 010 to 0.052 
(3/23>0.030 ppm) 

D 0. 003 to 0.110 
(3/14>0.030 ppm) 

Off-site 
Concentration 
Range in mg/L (ppm) 

<5 to 0. 027 
(1/8>0.010 ppm) 
<5 to 0.045 
(1/7>0.010 ppm) 

<5 to 11 
(1/8>0. 010 ppm) 
<5 to 5 
(0/8>0. 010 ppm) 

0.004 to 0. 050 
(1/8>0. 030 ppm) 
0.008 to 0. 028 

(0/7>0.030 ppm) 

S = shallow wells less than 25 feet deep. 
D = deep wells greater than 25 feet deep. 
CMCL = drinking water current maximum contaminant level. 
PMCL = drinking water proposed maximum contaminant level. 
np = none proposed. 

Standards 
CMCL/PMCL 
in mg/L 

(ppm) 

0. 050/ 
0. 030 
50/30 

0. 050/ 
0. 005 
0. 050/ 
0. 005 

5. 0/np 

5. 0/np 

* = 1988/89 data used because of improved analytical laboratory 
quality assurance techniques 
6/18 = 6 samples of 18 total samples 

o Most samples were analyzed to be within two 
times the lower limit of detection (0. 010 ppm 
for arsenic and lead) or within two times 
background (0.030 ppm for zinc) as shown in 
Table 1-3. Samples above these 
concentrations are considered to have been 
potentially affected by the fill. These 
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limits were chosen based on analysis of the 
data set to account for data variability 
inherent in analysis of relatively large 
number of samples with metals concentrations 
at such a low concentration level. For 
example, the concentration of lead in a 
duplicate sample from well LW-12 D obtained 
during February 1989 ranged between <0.005 
and 0. 007 ppm. 

Relatively few samples (2 4 of 153 or 15 
percent) exceed two times the detection (for 
arsenic and lead) or two times the background 
(for zinc). An even fewer number exceed 
existing or proposed drinking water standards 
(9 of 153 or 6 percent) . 

The metals groundwater quality data indicate 
that the on-site industrial fill has had 
little impact on overall groundwater 
quality. A consistent pattern of where 
arsenic, lead, or zinc concentrations exceed 
the indicated "variability" levels is not 
evident in the data. - The exceedences are 
localized in extent and are not indicative of 
the quality of most of the groundwater 
beneath or downgradient of the site. 

I.3.6 Results of Surface Water and Sediment 
Analyses 

Surface water samples have been collected and 
analyzed from two locations where runoff is 
collected and leaves the site. The quality of 
runoff from the site is similar to runoff from 
local urban areas (Hart Crowser 1989, Remedial 
Investigation Report, Table 6.13). Volatiles 
and pesticides/PCBs were not detected in these 
samples and only very low concentrations (0. 002 
to 0. 021 ppm) of two phthalate compounds were 
detected. Copper, nickel, lead, and zinc were 
detected in surface water samples. 

Sediments obtained from the bottom of two 
ditches which collect surface water flow have 
also been analyzed. Xylene was the only 
volatile chemical detected (at 0.02 mg/kg) and 
several semivolatile compounds were detected at 
concentrations less than about 10 to 11 mg/kg 
(ppm). The PCB Aroclor 1254 was detected at 3.1 
ppm in one sample. Total lead, chromium, 
nickel, and zinc were detected at concentrations 
within a 'similar range as for site soils. 
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conraminanr Transporr Parhways 

Air. Migration via air can occur through 
volatilization and generation of dust. 
Volatilization of volatile organic chemicals is 
not considered significant because of the low 
concentrations of these chemicals in site 
soils. Generation of dust is a potential 
migration pathway which is currently limited by 
the presence of building foundations and site 
paving which cover about 50 percent of the 
site. Migration via this pathway is further 
limited by clean granular fill materials which 
cover most of the remaining portions of the 
site. However, because of the presence of 
metals in soil, this possible pathway was 
evaluated in the baseline risk assessment. 

Surface Water. Surface water as stormwater 
flow leaves the site via several ditches and a 
culvert most of which flows into Johns Creek. 
Migration of particulates, which contain metals, 
into the ditches probably occurs during periods 
of high runoff. However, available data 
indicate that the runoff is similar to typical 
urban runoff. This pathway was considered in 
the baseline risk assessment. 

Groundwater. Groundwater beneath the site 
flows to the west and southwest. Most of the 
site is upgradient of the Cedar River (termed 
Cedar River catchment) while a portion of the 
southeast corner of the site is upgradient of 
the Renton well field (termed Renton Well 
catchment). The two catchment areas are 
separated by a groundwater divide which has been 
defined based on extensive groundwater 
monitoring. The northern extent of this divide 
delineates the northern portion of Zone 2 of the 
Renton Aquifer Protection Area (APA) as shown on 
Figure 2 -1. Because the Cedar River and the 
Renton well field are downgradient of the site, 
migration to these receptors was considered in 
the baseline risk assessment. 

Most 'of the groundwater beneath the site flows 
in two zones designated upper and lower sand 
zones (see section 4 of the Remedial 
Investigation report). Groundwater flow rates 
are variable within each zone depending on 
variability in hydraulic conductivity and 
hydraulic gradient. Table 1-4 summarizes the 
flow rate estimates based on the available 
data. These estimates were made using hydraulic 
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conductivity data summarized in Table 5. 1 and 
hydraulic gradient data summarized in Table 8. 2 
of the Remedial Investigation report. 

Table 1-4 - Summary of Groundwater Flow Rates 

Upper Sand 

Estimated Flow Rate in Feet per Year 
Best 

Low Estimate High 

Cedar River Catchment 1. 7 20 to 50 640 
Renton Catchment 0. 9 10 to 30 362 

Lower Sand 
Cedar River Catchment 287 300 to 600 651 
Renton Catchment 159 175 to 350 369 

Notes: 

o Similar gradients were used for upper and lower sand zones, 
although the variation in gradients between the Cedar River 
and Renton Catchment is accounted for in the velocity 
estimates. 

o A porosity of 0. 3 was used for the upper sand and 0. 2 was 
used for the lower sand. 

The variability in flow rate estimates is higher 
in the upper sand than in the lower sand because 
of the larger variability in hydraulic 
conductivity estimates. This variability is 

·consistent with variation in material types 
observed during soil sampling activities and is 
reflected in the geologic logs. 

�.3.8 Results of Baseline Risk Assessment 

We took a conservative "probabilistic worst 
case" approach to the risk assessment consistent 
with recent EPA and Ecology guidance and 
comment. This is what we found: 

o The site poses little public health or 
environmental risk. Most risk is associated 
with disturbing soils within a portion of the 
site in an uncontrolled manner. Because the 
site is controlled and any soil disturbance 
would be according to an approved health and 
safety plan, the risks are actually lower 
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than those indicated using the assumptions 
incorporated into the risk assessment. 

o Both carcinogenic and non-carcinogenic risks 
posed by the site are within general guidance 
provided by the regulatory agencies. 
Non-carcinogenic risks, expressed as a hazard 
index, were below 1. 0 and the cumulative 
upper-bound lifetime carcinogenic risks were 
smaller than 1 additional case in 10,000. To 
provide perspective in evaluating cancer 
risk, consumption of charcoal broiled steak 
(two servings per week) is associated with an 
estimated upper-bound cancer risk of 1 in 
1 4,000. 

o Potential risks to the Renton well field are 
very small because few off-site chemical 
detections have occurred and are beyond the 
catchment area of the well field even under 
pumping conditions. In addition flow from 
the PACCAR site to the well field is only a 
small percentage of the volume of water which 
is pumped from the well field. Other than 
the Renton wells no other water supply wells 
are present in the area and the possibility 
that future wells will be installed in this 
area is remote. 

Our assessment indicates that the other 
constituents of concern and possible exposure 
routes pose lower risks to human health. 
Potential environmental risks appear limited to 
storrnwater discharges into Johns Creek, although 
such risks are likely minor and not 
substantially different from those in 
residential areas typical of the site vicinity. 

I.3.9 Proposed site Redevelopment Plans 

PACCAR Facility. As noted in section 1. 1, 
PAC CAR is proposing to redevelop the site into a 
Kenworth Truck plant. The plant will consist of 
a large manufacturing building, office building, 
small auxiliary buildings, roadways, parking 
lots, two storm water settling basins, and 
utilities. The currently proposed facility 
layout is shown on Figure 6-6. 

Our Feasibility study evaluates alternatives 
which assume the plant will and will not be 
built. If the plant is built, a sUbstantial 
portion of the site will be covered by 
structures and paving which will assist in 
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meeting the remedial action objectives. 
However, some soil will be disturbed which will 
have to be handled in an appropriate fashion. 
If the plant is not built, smaller volumes of 
soil will be disturbed but other means of 
covering portions of the site may have to be 
used. 

Realignment of Garden Avenue. The city of 
Renton has proposed that Garden Avenue be 
realigned to cross a portion of the northwest 
corner of the PAC CAR site as shown on Figure 
1-3. This portion of the site is underlain by 
industrial fill materials which contain metals 
above the RAOs as discussed in section 3. In 
addition to the realigned roadway, buried 
utilities, such as water and electric, would be 
buried adjacent to the road. construction of 
the realigned road/utilities and future upgrade 
and repairs need to consider the impacts of the 
metals in soil on site workers. 

Realignment of Existing storm Sewer. A storm 
sewer which receives off-site flow is located 
beneath the central portion of the site (Figure 
1-3). The existing location of the drainage 
impacts future site redevelopment so PAC CAR is 
proposing that the storm sewer be realigned to 
the east within the Houser Way North 
right-of-way. PAC CAR only proposes to realign 
this storm sewer if it redevelops the site. 
Realignment of storm sewer will require some 
soil disturbance when it leaves Houser Way and 
crosses the northern portion of the site which 
will need to be considered because of the 
presence of metals, high molecular weight PAHs, 
and diesel fuel residuals in soil. 
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2.0 SUMMARY OF FINDINGS-FEASIBILITY STUDY 

2.� Remedial Action Objectives 

2.2 

Although the baseline risk assessment prepared 
as part of the Remedial Investigation indicates 
that the site poses little public health or 
environmental risk, a set of preliminary 
remedial action objectives were developed. This 
approach was used so that remedial alternatives 
could be developed to reduce the already low 
site risk and meet the general remedial 
objective of reducing the mobility, toxicity, or 
volume of site contaminants. 

Development of the preliminary objectives 
considered Applicable or Relevant and 
Appropriate Requirements (ARARs) where 
available. Where ARARs are not available other 
policies and guidance were used as To-Be­
Considered (TBCs). The results of the baseline 
risk assessment were considered to fall within 
this category. The risk targets outlined in the 
proposed (December 1988 draft) National 
Contingency Plan (NCP - EPA, 1988d) were 
compared against the results of the baseline 
risk assessment to formulate specific 
preliminary objectives where ARARs were not 
available. 

The preliminary remedial action objectives are 
listed in Table 3-7 of this FS report. Section 
3. 0 REMEDIAL ACTION OBJECTIVES should be 
consulted for supporting detail. 

Identification of Remedial Technologies and 
Development of Remedial Alternatives 

Remedial alternatives selected for detailed 
analysis were developed using recommended 
procedures in the RIjFS guidance documents 
published by EPA. General response actions to 
remediate the various media (soils, groundwater, 
and sediments) were assessed and available 
technologies applicable to the site conditions 
were screened and selected to form preliminary 
alternatives. We assembled and screened 6 

alternatives for groundwater, 11 alternatives 
for soil, and 5 alternatives for sediments. Of 
these alternatives the following were selected 
for detailed analysis: 
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S low biological treatment with stabilization 
Cover 
Excavate and dispose of a limited amount of 
soil containing PCBs 
Cover with biological treatment and 
stabilization o,f "hot spots" 

o Sediment 
- Line/fill ditches 
- Excavate and dispose of contaminated 

sediment in ditches. 

2.3 Detailed Analysis and Discussion of Preferred Alternatives 

The 11 alternatives selected for detailed 
analysis were evaluated using the criteria in 
the latest EPA guidance document. These include: 

o Overall protection of human health and ,the 
environment; 

o Compliance with the Remedial Action 
Objectives (RAOs) and Applicable or Relevant 
and Appropriate Requirements (ARARs); 

o Short- and Long-term effectiveness; 
o Reduction of toxicity, mobility, and volume; 
o Implementability; and 
o Cost. 

(In this draft document state and community 
acceptance has not been addressed. These areas 
will be addressed after state review and public 
comment. ) 

Based on the detailed analysis the preferred 
alternatives for the site are: 

o Groundwater - continued baseline monitoring. 
The effects of the other remedial actions 
would be assessed and based on the monitoring 
data the need for other groundwater remedial 
actions would be evaluated. 

o Soil - Biologically treat or stabilize soil 
in hot spots and source areas and place a 
cover. This alternative is described in more 
detail in section 6 of this report. 
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The approximate extent of the cover is shown 
on Figure 6 -5. The selected alternative 
would treat or stabilize soil representing 
about 50 percent of the mass of contaminants. 

o Excavate and dispose of roughly 700 cubic 
yards of soil containing PCBs and about 10 

cubic yards of soil containing lead exceeding 
dangerous waste limits. The areas with these 
soils are two isolated locations in the 
northern portion of the site. The excavation 
will be filled with clean soil. 

o Sediment - Excavate/dispose of sediments 
containing PCBs and fill the ditch with clean 
fill. 

The areas of soil or sediment excavation, 
treatment, stabilization, or disposal are shown 
on Figure 2-1. The boundary of the Renton 
Aquifer Protection Area is also shown on Figure 
2-1. 

Our evaluation indicates that these alternatives 
will be protective of human health and the 
environment, will meet the RAOs, and will reduce 
the already low risks that the site potentially 
poses to site workers and the surrounding 
environment. 
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EPA's proposed revisions to the National 
Contingency Plan (NCP) (53 Fed. Reg. 51394) and 
a draft EPA Guidance Document entitled "CERCLA 
Compliance with Other Laws Manual" (August 8, 
1988 draft -- EPA, 1988c) include procedures for 
establishing remedial action objectives (RAOs) 
in Feasibility Studies of Superfund sites. 
According to the proposed NCP revisions, the 
remedial action objectives should specify the 
contaminants and media of concern, potential 
exposure pathways, and preliminary remediation 
goals. Final remediation goals are not 
determined until the remedy is selected. 

In this section the remedial action objectives 
were identified or developed for chemicals 
identified as being of concern in the baseline 
risk assessment conducted as part of the 
remedial investigation (RI). Applicable or 
Relevant and Appropriate Requirements (ARARs) 
formed the basis for a specific remedial action 
objective when available. The risk assessment 
formed the basis to develop a specific objective 
when ARARs were not available, and when 
available ARARs were clearly not adequate to 
protect human health or the environment. 
To-be-considered (TBCs) policies and guidance 
were evaluated along with the risk based 
analyses. 

3.I.I Identifying Chemicals of Concern 

Figure 3-1 shows the process used to select the 
chemicals of concern used to develop RAOs. 

Of the 163 parameters tested, 23 chemicals were 
initially identified to be of concern based on 
the preliminary screening (listed in Table 7.3 
of the Remedial Investigation Report). These 
are summarized, along with the media of concern 
in Table 3-1. As shown, the media of concern 
include both soil and water. 

A detailed analysis of potential risks conducted 
during the remedial investigation reduced the 
number of chemicals of concern to those listed 
iri Table 3-2. Inclusion in Table 3-2 was based 
upon whether a .chemical's concentration exceeded 
the reference dose (for non-carcinogens) or 
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exceeded an upper-bound lifetime cancer risk of 
1 in 1,000,000 for carcinogens. 

Table 3-1 - Summary of Constituents of Concern 
(Based on Preliminary Risk Assessment Screening) 

Soil Groundwater Surface Water 
METALS 

Arsenic X Xa 
Chromium (VI) X X 
Copper X 
Lead X Xa X 
Nickel X 
Silver X 
Zinc X 

VOLATILES 
Benzene X 
1,2-Dichloroethane X 
Ethylbenzene Xb 
Toluene Xb 
Vinyl Chloride X 
Xylenes Xb 

S EM.IVOLATILES 
Benzo (a) anthracene X 
Benzo (a) pyrene X 
Benzo (b) fluoranthene X 
Benzo (k) fluoranthene X 
Dibenzo (a,h) anthracene X 
1,2-Dichlorobenzene Xb 
Hexachlorobenzene X 
Indeno (1, 2, 3-cd)pyrene X 
PCB Aroclor 1254 X 
PCB Aroclor 1260 X 

Notes: a) Based on exceedence of proposed primary drinking 
water standard. Does not exceed current standard. 

b) Based on exceedence of proposed secondary drinking 
water standard. Does not exceed current standard. 

Page 3-2 



Hart Crowser 
J-1639-09 

Table 3-2 - Summary of Constituents of Concern 
(Based on Detailed Risk Assessment) 

Soil Groundwater 
METALS 

Arsenic X X 
Chromium X 
Lead X 

VOLATILES 
Vinyl Chloride X 
Benzene X 

SEMIVOLATILES 
Total PAHs X 
Hexachlorobenzene X 
Total PCBs X 

The application of ARARs and the results of the 
baseline risk assessment were used to develop 
remedial action objectives which are discussed 
in a following section. Background information 
concerning ARARs is presented below. 

3.2 What are ARARs? 

section 121 (d) of the Superfund Amendments and 
Reauthorization Act of 1986 (SARA) requires 
remedial actions at Superfund sites to attain 
the "applicable or relevant and appropriate" 
requirements of federal and state environmental 
laws. The recently adopted State Model Toxics 
Control Act (Initiative 97) requires that 
remedial actions meet remediation standards at 
least as stringent as those under section 12 1 
(d) of SARA. EPA's proposed revisions to the 

National Contingency Plan and EPA's draft 
guidance document entitled "CERCLA Compliance 
with Other Laws Manual" (August 8, 1988 draft -
EPA, 1988c) provide information regarding ARARs. 

According to the proposed NCP, applicable 
requirements are those promulgated under federal 
or state law that specifically address a 
hazardous substance, contaminant, remedial 
action, location, or other situation on a 
Superfund site. Relevant and appropriate 
requirements are those promulgated under federal 
and state law that are not directly applicable, 
but still address problems or situations 
sufficiently similar to those encountered at a 
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Superfund site, that their use is well suited to 
the particular site. For these requirements to 
apply, they must be both relevant and 
appropriate which is determined on a case by 
case basis. 

According to EPA's proposed Compliance with 
other Laws Guidance Document other 
non-promulgated policies, guidance, and 
directives may also be incorporated into the 
evaluation of remedial actions. These are 
termed To-be-Considered (TBC) materials which 
should only be used when ARARs are not adequate 
to achieve a protective remedy. In our 
evaluation, TBCs are considered as part of the 
site risk assessment to assess the necessary 
level of remediation for protection of health 
and the environment. 

3.2.� Three Types of ARARs 

EPA's draft guidance discusses three types of 
potential ARARs: 

o Chemical-specific ARARsi 
o Location-specific ARARsi and 
o Action-specific ARARs. 

Chemical-specific ARARs include those 
requirements that regulate the acceptable amount 
or concentration of a chemical that may be found 
in or released to the environment. These ARARs 
are discussed in detail below. 

Location-specific ARARs are those requirements 
that restrict the concentration of hazardous 
sUbstances or the conduct of activities solely 
because they occur in special locations. Our 
evaluation found no location-specific ARARs that 
are potentially applicable, or relevant and 
appropriate to the site. These ARARs will not 
be discussed any further but the sources of 
location-specific ARARs we considered are 
summarized in Appendix D. 

Action.-specific ARARs are those requirements 
that define acceptable treatment and disposal 
procedures for hazardous substances being 
handled or created during the implementation of 
the remedial action. EPA's draft guidance 
states that these ARARs should be evaluated 
later during the development and screening of 
remedial action alternatives portion of the 
feasibility study (FS). These are discussed as 
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part of the alternative screening and analysis 
sections. 

3.2.2 Chemical-specific ARARs 

Sources for potential ARARs considered include 
drinking water and aquatic criteria and air 
quality standards. 

Drinking Water criteria. The regulations 
listed in the EPA guidance document for 
chemical-specific ARARs, include the Safe 
Drinking Water Act (SDWA) regulations. These 
regulations present water quality standards 
(contaminant levels) for water used for 

drinking, cooking, bathing, etc. Maximum 
contaminant levels (MCLs) are enforceable for 
public water systems, usually at the point of 
water usage. Secondary Maximum contaminant 
Levels (SMCLs) may be ARARs if they have been 
adopted by the state as additional drinking 
water standards; which is the case in Washington 
state. 

Based on the water quality testing completed as 
part of the remedial investigation and the SDWA 

drinking water quality standards, the potential 
ARARs for groundwater listed in Table 3-3 were 
identified. 

Table 3-3 - Applicable Drinking Water Standards 

( a) 
(b) 

Chemical 

Arsenic 
Chromium (VI) 
Copper 
Lead 
Zinc 
Benzene 

Concentration 
Standard in mg/L 

0. 050 (a) 
0. 050 (a) 
1. 0 (b) 
0. 050 (a) 
5.0 (b) 
0. 005 

1,2 dichloroethane 0. 005 
Vinyl chloride 0. 002 

Dissolved Concentration 
Secondary MCL 

Reference: WAC 173-290 (DRAFT) 

Exceeded 
On-site' Off-site 

Yes No 
No No 
No No 
No No 
No No 
Yes No 
Yes No 
Yes Yes 
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Environmental Aquatic criteria. Several 
metals were identified as being of concern 
because they exceed existing aquatic criteria 
for fresh water. The risk assessment found that 
the primary risk (although low) to surface water 
was via metals migration to Johns Creek by 
stormwater discharge. Table 3-4 lists the 
metals of concern with their environmental 
criteria. 

Table 3-4 - S ummary of Environmental Aquatic criteria 

METALS 

Chromium 
Copper 
Lead 
Nickel 
Zinc 

Fresh Water 
Chronic Toxicity in mg!L Exceeded in stormwater 

0. 011 No 
0.007 Yes 
0.001 Yes 
0.088 No 
0.059 Yes 

Note: Concentrations derived using a hardness of 50 mg!L CaC03. 

Reference: 173-201 WAC 

3.3 

Air Quality Standards. Potential ARARs 
pertaining to atmospheric releases are limited 
to EPA1s air quality standards (40 CFR 50). 
These standards are relevant and appropriate to 
the PACCAR site, but have not been promulgated 
for any of the identified site contaminants 
except lead. The standard for lead is an 

3 airborne concentration not to exceed 1. 5 ug!m 
averaged over a three-month period. 

Application of TBCs to PACCAR site 

In our analysis we considered proposed drinking 
water standards and various environmental 
aquatic criteria as TBCs. 

Proposed Drinking Water Standards. Standards 
for various chemicals in drinking water have 
been proposed but have not been adopted. Both 
primary and secondary standards are proposed. 
Primary standards are those which are set to 
protect human health while secondary standards 
are those which are set for purposes such as 
taste, odor, etc. Table 3-5 summarizes existing 
proposed criteria for chemicals identified to be 
of concern at the PAC CAR site. Guidance for the 
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use of proposed standards for groundwater is 
contained in the preamble to the proposed NCP 
Amendment dated December 21, 1988 (EPA, 1988d). 
This proposed guidance indicates that proposed 
MCLs should be used when MCLs or state standards 
do not exist. Because these standards may be 
adopted in the future they are considered in our 
evaluation. 

Table 3-5 - Summary of Proposed Primary and S econdary Drinking 
Water Standards 

METALS 
Arsenic 
Lead 

VOLATILES 
Ethylbenzene 

Toluene 

Xylene 

SEMIVOLATILES 

Proposed 
Primary 
Standards 
in ppm 

0.030 
0.005 

0.700 

2.0 

10.0 

concentration 
Secondary 
Standards 
in ppm 

NPS 
NPS 

0.030 

0.040 

0.020 

Exceeded 
On-site Off-site 

Yes Yes 
Yes Yes 

Yes/ No 
Secondary 
Yes/ No 
Secondary 
Yes/ No 
Secondary 

l,2-Dichlorobenzene 0.600 0.010 Yes/ No 
Secondary 

NPS - No Proposed Standard 
Reference: 40 CFR 141, 142, 143: 22061-22160 

PCBs. A cleanup level of 10 ppm PCBs in soil 
may be a TBC at the PACCAR site, based on EPA's 
PCB Spill Cleanup Policy (EPA, 1985b). The 
policy also recommends a PCB cleanup level of 1 
ppm for materials with considerable water 
contact, such as stream sediments. No other 
potential TBCs or ARARs for PCB in soil or 
sediment were identified. 

3.4 Remedial Action Objectives Based on Risk Assessment 

As discussed above, ARARs are not available for 
all contaminants and possible exposure pathways 
of concern at the PACCAR site. In these 

Page 3-7 



Hart Crowser 
J-1639-09 

situations, EPA's draft guidance document 
recommends that the results of the baseline risk 
assessment be used to formulate preliminary site 
remediation goals. These preliminary risk-based 
objectives are generally referred to by EPA as 
"points of departure" to be used as a basis to 
evaluate alternative remedial actions during the 
feasibility study (FS). These points of 
departure are calculated using methodologies 
recognized as TBCs. However, the specific 
remediation levels for actual remediation 
activities at the site are determined following 
consideration of findings from the entire 
RIjFS. Along with assessments of potential 
human health and environmental risks, issues 
such as cost and implementation are often 
addressed in the final agency determination. 
Ecology generally follows a similar procedure. 

The baseline risk assessment indicates that the 
PAC CAR site poses little public health or 
environmental risk based on very conservative 
exposure assumptions. However, to formulate a 
set of preliminary objectives, the results of 
the risk assessment were evaluated with respect 
to guidance in the proposed NCP as discussed 
below. 

Preliminary soil remediation objectives for the 
PAC CAR site were based on the baseline risk 
assessment. For contaminants such as lead which 
EPA regulates based on non-carcinogenic effects, 
the preliminary remediation goal was calculated 
by comparing upper-bound exposure assumptions 
with the published reference dose or other 
appropriate toxicity criteria to derive a Hazard 
Index. These are detailed in the RI report 
procedures. If the Hazard Index does not exceed 
1.0, then non-carcinogenic adverse health 
effects are not expected. 

Potential carcinogens are evaluated 
differently. In this case both average and 
upper-bound exposure conditions are compared 
against a range of "acceptable risks" generally 
considered by EPA. Although the risk range 
considered by EPA may span values for 1 in 
10,000 to 1 in 10,000,000, a reasonable target 
for formulating remedial action objectives can 
be derived based on.the proposed NCP. 

The preamble to the proposed NCP specifies that, 
in evaluating risks associated with remedial 
alternatives, cumulative site risk to an 
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individual under the "reasonable maximum 
eXE9sure s2�nario" should be compared to the 
10 to 10 lifetime carcinogenic risk 
range and to the non-carcinogenic Hazard Index 
of 1.0. The "reasonable maximum exposure" 
scenario (RME) was excluded prior to formal EPA 
definition of the RME. However, the RME used in 
this RIfFS is generally consistent with current 
EPA and Ecology guidelines. Based on available 
RIfFS guidance and a review of past EPA Records 
of Decision at similar sites, the reasonable 
maximum exposure scenario may generally consider 
such factors as: 1) potential future land use; 
2) the range of potential exposures among the 
population at risk (e.g., the Most Exposed 
Individual [MEl]); and 3) statistical 
variability in the exposure and risk estimates 
(e.g., probabilistic upper-bound exposures to 

the MEl). These three issues were addressed in 
the development of remedial action objectives 
for the PACCAR site, as discussed below. 

Remediation criteria were calculated using two 
probabilistic definitions of "realistic maximum 
exposure" of chemicals at the PACCAR site. The 
first condition evaluated considered the 
average potential lifetime exposure of the 
MEl. Use of the MEl scenario, as defined in the 
risk assessment, represents a common definition 
of future realistic maximum conditions likely to 
be encountered at the site. Based on an 
assessment of current and projected land use 
within the area, and considering that potential 
site development plans call for the construction 
of a major new industrial facility, only future 
industrial use of the site (with potential 
off-site residential exposures) was considered 
realistic in this assessment. These potential 
exposure conditions are detailed in the RI 
report. Conservative points of departure were 
developed for this exposure condi��on using a 
target lifetime cancer risk of 10 , a  Hazard 
Index of 1.0, or other appropriate toxicological 
criteria (e.g., a soil lead concentration of 
1,000 ppm; CDC, 1985). 

The second point of departure considered the 
probabilistic upper-bound (upper 95th 
percentile) exposure of the MEl, given the range 
of all exposure factors which formed the basis 
of the risk assessment. For this upper-bound 
exposure condition, remediation criteria were 
developed to achieve an uPE�r-bound target 
lifetime cancer risk of 10 and a Hazard 
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Index of 1.0. In all cases, however, 
post-remediation chemical concentrations_�ased 
on an average lifetime cancer risk of 10 
resulted in achievement of the PE�babilistic 
upper-bound risk criterion of 10 . 
similarly, all upper-bound Hazard Index values 
were less than 1.0. The only non-carcinogen to 
exceed the toxicological criteria was lead 
(based on the 1,000 ppm soil criterion). 

Risk-Based Soil Remediation criteria 

The concentrations of indicator chemicals in 
potentially expo$ed (i.e., near-surface) soil 
media which are required to achieve the 
specified risk objectives are listed in Table 
3-6. Only those exposures which are calculated 
directly from the soil concentration (i.e., soil 
ingestion, dermal contact, and inhalation of 
dusts) were addressed in this analysis. 
Potential water pathways are considered 
separately below. 

The risk-based soil remediation concentrations 
are also compared with available chemical­
specific TBC criteria for lead ( 1,000 ppm; CDC, 
1985) and PCBs (10 ppm; 40 CFR 761). Existing 
on-site concentrations and regional background 
levels are also included for comparison (Table 
3-6). These summaries allow for a ready 
identification of chemicals which currently 
exceed various alternative criterion 
concentrations in soil as derived from risk 
assessment, TBCs, and background comparisons. 
As discussed in section 3.2, no ARARs have been 
identified for the constituents of concern in 
soil. 

As discussed in the RI report, the risk from 
soil exposure routes at the PACCAR site under 
conservative, pre-remediation baseline exposure 
conditions is predominantly attributable to 
potentially carcinogenic PAHs (CPAHs). Based on 
ach�eving an average lifetime MEl cancer risk of 
10 under these conditions, the average CPAH 
concentration in potentially exposed, on-site, 
near-surface soils would need to be reduced to 
3.5 ppm (Table23-6). using the observed on-site 
correlation (r = 0.99) between CPAH and total 
HPAH, and considering the statistical 
distribution of HPAH concentrations in surficial 
soils, remediation of soils above approximately 
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35 ppm HPAH would achieve the stated risk 
target. Additional discussion of the 
calculation procedure is presented in Appendix A. 

Under the pre-remediation baseline exposure 
assumptions, all Hazard Indices are on-target 
below 1.0, and not indicative of 
non-carcinogenic adverse human health effects. 
In the case of lead, however, the existing 
probabilistic upper-bound soil concentration of 
4,800 ppm exceeds the general TBC criterion of 
1,000 ppm for industrial sites (DSHS, 1989; EPA 
Region 10, 1989: based on CDC, 1985 study of 
residential sites). Accordingly, some reduction 
in the on-site lead concentration may be 
necessary to achieve the TBC risk criteria. The 
1,000 ppm criterion was selected as the remedial 
action objective for this FS. 

The risk-based average target concentrations for 
arsenic and chromium in on-site soils are 
approximately 7 to 8 ppm (Table 3-6). These 
calculated targets, however, are below typical 
background soil concentrations within the Puget 
Sound region (Harper-Owes, 1985; METRO, 1989). 
The risk calculations conservatively assume that 
all of the total metal concentration in soil 
is present in its most toxic form (e.g., 
hexavalent chromium), since detailed on-site 
chemical speciation data are generally lacking 
(see RI report for additional discussion). As a 

conservative point of departure for this FS, 
soil remediation objectives for both arsenic and 
chromium were based on the upper 95th percentile 
background soil concentration. Although these 
point of departure concentrations are 
conservative, the location and quantity of soil 
which exceeds the background arsenic and 
chromium criteria are generally similar to those 
exceeding the 1,000 ppm lead target. The 
on-site concentrations o� arsenic and chromium 
are highly correlated (r > 0.80) with lead. 

The risk-based remedial action objective for 
hexachlorobenzene in soil is calculated at 
approximately 400 ppm (Table 3-6). However, 
this compound has not been detected in 
near-surface soils at the PAC CAR site. 
Furthermore, out of 188 samples analyzed for 
hexachlorobenzene, only two subsurface soil 
samples exhibited detectable concentrations of 
this chemical. The maximum concentration in 
these samples was 16 ppm. The upper-bound risk 
associated with lifetime exposure to this 
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maximum concentration under the baseline MEl 
exposure cO�9ition !� within the general target 
range of 10 to 10 • Based on the 
infrequent detections and relatively low 
baseline risk estimates under existing 
conditions, specific remediation targets for 
hexachlorobenzene were not considered further in 
this FS. 

The point of departure for PCB remediation of 
soils at the PACCAR site is 10 ppm PCBs. This 
value is based on EPA's Spill Cleanup Policy (40 
CFR 761), and may be an appropriate TBC 
criterion for PCB remediation at sites where 
access may not be controlled. The 10 ppm PCB 
criterion was developed by EPA using a general 
risk assessment methodology, although some of 
the exposure assumptions differed from the 
site-specific factors developed in the RI 
report. Although the two criteria are similar, 
the 10 ppm TBC criterion is somewhat more 
restrictive than the risk-based value, and was 
conservatively selected for this FS analysis. 

Water Remediation criteria 

Like the above evaluation of soil pathways, 
existing concentrations of indicator chemicals 
in on-site waters were compared with both 
risk-based criteria (targeted goals) and 
regulatory criteria. For water constituents, 
regulatory criteria consist of both ARARs and 
TBCs, as discussed previously. The risk 
assessment model was used to determine which 
indicator chemicals individually currently 
achieve (or do not achieve) the !�rgeted_4 
lifetime cancer risk range of 10 to 10 , 
and a Hazard Index of less than 1.0, for water 
exposure routes only (water ingestion and fish 
consumption) . 

The assumptions made regarding the appropriate 
point of compliance for the risk-based and 
regulatory criteria should be clearly 
understood. As presented in detail in the RI 
report, potential site discharges to the Renton 
water supply well network and to the Cedar River 
represent the potential pathways of concern in 
the baseline MEl scenario for drinking water and 
fish consumption exposures, respectively. 
Considerable dilution of waters discharging 
off-site occurs prior to these receptor 
locations. The calculated baseline risks to 
these off-site receptors is well within the 
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risk guideline range. Accordingly, existing 
conditions meet the risk-based water remediation 
criteria. 

Although the possibility is considered very 
remote that a future domestic well would be 
located immediately downgradient of the PACCAR 
facility, Ecology has requested that all 
off-site locations be considered potential 
points of compliance for drinking water quality 
criteria and standards (e.g. , MCLs; Ecology, 
1989). Evaluation of groundwater quality data 
collected at off-site monitoring wells with 
ARARs and TBCs would form a principal basis for 
this evaluation. These criteria comparisons 
were discussed above in sections 3.2 and 3.3. 

3.5 Remedial Action Objectives 

Remedial action objectives (RAOs) are proposed 
for both soil and water. As discussed above 
they are based on ARARs, TBCs, and the results 
of the risk assessment. The objectives are 
summarized in Table 3-7. The basis of including 
or not including specific constituents are 
discussed below. 

Metals in Soil. Arsenic, lead, and chromium 
presently exceed risk based criteria in soil 
(Table 3-6). Concentrations of 30 ppm arsenic 

and 70 ppm chromium is proposed which are within 
background concentrations for soil in the Puget 
Sound area. Remediation of soils exceeding 
1,000 ppm lead will generally also achieve the 
arsenic and chromium objectives. 

PCBs in Soil. As discussed above, a TBC of 10 
ppm exists for PCBs with a lower target 
concentration of 1 ppm PCBs for sediments which 
are in contact with surface water. 
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Table 3-7 - Preliminary Remedial Action Objectives 

Environmental 
Media 

Groundwater 

Soil 

Surface Water 

Remedial Action Objective 

For Human Health 
Prevent ingestion of water having arsenic in 
excess of 0.030 ppm, and lead in excess of 0.005 
ppm. 

Prevent ingestion of water having benzene in 
excess of 0.005 ppm and vinyl chloride in excess 
of 0.002 ppm, and a total probabilistic (95th 
percentile) upper-bound cancer risk for organic 
chemicals of 1 in 10,000. 

For Human Health 
Prevent ingestion/direct contact with soil 
having lead in excess of 1,000 ·ppm, chromium in 
excess of 70 ppm, and arsenic in excess of 30 
ppm. 

Prevent ingestion/direct contact with soil 
having PCBs in excess of 10 ppm, and a total 
probabilistic (95th percentile) upper-bound 
cancer risk of greater than 1 in 10,000. 

Prevent ingestion/direct contact with soil 
having an average total HPAHs site concentration 
in excess of 3.5 ppm and a total probabilistic 
(95th percentile) upper-bound cancer risk of 1 
in 10,000. 

For Environmental Protection 
Remediate soils containing significant levels of 
petroleum hydrocarbons. We propose an action 
level for petroleum hydrocarbons of 5,000 ppm 
TPHs (as measured by Method 418.1) or 1,000 ppm 
GC/FID (as measured by Method 8015-extended 
quantified by phenanthrene response). Soils 
which exceed 5,000 ppm TPH or 1,000 ppm GC/FID 
represent about 70 percent of the total mass of 
petroleum hydrocarbons. 

For Environmental Protection 
Control off-site migration of contaminants in 
stormwater runoff. 

Prevent hydraulic contact of surface waters with 
soils and sediments having a PCB concentration 
in excess of 1 ppm. 
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HPAHs in Soil. Under the conservative 
baseline exposure conditions described in the RI 
Report, near-surface soil concentrations of 
CPAHs may exceed the target lifetime risk of 1 
in 1,000,000. In order to attain this risk 
target, a site-wide average concentration of 3. 5 
ppm CPAHs is proposed. Because of the nature of 
the previous and proposed industrial facility at 
the site, workers who could be exposed to site 
soils (e.g., during maintenance operations) 
would encounter soils from many different areas 
of the site. Therefore, the site average 
criteria is an appropriate risk objective for 
use in the PAC CAR Renton Feasibility study. 
Based on a statistical analysis of the data, 
remediation of soils above approximately 35 ppm 
HPAH would achieve the stated lifetime cancer 
risk target. 

Petroleum Hydrocarbons in Soil. The risk 
assessment did not identify petroleum 
hydrocarbons as posing a risk to those who might 
be exposed to soils. Most of the soils 
containing petroleum hydrocarbons consist of low 
molecular weight PAHs (LPAHs) which do not pose 
the same risks as the high molecular weight PAHs 

(HPAHs). In addition, the high concentrations 
of petroleum hydrocarbons in most of the site 
soils have not adversely affected site 
groundwater quality. Where groundwater has been 
adversely affected by fuel constituents, 
above-ground or underground tanks were present. 
However, because of the relatively high 
concentrations of petroleum hydrocarbons in 
soils, means to remediate these soils were 
considered in the Feasibility study. A remedial 
action objective of 5,000 ppm TPH (Method 418. 1) 
or 1,000 ppm GCjFID (Method 8015-extended 
quantified as phenanthrene) were considered. 
Soil containing the above or greater TPH or 
GCjFID concentrations represent about 70 percent 
of the mass of petroleum hydrocarbons on site. 
For the remainder of this FS, petroleum 
hydrocarbons concentrations are expressed as 
GCjFID. 

BETX and Other Volatiles in soil. BETX and 
other volatile compounds were not detected in 
most of the soils which lie beneath the PACCAR 

site (see Figures 6.46 through 6. 50 of the 
Remedial Investigation Report). Of the 150 
samples tested during the latest sampling round 
(summer 1988) BETX compounds were either not 
detected (84 percent or 12 6 samples) or were 
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detected at low concentrations of less than 0.17 
ppm (10 percent or 15 samples). Only 9 samples 
(or 6 percent of those tested) had 
concentrations above 1 ppm total BETX. The 
concentrations of these samples ranged between 
2 . 4 and 7. 3 ppm. Similarly, other volatile 
compounds such as chlorinated solvents were not 
detected. Because of the isolated site 
occurrences of these constituents, an overall 
remedial action objective is not being 
proposed. A contingency plan to treat soils 
disturbed during construction which may contain 
these and other volatile compounds will be 
prepared as part of the cleanup action plan. 

Metals in Groundwater. Groundwater quality 
data collected during the latest sampling rounds 
indicate that arsenic and lead concentrations in 
groundwater meet existing drinking water 
standards. However, concentrations exceed the 
proposed standards for these two metals. 

Volatile organics in Groundwater. 
Concentrations of benzene and vinyl chloride 
exceed existing ARARs in monitoring wells 
located on the site boundary within the Cedar 
River catchment area for these compounds. 
Concentrations of vinyl chloride exceed existing 
ARARs in monitoring wells located just beyond 
the site boundary. Because ARARs are exceeded, 
remedial action objectives are proposed for 
these compounds. 

Ethylbenzene, toluene, and total xylenes meet 
proposed primary drinking water standards but 
proposed secondary standards are exceeded in 
on-site groundwater. Specific objectives for 
these constituents are not proposed because no 
water supply wells have the potential to be 
impacted by these constituents. The 
concentrations are below proposed standards to 
protect public health, and remediation for 
benzene will also reduce the concentrations of 
these associated constituents. 

A specific remedial action objective for 
1,2-dichloroethane is not being proposed because 
the existing standard of 0.005 ppm is exceeded 
in only one monitoring well in the interior of 
the property (LW-3S). Monitoring wells 
downgradient of LW-3S have not detected this 
compound. 
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Semivolatile Organics in Groundwater. The 
concentration of only one semivolatile organic 
chemical was found to exceed an existing or 
proposed water quality standard. 
1,2-dichlorobenzene concentrations meet the 
proposed primary standard of 0.600 ppm but the 
concentration of 0.014 ppm exceeds the proposed 
secondary standard of 0.010 ppm. A remedial 
action objective for this compound is not being 
proposed because it was detected in a monitoring 
well in the interior of the property (LW-3S). 
Monitoring wells downgradient of LW-3S have not 
detected this compound and a later sampling 
indicates a concentration of 0.006 ppm which is 
below the proposed secondary standard. 

Metals in stormwater Runoff. Stormwater 
runoff from the site is similar to runoff from 
urban areas in western Washington. The major 
potential for off-site migration of metals from 
the site is via erosion and particulate 
transport of site soils containing metals by 
runoff. Specific concentrations are not 
proposed because of the similarity of the runoff 
to urban areas. However, a general objective is 
proposed because it is desirable to improve the 
quality of runoff from the site. 
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4.0 IDENTIFICATION AND SCREENING OF TECHNOLOGIES 

4.� Outline of Approach 

4.�.� Identify and Evaluate Technologies by 
Media/Contaminants 

We approached the development of remedial 
alternatives by first identifying general 
response actions and available technologies 
applicable to the types of media in which the 
contaminants exist. The available technologies 
were then evaluated with respect to the types of 
contaminants within each media to form 
alternatives, which were in turn, evaluated with 
respect to selected criteria (as discussed in 
following report sections) . Table 4-1 lists the 
media and contaminants we considered in 
completing the FS. A flow chart showing this 
step and subsequent steps in the FS process is 
shown on Figure 4-1. 

Table 4-1 - Media and Contaminants Considered in FS 

Media 

o Soil 

contaminants 

Metals (Pb, As, Cr) i Petroleum 
Hydrocarbons; HPAHs; PCBs 

o Groundwater Metals (Pb, As) ; vinyl chloride; benzene 
Metals (Cu, Zn) o Surface Water 

o Sediments PCBs 

Note: HPAHs - High Molecular Weight Polycyclic Aromatic 
Hydrocarbons 

PCBs - Polychlorinated Biphenyls 

4.�.2 Interrelationship between Media 

with the exception of surface water, the media 
were evaluated independently of each other based 
on the results of the risk assessment which 
identified media, contaminants, and exposure 
pathways of concern. For example the risk 
assessment indicates that the greatest risk from 
soil contaminants. is from ingestfon or 
inhalation (of dust) so alternatives were 
developed to reduce this potential exposure. 
The available data indicates that additional 
soil remediation has the potential to provide an 
overall beneficial impact on groundwater 
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quality. As discussed in section I, 

concentrations of volatile and semivolatile 
chemicals have declined in several wells as a 
result of past site remediation such as removing 
underground storage tanks. Additional soil 
remediation, such as in the LW-3 area, will 
remove, stabilize or contain primary potential 
sources of contamination to groundwater which 
should result in improved groundwater quality. 
Groundwater monitoring which will be conducted, 
in part, to assess changes in groundwater 
quality will be part of the selected remedial 
alternative. 

Specific remedial alternatives were not 
developed for surface water because remediation 
of soil and sediments will have a desirable 
impact on surface water quality. The proposed 
remedial alternatives consider methods to remove 
contaminated sediments from water contact and 
prevent erosion of site soils. 

4.2 General Response Actions 

In the first step of the feasibility study 
process we identified general response actions 
which will meet the remedial action objectives. 

General response actions are broad categories 
of remedial measures used to reduce the exposure 
of humans and the environment to contaminants. 
These include measures used to reduce the 
mobility, toxicity, or volume of contaminants. 

We identified separate sets of general response 
actions for soil, groundwater, and sediments. 
General response actions pertaining to surface 
water were included in the response actions for 
soil. 

Each general response action includes one or 
more remediation technologies, each of which 
includes one or more process options. 

The general response actions for soil, 
groundwater, and sediments are discussed below. 

4.2.� Soil Response Actions 

We addressed the following general response 
actions for soil: 

o Baseline Condition with Monitoring. This 
action would include monitoring fugitive dust 
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emissions. Potential exposure would be 
reduced by providing a health and safety plan 
for excavation activities on site. 

o Institutional Controls. This action would 
reduce potential exposure by restricting use 
and access to the site. 

o Containment/Isolation. This action would 
reduce potential exposure by covering and 
protecting soil. containment/isolation action 
would be taken at specific areas of the site 
with contaminant concentrations above the 
remedial a.ction obj ecti ves . Grading and 
vegetation would be components of covering. 

o Surface Water Collection and Control. This 
action would use grading and ditches to 
reduce migration of soil contaminants via 
surface water. It would be taken at specific 
areas where soil contaminant concentrations 
are above the remedial action objectives. 

o Excavation and Disposal. This action would 
remove contaminated soils to an appropriate 
landfill. It would be taken at specific 
areas where soil contaminant concentrations 
are above the remedial action objectives and 
on-site treatment is not practical or 
feasible. 

o Excavation and Treatment. This action 
would reduce the toxicity of contaminated 
soils. It would be taken at specific areas 
where soil contaminant concentrations are 
above the remedial action objectives. 
Specific treatment technologies are discussed 
in Subsection 4. 4. 

o Excavation and stabilization. This action 
would reduce mobility of contaminants in 
soil. It would be taken at specific areas 
where soil contaminant concentrations are 
above the remedial action objectives. 

o In situ Stabilization. This action 
would reduce mobility of contaminants in 
soil. It would be taken at specific areas 
where soil contaminant concentrations are 
above the remedial action opjectives. 
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We addressed the following general response 
actions for groundwater: 

o Baseline Condition with Monitoring. This 
action would include monitoring groundwater 
quality. This action would encompass 
off-site and on-site areas. Monitoring would 
include shallow and deep water-bearing zones. 

o Institutional Controls. This action would 
reduce potential exposure by restricting use 
of groundwater at the site and within the 
Cedar River catchment area. 

o Diversion/Containment. This action would 
reduce potential migration of contaminants in 
groundwater by diverting clean groundwater 
away from contaminated areas, and containing 
contaminated groundwater. This action would 
be taken at specific areas determined by the 
hydrogeologic system and the distribution of 
contaminants in groundwater. 

o Pumping and Treatment. This action would 
reduce potential exposure by removing 
contaminated groundwater from the water­
bearing zones and treating, if required, 
prior to discharge to a permitted source. It 

would be taken at specific areas on site 
where contaminant concentrations are above 
the remedial action objectives. 

o In situ Treatment. This action would 
reduce the toxicity of contaminants in 
groundwater. It would be taken at specific 
areas on site where contaminant 
concentrations are above the remedial action 
objectives. 

4.2.3 Sediment Response Ac�ions 

We addressed the following general response 
actions for sediments: 

o Baseline Condition with Monitoring. This 
action would include monitoring the quality 
of surface water migrating off site. 
Potential exposure would be reduced by 
providing'a health and safety plan for 
excavation activities in areas with 
contaminated sediments. 
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o Institutional Controls. This action would 
reduce potential exposure by restricting use 
and access to the area containing 
contaminated sediments. 

o Containment/Isolation. This action would 
reduce potential exposure by covering and 
protecting sediment. Containment/isolation 
action would be taken at specific areas where 
sediment contaminant concentrations above the 
remedial action objectives. 

Grading and vegetation would be components of 
covering. 

o Excavation and Disposal. This action would 
remove contaminated sediments to an 
appropriate landfill. It would be taken at 
specific areas where sediment contaminant 
concentrations are above the remedial action 
objectives. 

4.3 Identification of Volumes 

We identified the volumes of groundwater, soil, 
and sediments to which remedial actions might be 
applied. These volume estimates were used as a 
common basis to evaluate the applicability, 
implementability, and cost of technologies and 
alternatives. Table 4-2 shows volume estimates 
for groundwater, soil, and sediment which may 
exceed the remedial action objectives. Table 
4-3 shows volume estimates for soil representing 
50 percent of the mass of contaminants and for 
source control areas. We used data and contour 
maps from the remedial investigation to estimate 
these volumes. The contour maps were based on 
continuous first derivative interpolation of 
spot concentration data. This computer 
contouring technique was judged to be a 
consistent approach yielding representative 
contours. 

Volume estimates for soil assume remediation of 
only the fill soil above the silt layer. In 
general, it is the fill soils that contain 
chemical concentrations greater than the RAOs or 
other action levels. Therefore, in order to 
protect the silt layer as much as possible, 
remediation would generally only include the 
fill soils above the silt layer. The depth of 
the silt layer (where it exists) ranges from 
about 1 to 8 feet below existing ground surface. 
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Table 4-3 - Estimated Soil Volumes Representing Source Control 
Areas and 50 Percent of the Mass of Contaminants 

In-place Volume 
in Cubic Yards 

Petroleum Hydrocarbons: 
GC/FID (8015-ext.) >2,500 ppm 
and source control areas at 
well LW-3 and R&D UST 

7,800 

HPAH > 800 ppm 300 

Lead > 8,000 ppm AND 
Chromium > 600 ppm 

14,700 

Arsenic > 100 ppm 
and source area at U-2** 

subtotal 

Dangerous Waste (lead) Area 
PCB > 10 ppm* 

TOTAL 

5,700 

28,500 

10 
700 

29,210 

*Soil with PCBs greater than 10 ppm is located in one area on 
site. Therefore, all of this soil is considered a hot spot and 
all of the PCB soil volume exceeding the RAO is included. 
**U-2 refers to grid location as shown on various site plans. 

Appendix A describes the methods used for 
estimating these volumes. Actual volumes will 
depend on the actual distribution of 
contaminants. As a result, actual volumes will 
likely vary from the estimates presented herein. 

4.4 Identification and screening of Technologies 

4.4.I Identification of Remedial Technologies 

We identified remedial technologies for the 
general response actions from a variety of 
sources such as Superfund guidance documents 
(EPA, 1985ai EPA, 1988b), standard engineering 

practices, current literature on innovative 
technologies, technology vendors, and our 
experience. Table 4-4 lists the technologies we 
have identified. These technologies are 
categorized by the general response action. 
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Under each technology we have listed some 
process options. The final column in the table 
provides comments on the applicability to the 
PAC CAR site of the technologies and process 
options. 

Refer to Appendix B for more detailed 
descriptions of remedial technologies. 

It is important to understand that many process 
options within a technology type can be 
combined. For example, Above-Ground Physical 
Treatment of Water may combine a filtration 
process followed by an air stripping process. 

4.4.2 screening of Remedial Technologies 

The applicable technologies from Table 4-4 were 
refined to better fit the PAC CAR site conditions 
and screened using three criteria: 

o Effectiveness; 
o Implementability; and 
o Cost-Effectiveness. 

Effectiveness. We evaluated process options 
based on their effectiveness relative to other 
process options within a technology type. This 
procedure eliminated the less effective 
processes while retaining a wide range of 
remedial technologies. 

Our effectiveness evaluation focused on four 
areas: 

o The ability of the process option to handle 
the area and volume of contaminated material; 

o The ability of the process option to meet the 
remedial action objectives; 

o Protection of human health and the 
environment during the construction and 
implementation phase; and 

o How proven and reliable the process option is. 

Implementability. The implementability 
criterion addresses the question: can the 
process option be built/used? Specific issues 
included in this criterion are: 

o Ability to obtain permits for off-site 
activities; 
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o Availability of treatment, storage, and 
disposal services; and 

o Availability of equipment and skilled workers. 

Cost-Effectiveness. We used cost-effectiveness 
in a general way only during this phase of the 
feasibility study. We evaluated each process 
option as to whether its capital and 
operation/maintenance costs, relative to other 
process options within a technology type, are 
high, medium, or low. 

Screening of Remedial Technologies. Table 4-5 
presents a summary of our screenlng of the 
applicable process options from Table 4-4. 
Table 4-5 discusses how well each process option 
meets the three criteria. Table 4-5 is based on 
the detailed discussions of the technologies in 
Appendix B. Technologies or process options 
retained for alternative development are 
indicated in Table 4-5. To simplify the 
subsequent development of alternatives, one 
representative process was selected, if 
possible, for each technology type. These 
representative processes provided a basis for 
evaluating alternatives, but do not limit 
flexibility during remedial design. The 
specific process used to implement a remedial 
action may not be selected until the remedial 
design phase. 

Groundwater Diversion. A slurry wall was 
retained over pumping wells since pumping wells 
would require continued operation and associated 
higher operating and maintenance costs. 

Groundwater containment. A deep slurry wall 
was retained as the process option for the 
perimeter subsurface wall. It was judged to 
have good effectiveness, while grouting -- the 
other process option -- was judged to have only 
fair effectiveness. Implementability and cost 
of these process options were similar. 

Groundwater Treatment. For treatment of 
arsenic and lead, all six process options were 
retained because these process options can be 
combined during optimization of the treatment 
process. We have completed a treatability study 
for arsenic and lead in groundwater. The 
results of this study indicated that these 
process options are applicable for treatment of 
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arsenic and lead in groundwater. The results of 
this study will be reported in a separate 
document. For treatment of vinyl chloride and 
benzene, air stripping was retained as a 
representative process option because of its 
proven effectiveness, implementability, and 
lower costs. 

Soil containment. Capping options of 
structural fill, geomembrane, and paving were 
retained because we judged them to be equally 
effective as clay with superior ease of 
implementation. Imported structural fill (sand 
and gravel) would be effective in reducing dust 
and exposure to soil with contaminants. 

Soil Stabilization. Excavation and 
stabilization using cement or chemical 
encapsulation was retained. We have completed a 
treatability study using cement stabilization. 
The results of this study indicate this 
technology is applicable eee. 

Soil Treatment: HPAH and Petroleum 
Hydrocarbons. Land biotreatment, slurry 
biotreatment, and low temperature thermal 
treatment were retained. 

Land biotreatment was tested in a treatability 
study. The results of this study indicated that 
this technology is applicable. The results of 
this study will be reported in a separate 
document. 

Slurry biotreatment was retained as a process 
option which is also representative of soil 
washing for these organic contaminants. Low 
temperature thermal treatment was ret�ined as a 
process option which is also representative of 
incineration. 

Soil Treatment: Lead, Chromium, and Arsenic. 
Soil treatment by soil washing was not 
retained primarily because it would require more 
significant process development than other 
remediation technologies which address these 
metals. 

Soil washing for metals is not commercially 
available, and would require significant process 
development. Soil washing faces significant 
materials handling problems which are complex 
and expensive to solve. 
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The chemical and mechanical parameters of soil 
washing are unique to each soil type and mix of 
contaminants. Because much of the contaminated 
soil at PACCAR contains mixtures of 
hydrocarbons, lead, chromium, and arsenic in 
several chemical forms, considerable process 
development would be required prior to 
implementing soil washing. 

Soil washing also produces wash water to be 
treated and sludge to be disposed of. Treatment 
of wash water and dewatering of sludge would 
require additional process development prior to 
full-scale implementation. 

Sediment Control. Granular fill with 
geotextile was retained as the representative 
process option because we judged it to be 
slightly more effective and implementable than 
other comparable options. 

Page 4-28 





Hart Crowser 
J-1639-09 

5. 0 DEVELOPMENT AND PRELIMINARY SCREENING OF ALTERNATIVES 

5.� Overview of Alternative Development and Screening 
Process 

In this step we assembled the selected 
technologies and process options into 
alternatives representing a range of treatment 
and containment combinations. These 
alternatives were then screened on the same 
three criteria used to evaluate technologies -
effectiveness, implementability; and cost. 

5.2 Assembly of Alternatives 

We assembled six alternatives for groundwater, 
eleven alternatives for soil, and five 
alternatives for sediments. Tables 5-1, 5-2, 
and -5-3 present the potentially applicable 
remedial alternatives for each medium that we 
assembled from the screened technologies. These 
tables do not include all possible combinations 
of these technologies. Instead, they present 
alternatives which represent a range of 
treatment and exposure control options. 

Table 5-1 - Development of Groundwater Alternatives 

Groundwater Alternative 

Technology 1 2 3 4 5 6 

Monitoring x x x x x x 

Institutional Controls x 

Diversion x 

Containment x 

Groundwater Pumping x 

On-site Treatment x 

In situ Treatment x 

x Technologies included in Alternative 
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The sUbsections which follow describe each 
potentially applicable alternative, including 
the process options chosen to represent each 
technology. 

5.2.1 Groundwater Alternatives 

Groundwater Alternative 1 - Monitoring 

Groundwater monitoring would include semiannual 
and annual sampling and chemical analysis o f  
selected monitoring wells. Both the deep and 
shallow water-bearing zones would be included. 

This alternative would also include a health and 
safety plan to be implemented during future 
excavation activities which involve contacting 
groundwater. The monitoring and health and 
safety plans would be reviewed after 5 years. 

Groundwater Alternative 2 - Institutional 
Controls: Restrict Use 

This alternative includes all provisions o f  the 
monitoring alternative. Future installation o f  
groundwater production wells in the Cedar River 
catchment area downgradient o f  the site would be 
restricted. 

Groundwater Alternative 3 - Diversion 

Groundwater flow through the contaminated 
shallow zone would be diverted by constructing 
a slurry wall to the middle aquitard (or its 
elevation). The slurry wall would extend around 
the perimeter of the site. Monitoring would be 
included in this alternative. The duration o f  
construction would be several months. 

Groundwater Alternative 4 - containment 

contaminated groundwater in both shallow and 
deeper zones would be contained by a slurry wall 
constructed to the lower aquitard (a depth of 
about 120 feet) . The slurry wall would extend 
around' the perimeter of the site. Monitoring 
would be included in this alternative. The 
duration of construction would be several months. 

Groundwater Alternative 5 - Pumping and 
Treatment 

Groundwater with contaminant concentrations 
above the remedial action objectives would be 
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pumped from both shallow and deeper zones and 
treated on site. Treated water would be 
discharged to either the municipal sewage 
treatment system or to surface water. The 
representative process options would be designed 
to meet discharge limits and would include 
filtration of suspended solids followed by air 
stripping. 

Monitoring would be included in this 
alternative. The duration of construction would 
be several months. The duration of operation 
would be several years. 

Groundwater Alternative 6 - In situ 
Treatment 

Groundwater with organic contaminant 
concentrations above the remedial action 
objectives would be treated in situ in 
both shallow and deeper zones. The 
representative process option would be 
biological treatment by subsurface injection of 
nutrient and oxygen sources. Only the organic 
constituents -- benzene and vinyl chloride 
would be treated. 

Monitoring for both inorganics and organics 
would be included in this alternative. The 
duration of construction would be several 
months. The duration of operation would be 
several years. 

5.2.2 Soil Alternatives 

Soil Alternative 1 - Monitoring 

This alternative includes monitoring fugitive 
dust emissions. Potential exposure is reduced 
by providing a health and safety plan for 
excavation activities on site. This alternative 
encompasses the entire site. The monitoring and 
health and safety plans would be reviewed after 
five years. 

Soil Alternative 2 - Institutional Controls: 
Restrict Access 

This alternative includes Alternative 1. Access 
would be restricted by maintaining a fence 
around the perimeter of the site. warning signs 
would be posted on the fence to discourage 
trespassing. 
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soil Alternative 3 - Excavation and Disposal 

All soil with contaminant concentrations above 
the remedial action objectives would be 
excavated and transported to a licensed disposal 
facility. This alternative includes surface 
water control and vegetation. The duration of 
operation would be several months. 

soil Alternative 4 - Treatment 

4a - Rapid Treatment. Soil with contaminant 
concentrations above the remedial action 
objectives would be excavated and rapidly 
treated on site. Rapid treatment would 
accommodate current site development plans. The 
representative process options for rapid 
treatment for soil with metals contamination 
would be soil washing. Low temperature thermal 
treatment would be used for unsaturated (dry) 
soil with HPAH and petroleum hydrocarbon 
contamination. Slurry biotreatment would be 
used for saturated (wet) soil with HPAH and 
petroleum hydrocarbon contamination. Soils with 
both metals and H PAH or petroleum hydrocarbon 
contamination would require sequential treatment. 

This alternative includes surface water control 
and vegetation. The duration of construction and 
operation would be several months. 

4b - Slow Treatment. All soil with 
contaminant concentrations above the remedial 
action objectives would be excavated and slowly 
treated on site. Slow treatment could 
accommodate current site development plan if 
sufficient space is available to slow treat 
soils when proposed site development occurs. 
The representative process option for slow 
treatment of soil with metals contamination 
would be soil leaching. Soil biotreatment would 
be used for soil with H PAH and petroleum 
hydrocarbon contamination. Soils with both 
metals and HPAH or petroleum hydrocarbon 
contamination would require sequential treatment. 

This alternative includes surface water control 
and vegetation. The duration of construction 
and operation would be several years. 
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All soil with contaminant concentrations above 
the remedial action objectives would be 
excavated and stabilized on site. The 
representative process option would be cement 
stabilization. 

This alternative includes surface water control 
and vegetation. The duration of construction and 
operation would be several months. 

Soil Alternative 6 - In situ 
Stabilization/Treatment 

All soil with contaminant concentrations above 
the remedial action objectives would be 
stabilized or treated in situ . This 
alternative would not accommodate current site 
development plans and assumes that no immediate 
site development will take place. 

Pressure grouting would be the representative 
process option for soil contaminated with metals 
only and metals and HPAH. Contaminated soils 
beneath building foundations would be pressure 
grouted where accessible by the grouting rig. 

In-place soil biotreatment and volatilization 
would be used for soil with petroleum 
hydrocarbon contamination. Soils with both 
metals and H PAH or petroleum hydrocarbon 
contamination would require sequential treatment. 

This alternative includes surface water control 
and vegetation. The duration of construction and 
operation would be several years. 

Soil Alternative 7 - Cover 

All soil with contaminant concentrations above 
the remedial action objectives would be 
contained by a protective cover. The 
representative process option for areas which 
would be paved according to the current 
development plan would be concrete and asphaltic 
pavement. Areas which would not be paved would 
be contained by a structural fill cover with and 
without landscaping. 

This alternative includes surface water control 
and vegetation. The duration of construction 
would be several months. 
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The soil alternatives 8, 9, 10, and 11 -­

discussed below -- refer to areas of relatively 
high concentrations of soil contaminants (hot 
spots) as defined in Section 4.2. 

Soil Alternative 8 - Excavation and Disposal 
of Hot spots, Cover 

Hot spot soils would be excavated and 
transported to a licensed disposal facility. 
Remediation of these hot spots would result in a 
50 percent overall decrease in the mass of 
contaminants in contaminated areas. All other 
soil with contaminant concentrations above the 
remedial action objectives would be contained by 
a protective cover. 

This alternative includes surface water control 
and vegetation. The duration of construction 
would be several months. 

This alternative was further defined during 
detailed analysis to include only the 
PCB-contaminated soil and Dangerous Waste (lead) 
soil (see Table 5-4) and will be accomplished 
regardless of what other alternative is selected. 

Soil Alternative 9 - Excavation and Treatment 
of Hot spots and Source Areas, Cover 

Hot spot soils would be excavated and treated. 
Remediation of these hot spots would result in a 
50 percent overall decrease in the mass of 
contaminants in contaminated areas. Soils in 
selected potential source areas would also be 
treated. Other soil with contaminant 
concentrations above the remedial action 
objectives would be contained by a protective 
cover. Representative process options for 
treatment would be those described in Soil 
Alternative 4b. 

This alternative includes surface water control 
and vegetation. The duration of construction 
and operation would be several months. 

Soil Alternative 10 - Excavation and 
Stabilization of Hot Spots, Cover 

Hot spot soils would be excavated and 
stabilized. Remediation of these hot spots 
would result in a 50 percent overall decrease in 
the mass of contaminants in contaminated areas. 
Soils in selected potential source areas would 
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also be stabilized. Other soil with contaminant 
concentrations above the remedial action 
objectives would be contained by a protective 
cover. Representative process options would be 
those described in Soil Alternative 5. 

This alternative includes surface water control 
and vegetation. The duration of construction 
and operation would be several months. 

Soil Alternative 11 - Access Restriction, 
Excavation and Disposal of Hot spots 

Hot spot soils would be excavated and 
transported to a licensed disposal facility. 
Remediation of these hot spots would result in a 
50 percent overall decrease in the mass of 
contaminants in contaminated areas. Access 
would be restricted as in Soil Alternative 2. 

This alternative includes surface water control 
and vegetation. The duration of construction 
and operation would be several months. 

5.2.3 Sedimen� Al�erna�ives 

Sediment Alternative 1 - Monitoring 

This alternative includes monitoring water 
quality. Potential exposure is reduced by 
providing a health and safety plan for 
excavation activities in the sediment areas. 
This alternative would be limited to the areas 
containing sediments. The monitoring and health 
and safety plans would be reviewed after five 
years. This alternative is not compatible with 
proposed redevelopment of the property. 

Sediment Alternative 2 - Vegetation 

Ditches containing contaminated sediments would 
be vegetated to reduce migration by wind and 
surface water. The duration of construction 
would be several weeks. This alternative is not 
compatible with proposed redevelopment of the 
property. 

Sediment Alternative 3 - Cover 

contaminated sediments in ditches would be 
contained by a geotextile and protective sand 
and gravel cover. The duration of construction 
would be several weeks. 
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Sediment Alternative 4 - Excavation and On-site 
containment 

contaminated sediments in ditches would be 
excavated and contained on site by a geotextile 
liner and cover. The duration of construction 
would be several weeks. 

Sediment Alternative 5 - Excavation and 
Off-site Disposal 

All sediment with contaminant concentrations 
above the remedial action objectives would be 
excavated and transported to a licensed disposal 
facility. The duration of operation would be 
several weeks. 

5.3 Screening of �ternatives 

This section presents our initial screening o f  
the remedial alternatives. The first sUbsection 
describes the criteria we used for the initial 
screening. The second sUbsection summarizes the 
results of the screening. 

5.3 .� Screening Evaluation: Effectiveness, 
Implementability, and Cost 

Our evaluation of the alternatives at this stage 
was general, but sufficiently detailed to be 
able to distinguish between the alternatives. 

The basic screening criteria are those that we 
used for the technology screening: 

o Effectiveness; 
o Implementability; and 
o Cost. 

Specific issues under each of these main 
criteria are listed below. 

Effectiveness. The effectiveness of each 
alternative is based on how well it addresses 
the following issues: 

0 Long-term toxicity reduction; 
0 Long-term mobility reduction; 
0 Long-term volume reduction; 
0 Long-term exposur� reduction; and 
0 Short-term effectiveness. 
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Implementability. The degree to which an 
alternative is implementable is indicated by the 
following criteria: 

o Ability to construct; 
o Reliability of operation; 
o Ability to meet short-term regulatory 

requirements; 
o Long-term operation, maintenance, and 

monitoring; 
o Ability to obtain permits and approvals; 
o Availability of treatment, storage, and 

disposal services; 
o Availability of equipment and personnel; and 
o compatibility with site development. 

cost. The cost estimates made during 
preliminary screening are for comparison 
purposes only. As such, absolute costs are not 
important as long as the relative costs are 
considered. More refined cost estimates are 
provided for retained alternatives in section 
6. 0 DETAILED ANALYSES. 

Our cost estimates for this phase consist of two 
contributions -- capital costs and operation and 
maintenance (O&M) costs. 

The costs do not include items which would not 
affect the relative cost comparison between 
alternatives. This would include general site 
work engineering, administration, and taxes. 

5.3 .2 Results of Screening Evaluation 

Table 5-4 presents a summary of our alternative 
screening. In the table, we qualitatively rate 
the alternatives on a three point scale: 1 

(poor) , 2 (moderate) , and 3 (good) . For 
example, Soil Alternative 1 - Monitoring has a 3 

(good) rating for implementability. We used the 
scoring as a guide to screen the alternatives. 
The results of our screening are shown in the 
"keep" and "discard" columns of Table 5-4. 
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Eleven Alternatives Retained for Screening 

The refined alternatives passing the initial 
screen and retained for the detailed analyses 
are: 

Groundwater 

1 - Monitoring 
2 - Restriction of use 
5 - Pumping and treatment 

Soil 

1 
2 
4b/5 
7 

- Monitoring 
- Restriction of access 
- Slow treatment/stabilization 
- Cover 

8 - Excavation and disposal of a limited 
amount of soil with PCBs and Dangerous 
waste (lead) soil 

9/10 - Cover with treatment and stabilization 
of hot spots 

Sediment 

3 - Line/fill ditch 
5 - Excavation and disposal 

Two sets of soil alternatives -- ( 4b and 5) and 
(9 and 10) -- were combined into alternatives 

4b/5 and 9/10. These combinations make it 
possible to use a mix of technologies suited to 
the various contaminants and concentrations 
present in soil. 

In section 6.0, DETAILED ANALYSES, we describe 
the retained alternatives in greater detail. 

Nine Alternatives Discarded after Screening 

Groundwater. We discarded three groundwater 
alternatives -- diversion, containment, and 
in situ treatment. In comparison to other 
groundwater alternatives, these would offer only 
poor to moderate effectiveness or 
implementability and in the case of containment, 
much greater cost. The effectiveness of 
diversion depends on sealing the bottom of the 
vertical wall to the middle aquitard. However, 
the middle aquitard is not continuous across the 
site. The effectiveness of in situ 
groundwater treatment is limited because it will 
not treat arsenic or lead. The containment 
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option (deep slurry wall) would be very 
expensive due to the depth and size of the site. 

Soil. We discarded four soil alternatives 
excavate and dispose, rapid treatment, 
in situ treatment, and restrict 
access/dispose hot spots. 

Disposal is a very expensive alternative and its 
effectiveness is limited because the toxicity 
and mobility of the soil is not reduced. 

Rapid treatment would potentially be effective 
but difficult and costly to implement because of 
the process development and custom design 
involved. However, new rapid treatment 
technologies are emerging which may render this 
alternative feasible in the future. 

In situ soil treatment is only moderately 
effective because process control is difficult. 
It would be difficult and costly to implement 
because of the process development and custom 
design involved. 

We discarded the restrict access/disposal 
alternative because it would be only moderately 
effective (affording some exposure reduction) 
while having high cost. 

Sediment. We discarded two sediment 
alternatives -- monitor and vegetate ditch -­

because they lacked effectiveness. other 
alternatives were more effective and had similar 
implementability and cost. 
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This section presents the results of detailed 
analyses of the 11 alternatives retained from 
the alternative evaluation. The 11 alternatives 
are given below and in Table 6-1. 

o Groundwater 
1. Baseline condition with monitoring 

(No Action) 
2 .  Baseline condition with monitoring and 

institutional controls 
5. Pumping and treatment with monitoring 

o Soil 
1. Baseline condition with monitoring 

(No Action) 
2 .  Baseline condition with monitoring and 

institutional controls 
4b./5. Biotreatment and stabilization 
7. Construct cover 
8. Disposal of specified PCB-contaminated 

soil and Dangerous Waste (lead) soil 
9./10. Construct cover with biotreatment and 

stabilization of hot spots. 

o Sediment 
3. Fill ditch 
5. Excavation and disposal of sediments, fill 

ditch 

For the detailed analysis the alternatives 
passing the screen were further refined and 
evaluated. For each alternative, we developed a 
conceptual design sufficient for completing a 
preliminary cost estimate. We then evaluated 
these alternatives following guidelines 
published by EPA for feasibility studies under 
CERCLA (EPA, 19 8 8a). The alternatives were 
analyzed using criteria given in that 
reference. The criteria are given in Table 6-2. 

A treatability study has been completed for the 
land biotreatment of soils, cement stabilization 
of soils, and treatment of lead and arsenic in 
groundwater technologies. That study has 
indicated that the above technologies are 
potentially applicable and effective for soil 
and groundwater treatment at this site. The 
treatability study results will be published 
separately from this document. 
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The cost estimates shown have been prepared for 
guidance in project evaluation and 
implementation from the information available at 
the time of the estimate. Unless indicated 
otherwise, these "study estimate" costs provide 
an accuracy of +50 percent to -30 percent in 
accordance with EPA guidelines. The actual 
costs of remediation depend on many variables, 
including quantity of contaminated material 
disturbed by site redevelopment, process 
development costs, disposal fees, health and 
safety regulations, labor and equipment costs, 
and the final project scope. As a result, the 
final project costs will vary from the estimates 
presented herein. Because of this, project 
feasibility and funding needs must be carefully 
reviewed prior to making specific financial 
decisions to help ensure proper evaluation and 
adequate funding. 

. . 

The capital cost estimates include design of the 
selected remediation alternative, construction 
management, and the cost for actual remediation 
work. The capital costs do not include costs 
for negotiating the alternative selection or 
community relations. 

The operation and maintenance costs include 
long-term monitoring and long-term operation, if 
needed, of those items directly attributable to 
the remediation of site contamination. 

The present worth amounts are based on a net 
five percent discount rate and a maximum 30 
years of operation. This is consistent with EPA 

guidelines (EPA, 1988a) . 

Appendix C presents cost breakdowns and 
assumptions for each alternative. 

The remainder of this section is organized as 
follows: 

o Elements common to all or some alternatives 
(Section 6.2) 

o Alternative analyses (Section 6.3) 
o Comparison among alternatives (Section 6.4) 

6.2 Elements Common to Alternatives 

certain features of site development, 
alternative development, and responses to 
detailed analysis criteria (in Table 6-1) are 
common to all or some alternatives. Rather than 
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include discussion of these features in each 
detailed analysis, the discussion is presented 
here. 

6.2.2 Common site Development Features 

Proposed PACCAR Facility 

As discussed in Subsection 1. 2.6, the proposed 
PAC CAR facility will include a new manufacturing 
building, and associated concrete slabs 
(100-foot-wide apron around the building) and 
asphalt roadways. All alternatives will have to 
accommodate the design of the facility. The 
facility design is conceptual at this time; 
therefore, details of alternatives will be 
developed later to accommodate final facility 
design. All alternatives (except those noted) 
appear conceptually to integrate well with 
facility development. 

Procedures to handle soil and groundwater, 
including monitoring will be developed as part 
of the site remediation plan. These same 
procedures would also be used in the event of 
site remediation with no site development. 
These same procedures will be used during 
facility construction to mitigate any potential 
adverse impacts. These procedures will also 
incorporate normal city of Renton requirements 
for construction projects such as approval of a 
temporary erosion control plan. 

The construction of the facility will also 
require that utility corridors be established. 
Methods such as constructing low permeability 
barriers in the trench will be used to mitigate 
the potential for contaminants to migrate along 
the trenches. 

Proposed Storm Sewer 

A storm sewer line is proposed along Houser Way 
during the development of the new facility. 
Based on RI sample results, the storm sewer line 
is not expected to contact soils with 
constituents above the general action levels, 
and thus does not impact the alternative 
analysis. Health and safety programs during 
sewer construction may be required if 
contamination is detected during construction. 
Monitoring for contaminants will be conducted 
during excavation. 
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Realignment of Garden Avenue has been proposed 
by the city of Renton. The realignment does 
encompass areas of soil with constituents above 
the general action levels. The realignment of 
Garden Avenue is not certain; however, the 
presence of Garden Avenue on-site should not 
result in significant impacts to any 
alternative. The design and construction of 
Garden Avenue should consider means to limit 
worker exposure to soils. Cost of added 
remediation associated with realigned Garden 
Avenue has not been estimated and is not 
included in this document. 

6.2.2 Common Alternative Features 

Fencing 

An existing fence surrounds the site. This 
fence will be maintained or replaced for any 
alternative. The costs of a replacement fence 
have been included in the baseline soil 
alternatives but excluded elsewhere. 

Surface Water Control 

All soil and sediment alternatives, with the 
exception of baseline condition alternatives, 
will include surface water control. Surface 
water control is a function of future site 
development and thus is difficult to define 
until site development is defined. Therefore, 
detailed descriptions of surface water control 
or the associated costs has not been included 
with the alternatives. 

utility Trench Construction (during New 
Facility Development) 

Several underground utility systems will be 
constructed during the new facility development 
including water, wastewater, natural gas, 
surface water, drainage, fire protection, and 
electrical utilities. These utilities will 
typically require shallow trenches on the order 
of 2 to 4 feet deep. However, some drainage 
trenches may be up to 10 feet deep. Soils 
excavated dtiring utility construction will be 
sampled and tested. A separate criteria for 
soils that can be replaced in the trench has 
been established as noted in Table 6-3 and as 
discussed in Appendix E. Appendix E also has 
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supporting discussions for the trench soil 
criteria. 

The trench soil criteria are primarily based on 
human health risks for utility maintenance 
workers. Some concern has been noted regarding 
the transport of contaminants through pipe 
joints or walls. Plastic or metal pipes under 
pressure would be used for water and fire 
protection utilities. Metal pipes would be used 
for the natural gas utilities. concrete pipes 
with gasket joints would be used for wastewater 
and stormwater utilities. All pipes would have 
leak-proof joints. Given the proposed pipe 
materials and construction, migration of soil or 
contaminants into the pipes is not a concern. 
In addition, barriers will be constructed in the 
trenches to prevent migration of soil particles 
within the backfill. 

Placement of Excavated Soils 

The placement of excavated soils after sampling 
and testing (and treatment under soil 
alternatives 4b/5 and 9/10) is shown in Table 
6-3. A matrix of allowable excavated soil 
placement is given in that table with reference 
to buildings, groundwater, and utility trenches. 

Soils at Location F-10 

A small amount of soil at grid location F-10 had 
concentrations of lead exceeding the EP Tox 
Dangerous Waste criteria. This volume of soil 
(estimated as 10 cubic yards) will be excavated 

and disposed of at a hazardous waste landfill in 
Oregon or Idaho. The location of this soil is 
shown on Figures 6-3 and 6-8. 

Soil at well LB-24 exceeding the EP Tox criteria 
was similarly excavated and removed with Ecology 
approval in 1987. 

Existing Diesel Pipelines 

A system of diesel pipelines exists at this site 
and was previously used for heating and other 
purposes. These pipelines will be removed as 
encountered in site excavations. Remaining 
product will be collected and disposed of in 
accordance with applicable regulations. 
contaminated soils at the pipelines will be 
handled in a manner consistent with the selected 
alternatives. 
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6.2.3 Common Responses to Alternative criteria 
Evaluation 

Responses to two criteria, state and community 
acceptance, are common to all alternatives. 
Both state and community acceptance will not be 
known until comments are received on this draft 
Feasibility study. 

6.3 Alternative Analysis 

6.3.I Groundwater Baseline Condition with 
Monitoring (Groundwater Alternative 
No. I) 

Description 

This alternative will consist of continued 
monitoring of groundwater quality at existing 
on-site and off-site monitoring wells. 
Monitoring will consist of semiannual and annual 
sampling and testing. Testing parameters during 
the first year will include volatiles,. 
semivolatiles, and dissolved arsenic and lead. 
The monitoring program will be evaluated after 
the results of the first year have been received 
and analyzed. 

Monitoring wells affected by possible facility 
construction will be abandoned in accordance 
with state regulations and replaced if required 
by the approved monitoring plan. 

This alternative also includes a Health and 
Safety Plan to be implemented when groundwater 
is encountered during future excavation 
activities on-site. 

Overall Protection of Human Health and 
Environment and Compliance with RAOs and ARARs 

This alternative, in and of itself, will not 
contribute further protection of health and 
environment or meet the remedial action 
objectives (RAOs) based on ARARs, TBCs, and the 
risk assessment. 

However, monitoring will provide information on 
contamination levels so decisions can be made 
regarding the potential need for additional 
remedial action. 

This alternative also provides an early warning 
system for protection of City of Renton wells. 
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The Health, and Safety Plan will effectively 
reduce exposure of on-site construction workers 
to contaminated groundwater. 

Action-specific ARARs include monitoring 
construction (if new wells are required) 
abandonment requirements of WAC-173-160. 
alternative would be able to meet those 
action-specific ARARs. 

well 
and 

This 

ARARs associated with drinking water standards 
may, in the future, be met for vinyl chloride 
and benzene. Previous actions by PACCAR have 
removed the sources of these contaminants and 
natural processes will reduce contaminant 
concentrations. However, if the current 
standards for lead and arsenic are lowered, than 
this alternative will not meet these lowered 
standards, depending on final adopted standards 
and the point of compliance. 

Short- and Long-Term Effectiveness 

This alternative will not be effective in, and 
of itself, in the short-term or long-term in 
that no remedial action is planned. It will be 
effective in determining any contaminant 
migration so additional remedial actions can be 
implemented if necessary. 

Reduction of Toxicity, Mobility, or Volume 

This alternative does not reduce the toxicity, 
mobility, or volume of contaminants, other than 
that which occurs through natural, biodegradation 
and attenuation. 

Implementability 

This alternative uses standard techniques, wells 
already exist. No permits are required. The 
present worth amount is based on 30 years of 
monitoring. 

Costs 

Capital Cost 
Annual Monitoring 

Costs (30 years) 

PRESENT WORTH 

No site 
Development 

$ 0 
$ 60, 000 

$920, 000 

site Development 

$ 20, 000 
$ 60,000 

$940, 000 
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6.3.2 Groundwater-Baseline condition with 
Monitoring and Institutional controls 
(Groundwater �ternative No. 2) 

Description 

This alternative includes all provlslons of 
groundwater monitoring and adds restriction of 
groundwater use on-site and monitoring of 
groundwater use/education of groundwater users 
within the Cedar River Catchment Area 
downgradient of the site. Restriction of use 
shall include advisory notification of no 
drinking water or irrigation use of groundwater 
on-site or within the Cedar River Catchment 
Area. Health and safety programs and discharge 
procedures would be required for any dewatering 
activities. 

Overall Protection of Human Health and 
Environment 

Restrictions and monitoring should prevent human 
exposure to groundwater. Increased protection 
to the environment should also be provided by 
limiting use and discharge. 

Compliance with RAOs and ARARs 

The restrictions should meet the RAOs. Action­
specific ARARs include monitoring well 
construction (if new wells are required) and 
abandonment requirements of WAC-173-160. This 
alternative would be able to meet those 
action-specific.ARARs. 

ARARs associated with drinking water standards 
may, in the future, be met for vinyl chloride 
and benzene. Previous actions by PACCAR have 
removed the sources of these contaminants and 
natural processes will reduce contaminant 
concentrations. However, if the current 
standards for lead and arsenic are lowered, than 
this alternative will not meet these lowered 
standards, depending on final adopted standards 
and the point of compliance. 

Short- and Long-Term Effectiveness 

This alternative may not provide reduction in 
contaminant levels but would be effective in the 
short-term and long-term for the protection of 
the community and workers. The restrictions on 
use would be reliable. 
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Reduction of Toxicity, Mobility, or Volume 

This alternative does not reduce the toxicity, 
mobility, or volume of contaminants in 
groundwater, other than that which occurs 
through natural biodegradation and attenuation. 

Implementability 

This alternative is easily implemented on-site. 
Monitoring of potential off-site use and testing 
within the Cedar River catchment area would be 
conducted. Monitoring wells exist now. No 
permits are required (other than necessary for 
discharge during construction dewatering 
activities) . The present worth amount is based 
on 30 years of monitoring. 

Costs 

Costs are summarized below. Appendix C provides 
additional detail. 

Costs 

Capital Costs 
Annual Costs 

(30 years) 

PRESENT WORTH 

No site 
Development 

$ 
$ 

o 

72,000 

$1,110,000 

site Development 

20, 000 
72, 000 

$1,130, 000 

6.3.3 Groundwater - Pumping and Treatment 
(Groundwater �ternative No. 5) 

Pump from Shallow and Deep Zones 

This alternative includes the monitoring program 
described in groundwater alternative No. 1 along 
with groundwater pumping and treatment for 
selected areas. Groundwater would be pumped 
from both the shallow and deep water-bearing 
zones using approximately 15 and 5 wells, 
respectively. The general vicinity of pumping 
well locations is shown on Figure 6-1. The 
shallow wells would be about 40 feet deep and 
the deep wells would be about 130 feet deep. 
Flow from each well system would be about 50 
gallons per minute (gpm) and 150 gpm for the 
shallow and deep system, respectively. The 
estimated radius of influence for the pumping 
wells range from 20 to 300 feet for shallow 
wells and 100 to 600 feet for deep wells. 

Page 6-12 



1 

1 

1 

1 
\ 

J 

1 

Hart Crowser 
J-1639-09 

Treat Using Filtration and Air stripping 

The pumped groundwater would be treated for 
organics (vinyl chloride and benzene) and metals 
(lead and arsenic) using filtration for metals 

and air stripping for organics. The filtration 
would be accomplished prior to air stripping and 
would be effective in removing metals attached 
to suspended solids. Discharge after air 
stripping would go to surface waters or the 
publicly-owned sewage treatment works (METRO 
Sewage Treatment Facility) . The duration of 
pumping and treatment is estimated to be 5 
years. The exact duration may be shortened or 
lengthened based on groundwater monitoring. A 
schematic diagram of this alternative is given 
on Figure 6-2. 

Overall Protection of Human Health and 
Environment 

This alternative would be effective in providing 
protection to humans and the environment. 
Discharge from treatment system would not result 
in additional risks to humans or the environment. 

compliance with RAOs and ARARs 

This alternative would meet the RAOs for 
groundwater. Action-specific ARARs would 
include treated water discharge. Preliminary 
estimates show that discharge criteria can be 
readily met for surface water or discharge to 
POTW. 

Short- and Long-Term Effectiveness 

Short-Term. This alternative may require 
restrictions on groundwater use until treatment 
results in significant reductions in 
contaminants. Given these restrictions and 
on-site health and safety programs, this 
alternative would be effective in the short-term 
in protecting the community and workers. 

Long-Term. This alternative would be 
effective in the long-term in meeting the RAOs. 
The residual risk would be below target levels. 
Control on the effectiveness would be obtained 
through monitoring wells and discharge 
monitoring. The alternative is reliable; 
additional wells can be easily installed, if 
necessary. 
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Reduction of Toxicity, Mobility, or Volume 

Through treatment, this alternative reduces the 
toxicity and volume of contaminants in 
groundwater. The groundwater pumping also 
reverses gradients and further reduces 
contaminant mobility during the treatment 
process. The alternative effectively results in 
groundwater levels below the RAOs. 

Implementability 

The pumping and treatment schemes use 
conventional technologies readily available and 
proven to be reliable. Additional remedial 
actions are not precluded by this alternative. 

Past projects using similar schemes have been 
approved by state and federal agencies. Permits 
will be required for treated water discharge and 
the installation of pumping wells. A permit for 
discharge is not anticipated to be difficult to 
obtain. 

Costs 

Costs are summarized below. Appendix C provides 
additional detail. 

Costs 
No Site 
Development 

capital Costs $ 470,000 
340,000 Annual O&M Costs 

(5 yrs) 
Annual Monitoring 

Cost (30 yrs) 

PRESENT WORTH 

60,00D 

$2,870,000 

site Development 

$ 500,000 
340,000 

60,000 

$2,900,000 

6.3.4 - Soil - Baseline Condition with 
Monitoring (Soil �ternative No. 1) 

Description 

This alternative will consist of monitoring of 
fugitive dust for contaminants of concern 
(primarily metals) . Specific health and safety 
plans will be required for on-site work 
involving disturbance or excavation of soils. 

Six air quality monitoring stations would be 
installed on the perimeter of the site. Each 
station would have two air pumps. Monitoring 
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would include quarterly sampling for HPAH, 
arsenic, lead, chromium, and total dust. 

Overall Protection of Human Health and 
Environment 

This alternative will protect on-site workers as 
a result of health and safety plans. Exposure 
from dust generation would be monitored. 

Compliance with RAOs and ARARs 

This alternative does not meet the RAOs. No 
action-specific ARARs were identified. 

Short- and Long-Term Effectiveness 

This alternative will serve to protect on-s.ite 
personnel working with soil. 

Reduction of Toxicity, Mobility, or Volume 

No reduction of toxicity, mobility, or volume is 
provided. 

Implementability 

This alternative would use standard dust 
collection and analyses techniques. No permits 
are required. 

Costs 

costs are summarized below. Costs for this 
alternative with site development are 
substantially higher than costs with no site 
development. Additional items associated with 
site development include groundwater and surface 
water control during construction, testing, and 
treatment of exposed soils, construction work 
pad, and health and safety management. Appendix 
C provides additional detail. 

Costs 

Capital Costs 
Annual Monitoring 

Costs (30 yrs) 

PRESENT WORTH 

No site 
Development 

$ 20, 000 
60, 000 

$940, 000 

site Development 

$5, 770, 000 
60, 000 

$6, 690, 000 
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6.3.5 Baseline Condition with Monitoring and 
Institutional Controls (Soil Alternative 
No. 2 )  

Description 

This alternative is identical to the above 
alternative (Soil Alternative No. 1) with 
addition of institutional controls which would 
include maintenance of the existing fence (or 
construction of a new fence) , placement of 
warning signs, and deed restrictions. Deed 
restrictions will limit site use to industrial 
purposes rather than residential, recreation, or 
agricultural purposes. Health and safety 
programs and dust monitoring will be required as 
in Soil Alternative No. 1. 

Overall Protection of Human Health and 
Environment 

This alternative will protect on-site workers 
(health and safety plan) ; limit public access 

and use; and monitor exposure from dust 
generation. 

Compliance with RAOs and ARARs 

This alternative does not meet the RAOs. No 
action-specific ARARs were identified. 

Short- and Long-Term Effectiveness 

This alternative will serve to protect on-site 
personnel working with soil. Public protection 
will be limited. No' other protection is 
provided. 

Reduction of Toxicity, Mobility, or Volume 

No reduction of toxicity, mobility, or volume is 
provided. 

Implementability 

This alternative would use standard fence 
construction and dust collection/analyses 
techniques. No permits are required. 

Costs 

Costs are summarized below. Costs for this 
alternative with site development are 
substantially higher than costs with no site 
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development. Additional items associated with 
site development include groundwater and surface 
water control during construction, testing, and 
treatment of exposed soils, construction work 
pad, and health and safety management. Appendix 
C provides additional detail. 

Costs 
No site 
Development site Development 

Capital Costs 
Annual O&M Costs 

with Monitoring 
(30 years) 

$ 130,000 
61,200 

$5,880, 000 
61, 200 

PRESENT WORTH $1,070,000 $6, 820, 000 

6.3.6 Soil - Slow Biotreatment and 
stabilization) (Soil Alternative 
No. 4b/5) 

Description 

This alternative consists of excavation followed 
by biotreatment of soils with petroleum 
hydrocarbons and stabilization of soils with 
metals (arsenic, lead, and chromium) and HPAH. 
Soils to be treated or stabilized are based on 
RAO concentrations as follows (note that for the 
purposes of the detailed analyses, remediation 
of soils with petroleum hydrocarbons is 
addressed by GC/FID method 8015 - extended): 

Biotreatment: 
Soil with Petroleum 

' Hydrocarbon GC/FID 
(8015-extended) 

Stabilization: 
Soil with HPAHs 

Soil with Lead 
Soil with Chromium 
Soil with Arsenic 

>1,000 ppm 

> 35 ppm (achieves site 
average concentration 
less than 3. 5 ppm CPAH) 

>1,000 ppm 
> 70 ppm 
>30 ppm 

The extent of these soils is shown on Figure 
6-3. Approximately 20,000 cubic yards would be 
biotreated and 160,000 cubic yards would be 
stabilized. Placement of treated soils was 
addressed in Table 6-3. 

Three shallow monitoring wells would be 
constructed at both the final placement areas of 
biotreated and stabilized soils. 
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Biotreatment. The biotreatment is termed slow 
in that the treatment would require a 15-month 
time frame. This time frame included two 
six-month treatment periods and a three-month 
dormant winter period. An area which would not 
interfere with potential site redevelopment 
would need to be provided. The biotreatment in 
this alternative involves excavation of soil, 
placement in lined area, the addition of 
nutrients, water, and lime (for pH control), and 
periodic tilling. The biotreatment will use 
thin lifts (about 1 foot) of soil over a 
relatively large area. In order to treat 20, 000 
cubic yards in the available area, two 
sequential biotreatment periods would be 
required. The treatment area would be about 300 
feet wide and 1,000 feet long. It would be 
located in the northeast portion of the site. 

An alternative to spreading the soil in thin 
lifts would be to treat the soil in aerated 
heaps. Area and time constraints may 
necessitate the use of the aerated heap method. 
Soil would be piled into windrows about five 
feet high. Perforated piping placed in the soil 
would be attached to a vacuum blower to aerate 
the soil. 

It is assumed that biotreatment will result in 
petroleum hydrocarbons (GCjFID) concentrations 
less than 200 ppm. 

Stabilization. Stabilization would consist of 
the addition of Portland cement and other 
materials (based on treatability testing) to 
soil containing arsenic, lead, chromium, or 
HPAHs. Soil containing petroleum hydrocarbons 
and metals or HPAH above RAO concentrations 
would also be stabilized. cement would be added 
in the range of 3 to 12 percent in order to 
create a compacted soil-cement. The soil would 
probably require screening and crushing of large 
particles; the crushed particles would be added 
back to the soil mix. The processed mix of soil 
and cement would be designed to provide 
relatively low permeability, good strength, 
compactibility, and adequate pH control. 
Additives may be added, if necessary, to reduce 
shrinkage upon curing. 

Soil to be stabilized would be excavated, 
processed, mixed, and placed in lifts in an 
on-site excavation. compaction of each lift 
would be performed. Stabilized soil would be 
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placed above seasonally high groundwater levels 
(which vary on-site from 2 to 6 feet below 

existing site grades) . Stabilized soil would be 
covered with a minimum of 12 inches of 
protective soil. Greater soil cover may be 
necessary beneath slabs or pavement. The 
duration of stabilization activities would be 
about 9 months. 

A schematic process diagram of biotreatment and 
stabilization is given on Figure 6-4. 

Overall Protection of Human Health and 
Environment 

This alternative would be effective in providing 
protection to human health and the environment 
by significant destruction of petroleum 
hydrocarbons in soils and significantly limiting 
exposure to metals and HPAH in soil by direct 
human, surface water, or groundwater contact. 
The mobility of metals and HPAH would also be 
decreased by stabilization. 

Compliance with RAOs and ARARs 

This alternative would meet the RAOs. No 
action-specific ARARs have been identified. 

Short- and Long-Term Effectiveness 

Short-Term. Given the dUration of these 
activities, health and safety programs would be 
required to protect on-site personnel. No 
increase in risk to the community is anticipated 
because appropriate action would be taken to 
control dust. 

Long-Term. The residual risk of HPAH, lead, 
arsenic, and chromium would be below RAO 
levels. Residual petroleum hydrocarbons 
(GC/FID) would be below 1,000 ppm and on the 
average much lower. 

Activities in this alternative can be readily 
monitored for effectiveness during 
construction. Visual observation of ground 
surface would identify significant change to 
stabilized material. Such controls during and 
after activities should be reliable. 
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Reduction of Toxicity, Mobility, or Volume 

Biotreatment would reduce the toxicity and 
volume of petroleum hydrocarbons in soils 
through destruction of contaminants. 
Stabilization would reduce the mobility of HPAH 
and metals in soil. Stabilization may reduce 
the toxicity of HPAH or metals, though that 
effect is not certain. Stabilization would not 
reduce the volume of soil but would only result 
in volume increases of about 10 percent or less. 

Implementability 

Both biotreatment and stabilization would 
utilize readily available and reliable 
construction techniques. Neither alternative 
would preclude the use of further remedial 
actions. Effectiveness of activities is readily 
monitored during construction and after 
construction. After construction, monitoring 
would include monitoring wells and visual 
inspection of ground surface. Exposure and 
observation of stabilized material is possible 
if necessary. Both biotreatment and 
stabilization have been used on other projects 
and thus approval and coordination with other 
agencies is not expected to be a problem. 

Costs 

Costs are summarized below. Appendix C provides 
additional detail. 

Costs 

Capital Costs 
General 
Biotreatment 
Stabilization 

Annual O&M 
(30 years) 

PRESENT WORTH 

No Site 
Development 

$ 8 70, 000 
9 60, 000 

12, 250, 000 
12, 000 

$14, 260, 000 

site Development 

$ 5, 820, 000 
960, 000 

12, 250, 000 
12, 000 

$19, 240, 000 

6.3.7 Soil - construct Cover (Soil Alternative 
No. 7) 

Description 

This alternative includes the construction of a 
cover over soils containing contaminant 
concentrations greater than the soil RAOs (as 
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shown on Figure 6-5) . Two schemes of cover 
construction are discussed: 

1. Cover with PACCAR facility development; or 
2. Cover without site development. 

Cover with PAC CAR Facility Development. The 
proposed PAC CAR Facility Development would 
include a significant area of concrete slabs and 
asphalt paved parking areas and access roadway. 
The concrete slabs would be reinforced and exist 
beneath buildings (as a ground floor slabs) and 
as a 100-foot-wide apron outside of the 
manufacturing building. Both the concrete slab 
and asphalt paving would be effective covers for 
soils. Some areas may be covered solely with 
structural fill. The proposed future site 
development is shown on Figure 6-6. 

The minimum extent of the cover for soils with 
contaminants exceeding the RAOs is shown on 
Figure 6-5. This area represents about 270, 000 
square yards. 

A portion of this minimum cover is outside of 
the concrete slab or asphalt. In those areas, a 
structural fill cover will be constructed. 

Typical cross sections of concrete, asphalt, and 
structural fill covers are given on Figure 6-7. 
These thicknesses are typical of past 
remediation projects and were used primarily for 
cost estimating purposes. Exact thickness and 
nature of layers may change during final PACCAR 
Facility and remedial action design. 

We estimate that the cover areas will be as 
follows: 

Concrete Building Slabs 
Concrete Apron 
Asphalt Parking and Roads 
Structural Fill (Finished 

with Vegetative Cover) 

Total Minimum Cover Area 

72, 000 square yards 
48, 000 square yards 
17, 000 square yards 

133,000 square yards 

270, 000 square yards 

Design details would be necessary to provide 
continuity between cover systems. 

Cover without site Development. In the event 
the PACCAR Facility is not constructed, this 
alternative would consist of placing a 
geomembrane and structural fill cover. 
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Approximately 133,000 square yards would be 
covered by the structural fill and approximately 
137,000 square yards would be covered by the 
geomembrane (equivalent to building and parking 
areas for development) . This cover may be 
revised to suit interim or other site use. For 
example, given the site location, the area to be 
covered could be utilized as vehicle parking or 
storage. For those site uses, asphalt paving 
cover could be utilized. 

Final ground elevations after cover construction 
will not be available until after site 
development decisions. 

The duration of cover construction is 
anticipated to be about 6 months. 

Overall Protection of Human Health and 
Environment 

This alternative will provide protection to 
human health and the environment by limiting 
human exposure from direct contact or direct 
inhalation and preventing rainwater from 
contacting certain contaminated soils. 

Compliance with RAOs and ARARs 

This alternative would meet all soil RAOs. No 
action-specific ARARs have been identified. 

Short- and Long-Term Effectiveness 

Short-Term. Short-term protection of the 
community and on-site workers is provided by 
this alternative. Though the cover construction 
may take 6 months, short-term protection is 
affected by the initial soil layers which can be 
rapidly placed. 

Long-Term. This alternative should be 
effective in meeting the RAOs, i. e. , by limiting 
exposure to and migration of contaminants in 
soil. Maintenance of cover systems is easily 
accomplished. 

A Health and Safety program would be effective 
for protection of workers during future 
excavation below the cover. 
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Reduction of Toxicity, Mobility, or Volume 

This alternative does not reduce the toxicity, 
mobility, or volume of contaminants in soil. 

Implementability 

The cover systems use conventional techniques 
readily available and proven to be reliable. 
These cover systems should, with proper 
maintenance/repair, last 30 to 50 years or 
longer. 

The presence of the cover systems do not 
preclude additional remedial actions. Similar 
cover systems have been used for other sites, 
thus agency approval and coordination is not 
anticipated to be a problem. 

Costs 

A range of costs is given below for covers 
reflecting development of the PACCAR Facility or 
no development. Site preparation and demolition 
is not included in these costs. Appendix C 
provides additional detail. 

Costs 

Capit�l Costs 
Annual O&M Costs 
(30 years) 

PRESENT WORTH 

No site 
Development 

$4,710,000 
6,000 

$4,800, 000 

site Development 

$5,710, 000 
o 

$5, 740, 000 

It should be noted that a sUbstantial portion of 
the costs of the cover with PACCAR Facility 
Development will be a part of the costs of that 
development. The costs of the cover, as 
concrete slab and asphalt parking required for 
the development, are not included in this 
estimate. 

6.3.8 Soil - Excavate and Dispose of PCB­
contaminated Soils and Dangerous 
Waste (Lead) Soils (soil Alternative 
No. 8) 

A small volume (up to roughly 700 cubic yards) 
of soil with PCBs exists in the northwest corner 
of the site. The level of PCBs in the soil is 
24 mg/kg based on one sample. A small volume 
(about 10 cubic yards) of soil with EP Tox lead 
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concentrations exceeding Washington state 
Dangerous Waste regulations exists at location 
F-10. Excavation and disposal of these soils is 
planned for all alternatives. Disposal of these 
soils will be at a hazardous waste landfill in 
Oregon or Idaho. 

Clean fill would be placed in the excavations. 

The duration of construction would be a few 
weeks. 

This alternative will be accomplished. This 
alternative does not depend on the selection of 
other soil alternatives. 

Overall Protection of Human Health and 
Environment 

By removing this soil, the local environment and 
community would be protected by this alternative. 

Compliance with RAOs and ARARs 

This alternative would meet all sediment RAOs. 
No action-specific ARARs were identified. 

Short- and Long-Term Effectiveness 

Given the short duration to remove soil, this 
alternative would provide protection to workers 
and the community in both the short-term and 
long-term. Some liability may result from 
disposal of soil in a hazardous waste landfill . 

. Reduction of Toxicity, Mobility, or Volume 

This alternative does not reduce the toxicity, 
mobility, or volume of the PCBs. 

Implementability 

Common and reliable earthwork, transportation, 
and disposal techniques would be used for this 
alternative. This alternative does not preclude 
additional remedial actions. 

Similar work has been accomplished at numerous 
sites; agency approval and coordination is not 
expected to be a problem. 
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Costs are summarized below. Appendix C provides 
additional detail. 

Costs 
No site 
Development site Development 

Capital Costs 
Annual O&M Costs 

and Monitoring 
Costs 

PRESENT WORTH 

$260,000 
o 

$260,000 

$240,000 
o 

$240,000 

6.3.9 Soil - Construct Cover and Biotreat or 
Stabilize Hot Spot and Source Control 
Areas (Soil Alternative No. 9jIO 

Description 

This alternative combines the cover alternative 
described above (Soil Alternative No. 7) with 
biotreatment and stabilization of soil 
containing hot spot levels of contaminants (as 
described in section 4. 3) , specifically: 

Biotreatment: 
Soils with GC/FID > 
(8015-extended) 

Stabilization: 
Soils with HPAHs > 
Soils with lead > 
Soils with chromium > 
Soils with arsenic > 

2,500 ppm 

800 ppm 
8,000 ppm 

600 ppm 
100 ppm 

The extent of these soils is shown on Figure 6-8 . 

Also shown on Figure 6-8 and included in the 
soils to be treated in this alternative are 
three "source control areas", specifically in 
the LW-3 area (assumed to be 150 cubic yards of 
soil for bioremediation) , the R&D UST area 
(assumed to be 150 cubic yards of soil for 
bioremediation) , and arsenic in soil area at 
grid location U-2 (assumed to be 100 cubic 'yards 
of soil for stabilization) . 

The cover system, as part of this alternative, 
meets the RAOs for protection of human health. 
The addition of biotreatment and stabilization 
of hot spots provides additional protection to 
human health and the environment. By treating 
soils containing about 50 percent of the mass of 
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chemicals of concern and three "source control" 
areas, the character of the site will be 
improved significantly. Further, the use of 
GCjFID extended (quantified as phenanthrene 
response) in identifying soils to be biotreated 
and evaluating the success of biotreatment will 
result in the treatment of the most mobile 
hydrocarbons that could potentially affect site 
groundwater quality. 

The biotreatment and stabilization process are 
identical to those described in subsection 
6.3.6. Approximately 7,800 cubic yards of soil 
would be biotreated, and 20,700 cubic yards of 
soil would be stabilized. Placement of treated 
soils was addressed in Table 6-3. 

Three shallow monitoring wells would be 
constructed at both of the final placement areas 
of biotreated and stabilized soils. 

Total duration of this alternative is about 8 
months. The duration of excavation is about 2 

months and the duration of treatment is about 6 

months. 

Overall Protection of Human Health and 
Environment 

This alternative will provide protection to 
human health and the environment by limiting 
human exposure from direct contact or dust 
inhalation, preventing rainwater from contacting 
contaminated soils, and reducing toxicity or 
mobility of soil contaminants. 

Compliance with RAOs and ARARs 

This alternative would meet all soil RAOs. No 
action-specific ARARs have been identified. 

Short- and Long-Term Effectiveness 

Short-Term. Short-term protection of the 
community and on-site workers is provided by 
this alternative. Though the alternative 
completion may take 8 months, short-term 
protection is affected by the initial soil 
layers which can be rapidly placed. 

Long-Term. This alternative should be 
effective in meeting the RAOs, i. e. , by limiting 
exposure to' and migration of contaminants in 
soil and reducing toxicity of petroleum 
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hydrocarbons in soil and mobility of metals and 
HPAH in soil. The biotreatment, stabilization, 
and cover is expected to be reliable. 
Monitoring of reliability can be accomplished by 
surface observation. Maintenance of cover 
systems is easily accomplished. 

Reduction of Toxicity, Mobility, or Volume 

This alternative reduces the toxicity of 
petroleum hydrocarbons and mobility of metals 
and HPAH in soil. 

Implementability 

The cover systems use conventional techniques 
readily available and proven to be reliable. 
These cover systems should, with proper 
maintenance, last 30 to 50 years or longer. 
Biotreatment and stabilization also use readily 
available and reliable techniques. 

This alternative does not preclude additional 
remedial actions. Similar measures have been 
used for other sites, thus agency approval and 
coordination is not anticipated to be a problem. 

Costs 

A range of costs is given below for covers 
reflecting development of the PACCAR Facility or 
no development. Site preparation and 
demobilization are not included in these costs. 
Appendix C provides additional detail. 

Costs 

Capital Costs 
General 
Construct Cover 
Bioremediation 
Stabilization 

Annual O&M Costs 
(30 years) 

PRESENT WORTH 

No site 
Development 

$ 870,000 
1,620,000 

570,000 
1,800,000 

14,400 

$5,080,000 

site Development 

$5,350,000 
° 

570, 000 
1,590, 000 

8,400 

$7,670, 000 
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6.3.�O Sediment - Fill Placement in Ditch 
(Sediment Alternative No. 3) 

Description 

This alternative consists of filling the ditch 
(containing sediments with PCBs) and the pond 
area with imported sand and gravel. A 
geotextile would be placed prior to sand and 
gravel placement to further limit migration of 
sediments. Depending on eventual site use, the 
various concrete walls and structures may or may 
not be demolished. The duration of construction 
is a few weeks. The location of the ditch and a 
schematic cross section of ditch filling is 
shown on Figure 6-9. 

Overall Protection of Human Health and 
Environment 

By limiting sediment migration, this alternative 
would protect human health and environment. 

Compliance with RAOs and ARARs 

This alternative would meet all sediment RAOs. 
No action-specific ARARs have been identified. 

Short- and Long-Term Effectiveness 

Given the short duration of construction and the 
immobile nature of the sediments, this 
alternative would provide protection to workers 
and the community in both the short-term and 
long-term. The alternative would be reliable in 
re·taining sediments with PCBs. 

Reduction of Toxicity, Mobility, or Volume 

This alternative does not reduce the toxicity, 
mobility, or volume of the PCBs. 

Implementability 

The work required for this alternative uses 
common earthwork techniques and does not 
preclude additional remedial actions. 

Effectiveness could be monitored using shallow 
monitoring wells or by analyzing soil or water 
quality at the downstream end of the filled 
ditch. 
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Costs are summarized below. Appendix C provides 
additional detail. 

Capital Costs 
Annual O&M and Monitoring Costs 

PRESENT WORTH 

$30,000 
o 

$30,000 

6.3.II Sediment - Excavation and Off-site 
Disposal (Sediment �ternative No. 5) 

Description 

This alternative consists of excavating all 
sediment with PCB concentrations greater than 
RAO of 1 ppm and disposing of that soil in a 
hazardous waste landfill. The ditch would be 
filled similarly to Sediment Alternative No. 3 
above except no geotextile would be used. In 
the event that the new facility is not 
constructed, the ditch would be filled in a 
manner allowing surface water drainage. An 
estimated 700 cubic yards of sediment with PCBs 
will be excavated and disposed of. This is a 

conservatively high estimate based on one ditch 
sample analyzed for PCBs. 

The duration of construction would be a few 
weeks. 

Overall Protection of Human Health and 
Environment 

By removing sediment, the local environment and 
community would be protected by this alternative. 

Compliance with RAOs and ARARs 

This alternative would meet all sediment RAOs. 
No action-specific ARARs were identified. 

Short- and Long-Term Effectiveness 

Given the short duration to remove sediments, 
this alternative would provide protection to 
workers and the community in both the short-term 
and long-term. Some liability may result from 
disposal of sediments in a hazardous waste 
landfill. 
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Reduction of Toxicity, Mobility, or Volume 

This alternative does not reduce the toxicity, 
mobility, or volume of the PCBs. 

Implementability 

Common and reliable earthwork, transportation, 
and disposal techniques would be used for this 
alternative. This alternative does not preclude 
additional remedial actions. 

Similar work has been accomplished at numerous 
sites; agency approval and coordination is not 
expected to be a problem. 

Costs 

Costs are summarized below. Appendix C provides 
additional detail. 

Capital Costs 
Annual O&M and Monitoring Costs 

PRESENT WORTH 

6.4 Comparative Analysis of Alternatives 

$270, 000 
o 

$270, 000 

This section presents a comparative analysis of 
the alternatives in which the alternatives are 
reviewed with respect to one another. 

The results of the comparative analyses are 
shown in Table 6-4. Relative rankings have been 
given to alternatives for groundwater, soil, and 
sediment. Discussions of those rankings are 
given below for each medium. Comparative costs 
for each alternative are given in Table 6-5. 

6.4.� Groundwater Comparative Analysis 

The pumping and treatment alternative has an 
advantage over the other alternatives with 
respect to meeting RAOs and effectiveness. 
However, the baseline condition with monitoring 
and institutional controls does offer effective 
environmental protection at a much reduced cost 
and allows the effects of other remedial 
activities to be assessed. 

6.4.2 Soil Comparative Analysis 

The soil alternatives 4b/5, 7, and 9/10 all rank 
well with respect to overall environmental 

Page 6-30 



Hart Crowser 
J-1639-09 

protection, compliance with RAOs, and 
effectiveness. Alternative 7 (cover) does not 
rank as well in terms of reducing toxicity, 
mobility, or volume (compared to 4b/5 and 9/10) ; 
however, the cover offers better ranking in 
terms of implementability and cost by being able 
to accommodate site development and using 
aspects of that development to provide 

. 

environmental protection or by using quick and 
simple construction techniques in the event of 
no site development. 

The two baseline alternatives offer reduced 
environmental protection (as compared to the 
other three alternatives) with lower costs. 

6.4.3 Sediment comparative Analysis 

Both alternatives rank similarly with greater 
costs expected for excavation and disposal. 

Table 6-4(a) Comparative Analysis of Groundwater Alternatives 

Overall Protection of 
Human Health and the 
Environment 

Compliance with RAOs 
and ARARs 

Short-term Effectiveness 

Long-term Effectiveness 

Reduction of Toxicity, 
Mobility, or Volume 

Implementability 

Cost 

Overall Analysis 

+ = positive 
o = Neutral 

= Negative 

Baseline 
Condition with 
Monitoring 
(No. 1) 

o 

o 

+ 

+ 

o 

Baseline Condition 
with Monitoring and 
Institutional Controls 
(No. 2) 

o 

o 

o 

+ 

+ 

o 

Pump and 
Treat 
(No . 3) 

+ 

+ 

o 

+ 

+ 

o 

+ 
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The preferred alternatives for this site are: 

o Groundwater - Baseline monitoring (No. 1). 

o Soil - Cover with treatment and stabilization 
of hot spots (No. 9/10). 

o Excavate/dispose of specified soils with PCBs 
and dangerous waste (lead) soils (No. 8). 

o Sediment - Excavate/dispose of sediments/fill 
ditch (No. 5). 

The comparative and detailed analyses indicate 
that these selected alternatives represent the 
best combination of alternatives in meeting 
effectiveness, implementability, and cost. 
While groundwater alternatives No. 2 and No. 3 
(pump and treat) ranked higher than No. 1, the 

combined effect of all of these alternatives 
should improve groundwater quality. The 
necessity of pump and treat is not, therefore, 
certain as groundwater quality is expected to 
improve as the remediation is accomplished. 

Monitoring will be conducted to assess the 
effects of the soil and sediment remediation. 
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Volume estimates were used in the feasibility 
study to judge the applicability of technologies 
and to estimate the costs of remedial action 
alternatives. 

This appendix presents the procedures used to 
estimate volumes of groundwater, soil and 
sediment at the PAC CAR site. The appendix is 
organized by media as follows: 

o Groundwater Volume Estimates - provides the 
key assumptions and methods used to estimate 
the pumping flow rate achievable from wells 
in the shallow and deep groundwater-bearing 
zones. 

o Soil Volume Estimates - provides the key 
assumptions and methods used to estimate the 
volume of soil with contaminant 
concentrations above the RAOs and the volume 
of soil in hot spot locations. 

o Sediment Volume Estimates - provides the key 
assumptions and methods used to estimate the 
volume of sediments with contaminant 
concentrations above the RAOs. 

GROUNDWATER VOLUME ESTIMATES 

Analysis of the pump and treat groundwater 
alternative -- groundwater alternative no. 5 -­

required estimates of achievable flow rates. 
The pump and treat system would pump groundwater 
from the shallow and deeper water-bearing zones. 

Results. We estimated the flow rate from the 
shallow zone to be 30 to 5 0  gallons per minute 
(gpm) , and the flow rate from the deeper zone to 

be 100 to 200 gpm. We used a combined flow rate 
of 200 gpm in the screening and evaluation of 
the pump and treat alternative. 

Groundwater Pumping System 

The general assumptions regarding the well 
system design are as follows: 

Page A-1 



,1 
( 

I ' 
\ I 

r ! 

I 

Hart Crowser 
J-1639-09 

o No hydraulic connection between upper and 
lower sand units. separate wells needed in 
each unit. 

o Transmissivities with each sand unit are 
constant. 

o Range of conductivities in Table 5-1 of the 
Remedial Investigation Report (RI) apply. 

o Well system must generate enough drawdown to 
capture all flow below site and draw some 
flow from area west of site. 

o Well system must withdraw at least twice the 
calculated flux. At least one-half of the 
water pumped will be derived from the eastern 
side, below the site. Radial flow to the 
well will also generate some flow from the 
western side, but based oh the gradient 
(Figure 5. 9 in RI) , most flow will be from 

the eastern side. 

The assumptions regarding shallow zone pumping 
are as follows: 

o Average well depth is 30 to 40 feet below 
ground surface. 

o Depth to groundwater is 5 feet below ground 
surface. 

o Alignment of wells is along Garden Avenue, 
western boundary of the property, 

. downgradient of the property. 

o Number of wells is 7 to 15 . 

The assumptions regarding deeper zone pumping 
are as follows: 

o Average well depth is 130 feet below ground 
surface. 

o Depth to groundwater is 5 feet below ground 
surface. 

o Alignment of wells is along Garden Avenue, 
western boundary of the property, 
downgradient of the property. 

o Number of wells is 4 to 6. 
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Groundwater fluxes were estimated using the 
equation Q = Ki A where: 

Q is the flux in cubic feet per second (cfs) 
K is the hydraulic conductivity in feet 

per second. 
i is the groundwater surface gradient. 
A is the cross-sectional area in square 

feet. 

A range of fluxes was calculated by assuming a 
range of K values from Table 5-1 of the RI. The 
assumptions which apply to these calculations 
are as follows: 

o Vinyl chloride used to define extent of 
contamination (Figures 6.7 0  and 6.7 1 from RI). 

o Flow direction and average horizontal 
gradients for upper sand, upper aquitard, and 
lower sand from RI. 

o vertical flow not included in calculations. 

o Cross-sectional areas for each unit along 
Garden Avenue were estimated from 
stratigraphy presented in the RI. 

SOIL VOLUME ESTIMATES 

Results. Two sets of soil volume estimates 
were used in the Feasibility study. The first 
volume estimates, presented in Table 4 -2, are 
based on the R AOs for each constituent. For 
example, removing all soil above the RAO 
concentrations would require removing the 
volumes indicated in Table 4 -2. 

The second set of volume estimates represent the 
quantity of soil containing about 50 percent of 
the mass of contaminants. For example, removing 
all soil with lead above the "50 percent 
decrease level" would result in about 50 percent 
less mass of lead in the contaminated areas. 
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o The concentration contour maps presented in 
the RI were used to delineate the areas 
exceeding the RAOs. 

o Areas were computed. The areas represented 
each contaminant and mixtures of contaminants. 

o Volumes were computed by multiplying areas by 
the appropriate depth. These are in-place 
volumes because swelling upon excavation was 
not included. Increased volumes due to 
swelling were used as appropriate in cost 
estimates. 

The assumptions which apply are as follows: 

o The contour maps were drawn assuming linear 
trend distribution of contaminants between 
data points. 

o Maximum soil depth for remediation was the 
depth of the silt layer. This assumption 
minimizes excavation and disturbance of the 
silt layer. In general, the majority of 
samples with concentrations exceeding RAOs 
were above the silt layer. Therefore, we 
chose to protect the silt layer. 

o Remediation of soil exceeding a total HPAH 
concentration of 35 ppm results in meeting 
the RAO of an overall site average 
carcinogenic PAH (CPAH) concentration of 3.5 
ppm. 

HPAH Remediation Concentration Resulting in an Overall Site 
Average CPAH Concentration of 3.5 ppm 

The overall site average for HPAH concentration 
was calculated according to the following 
assumptions: 

o Only data values from 0 to 2.5 feet were 
used. Most HPAH contamination and potential 
exposure occurs in the 0- to 2.5-foot-depth 
interval. 

o Each data point was assumed to represent an 
equal volume of soil. 
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o The entire volume of soil was assumed to be 
adequately sampled and represented. Samples 
were collected on 100-foot and 200-foot 
sampling grids. Over 600 samples were 
visually classified and screened in the field 
for volatile compounds. Over 200 samples 
were analyzed for petroleum hydrocarbons and 
priority pollutant metals. 

Procedure 

o The 119 data points taken from 0 to 2. 5 feet 
were ranked from least to greatest HPAH 
concentration. 

o The overall site average was computed as the 
arithmetic average of the concentrations 
weighting each data point equally. 

o using correlation analysis, the risk-based 
remedial action objective of 3. 5 ppm CPAH is 
equivalent to an HPAH concentration of 6.7 
ppm. 

o The effective remediation value was selected 
by an iterative process to determine the 
value which brings the site average below 6.7 
ppm HPAH. 

o To simulate remediation, values above a 
certain arbitrary value were replaced with 
zero and new use average calculated. 

o 35 ppm was determined to be the effective 
remediation value which when implemented 
would result in an overall site average 
concentration below 6. 7 ppm HPAH. 

SoiL VoLumes Represen�ing 50 Percen� Con�aminan� Mass 
Decrease 

Results. Table 4 -3 presents the volumes which 
represent a 50 percent contaminant mass 
decrease. Figures A-1 through A-6 show the 
relationship between the volume of soil 
remediated and the corresponding decrease in 
contaminant mass. These figures were used to 
determine the concentrations which would result 
in a cost-effective mass decrease. As shown on 
the figures, at about 50 percent mass decrease 
the volume begins to increase with i 

corresponding decrease in the mass of 
contaminant being treated. The volumes shown in 
these figures are relative volumes only. Final 
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volumes for alternative detailed analyses were 
computed using contour maps, as above. 

Procedure. The procedure used was as follows: 

o The soil volume exceeding the RAOs for each 
contaminant was divided by the number of 
concentration data points exceeding the RAOs. 

o The mass of soil representing each data point 
multiplied by the concentration of that data 
point resulting in the mass of contaminant 
for each data point. ; 

o . The masses for each data point were summed, 
resulting in a total contaminant mass. 

o Figures A-I through A-6 were constructed by 
sequentially changing to zero the 
concentrations of ranked data points. 

o The concentration corresponding to a 5 0  
percent contaminant mass reduction was used 
to estimate volumes. The volume computation 
procedure used the contour maps and was 
identical to the procedure used to estimate 
soil volumes corresponding to the RAOs. 

The assumptions which apply are as follows: 

o In-place density of the soil is 3,000 pounds 
per cubic yard. 

o The contour maps were drawn based on 
continuous first derivative interpolation of 
spot concentration data. This contouring 
technique was judged to be consistent and 
representative. 

o Each data point was assumed to represent an 
equal volume of soil. 

o The entire volume of soil was assumed to be 
adequately sampled and represented. Samples 
were taken at 100-foot and 200-foot grid 
points. Over 600 samples were visually 
classified and field screened for volatile 
contaminants. Over 200 samples were analyzed 
in the laboratory. 
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sediments with contaminant concentrations 
exceeding the RAOs occur only in one ditch and 
pond area in the northwest portion of the site. 
only one sample had contaminant levels (PCBs) 
above the RAOs. For a conservative estimate we 
considered the entire length of the ditch (from 
N. 8th st. to the pond) for remediation. The 
volume of "contaminated sediments" was estimated 
by multiplying the bottom and sidewall areas of 
the ditch and pond by a one-foot assumed depth. 
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REMEDIAL TECHNOLOGIES 

This appendix discusses the potentiallY 
applicable remedial technologies listed in 
Section 4. The technologies are grouped 
according to general response action categories 
in the same order as Tables 4-4 and 4-5 . 

MONITORING FOR GROUNDWATER, SOIL, AND SEDIMENT 

Monitoring is used for two main purposes: 

o To check the effectiveness of remedial 
actions� and 

o To check for worker and public safety as part 
of a health and safety plan. 

Monitoring is conducted on any medium that can 
become contaminated air, groundwater, surface 
water, or soil. 

For all of these media, the procedure is 
essentially the same: the medium is sampled at 
a representative point and tested for the 
contaminant of concern. 

Groundwater is sampled using monitoring wells. 
Soil monitoring is accomplished by sampling 
airborne dust. 

Health and safety Plan 

Under this response, only people who are trained 
and equipped with appropriate safety gear are 
permitted to excavate on the site. This reduces 
direct soil and groundwater contact pathways and 
therefore reduces risk. 

INSTITUTIONAL CONTROLS FOR GROUNDWATER, SOIL, AND SEDIMENT 

Use Restriction 

Institutional controls such as access 
restrictions and use restrictions reduce risk by 
reducing public exposure. 

Use of groundwater may be restricted to reduce 
public exposure. 
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Access restriction includes physical barriers 
such as fences and signs as well as legal 
barriers such as deed restrictions and zoning 
laws. 

Fence. A fence can be used as both a physical 
barrier preventing entry and as a marker for a 
boundary. A tall fence is used to prevent 
access by animals such as deer. A fence using 
barbed wire may prevent access by people. On 
the other hand, a simple fence can be used to 
mark the boundary where protective gear is 
required. 

Fencing is rarely used alone. But most remedial 
alternatives including fencing. 

Fences require very little maintenance. They 
may require rehabilitation or replacement every 
10 to 30 years. 

CONTAINMENT OF GROUNDWATER 

containment uses physical barriers to prevent 
migration of the contaminants into the 
environment. Elements of containment include 
one or more layers of a cap over the material, a 
vertical barrier around the material, or a 

horizontal barrier under the material. 

At the PACCAR site, the natural silt unit at a 
depth of about 1 to 8 feet appears to be 
limiting migration of contaminants from 
unsaturated soils to groundwater. Therefore, 
the cap element is not applicable for 
containment of groundwater. 

CONTAINMENT OF SOIL AND SEDIMENT 

For contaminated soil at the PACCAR site, only 
the cap element is applicable. 

Cap elements can be further distinguished by the 
transport mechanism they are designed to 
prevent. These include: 

o Cover to prevent transport by rainfall 
directly on the site; 

o Dust control to prevent transport by wind; and 
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o Surface water control to prevent transport by 
off-site run-on. 

A cover could include compacted soil, structural 
fill, or clay, a geomembrane (plastic liner), 
asphalt, asphalt concrete, Portland cement 
concrete, or a combination of these materials. 
In addition to prevention of infiltration of 
rainwater, where required, the cover would also 
prevent direct contact with the soil and 
emission of dust. 

Dust control typically consists of a simple form 
of cover designed only to prevent the wind from 
generating dust. Several forms are available 
including vegetation, dust suppressants, water 
spraying, and wind fences. 

Vegetation. Exposed areas of soil are planted 
with vegetation -- usually grass -- to bind 
surface particles. This alternative has the 
advantage that it also helps prevent erosion. 
The grass does require maintenance in the form 
of periodic mowing and fertilizing. Vegetation 
can be used to prevent erosion of a protective 
cover. 

Dust Suppressants. Some form of non-volatile 
liquid (such as liquid asphalt) is sprayed on 
the soil to bind the particles to the surface. 
This method has the advantage over water in that 
the liquid'does not require frequent 
reapplication. However, the "membrane" formed 
by the suppressant is subject to damage and the 
liquid used may contribute contaminants to the 
soil. 

Water Spraying. Water spraying is often used 
in standard construction practice. It is most 
commonly used on construction haul roads and 
other temporary activity areas. Dust is kept 
down simply by spraying it with water on a 
regular basis. During the summer time, 
application rates of once every 15 to 30 minutes 
are common. 

Wind Fence. Wind fences are vertical barriers 
that deflect the wind from the area of exposed 
soil. They can be constructed from trees or 
artificial materials. In construction, wind 
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fences are most commonly associated with 
stockpiles and take the form of plastic sheeting 
placed over the pile. 

Surface Wa�er Collec�ion and Con�rol 

SOIL DISPOSAL 

Surface water control features include ditches 
and site grading. These are designed to enhance 
runoff and to prevent run-on of surface water. 
Rapid runoff of water from a contaminated site 
prevents ponding and thereby reduces the time 
available for water to infiltrate into the 
soil. Collection of run-on prevents water from 
entering the contaminated site from other 
areas. The appropriate surface water controls 
will be part of other general response actions 
at the PAC CAR site. 

This response action includes excavation and 
off-site landfilling. The type of landfill used 
will depend on the level of contamination but 
may include licensed PCB or hazardous waste 
landfills, solid waste landfills with leachate 
collection and treatment, or unlined landfills. 

Off-site disposal in a licensed hazardous waste 
landfill is a proven remedial technology. This 
method has the advantage that contaminated 
material is quickly removed from the site. 

Off-site disposal in a solid waste landfill with 
proper leachate collection and treatment �ay be 
appropriate for soil with low levels (less than 
25 ppm) of PCB or for lead. 

Direct disposal of contaminated soils in an 
unlined landfill is not appropriate. It may be 
appropriate to dispose of stabilized or treated 
soils. 

For any of the removal technologies, the main 
disadvantage is that the owner runs the risk of 
future liability for cleanup at the disposal 
site. This is true even at licensed hazardous 
waste disposal facilities. 
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EXCAVATION AND ON-SITE STORAGE OR DISPOSAL 

Permanent on-site storage or disposal of 
excavated material is limited by site use and 
the shallow groundwater zone at the PACCAR site. 

Temporary storage of excavated material may be 
required as prior to subsequent treatment or 
removal to off-site disposal. 

IN SITU TREATMENT 

In situ treatment involves treatment of 
soil or groundwater in place without excavation 
or pumping. In general, effectiveness is 
lessened because process control is more 
difficult in situ than above-ground. 
Costs, however, have generally been lower than 
for above-ground treatment. Potentially 
applicable in situ treatment technologies 
include: 

o Physical Treatment by Soil venting 
o Bioreclamation by Aerobic Biological Treatment 
o Solidification/Stabilization 

Physical Treatment by Soil Venting 

This process option is usually applied to sites 
with volatile organic compounds in soil. 
However, semivolatile compounds, such as some of 
the petroleum hydrocarbons at the PACCAR site 
may be volatilized in situ by heating the 
soil (Cosmos, 198 9). This is an experimental 
process still in development. Soil is heated by 
steam or radio-frequency energy. Contaminants 
are volatilized and are incinerated, filtered, 
or condensed in an above-ground treatment unit. 

Bioreclamation by Aerobic Biological Treatment 

Groundwater. In situ groundwater 
biotreatment has been used for treatment of 
readily biodegradable compounds such as those 
found in petroleum hydrocarbons. Benzene and 
vinyl chloride are the organic contaminants of 
concern in groundwater at the PACCAR site. They 
are both readily biodegradable. However, in 
situ process control would be difficult 
and in situ treatment would not treat 
inorganics (lead and arsenic) . 
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So�idification/stabi�ization 

SOIL TREATMENT 

In situ solidification/stabilization uses 
the same technologies as above-ground 
solidification/stabilization. Mixing of shallow 
soils with solidification agents is possible. 

In-place stabilization can be accomplished by 
adding a solidification agent such as grout to 
the soil through a series of drill holes. 

Soil treatment includes the following remedial 
technologies: 

o Physical Treatment 
o Chemical Treatment by Soil Washing 
o Thermal Treatment 
o stabilization/Solidification 
o Biological Treatment 

Physica� Treatment 

Physical treatment changes the volume of the 
contaminated material by either removing the 
contaminant or removing clean material. Some 
physical treatment technologies reduce the size 
of contaminated debris. 

Potentially applicable physical treatment 
process options include: 

o Magnetic Separation 
o Classification 
o Crushing 
o Drying 
o Dewatering 

Magnetic Separation. Pieces of ferrous metals 
can be removed using magnetic separation. This 
is most applicable if metal pieces are abundant 
and would interfere with subsequent treatment. 

Classification. Classification by grain size 
is a widely used physical treatment. It is a 
standard pretreatment for most other treatment 
processes. Many of these processes have 
limitations on the particle size that can be 
treated. 

In general, coarse sand and gravel in 
contaminated soils are relatively clean. This 
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is because contaminants are attached to the 
surfaces of soil particles. since volume 
(length cubed) decreases much faster than 

surface area (length squared) as particle size 
decreases, there is relatively more surface area 
per unit weight in the fine-grained soil than in 
the coarse-grained soil. This phenomenon has 
been documented for lead contamination at 
Superfund sites (Freeman, 1989) . 

Consequently, removing the coarse sand and 
gravel is an economical method of reducing the 
volume of the contaminated soil. 

Classification methods include grizzlies, 
sieves, screens, hydraulic and spiral 
classifiers, froth flotation, settling basins, 
and clarifiers. 

Crushing. Crushing and shredding are 
pretreatment options which reduce the size of 
debris. They are important process options for 
industrial fill material. 

Drying. Soil drying is used as a pretreatment 
option to reduce moisture content and improve 
handling characteristics. 

Dewatering. After treatment of soil in slurry 
form, dewatering is used to return the soil to a 
solid form prior to stabilization, landfilling, 
or backfilling. 

Chemical Trea�men� by Soil Washing 

The soil chemical treatment technology which is 
potentially applicable at the PAC CAR site 
involves first removing contaminants from the 
soil matrix, then treating them in the aqueous 
phase. contaminant removal is accomplished by 
soil washing or soil leaching. 

Soil Washing. In this process option, soil is 
mixed in tanks with solvent solutions, acidic 
solutions, or basic solutions. 

Metals are removed as follows: 

o Excavated soils are fed into mixing tanks 
with the washing solution. 

o The solution is removed and the metals are 
precipitated out of the solution, usually by 
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increasing the pH. The washing solution is 
typically recycled. 

o The precipitate forms a sludge which must be 
disposed of off-site. 

o The washed soil can be backfilled on the site. 

This process has had only limited use for soil 
remediation. It would require site-specific 
process development before actual use on this 
site. It is also relatively expensive. 

The process is most efficient for treating soils 
with very high concentrations of very leachable 
metals. 

Current studies for removal of metals in soils 
are focusing on chelating agents. These 
compounds preferentially bind to the metals in 
the soil. The agent is then drawn off and the 
metals removed by other chemical means. The 
effectiveness of chelating agents have been 
demonstrated only in the laboratory (Anonymous, 
1987) . 

Dewatering yields treated soil and contaminated 
wash water. The wash water is treated using the 
aqueous treatment processes described below. 
The sludge produced by water treatment may be a 
hazardous waste and disposal of this sludge may 
be difficult. 

Materials handling of the soil before and after 
treatment is required. This involves 
classification of the soil prior to treatment so 
that particle sizes are small enough to be 
handled in the soil washing equipment. After 
washing, soil must be dewatered so that it can 
be reused. 

Soil Leaching. In this process option, soil 
contained in lined piles is leached using 
solvent solutions, acidic solutions, or basic 
solutions. It is slower and possibly less 
effective than soil washing, yet it is easier to 
implement and less costly. Similar processes 
have been used in the mining industry to extract 
gold, silver, and copper (Freeman, 1989) . 
Leaching has not been used on large remediation 
proj ects. 

Aqueous Treatment. Process options are 
conventional wastewater treatment for metals and 
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include neutralization, precipitation, 
oxidation, and reduction. These processes are 
usually used in combination. Wash water or 
leachate is usually treated prior to re-use in 
the washing or leaching process. 

Thermal Treatment 

Thermal treatment destroys the organic 
contaminants in the soil, but does not destroy 
the inorganic contaminants such as lead and 
chromium. 

Incineration 

Incineration lnvolves combustion under 
controlled conditions to convert wastes 
containing hazardous materials to inert residues 
and gases. It can be performed either off or on 
the site. The cost of incineration is high. 

In the incineration process, soils are combined 
with fuel in the incinerator to create 
temperatures sufficiently high to ensure 
contaminant destruction. All incinerators 
include a secondary gas treatment system to meet 
air quality discharge criteria, particularly 
important for mixed organic/inorganic soils at 
the PACCAR site because lead will volatilize in 
the incinerator and contaminate the off-gas. 

Off-site Incineration is a Proven Remedial 
Technology. Several commercial incinerators 
around the united States are licensed to burn 
PCB and/or hazardous waste. 

This technology, however, would be difficult and 
costly to implement. The nearest licensed 
incinerator is thousands of miles away. Also, 
priority is given to extremely hazardous waste. 

On-site Incineration Applicable. On-site 
incineration could be accomplished in either a 
rotary kiln or fluidized bed type incinerator. 
Either type could be assembled on-site. Mobile 
incinerators have been designed and tested by 
several manufacturers (Diot, 1989; Freeman, 
1989) . 
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Another type of thermal treatment is low 
temperature thermal treatment. In this process, 
soil is heated to approximately 600oF, using a 
hollow, oil-filled auger. organic "contaminants 
and water are vaporized. Contaminant product 
may be condensed and collected for recovery and 
reuse. Residual off-gas and water may require 
treatment, although off-gas treatment for lead 
may not be required. 

This technology is potentially applicable for 
PAC CAR soils with petroleum hydrocarbon and HPAH 
contamination. However, high moisture contents 
of saturated soils will slow the process 
(Cosmos, 1989). Treatment of fill material 

would require physical pretreatment (separation 
of debris from soil). Implementation would 
therefore be costly. 

Solidification/Stabilization 

Solidification/stabilization (S/S) involves 
excavation of contaminated soils and mixing with 
solidifying agents. Typical agents include 
Portland cement and fly ash. These agents form 
physical or chemical bonds between soil 
particles and contaminants. The contaminants 
are bound up inside the cementitious matrix. 
The solidified material would be returned to the 
site for disposal. 

The SIS process improves the characteristics of 
the contaminated soil. Wet soils become easier 
to handle. The"soil particles are cemented 
together, decreasing the surface area available 
for leaching of contaminants. The permeability 
of cement treat§g soils is typically on the 
order of 1 x 10 centimeter per second. 
Thus, the amount of water passing through the 
soil is decreased (EPA, 1986). 

EPA-sponsored studies are now underway to verify 
the long-term effectiveness of solidification in 
the field (EPA, 1989). 

In summary, SIS results in a material that 
encapsulates the contaminated soil and may 
create different chemical bonds. The 
effectiveness of SIS will be evaluated in the 
basis of physical and leaching properties. For 
the purposes of this FS, the SIS process will be 
referred to as stabilization. 
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Pepper's Steel site to Use Stabilization. The 
Pepper's Steel site, listed on the EPA's 
Superfund National Priorities List, is planned 
to use a combination of solidification of PCB 
and stabilization of heavy metals. The 
contaminated soil will be dug up and mixed with 
fly ash, cement, and other chemicals to form a 
solid material. The hardened material will be 
buried on the site. 

The EPA and Florida Power and Light completed an 
extensive testing program on the stabilized 
material. They found a good fixing agent to be 
a mixture of 40 percent Portland cement and 60 
percent fly ash. 

Biological Treatment 

Biological treatment uses microorganism which 
occur naturally in the soil. The microorganisms 
can be stimulated to degrade petroleum 
hydrocarbons (and more slowly, HPAHs) into 
carbon dioxide, water, and microbial cells (API, 
1984). Biological treatment in general does not 
work on inorganic contaminants. This process 
option uses well established technology 
developed from land treatment in the petroleum 
refining industry. 

A concern regarding the effectiveness of this 
technology is possible interference of heavy 
metals in the soil. However, data from the 
petroleum refining industry indicate that active 
landfarms having soil containing 277 ppm of 
chromium and 718 ppm of lead (average of 30 
operations) were biologically treatable (API, 
1984) . 

GROUNDWATER TREATMENT 

Potentially applicable groundwater treatment 
technologies include: 

o Physical Treatment 
o Chemical Treatment 
o Biological Treatment 

Physical Treatment 

Process options for organics include air 
stripping and carbon adsorption. Air stripping 
of benzene and vinyl chloride is very feasible 
because of their high Henry's Law constants. 
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Carbon adsorption of vinyl chloride is not very 
efficient because of the compound's poor 
adsorption characteristics. 

Process options for physical treatment of 
inorganics are conventional processes used for 
metals wastewater treatment and industrial water 
conditioning. These include fluctuation, 
sedimentation, filtration, membrane filtration, 
adsorption, and ion exchange (Freeman, 1989; 
Nalco, 1987). These processes are usually used 
in combination to achieve the required effluent 
quality. 

Chemical Treatment 

Applicable process options for chemical 
treatment of organics in groundwater include 
ultraviolet treatment (UV) and oxidation. These 
processes are commercially available in 
combination for destruction of benzene and vinyl 
chloride in water. Turbidity and inorganics can 
interfere with UV/oxidation processes. 

Process options for inorganics are conventional 
processes used for metals, wastewater treatment, 
and industrial water conditioning. These 
include precipitation, neutralization, 
oxidation, reduction, and electrolysis (Freeman, 
1989; Nalco, 198 7). These processes are usually 
used in combination with physical processes to 
achieve the required effluent quality. 

Biological Treatment 

REFERENCES 

Biological treatment includes fixed-film and 
activated sludge-type processes. Biological 
treatment of groundwater would be effective for 
removing benzene and vinyl chloride. However, 
biological treatment alone would not remove 
metals and would probably require final 
polishing by activated carbon in order to 
achieve low discharge limits. 

API, 1984. The Land Treatability of Appendix VIII Constituents 
Present in Petroleum Industry Wastes. American Petroleum 
Institute Publication 4379. Washington, D. C. 

Cosmos, M. , 198 9. Roy F. Weston Inc. , West Chester, 
Pennsylvania, personal communication with Hart Crowser, Inc. 

Page B-12 



Hart Crowser 
J-1639-09 

Diot, H. R. , 1989. Letter from Ogden Environmental Services, 
Inc. , San Diego, California, to Hart Crowser, Inc. , dated March 
28, 1989. 

EPA, 1986. Handbook for Stabilization/Solidification of 
Hazardous Waste. EPA/540/2-86/001. Cincinnati, Ohio. 

EPA, 1989. Superfund Innovative Technology Evaluation (SITE) 
Program. EPA/540-8 -8 9/602. Cincinnati, Ohio. 

Freeman, H. M. , 1989. (ed. ) Standard Handbook of Hazardous 
Waste Treatment and Disposal, McGraw Hill, New York, New York. 

Page B-13 



Hart Crowser 
J-1639-09 

APPENDIX C 
COST ESTIMATES FOR DETAILED ANALYSES 



APPENDIX C 

Hart Crowser 
J-1639-09 

COST ESTIMATES FOR DETAILED ANALYSES 

This appendix includes the capital, operation 
and maintenance (O&M) , and present worth amounts 
for the alternatives described in section 6 of 
the FS. 

Cost estimate breakdowns are presented in Table 
C-l. 

The cost estimates shown have been prepared for 
guidance in project evaluation and 
implementation from the information available at 
the time of the estimate. The actual costs of 
remediation depend on many variables, including 
quantity of contaminated material, disposal 
fees, health and safety regulations, labor and 
equipment costs, and the final project scope. 
As a result, the final project costs will vary 
from the estimates presented herein. Because of 
this, project feasibility and funding needs must 
be carefully reviewed prior to making specific 
financial decisions to help ensure proper 
evaluation and adequate funding. 

The capital cost estimates include design of the 
selected remediation alternative, construction 
management, and the cost for actual remediation 
work. The capital costs do not include costs 
for negotiating the alternative selection or 
community relations. 

The operation and maintenance costs include 
long-term monitoring and long-term operation, if 
needed, of those items directly attributable to 
the remediation of site contamination. For 
example, there are no O&M costs for the 
alternatives that treat or remove the soil from 
the site. 

To account for unforeseen costs, a 20 percent 
contingency was added to capital and O&M costs. 

A single factor of 30 percent was added to 
capital costs to account for engineering 
permits, administration, and taxes. Engineering 
costs for these remediation projects were 
estimated at about 15 percent of total capital. 
Sales tax is 8 percent. The remaining 7 percent 
accounts for PACCAR's administrative costs, 
including contract management. 
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The calculations of present worth are based on a, 
net five percent discount rate and 30 years of 
duration. This is consistent with EPA 
guidelines (EPA, 198 8). Total capital costs, 
O&M costs, and present worth amounts were 
rounded to the nearest $10,000. 

For each alternative, Table C-l presents costs 
estimates for two scenarios: with No Site 
Development, and with site Development. The 
cost estimates for these scenarios are different 
because development of the site involves 
activities which directly affect the cost of 
remediation. The major activities which affect 
remediation costs are as follows: 

o Groundwater and surface water control during 
construction. 

o Testing and treatment (as needed) of soil 
disturbed during construction. 

o storm drain relocation and plugging. 

o Foundation demolition. 

o Cover Types (see Soil Alternative 7, below). 

In order to make cost estimates at the FS stage, 
it is necessary to make a number of assumptions 
on design details. The key assumptions for each 
alternative are summarized below. 

Groundwater 1 - Monitoring 

o Health & Safety Plan for construction 
activities which contact groundwater. 

o Monitor selected existing wells. 

o Selected semiannual and annual sampling for 
water level, lead, arsenic, volatiles and 
semivolatiles. Include sampling, analyses, 
and disposal of purge water. 

o Semiannual letter report. 

o 30 years duration. 

Groundwater 2 - Monitoring and Institutional Controls 

o Groundwater use restriction plan. 
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o Health and Safety Plan for Gonstruction 
activities which contact groundwater. 

o Monitor selected existing wells. 

o Selected semiannual and annual sampling for 
water level, lead, arsenic, volatiles and 
semivolatiles. Include sampling, analyses, 
and disposal of purge water. 

o Semiannual letter report. 

o 30 years duration. 

Groundwater 5 - Pump and Treat 

o Install 15, 4-inch PVC production wells, each 
40 ft. deep. 

o Install 5, 4-inch PVC production wells, each 
130 ft. deep. 

o Install submersible pumps in each well, with 
total 200 gpm capacity. 

o Install double-containment piping. 

o Install a central suspended solids filtration 
system to serve as metals pretreatment for 
discharge to METRO sewage treatment works. 

o Install a central air stripper system to 
serve as organics pretreatment for discharge 
to METRO sewage treatment works. 

o Operate for five years. 

o Fixed costs include labor, maintenance, 
insurance, taxes, and lab costs. Fixed costs 
were estimated using the EPA Process Design 
Manual for Stripping of Organics (EPA, 1984). 

o Sewage utility fees include METRO fees and 
City of Renton fees. 

o Monitor selected existing wells. 

o Selected semiannual and annual sampling for 
water level, lead, arsenic, volatiles and 
semivolatiles. Include sampling, analyses, 
and disposal of purge water. 
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o Install six air quality stations on perimeter 
of site, two air pumps per station. 

o Quarterly sampling for HPAH, Arsenic, Lead, 
Chromium, Total Dust. 

o Monitor selected existing wells. 

o Selected semiannual and annual sampling for 
water level, chromium, copper, nickel, zinc, 
lead, arsenic, volatiles and semivolatiles. 
Include sampling, analyses, and disposal of 
purge water. 

o Semiannual letter report. 

o Monitor for 30 years. 

Soil Alternative 2 - Baseline/Monitoring with Institutional 
Controls 

o Health and Safety Plan 

o site Use Plan 

o Install fencing on perimeter of site. 

o Install six air quality stations on perimeter 
of site; two air pumps per station. 

o Quarterly sampling for HPAH, Lead, Chromium, 
Total Dust. 

o Annual inspection and repair of fence for 30 
years. 

o Monitor for 30 years. 

Soil Alternative 4B/5 - Treat and Stabilize 

o Earthwork costs estimated using Means (1987). 

o In-place volume increases by 20 percent upon 
excavation. 
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o Biotreatment soil depth of the treatment plot 
is 1 ft. 

o Biotreatment area is 300 ft. X 1,000 ft. 
located in northeast portion of site. 
Treatment area is lined with and covered with 
with plastic such as visqueen or T-55 
Griffolyn. Construction costs include 
regrading and compaction after treatment. 

o Average GC/FID concentration to be biotreated 
is 1,000 ppm, treatment is complete at 200 
ppm. 

o Biodegradation rate follows first-order 
kinetics with a half-life of 20 days. 

o Biotreatment occurs in two, 10,000 CY 
batches, sequentially, in lifts in the same 
treatment area. 

o Duration of biotreatment is 15 months. 

o Monitor placed soils using three shallow 
groundwater monitoring wells. Sample and 
test annually for petroleum hydrocarbons 
(GC/FID) . 

cement Stabilization 

o Stabilize using Portland cement. Costs 
estimated using Means (1987), based on 6 
percent to 12 percent cement. 

o Protective soil cover includes grass cover 
with 12 inches of sand. 

o Monitor placed soils using three shallow 
groundwater monitoring wells. Sample and 
test annually for dissolved arsenic, 
chromium, and lead. 

Soil Alternative 7 - Cover 

with No site Development 

o Cover some of the contaminated area shown on 
Figure 6-5 with structural fill. Place 12 
inches of sand and gravel or topsoil above 
compacted subgrade. 
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o Cover the remainder of the contaminated area 
shown on Figure 6-5 with geomembrane. Place 
12 inches of sand base, 50 mil PVC 
geomembrane, 12 inches of sand cover, and 4 
inches of topsoil. 

with site Development 

The Capital and 0 & M costs for the cover not 
included because they will be part of the site 
development are: 

o Cover some of contaminated area with 
structural fill. Place 12 inches of sand and 
gravel or topsoil above compacted grade. 

o Cover some of contaminated area with 
asphalt. Place 12-inch base course and 4 
inches of asphaltic concrete. 

o Cover the remainder of contaminated area with 
concrete. Place 12-inch ballast and 13 
inches of Roller Compacted Concrete. 

Soil AJternative 8 - Excavate and Dispose of PCB Soils 

o Dispose of soil in an off-site hazardous 
waste landfill. 

Soil AJternative 9/�O - Cover/Treat & stabilize Hot Spots 

o Cover design relates to site development as 
in Alternative 7 with the exception of the 
geomembrane. 

o Biotreatment assumptions as in alternative 
4B/5, with initial GC/FID concentration of 
2, 500 ppm or greater. 

o Biotreatment area is same as in 4B/5. 
Treatment would occur in one batch during the 
summer. Monitor placed soils as in 4B/5. 

o Cement stabilization as in 4B/5, except sand 
and gravel subbase above stabilized soils in 
pavement areas. Monitor placed soils as in 
4B/5. 

Sediment AJternative 3 - Fill Ditch 

o Geotextile area from assumed ditch dimensions 
of 3 ft. bottom width, 6 ft. height, side 
slopes 2:1, 600 ft. length. 
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o Concrete structures in ditch remain. 

Sediment AJternative 5 - Excavate and Dispose/ Fill 

REFERENCES 

o Excavate bottom and sides of trench and pond 
south of trench. 

o Dispose of sediment in an off-site hazardous 
waste landfill. 

o Concrete structure in ditch remain. 

o If no plant development, fill ditch in a 
manner allowing surface water drainage. 

EPA, 1984. Process Design Manual for Stripping of organics. 
EPA-600/2-84-139. Cincinnati, Ohio. 

EPA, 1988. Guidance for Conducting Remedial Investigations and 
Feasibility studies Under CERCLA, Interim Final. EPA 
540/G-89/004, Washington, D.C. 

Means, 1987. Means site Work cost Data 1987. R. s. Means 
company, Inc. , Kingston, Massachusetts. 
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DEVELOPMENT OF REMEDIATION CRITERIA FOR 
PROPOSED UTILITY TRENCHES 

One of the first elements of the upcoming plant 
construction is the excavation of utility 
trenches. Since many of these trenches may be 
oriented through soil areas which presently 
exceed the general site-wide soil remedial 
action objectives (RAOs) , as defined in the 
draft FS report, an excavation and handling plan 
is necessary to facilitate remediation of these 
areas. critical to this plan is the development 
of soil RAOs specific to the trenches. 

This appendix presents proposed RAOs for soils 
in the trench excavations, based on an 
assessment of potential chemical exposures and 
risks in these locations. The methodology used 
to develop these risk-based RAOs is equivalent 
to procedures described in the baseline risk 
assessment presented in the RI report. The 
proposed action-specific cleanup levels are more 
restrictive than the preferred alternative ("hot 
spot") action levels, but less restrictive than 
the site-wide RAOs. The rationale and 
development of the proposed action-specific RAOs 
are discussed below. 

As discussed in detail in the baseline risk 
assessment and in the draft FS reports, 
preliminary site-wide soil RAOs were developed 
based on a consideration of potential risks to a 
hypothetical most expos'ed adult individual 
(MEl). The MEl was assumed for that analysis to 

regularly contact site soils at an average 
frequency of approximately 6 hours per day 
without any protection from contaminant 
exposure through the use of health and safety 
gear or related procedures. Although this MEl 
scenario serves as a conservative general point 
of departure for the development of site-wide 
RAOs under a maximum exposure condition, the 
assumptions may not apply to specific site 
activity locations. Trench environments are one 
such location. 

In consideration of a variety of health and 
safety and employer liability issues throughout 
the plant, PACCAR has determined that it is 
appropriate to require any plant worker who 
gains access into a utility trench to utilize 
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appropriate health and safety procedures. The 
requirement for health and safety in this 
situation can be readily enforced by PACCAR. In 
such a case, the MEl scenario would not be a 
valid estimate of realistic maximum exposures, 
and the site-wide RAOs would be overly 
restrictive. 

In order to develop preliminary RAOs specific to 
the trench locations, it is necessary to develop 
a realistic maximum exposure scenario specific 
to the trench conditions. For this analysis, it 
is considered reasonable to assume that even an 
individual trained in health and safety 
procedures may occasionally either have a breach 
in his or her protective gear, or may otherwise 
determine that conditions (e.g., a plant fire) 
dictate that normal health and safety 
considerations be waived. Such a condition is 
expected to occur no more often than two to four 
weeks per year, which is roughly ten percent of 
working hours of the MEl. If exposure frequency 
and/or duration is reduced to ten percent of the 
MEl condition, and if all other exposure factors 
(e. g. , soil contact rate) remained constant, 
then the corresponding risk-based soil RAOs for 
chronic exposure effects (e.g., carcinogenesis) 
would be increased approximately IO-fold over 
the MEl condition. 

Short-term exposures such as those discussed 
above must also consider potential subchronic 
(e. g. , acute toxicity) risks associated with 
infrequent shorter-duration exposure 
conditions. For subchronic exposure periods 
ranging from two weeks to seven years, EPA has 
developed reference dose for only one of the 
PAC CAR site indicator chemicals -- chromium. A 
tentative subchronic reference dose can also be 
ascribed to lead based on previously published 
EPA assessments of lead toxicity. 

The development of risk-based soil cleanup 
concentrations specific to the PAC CAR trenches 
therefore considered the following risk 
scenarios: 

o Lifetime Cancer Risk: Assuming that worker 
contact with trench soils in the absence of 
health and safety precautions occurs at a 
frequency of one-tenth that described in 
the baseline risk assessment, the 
probabilistic upper-bound lifetime cancer 
risk for soil exposure pathways must not 
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exceed 1E-6 (one-in-one million). Specific 
exposure and cancer potency assumptions used 
in this calculation are described in detail 
in the baseline risk assessment. 

o Long-Term Toxicity (non-cancer) Risk: This 
chronic toxicity evaluation (for exposure 
periods greater than 7 years) again assumed 
that overall soil contact would occur at a 
frequency of one-tenth that described in 
the baseline risk assessment. The 
probabilistic upper-bound Hazard Index for 
soil exposure pathways must not exceed 1.0. 
Specific exposure and reference dose 
assumptions used in this calculation are 
described in detail in the baseline risk 
assessment. 

o Short-Term Toxicity Risk: The 
probabilistic upper-bound Hazard. Index for 
exposure pathways under subchronic (2 week to 
7 year) soil contact conditions must not 
exceed 1.0. Specific exposure assumptions 
used in this calculation were identical to 
those described in the baseline risk 
assessment, except that exposure duration was 
not averaged (i.e., daily exposure was 
assumed). The subchronic reference dose 
values available from EPA are summarized in 
Table E-1. 

Overall, the consideration of lifetime cancer 
risk associated with infrequent soil contact 
exposures in the PAC CAR trenches resulted in the 
most restrictive soil remediation limits (Table 
E-1). The cumulative long-term cancer risk 
evaluation generated more restrictive RAOs than 
those based on either chronic or subchronic 
exposures, at least for the four site indicator 
chemicals which are regulated as carcinogens. 
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For lead, however, there currently exists a 
considerable uncertainty regarding the mechanism 
of toxicity to subchronic and chronic exposures 
to this metal. Because of this uncertainty, it 
is not possible at this time to evaluate 
quantitatively the risks associated with lead 
exposures in a standard chronic or subchronic 
format. Accordingly, the toxicity associated 
with subchronic exposures to lead was 
approximated as a value intermediate between the 
general chronic toxicity criteria (i.e., 1,000 
ppm soil lead in an industrial setting) and the 
preferred alternative action level (8,000 ppm). 
The resulting trench cleanup concentration is 
thus 4,500 ppm. 

Proposed soil cleanup limits specific to the 
PAC CAR trench scenario are presented in Table 
E-2. In some cases requirements such as the PCB 

. Spill Cleanup Policy are more restrictive than 
the risk-based concentrations, and in these 
cases the risk-based values may not be 
appropriate cleanup criteria. Soils exceeding 
these criteria are currently proposed to be 
remediated along with "hot spot" soils from the 
rest of the site, as appropriate. 

Because of a general lack of suitable toxicity 
data, risk-based soil cleanup levels for 
petroleum hydrocarbons can not be developed at 
the PAC CAR site. Cleanup of these constituents 
-- beyond· those considered by the HPAH and PCB 
criteria -- are addressed relative to overall 
site protection of groundwater quality. RAOs 
and "hot-spot" cleanup limits for petroleum 
hydrocarbons are discussed in the main body of 
this FS Report. 
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