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GLOSSARY

combinations of process options that address
the site as a whole.

general categories of actions (e.g.,
institutional, containment, treat nt,
disposal) that will satisfy one or more of the
remedial action objectives.

specific processes within a technology type.
For example, chemical oxidation would be a
process option under the broader category of
chemical treatment.

goals for protecting human health or the
environment.

general categories of technologies or actions
within a general response action, such as
access restrictions, capping, chemical

tre :ment, or off-site disposal.
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EXECUTIVE SUMMARY

Ebasco Environmental, a division of Ebasco Services Incorporated, in
association with Shannon and Wilson, Inc., was selected by the Seattle
District, U.S. Army Corps of Engineers to perform a Remedial
Investigation/Feasibility Study (RI/FS) of soil, surface water, and
groundwater contamination at the Fort Lewis Logistics Center. This
document was prepared by the Department of the Army, the Seattle
District Corps of Engineers, Ebasco Environmental, and Shannon &
Wilson, Inc. A Federal Facilities Interagency Agreement between the
Department of the Army, the U.S. Environmental Protection Agency (EPA)
Region 10, and the Washington Department of Ecology (WDOE) became
effective January 29, 1990. Under the agreement, EPA and DOE have
reviewed and commented on the Feasibility Study. Their comments have
been incorporated into the document.

The Fort Lewis Logistics Center was placed on the National Priorities
List (NPL) in December 1989. The RI/FS was initiated in 1986 to
characterize site contamination. Results of the RI are presented in
the Remedial Investigation (Envirosphere 1988b). The FS focuses on
cleanup of contamit :ion identified in the shallow unconfined aquifer
flowing from the Logistics Center towards American Lake and on cleanup
of contaminated soils at the East Gate Disposal Yard. Limited studies
of the lower aquifers indicate that some trichloroethylene [CE)
contamination exists. However, there is insufficient data on the
extent of lower aquifer contamination to address the issue in this FS.
Tt Army will be investigating contamination in the lower aquifer in
more detail. Sampling and analysis of the groundwater in the lower
aquifer will begin in the fall of 1990. Remedial action objectives
developed for the shailow unconfined aquifer will apply to any
contamination found in the lower aquifers. Remediation of

contaminat: 1 found in lower aquifers will be incorporated into the
remedial design/remedial action phases of the Logistics Center.
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The purposes of the FS were to establish emedial objectives for
cleanup of the shallow groundwater plume and for cleanup of the
contaminated soils at the East Gate Disposal Yard, and then to evaluate
a range of remedial alternatives for the soil and groundwater cleanup.
The FS was conducted by completing the following steps:

0 Review the results of the Remedial Investigation to establish the
extent of contamination in the soil, surface water, and groundwater.

o Establish the remedial action object ves for soil, surface water,
and groundwater cleanup.

o Conduct a Preliminary Screening of Remedial Technologies to
identify the viable treatment technologies that are suitable for
| groundwater and soil remediation at the Logistics Center. The
viable treatment technologies are listed in Tables ES-1 and ES-2
for the source areas and the groundwater.

0 Group the viable treatment technologies into a wide range of
remedial alternatives for soil clea Ip and groundwater cleanup.
The remedial alternatives were developed by grouping the viable
technologies and then briefly evalt :ing and comparing them to each
ot 'r. The remedial alternatives ~ ;ted in Tables ES-3 and ES-4
were selected for detailed evaluation.

0 Prepare feasibility-level engineering designs and cost estimates
for each of the remedial alternati ;. Conduct a detailed
evaluation of each alternative usii the following criteria: short
term effectiveness during construction; long term effectiveness;
reduction in toxicity, mobility and volume; ease of
implementability; protection of public health and the environment;
compliance with applicable regulations (ARARs); and cost.

The results of the detailed evaluations for each of the alternatives
are summarized in Tables ES-5 and ES-6.
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TABLE ES-1

SOIL PROCESS OPTIONS REMAINING

AFTER PROCESS OPTION EVALUATION

Soil General
Response Action

Technology Type

Process Option

No Action

Institutional

Containment

Removal/Disposal of
Contaminated Soil

Removal/Treatment/
Disposal

7697K

None

Access Restrictions

Monitoring

Capping

Surface Controls

Excavation

Dewatering

Moving Equipment

Long-Distance Hauling
On-Site Disposal
Off-Site Disposal

Excavation

Dewatering

Moving Equipment

Long-Distance Hauling

ES-3

Not Applicable

Deed Restrictions

Administrative Controls

Physical Controls
(e.g., fence)

Monitoring Wells

Concrete
Multi-Media

Grading
Revegetation
Capping (see above)

Bulldozers, Backhoes,
Cranes, and Attachments

Well Points

Bulldozers
Loaders

Truck
RCR : ! Lanc. .11

RCRA Hazardous HWaste
Disposal Facility

Bulldozers, Backhoes,
Cranes, and Attachments

HWell Points

Bulldozers
Loaders

Truck




TABLE ES-1 (Cont.)
SOIL PROCESS OPTIONS REMAINING
AFTER PROCESS OPTION EVALUATION

Soil Gel ral

Response Action Technology Type Process Option
Removal/Treatment/ Physical Treatment Soil Washing
Disposal (Cont.) Soil Aeration
Immobilization Stabilization
On-Site Dispose Recycling
In Situ Treatment Physical Treatment Soil Aeration
Soil Mixing/Aeration
Immobilization Soil Mixing/Stabiliza-
tion
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TABI ES-2

GROUNDWATER PROCESS OPTIONS REMAINING
AFTER PROCESS OPTION EVALUATION

Groundwater General
Response Action

Technology Type

No Action

Institutional

Containment

Collection/Treatment/
Discharge

a/ These options retained for use in comt

alternatives.

Process Option

None

Access Restrictions

Monitoring

Vertical Barriers

Extraction

Physical Treatment

Chemical Treatment

On-Site Discharge

Off-Site Discharge

Not Applf "le

Deed Restrictionsd/

Administrative Cc trolsd/

Monitoring Wellsd/

Hydraulic Gradient
Control

Deep KWells

Adsorpi »>n
Air Stripping
Flow Equalization

Chemical Oxidation/
Ultraviolet Light

Storm Sewer
Recharge
Reuse/Recycle

Pumping to Surface
Water
Reuse/Recycle

ration with pump and treat

b/ rdraulic gradient control consists of groundwater pumping in
recharge. In the rest of the report, this option is
called recharge of treated groundwater.

combination with
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TABLE ES-3

FINAL CANDIDATE ALTERNATIVES
FOR SOIL SOURCE AREA  MEDIATION

Alternative
Number

Description of
Alternative

S1

S2

S3

S4

S5

S6

No Action
Monitoring ells

Instit :fonal Actions
Deed Restrictions
Administrative Controls
Monitoring Wells
Physical Controls (e.g., fence)

Containment
Concrete Cap
Administrative Controls
M itoring HWells

Excavation and Disposal
Off-site Landfilil

Excavation and Treatment
Above-Ground Soil Aeration and
Backfill
A 1inistrative Controls
Monitoring Wells

In Situ Treatment
Soil Aeration
Administrative Controls
b 1itoring Wells
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TABLE ES-4

FINAL CANDIDATE ALTERNATIVES
FOR GROUNDWATER REMEDIATION

Alternative # Description of Alternative
Gl No Action
Monitoring Wells
G2 Groundwater Extraction Along I-5
Air Stripping
Recharge

Deed Restrictions
Administrative Controls
Monitoring Hells

Flow Equalization

G3 Groundwater Extraction Along I-5 and
Near Source Areas
Air Stripping
Recharge
Deed Restrictions
Administrative Controls
Monitoring HWells
Flow Equalization
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8-S3

TABLE ES-5
SUMMARY OF SOURCE AREA DETAILED ANALYSIS

Cxcavate/ Excavate/
Evaluation No Institutic | Concrete OFf-site In Situ Above Ground
Criterion Action Controls Cap Landfill Reration Aeration
Short Term High High High Low Medium Medium
Effectiveness
During Construction
Long Term Low Medium High High High High
Effectiveness
Reduction of Low Low Medium Medium High High
Toxicity, Mobility
and Yolume
Implementability High High High Medium Medium Medium
Compliance with High High High Medium High High
ARARs
Support Agencies
Acceptancel
Communi ty
Acceptancel
Protection of Low Medium Medium High High itigh
Human Health and
Environment
Estimated Costs
o Capital $ 0 $65,000 $921,000 $2,250,000 $815,000 $1,061,000
o Annual 2,500 2,k 5,000 0 0 0
o J0-yr Present 23,000 88,( 970,000 2,250,000 815,000 1,061,000
Worth Cost (1=10%)
o 30-yr Present $43,000 $108,000 $1,007,000 $2,250,000 $815,000 $1,061,000

Worth Cost (i=4%)

v

Responsiveness Summary.

Support agencies and community acce| nce will be discussed in the Record of Decision and the
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TAOBLE ES-0

SUMMARY OF GROUNUWATER DUTAILED ANALYSIS

G-3:

G-2: Combined E  action
Extraction Along 1-5 and
A g 1-5, near Source Areas,
G-1: Mr Stripping, Air Stripping,

Criteria No Action and Recharge and Recharge

Short-Term

Effectiveness

During Const: tion High High High

Long-Term

Effectiveness Low Medium High

Reduciion of

Toxicity, Mobility, Low Medium High

and Volume

Implementability High Medium Medium

Compliance wi

ARARs Low High High

Protection of Human

Health and

Environment Low Medium High

Support Agen s

Acceptance

Communi ty

Acceptancel

Capital Cost 0 $2,654,000 $4,014,000

Operating Costs S32,240/yr2/ 3354,0005/ $517,000%/

$16.120/yr3/

Net Present

Worth $180,000 $6,171,000%/ $9,068,0003/

(i=10%, n=30 yrs)

Net Present -

Worth $309,000 59,084,0002f $13,263,000§/

(i=4%, n=30 yrs)

1/ Support ag :ies and community acceptance will be discussed in the Record of

Decision and t

3/ Operating cnct,
T/ Cost not in i
B/ Cost includ |

Responsiveness Summary.
2/ Operating cost f~» first 2 years.

remaining 28 years.

monitoring cost.

itoring cost.

TR0




1.0 INTRODUCTION

1.1 PURPOSE AND OVERVIEW

This report summarizes the results of the Feasibility Study for the

Fe Lewis Logistics Center. The final alternatives which are proposed
to manage the contaminated groundwater, soil, and surface water at the
Logistics Center at Fort Lewis, Washington, are presented and evaluated.

Fort Lewis is located roughly 11 miles south of Tacoma, Washington.
Trichloroethylene (TCE) was used extensively as a solvent at the Fort
Lewis Logistics Center between 1942 and 1975. Used solvent sludges
were treated and disposed of at the site. As a result, soil on e
Logistics Center site and groundwater under the Logistics Center site
have become contaminated.

The feasibility study serves as a framework for the identification,
screening, and evaluation of process options; the combination of
process options into alternatives; and the detailed evaluation of
alternatives. The entire Feasibility Study process is described in the
February 1988 Work Plan for the Fort Lewis Logistics Center Remedial
Investigation/Feasibility Study (Envirosphere 1988a) as well as in
published EPA guidelines (EPA 1985a). This process has been updated to
clude recent EPA guidelines (EPA 1988a).

The following is a summary of the contents of the report. Site
background © ‘o :ion including site location and description, site
history, and community concerns is presented in Section 1.2. The
nature and extent of the problem; the results of the risk assessment;
applicable, relevant, and appropriate requirements (ARARs); and the
remedial action objectives are presented in Sections 1.3, 1.4, 1.5, and
1.6, respectively. Section 2.0 describes the identification,
screening, and evaluation of remedial technologies and process
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options. Sections 3.0 and 4.0 describe the development of soil and
groundwa r alternatives, respectively. The detailed analysis of soil
ali -patives is presented in Section 5.0, and the detailed analysis of
groundwater alternatives is presented in Section 6.0.

1.2 SITE BACKGROUND INFORMATION

This section includes a description of the site, the site history, and
community relations.

1.2.1 Site Location and Description

1.2.1.1 jsti enter L ion

The Fort Lewis Logistics Center is located in Pierce County,
Washington, about 11 miles south-southeast of Tacoma and about 17 miles
east-northeast of O1: pia (Figure 1-1 and 1-2). The Logistics Center
occupies about 650 acres of the Fort Lewis Military Reservation,
located in T 19 N, R 2 E, Sections 21, 22, 26 and 27. It is bounded on
the northwest by Interstate 5 and beyond by the town of Tillicum; on
the southwest by the Madigan Army Medical Center; and on the north by
the American Lake Garden Tract. Tillic 1 occupies about 300 acres of
T19 N, R2E, Sections 15, 16, 21 and !. Tillicum is bounded on the
southeast by Interstate 5 and the Logistics Center; on the northwest by
Americ 1 Lake, on the northeast by the acoma Country Club, and on the
southwest by the Washington National Guard's Camp Murray. Tillicum is
included in the site description becau: the groundwater contaminant
plume extends below the town.

1.2.1.2 Site P4-oqeology

The Logistics Center and Tillicum areas are situated on an extensive
uplan glacial drift plain which occup s much of central Pierce
County. The drift plain originated from glacial and glaciofluvial
processes associated with the Vashon Glaciation. The plain is bounded
on the west by Puget Sound, and extends to the foothills of the Cascade
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1.2.2 Site History

The Fort Lewis Military Reservation was established in 1917 and has
been in continuous use since. Initial development on the Logistics
Center site began in 1941 with construction ¢ the Fort Lewis
Quartermaster Motor Base. The facility was i tivated in April 1942 and
consisted of two shops, two warehouses, and 13 barracks. In August
1942, the fi ility was transferred to ordnance jurisdiction and renamed
the Mount Rainier Ordnance Depot, which was operated until 1963.

During this time, the facility furnished ord ince st »lies,
maintenance, and rebuild services. In 1963, the facility was turned
over to the Logistics Center to serve as the primary nonaircraft
maintenance facility for the post.

TCE was used historically at the Logistics { nter in large quantities
as a degreasing agent until the mid-1970's 1 en its use was replaced by
trichloroethane (TCA). The waste TCE was disposed at several locations
with waste oils. Additional waste-related activities included caustic
sodium hydroxide paint-stripping and battery acid neutralization.

The town of Tillicum has, since its establishment, consisted of a
mixture of residential and commercial land uses. The only identified
on-site potential sources of groundwater contamination are the domestic
and commercial Tillicum septic systems and storm drain disposal
systems, both of which discharge into the ! :onfined aquifer system.
However, no evidence of TCE contamination sources from Tillicum was
identified during the EPA's groundwater investigation (E&E 1986a) or
previous studies by the Tacoma-Pierce County Health Department.

1.2.3 Community Relations

Tillicum area residents first became aware of the Logistics Center

grol Jwater contamination in January 1985. At that time the Army
announced that it had discovered traces of TCE in new test wells dug in
and around the Logistics Center. This news was published in several
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at the Tillicum/American Lake Gardens Community Service Center and
coincided with regular monthly meetings held at the Center. An average
of 20 to 40 people were in attendance at each workshop. Questions
raised : these meetings included:

o How do you calculate cancer probabil ty in the health risk
assessment?

o) Whi s the risk of cancer from exposure to TCE and DCE
through swimming, eating fish from contaminated creeks and
lakes, using well water to irrigate vegetables?

o} When was the problem first discover 1 and how is the
investigation being conducted?

o} What happens if nothing is done?

Interviews recently were conducted in conjunction with the preparation
of the community relations plan for a Superfund site on McChord AFB
(the Washrack/Treatment Area). These inclu :d interviews with the
Tillicum area's two state representatives, state senator, and
representatives on the Pierce County Counci . They were questioned
about their concern with sites on both McChord and Fort Lewis during
the course of the discussions. They felt hooking tI Tillicum
residents up to the Lakewood system relieved e immediate threat, and
the RI/FS would correct the longer-range problems of the contaminated
groundwater. However, these individuals did express gene: interest
in and concern with the quality and quantity of water supplied to
Lakewood and Tillicum as well as a desire to be ke; 1informed of the
cleanup process at the Fort Lewis Logistics Center/Tillicum site.

During a recent update of the information repositories, community
relations staff inquired as to how many people had asked for
information relating to the Fort Lewis Logistics Center. Those in
charge of the repositories could recall 1 specific request.

7698K
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Two newspaper articles concerning the site appeared in 1989: one
announcing the naming of the Fort Lewis Logistics Center, along with
several other state sites, to the NPL and another article announcing
the signing of the interagency agreement.

1.3 NATURE AND EXTENT OF THE PROBLEM

Soi , groundwater, ' rface water, and sediment contamination are
summarized from the results of the Remedial Investigation report
(Envirosphere 1988b).

1.3.1 Source Area Contamination

Possible sources of the TCE that entered ' e groundwater have been
it 1tified and are associated with a variety of sites wi* in the
Logistics Center. These sites can be divided into three categories:
1) use areas, where TCE was used as part of the iintenance operations
and resulted in waste TCE and POL (petroleum, oils, and lubricants)
sludges which cont: 1ed TCE; 2) storage areas, the storage of both
unused TCE and waste TCE and POL siudge in various locations at the
Logistics Center; and 3) dfsposa] sites, where waste TCE and associated
sluc :s were either actively disposed of on site or occasionaily
disposed of as a result of accidental spillage. These areas are
summarized below. Buildings and areas referenced in this section are
sl m on Figure 1-4. A detailed ¢« wary of TCE use at the Logistics
Center may be found in a report by Shannon and Wi~ 1 (1986). The
>tential st -ce areas identified in the following paragraphs are based
upon this report.

1 1.1 777 _Use Areas

Trichloroethylene (TCE) was used at the Fort Lewis Logistics Center as
a clt 1ing, degreasing, and hand washing solvent at sever: Jlocations
and under various conditions. The resulting waste TCE was mixed with
grease, oil, and other petroleum products. 1e waste material,
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interviews, - 2 trenches received waste TCE a1 POL from the cleaning
and degreasing operations. The contents of approximately 6 to 8 drums
of waste TCE and POL were disposed of per month. These suspected
trenches were subsequently covered and are not visible.

The Industrial Waste Treatment Plant (IWTP) receives storm water runoff
from paved areas adjacent to Buildings 9570, 380, and 9500, in which
TCE has been stored and used. The IWTP and = e associated settling
pond are shc n on photographs from 1951. Uncontrolled releases of TCE
in this area may have previously been routed to the IWTP. Sediment and
sludges fro the IWTP and settling pond were placed in the adjacent
Landfill No. 6.

The LC-6 and Pit Area consists of a pit which may have previously
contained a storage tank. The pit appears ¢ aerial photographs and
may have been a disposal site for waste oil and solvent from the
vehicle storage areas.

1.3.1.4 Soil Gas Survey

A soil gas survey was performed as part of 1e remedial investigation.
The results of the soil gas survey are dest ibed in Section 4.2 of the
Final Remedial Investigation Report (Envirosphere 1988b). The main

A R f the soil gas investigation was to locate potential source
areas of TCE contamination. While the concentrations of .CE 1 1sured
by the soil gas survey are not necessarily proportional to the
concentration of contaminants within the soil, areas of higher soil gas
TCE concentrations are expected to be associated with the subsurface
presence of TCE. Thus, the soil gas survey was used as a screening
method. Based on previously developed in° rmation on contaminant
distribution in the groundwater plume and historical interpretations of
contaminant use and disposal, the locations for the soil gas surveys
were selected.
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TABLE 1-3

RESULTS OF CHEMICAL ANALYSES FOR HAZARDC ; SUBSTANCE LIST (HSL)
PARAMETERS FOR SOIL SAMPLES FROM EAST GATE DISPOSAL YARD
(LOCATION F-1)

Sample 3 Sample 1
(depth 12.5 - 13 feeb) (depth 2.5 - 4 feet)

INORGANICS (mg/kg)

Aluminum 12,700
Antimony <14.0 _
Arsenic -4.40
Barium 48.0
Beryllium <1.20
Cadmium 2.60
Calcium 3,650
Chromium 22.0
Cobalt _ 11.0
Copper 24.0
Iron 21,200
Lead 5.40
Magnesium 5,570
Manganese 423
Mercury 0.10
Nickel 27.0
Potassium 951
Selenium <1.20
Silver <2.50
Sodium 725
Thallium <2.50
Vanadium 35.0
Zinc 38.0
Cyanide <1.30

ORGANICS (ng/kg)

1,2-DCE 5 282,000
TCE 9 240,000
PCE <5 11,000
Toluene <5 14,000
Ethylbenzene <5 9,400
Total Xylenes <15 78,000
A11 other HSL volatiles BoLL/ BDL
A11 other HSL organics BDL NA

1/ Detection levels affected by 1:1,250 dilution.
Detection 1imits are shown in Appendix F of the Remedial Investigation
Report ¢ nvirosphere 1988b).
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analyzed for TCE and DCE, which were consister |y found widely
distributed across the site in previous investigations (Shannon and
Wilson 1986, Ecology and Environment 1986). | |1s were sampled on a
quarterly basis to determine the variation in TCE and DCE
concentrations with time. In addition to analysis for TCE and DCE, six
wells were sampled once for analysis of substances on the EPA's
Hazardous Substance List. PCE was measured i the groundwater from one
well (6 pg/1 , and TCA was measured in the groundwater from another
well (approx nately 1 pug/1). Ongoing ground: ter monitoring will
identify any variation in groundwater chemis' y.

The areal extent of the TCE plume in the unconfined Vashon Drift
Aquifer is shown in Figure 1-6. The 500, 50, and 5 ug/1 contour lines
are shown, as are some clean zones within tt plume. The contaminated
plume contains both TCE and DCE.

In general, the plume flows southeast to northwest, under the Logistics
Center. Based on sampling results, it exits into American Lake. The
remedial investigation concluded that decreases in the TCE and DCE
concentrations as the plume migrates towards American Lake are caused
by dispersion and to a lesser extent volatilization. Dispersion is the
term used to describe the lateral spread of contaminants as they move
with groundwater. Dispersion is a result ¢ molecular diffusion and
mechanical mixing. In addition to dispr :ion, the reduction of the TCE
and DCE concentrations may also result from volatilization into the gas
in the pov 5 of the vadose zone above the groundwater. The gas
released from the soil mixes with the atmosphere as the barometric
pressure changes. A decrease in concentration could also be caused by
biodegradation of TCE and DCE. But biodegradation was not considered a
feasible <(planation for a number of reasons:

P, 1 order for TCE and DCE to degri e, other nutrients may be
eeded to support biological growth, such as would be found in
soil with high organic content. The soil at the Logistics
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Center does not appear to have high organic content, based on
visual inspection of drill cuttings.

(2)  CE can both degrade and be a degradation product of TCE. If
it was a degradation product of TCE, the ratio between CE and
TCE concentrations should change. In fact, the ratio appears
to remain constant throur out the plume.

(3) The degradation product of TCE and DCE is vinyl chloride.
Previous studies did not detect vinyl chloride (Shannon &
Wilson 1986).

To continue to assess the effects of biodegradation, ongoing monitoring
will include analyzing for vinyl chloride.

TCE/Dt may also be present in secondary sources contributing to
groundwater contamination. TCE/DCE have a density greater than water
and, in sufficient quantities of product, may move independently of
groundwater and may sorb onto less permeable aquifer materials. These
dense-nonaqueous-phase tiquids (DNAPL) may then dissolve siowly into
the groundwater or may continue to move under their own density
gradient. If present, DNAPLs may act as a secondary source of
contamination in e saturated zone.

Previous investigations had discovered some metals contamination above
MCLs. 1In an effort to clarify the situation, Ebasco Environmental
sampled for metals in ten wells across the study area. ata from two
well with the hi( st concentrations of total metals (LC-48 and T-02)
indicated excessive turbidity. Since the excessive turbidity is
probably an artifact of the construction of these wells, the high
levels of total metals found in these samples are probably not
representative of the groundwater in e aquifer.
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1.3.3 Lower Aquifer Contamination

A limited investigation of the lower aquifers at 150, 200, and 300 foot
depths was conducted as part of the Remedial Investigation. The Salmon
Springs Recessional Aquifer was found to be « ntaminated with TCE
Tevels exceeding 143 ug/1 at a depth of 200 feet at LC-41d. No TCE
contaminatic was found at LC-41le, which is screened at 300 feet.

Due to the limited nature of the lower aquifer study, only the
following conclusions regarding lower aquifer contamination were drawn
in the RI:

o] The Salmon Springs Recessional Aqui r is contaminated at a
depth of roughly 200 feet at monitc ing well LC-41d.

o) The source and extent of contamination of e lower aquifer
cannot be determined based on the existing 1imited monitoring
data.

Because contamination of the lower aquifers has not been defined in
enough detail to develop remedial alternati s, the contamination of
those aquifers will not be addressed in th' FS. The Army will begin
sampling and analysis of lower aquifers in 111 19 ). The study will
define the lateral and vertical extent of ¢ i1tamination in the lower
aquifers and define the interaction between the aquifers.

1.3.4 Suy ace Water and Sediment Contamination

The results of surface water and sediment sampling are presented in
Section 5.0 of the Remedial Investigation :port (Envirosphere 1988b).
Local surface waterbodies most l1ikely to be impacted by contaminated
groundwater under the Fort Lewis Logistics Center are Lynn Lake,
American Lake and Murray Creek which are principally groundwater fed.
Lynn Lake is located on the southwest edge of the contaminated
groundwater plume and may receive contamii tion from potential source
areas such as the East Gate Disposal Yard. Murray Creek generally
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SURFACE WATER SAMPLE

TABLE 1-4

\TA

TCE (ug/1) DCE (ug/1)
Location 3/87 6/87 9/87 12/87 3/88 3/87 6/87 9/87 12/87 3/88
Lake Mondress
SH-LM-1 <0.1 «<0.1 DRY DRY  DRY <0.15 <0.15 DRY DRY  DRY
SH-LM-2 <0.1 «<0.1 DRY «<0.1 0.62 <0.15 <0.15 DRY <0.15 <0.10
Lynn Lake
SW-LL-1 39 0.46 <0.1 0.59 1.80 17 1.2 0.34 0.18 0.26
SW-LL-2 2 - <0.1 «0.1 <0.1 0.72 <1.20 0.15 0.15 0.15 0.10
SW-LL-S NS 21 46 <0.1 11.5 | 12 23 «<0.15 5.5
Murray Creek
SH-MC-1 <0.17 <0.1 «0.2 <0.1 0.35 <0.15 <0.15 <0.30 <0.15 <0.15
SW-MC-2 4.5 2.2 2.7 2.0 1.90 <1.2 1.7 1.6 1.2 0.62
East Gate
Disposal Yard
(pond)
SW-EG-1 0.12 <0.15
American Lake 3/88 ctloo 9/88 3/88 6/88 9/88
SK-AL-1 1.30 1.17 0.28 0.1 0.23 <0.10
SHW-AL-2 0.69 0.20 <0.15 0.19 <0.10 <0.10
SH-AL-3 <0.15 0.15 <0.15 <0.10 <010 <0.10
SW-AL-3d <0.15 0.20 <0.15 <0.10 <0 10 <0.10
SH-AL-4 0.15 0.< <0.15 <0.10 <0 10 <0.10
SKH-AL-4d <0.15 0.¢ <0.15 <0.10 <0 10 <0.10
7698K
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OFF-SITE RESIDENT RISK

TABLE 1-7

\

1/
Surface Water™

Groundwater Soil
Hazard Cancer Hazard Cancer Hazard Cancer
Cor iminant Index Risk Index Risk Index Risk
Arsenic 9.1E-02 2.3E-04 1.6E-08 2.5E-10
Barium 2.3E-02 1.8E-06
Cadmium 2.2E-02 1.9e-08 6.1E-11
Ct omium 1.5E-01 1.6E-08 3.5E-09
Manganese 4.3E-01 5.1E-06
Mercury 4.3E-02 1.2E-09
Nickel 1.1E-01 4.9E-( _ 1.8E-10
Thallitum 1.5E+00 6.5E-08
Vanadium 1.8E-08
Zinc 2.3E-02 6.9E-10
Trichloroethylene 7.0E+00 5.2E-06 - 9.5E-03 1.0E-07 - 7.4E-06 5.4E-16 -
5.9E-03 7.9E-07 9.9E-10
1. -Dichlorc 4.07.03 2.7E-04 - 2.4E-11 -
4.. .01 . .0E-04 1.4E-0R
Toluene 4.3E-1 -
4.7E-09
Ethyl benzene 2.0E-10 -
1.2 )8
Total xylenes 2.4E-10 -
6.8E-08
Tetrachloroethylene 5.4E-03 2.0E-05 7.7E-09 - 2.6E-13 -
8.3E-07 2.9E-1
1,1,1-Trichloroethane 1.7E-03 4.9E-08
Vinyl chloride 1.1E-01 5.5E-04 8.2E-04 2.6E-07

1/ Murray Creek - Fish only.
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TABLE 1-8
DANGEROUS WASTE DETERMINATION FOR Ct TAMIN/ :D SOILS

Dangerous MWaste Soil Concentrz ion Reason for

Constituent (mg/kg) (wt. %) Designationl/
trichloroethylene 240 0.0240 C, H,+
1,2-dichloroethylene 282 0.0282 D, H
perchloroethylene 11 0.0011 C, H,+
toluene 14 0.0014 C, I

xylene 78 0.0078 C, I
ethylbenzene 9 0.0009 C, I

Total Conce tration = 0.0634%
Equivalent Concentration/ = 6.34 x 10-5%
Total Halogenated Hydrocarbon Concentration = 0.0533%

Total Carcinogen Concentrationd/ = 0.0251%

1/ WAC 173-303-9903. C = toxic category C. H = persistent,
halogenated hydrocarbon. + = IARC animal or human, positive or
suspected carcinogen. I = ignitable.

2/ Equivalent concentration calculation for toxic category C dangerous
wastes, according to WAC 173-303-101.

3/ HKWAC 173-303-103. Includes TCE and PCE only.
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1.6.2.8 Management of Cont-*--rs

The condition and identification of containers and the compatibility of
waste with containers are regulated under WAC 173-303-630. 1In
addition, if tank systems are used for storat of dangerous waste, the
tank systems would be subject to the requirements of WAC 173-303-640.
The containment and detection regulations wc¢ d not apply to tanks that
are part of a secondary containment system.

1.6.2.9 Resource Conservation and Recovery Act (RCRA)

RCRA deals with specific waste management activities. Subtitle C
(Hazardous Waste Management) is most likely to be applicable to this
project. The provisions in Subtitle C mandate the creation of a
cradle-to-grave .management system for hazardous waste by regulating the
generation, transportation, storage, and ¢ ;posal of hazardous waste.
RCRA defines a hazardous waste as a "solid waste" (even though it is
often liquid in physical form) that may cause or significantly
contribute to serious illness or death, or that poses a substantial
threat to human health or the environment when improperly managed.

The soil to be treated at Fort Lewis may be a RCRA hazardous waste. No
TCLP analyses were performed; however, t ;ed on the soil concentrations
in Table - and Table 1-2, the leachate from these soils could be
above the LDR standard if all the TCE were leachable (a worst-case
comparison). Further characterization of the soil may be necessary to
establish the level of toxicity in the soil. If the soil is found to
be a RCRA hazardous waste, land disposi restrictions (LDRs) may apply
to the remediation of the site. LDRs are discussed in more detail in
Section 1.6.2.10. The applicability of LDRs to soil remediation is
treatment dependent and will be further discussed as specific remedial

/

action alternatives are evaluated.
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1.6.3 HWater Quality Protection
This subsection outlines pertinent water qual ty regulations. General
requirements are discussed followed by specific groundwater and surface

water ARARs.

1.6.3.1 General HWater Quality ARARS

Washington 31s several statutes and has developed regulations which are
potential ARARs for the Logistics Center site. These may apply to both
groundwater and surface wat:

Antideqradation Policy (RCK ~".48 and 90.54). The state water quality
laws include an antidegradation policy which states that existing uses
of water shall be maintained and protected. Furthermore, the

regulations prohibit further degradation which would interfere wi- or

become injurious to existing uses.

Discharge Standards (RCW 90.52.040). HWashington has adopted a
technology-based approach as part of the Pollution Disclosure Act of
1971 (Ct »ter 90.52 RCW). This act requ’ 2s dischargers to use "all
known, available, and reasonable methods f treatment prior to"

discharge "regardless of the quality of the water . . . to which wastes
are discharged.” If water quality stanc ‘ds are not being met, a more
stringent water quality based effluent ° it can : required.

State MWater e (RCH 90. and .14). The State Water Code (RCH
90.03) and Water Rights (RCW 90.14) govern the extraction of water
(from surface or groundwater) for uses other than domestic
consumption. HWater extraction must be onsistent with beneficial uses
of the resource and must not be wasteful. Groundwater
extraction/treatment systems would likely be required to meet the
requirements associated with a Water Rights permit.
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Ambient Air Quality Standard for Particulate | tter (WAC 17 47~

This chapter of the regulations establishes maximum acceptable levels
for particulate matter in the ambient air.

The Clear "*- Act. The Clean Air Act is a federal law which was passed

by congress in 1963. Amendments to this law were passed in 1970 and
1977. The objective of the Clean Air Act is to protect and enhance the
quality of the nation's air resources in order to promote and maintain
public health and welfare. The Clean Air Act achieves this objective
by regulating emissions into * e air. Pursuant to the Clean Air Act,
EPA has promulgated National . bient Air Qua :y Standards, National
Emission Sta lards for Hazardous Air Pollutar ;, and New Source
Performance Standards.

1.7 REMEDIAL ACTION OBJECTIVES

Listed in Tables 1-10 and 1-11 are the remedial action objectives for
TCE, PCE, and DCE in groundwater; TCE in surface water; and the
cumulative risk assuming remedial action objectives are achieved.
Current site risks have also been inciuded in these tables for
comparison | rposes. The rai »nale for selec ing remedial action
objectives is discussed later in this sectio

Remedial Action Objectives (RAOs) ‘e site-specific goals that define
the extent of cleanup necessary to achieve the specified level of
remediation at a site. The RAOs include the preliminary cleanup
levels, the area of attainment, and e restoration time frame and are
formulated to achieve the overall goal of the Superfund program to
protect hun 1 health and the environment. °~ e Remedial Action
Objectives for the Fort Lewis Logistics Cen- - are listed below:

1)  Confirm that all remaining sources f soil contamination have
been identified. Characterize ambient levels of contaminants
of concern in soil, surface water, and groundwater.
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TABLE 1-11

OFF-SITE  SIDENT RISK AND REMEDIAL ACTION OBJECTIVES

Site Risks Remedial Action Objective (RAQ) Combined Risk
GROUNDWATER SURFACE NATERL/ SOIL at RAOE/' 2/
Hazard Cancer Hazard L er Hazard Cancer Groundwater Surface Water Soil Hazard Cancer
Contaminant Index Risk Index K1sk Index Risk (ug/1) (ug/1) {ug/1) Index Risk
Arsenic 9.1€-02 2.3E-04 1.6E£-08 2.5£-10 6.3E-02 1.1E-04
Barium 2.3E-02 1.8E-06 2.3E-02
Cadmium 2.2E-02 1.9£-08 6.1€-11 3.1E-01 6.1E-11
Chromium 1.5£-01 1.6E-08 3.5E-09 3.5E-09
Manganese 4,3E-01 5.1E-06 2,2E-02
Mercury 4.3E-02 1.2€-09 6.3E-02
Nickel 1.1E-01 4,9€-09 1.8£-10 1.6£-01 8E-09
Thallfum 1.5E+00 6.5E-08
Yanadium 1.8E-08
Zinc 2.3E-02 6.9€-10 2.0E-02
Trichloroethylene 7.0E+00 5.2E-06 - 9.5£-03 1.0E-07 - 7.4E-06 5.4E-16 - 5 80 1.9£-01 2.7E-2
5.9E-03 7.9£-07 9.9E-10
1,2-Dichloroethylene 4.6E-03 2.7E-04 - 2.4E-11 - 70 2.,2e-01
4,3€-01 7.0E-04 1.4£-05
Toluene 4.3E-11 - 1.6E-
4,7E-09
Ethyl benz 2.0E 0 -
1.2E
Total xylenes 2.4E-10 - 2.0E-07
6.8E-08
Tetrac roethylene 5.4E-03 2.0E-05 7.7€-09 -  2,6E-13 - 5 1.6E-02 9.9E-06
8.3E-07 2.9E-11
1,1,1-Trichloroethane 1.7£-03 4 .9€-08 4.4E-04
Vinyl chloride 1.1€-01 5.5E-04 8.2€-04 2.6E-07

1/ Murray Creek - Fish only.

2/ Does not 1 lude risks from vinyl chloride which was not detected in groun

respectively.

ter or soil using quanti

3/ Does not include risk from thallium in groundwater which was not detected at the 10 ug/1 level of quantification.

ive levels of 10 ug/1 and up to 12.5 mg/kg,
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Summary of Soil Remed{.
Remed

TABLE 2-2

Action Objectives, General Response Actions,

Tecnnology Types, and Process Options

Media

Remedial Action 0bject1vesl/

General Response Actions

Remedial Technology Types

Process Options

Soil

£-2

767

- e 0 o P e e e e D S D D S A e e o S

Not Applicable

Access Restrictions

Monitoring

Not Applicable

Deed restriction, administrative
controls, physical controls (fence)

Monitoring wells, soil gas surveys

b e e > 28 e e Y D A0 P P D S e B P AR D O D e P 0 P D e e e D D R D A e e D W e e e e S

Cc ainment

Capping

Vertical Barriers

Horizontal Barriers

Surface Controls

Clay and soil, asphalt, concrete,
multi-media

Slurry walls, grout curtain,
sheet piling

Grout injection, block di acement

Grading, revegetation,

capping, spraying,
erected barriers

S D 0 S S = A 0 S S e D D A P S D S - P D T = > 0 D

R val/Disposal

Excavation

ot vontaminated Soil

Dewatering

Moving equipment

Lot distance hauling

On-Site Disposal

0ff-Site Disposal

Bulldozers, backhoes, cranes, and
attachments

Hell points, deep wells,
ejector wells, french drains
tile drains, pipe drains,
trenches, galleries, sumps

Bulldozers, loaders, conveyor belt,
slurry ipeline

Truck, rail

RCRA-type trench/cell ({f required),
landfi11, recycling

RCRA hazardous waste disposal
facility ({if required), landfill,
recycling






§-¢

TABLE 2-2 (continued)

Summary of Soil Remedial Action Objectives, General Resp e Actions,
Remedial Technology Types, and Process Options

Media Remedial Action Objectivesl/ General Response Actions Remedial Technology Types

Process Options

Soi? In Situ Treatment Solution Recovery
(Co nued) -

1/ See Section 1.7 for a discussion of Remedial Action Objectives.

See Dewatering technologies listed
above.
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TABLE 2-3 (Continued)

Summary of Groundwater Remedial Action Objectives, General Response Actions,
Remedial Technology Types, and Process Options

Media Remedial Action Objectives!/ General Response Actions Remedial Technology Types Process Options
Groundwater Cc ction/Treatment/Discharge Chemical Treatment Chemical oxidation, reduction,
(cont.) (¢ hydrolysis, chemical dechlorination,

Sewage Treatment Plant

On-Site Discharge

L2

0ff-Site Discharge

- - D 0 D 8 o S e o o D

In Situ Treatment Biological

Physical Treatment

Chemical Treatment

1/ See Sect = 1.7 for a discussion of Remedial Action jectives.

ultraviolet radiation, catalytic
hydrogenation, neutralization,
precipitation, ion exchange,
electrolytic oxidation, wet air
oxidation

Ft. Lewis sewage treatment plant,
Upgrade Ft. Lewis sewage treatment
plant, publicly-owned treatment works
(POTW)

Sanitary sewer, storm sewer,
recharge, reuse/recycle,

Ft. Lewis sewage treatment plant,
upgrade Fort Lewis sewage
treatment plant

Pumping to surface water,
reuse/recycle, publicly-owned
treatment works (POTW),
sanitary sewer, storm sewer

Aerobic, anaerobic, combination

Aeration, heating, permeable
treatment beds

drolysis, oxidation,
reduction, neutralization,
nnlymerization, precipitation,
mical dechlorination
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TABLE 2-4

INITIAL SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

Soil
General Remedial
Response Technology Process
Actions Types Options ascription Screening Comments
No Action None Hot Applicable No action. Required for consideration by NCP.
Institutional Access Deed Restrictions Deed would identify source areas and prohibit certain Potentially ‘asible.
Restrictions tand uses.
Administrative Isolate areas of surface contamination and place future Potentially feasible.
Controls land use restrictions on rce areas.
Physical Controls A fence woi | be installed around areas of sofl contamination. Potentially feasibie.
Monitoring Monitoring Wells Groundwater samples from monitoring wells would be tested for Potentially feasible.
contaminants annually or semiannually.
Soil Gas Surveys Soil gas samples would be tested for contaminants annually Potentially feasible.
or semiannually.
Containment Capping Clay and Soil Compacted clay covered with soil over contaminated Potentially feasible.
areas.
Asphalt Application of asphalt layer over contaminated areas. Potentially feasible.
Concrete Concrete slab over contaminated areas. Potentially feasible.
Multi-Media Clay over synthetic membrane or other layers and Potentially feasible.
covered with soil applied over contaminated areas.
Yertical Sheet Pilir Metal sheets pounded into earth. Combination of vertical barriers
Barriers {slurry walls or grout curtain)
and horizontal barriers (grout
Slurry s Trench arc 1 areas of contamination is filled with injection or block displacement)
a soil (or cement) bentonite slurry. applied to the narrow disposal
trenches and the shallow soil
Grout Curtain Pressure injection of grout in drilled holes arranged depths (10 feet) is essentially
in a regular pattern. equivalent to solidifying the
entire waste volume and 1s thus
Horizontal Grout Pressure injection of grout at depth through equivalent to in situ stabili-
Barriers Injection closely spaced drilled holes. zation., Therefore, separate
discussion of these process
options is redundant, and only in
Block Slurry injection into notched injection holes. sjtu stabilization is considered
Displacement in subsequent sections.
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TABLE 2-4 (continued)
INITIAL SCREENING OF SOIL TECHNOLOG 5§ AND PROCESS OPTIONS

Soil
General Remedial
Response Technology Process
Actions Types Options Description Screening Comments
gﬁmova1{ ] Moving Equipment Bulldozers yements of soil around e site. Potentially feasible.
sposal o
Contaminated Loaders ’ad soil onto conveyor system or into hauling equipment, Potentially feasible.
Soil
(Cont.) : Conveyor Belts Move soil by conveyor belt. Potentially feasible.
Slurry Pipeline Add liquid to soil and convey via pipeline. Not feasible because additional
contamination of water would result.
Lo Distance Truck Haul contaminated soil by truck on-site or off-site. Potentially feasible.
Hauling
Rail Off-site hauling of contaminated soil. Potentially feasible.
On-Site Disposal Landfill Use of existing landfill or construction of a Not feasible, since the soil is
new landfill, considered a dangerous waste,
RCRA-Type Trench/ Soil disposal in a RCRA storage cell. Potentially feasible.
Cell
Recycling ecycle/reuse soil. Not feasible since soil is
contaminated.
Off-Site Disposal Landfill Send soil for landfill disposal. Not feasible, since the soil is
considered a dangerous waste,
RCRA Hazardous Dispose of soil at RCRA permitted facility. Potentially feasible.
Waste TSD Facility
Recycling Reuse of soil, Not feasible since soil is
contaminated.
Removal/Tr -  Excavation See above See above, See above.
ment/0isposal (see above)
Dewatering See above See above See above.
(see above)
Moving Equipment See above See above, See above.
{see above)
Long Distance See above See above See above.

Hauling (see above)
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TABLE 2-4 (continued)
INITIAL SCREE G OF SOIL TECHMNOLOGIES AND PROCESS OPTIONS

Sofl
General Remedial
Response Technoloqy Process
Actions Types Options Description Screening Comments
Removal/ Immobilization Stabflization Form w permeability solid matrix from mixture Potentially feasible,
Treatment/ (Continued) of so11 with cement, asphalt, or polymeric materials,
Disposal
{Cont.) On-Site Disposal Recycling Reuse of treated soil. Potentially feasible.
Landfill Use of existing landfill or construction of a new landfill. Not necessary since ovcavated
. areas require backf .
RCRA-Type Trench/ Soil disposal in a RCRA storage cell. Not sessary since treated soil
Cell is not a hazardous waste,.
0ff-Site Disposal Recycling Reuse of treated soil. Potentially feasible.
Landfill Use of existing landfill or construction of a new landfill. Not necessary since excavated
areas require backfill,
RCRA-Type Trench/ Soil disposal in a RCRA storage cell. Not necessary since treated soil
Cell is not a hazardous waste.
In Situ Physical Soil Flushing Extraction of TCE, DCE with a solvent flushed through the soil. Potentially feasible.
Treatment Treatment
Soil Aeration Transfer TCE, NCE into air by forcing air/steam through soil. Potentially feasible.
Soil Mixing/ Remove TCE and DCE by in situ mixing of soil while blowing Potentially feasible.
Aeration air, hot air, or stream through the soil.
Chemical 2 Above See above. - Not feasible, see above,
Treatment (see
above)
Biological arobic Microbial degradation in an aerobic environment, Potentially feasible.
Treatment
Anaerobic Microbial degradation in an anaerobic environment. Potentially feasible.
Combination Use of both aerobic and anaer ic bacteria to Potentially feasible.

degrade TCE, DCE.
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TABLE 2-6

INITIAL S :ZENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
Groundwater
General Remedial
2sponse Technology Process
Actions Types Options Description Screening Comments
No Action None Hot Applicable ) action. Required for consideration by NCP.
Institutional Alternative Cisterns Collection of rainwater in large containers for domestic use. Not necessary.
Actions HWater Supplies -
Uncontaminated Installation of groundwater well to pump water from an Now in use in Tillicum and on the
Aquifer Wells uncontaminated well. Ft. Lewis site.
Municipal Water Extension of existing municipal well system to serve residents Now in use in Tillicum and on the
Systems in the area of influence, Ft. Lewis site.
Relocation of Relocation of surface water intake to an uncontaminated surface Not necessary.
Intake water,
Commercially Supply commercially bottled water to residents in the area of Not necessary.
Supplied influence.
Surface Water Use surface water as a water supply for residents in the area of Not necessary.
influence.
Point-of-Entry/ Reverse Osmosis Use of high pressure to force water through a membrane leaving Not necessary.
Point-of-Use contaminants behind,
Treatment
Activated Carbon Adsorption of contaminants onto activated carbon by passing water Not necessary.
Adsorption through carbon column,
Filtration Suspended solids are removed by straining and adsorption onto the Not necessary.
porous filter media.
lon Exchange Contaminated water is passed through a resin bed where ions are Mot necessary.
exchanged between resin and water.
Distillation Separates miscible 1iquids. Not necessary.
Ozonation Contaminants are oxidized using ozone. Not necessary.
Ultraviolet Contaminants are oxidized using ultraviolet radiation. Not necessary.
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TABLE 2-6 (continued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Groundwater
General Remedial
Response Technology Process
Actions Types Options Description Screening Comments
Containment Vertical Slurry Walls Trench around areas of groundwater contamination ts filled A1l vertical barriers around
{cont.) Barriers with a soil (or cement) hentonite slurry. areas of qroundwater contamination
except injection are not feasible
due to the depth of the aquifer,
Grout Curtafn Pressure injection of ¢ t in a regular pattern of
drilled holes.
Sheet Piling A thick shcet of steel pounded into the ground to contain
groundwater contamination,
Hydraulic Grour 1iter pumped from the aquifer and water recharged into Potentially feasible.
Gradfent qrouna to alter groundwater flow pattern and contain the
Control contamination.
()
1 rizontal Grout Pressure injection of grout at depth through closely spaced Hor{zontal barriers underneath
Vo] Barriers Injection drilled holes. areas of groundwater contamination
are not feasible due to the
depth of the aquifer.
Block In conjunction with vertical barriers, fnjection of slurry
Displacement in notched injection holes.
Liners Impermeable liner installed hencath contaminated groundwater.
Surface Grading Mteration of slope of gqround above areas of groundwater Surface controls are not feasible
Controls coni ination to prevent infiltration., Usually combined with due to the extent of contamination
diversion and collection of rainwater or surface water, and the location of a town ahove
the contaminated groundwater.
Collectton/ Extraction 11 Points Gro 3 of closely spaced wells usually connected to a header Not feasible due to depth of
Treatment/ pipe or manifold and pu | by suction 1ift or by a vacuump . aquifer,
Discharge
Deep Wells Turbine or suhmersible pump used to ¢ ) water from a deep well, Potentially feasible.
Ejector We Jet mp used to pump water from a medium depth well, Potentially feasible,
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TABLE 2-6 (continued)
INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Groundwater
General Remedial
Response Technology Process
Actions Types Options Description Screening Comments
Collection/ Physical Treatment Reverse Osmosis e of high pressure to force water through a membrane Not feasible because large
Treatment/ (Cont.) aving contaminants behind. volumes of relatively
Discharge concentrated solution contain-
(Cont.) ing TCE and DCE would he
produced and require disposal.
Liquid-Liquid Extraction of contaminants by mixing contaminated water Not feasible due to low concen-
Extraction with the appropriate solvent to transfer contaminants tration of organic contaminants.
to the solvent.
Distillation Separates miscible liquids. Not feasible due to low concen-
tration of organic contaminants.
Ultrafiltration Use of pressure to force solvent through a membrane Not applicable to removal of low
leaving large molecules or colloids behind. molecular weight or nics.
Coaqulation/ Removing suspended solids by formation of aggregates Not applicable to dissolved
Flocculation large enough to enable settling. organic contaminants.
Flow 1ding process effluents in a basin for a certain Potentially feasible.
Equalization period of time in order to obtain a stable effluent.
0il-Water Mechanical separation of the immiscible water Hot feasible due to ground-
Separator and oil phases. water characteristics.
Dissolved Air Physical separation process by which suspended Not applicable to dissolved
Flotation solids are lifted to the water surface by air organic contaminants.
forced into solution under elevated pressure.
Centrifugation Separation process in which components of a fluid Not applicable to dissolved
mixture are separated by rapidly rotating the fluid. organic contaminants.
Evaporation Physical separation of 1iquid from dissolved or Not applicable to the separation
suspended solid by volatilizing the liquid. of volatile organics from water,
Chemical Chemical Contaminants are oxidized by mixing contaminated Potentially feasible,
Treatment Oxidation water with oxidizing agent.
Reduction Reduction of metal ions to solid form, Not applicable to organic
contaminants.
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TABLE 2-6 (continued)

INITIAL SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

Groundwater
General Remedial
Response Technology Process
Actions Types Options Description Screening Comments
Collection/ On-Site Discharge Sanitary Sewer Extracted water discharged to on-site sanitary sewer. Not feasible because on-site
Treatment/ sewage treatment plant is close
Dischar?e to capacity in winter.
(cont.
Storm Sewer Extracted water discharged to on-site storm sewer. Potentially feasible.
- Recharge Extracted water recharged into the ground. Potentially feasible.
Reuse/Recycle Extracted water reused or recycled on-site. Potentially feasible,
Ft. Lewis Extracted water discharged to on-site sewage treatment plant, Not feasible because on-site
Sewage Treatment sewage treatment plan is close to
Plant capacity in the winter.
Upgrade Ft. Lewis grade existing sewage treatment plant. Potentially feasible.
Sewage Treatment
Plant
0ff-Site Discharge Pumping to ttracted water discharged to off-site sur e water, Potentially feasible.
?’ Surface Water
[\O)
w Reuse/Recycle Extracted water reused or recycled off-site. Potentially feasible.
POTW Extracted water is discharged to a POTHW. Not feasible (no local POTW).
Sanitary Sewer Extracted water is discharged to off-site sanitary sewer, Not feasible {no local POTH).
Storm Sewer Extracted water is discharged to off-site storm sewer. Potentially feasible.
In Situ Biological Aerobic Oxidation of contaminants in groundwater by the Not feasible due to depth
Treatment Treatment addition of aerobic bacteria and air to the aquifer. of aquifer.
Anaerobic Oxidation of contaminants in groundwater by the Not feasible due to depth
addition of anaerobic bacteria to the aquifer. of aquifer.
Combination Oxi tion of contaminants by the addition of a combination Not feasible due to depth of
of aerobic and anaerobic bacteria and air to the aquifer. aquifer,
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treatment options were eliminated. In situ biological and physical
treatment options were primarily eliminated because of the difficulty
in delivering necessary solutions throughout the depths of the
aquifer. In situ chemical treatment was judged to be either
ineffective or not applicable due to the depth of the aquifer. See
Table 2-6 for an explanation of the individual collection, treatment,
and discharge process options eliminated from further consideration,
and see Table 2-7 for a listing of the groundwater technologies
remaining after the initial screening.

2.3 EVALUATION OF PROCESS OPTIONS

The process options remaining after the initial screening (Section 2.2)
are evaluated in this section. The merits of various process options
for remediating soil and groundwater contamination are discussed in
subsequent sections. In this section the results of evaluations are
given in tabular form only. Full descriptions are given in Appendix A.

In this final step before the process options are combined into
alternatives dealing with the site as a whole, the process options
considered to be implementable are evaluated in greater detail before
selecting one process to represent each technology type. One
representative process is selected, if possible, for each technology
type to simplify the subsequent develc nent and evaluation of
alternatives. The representative process provides a basis for
developing performance specifications during preliminary design;
however, the specific process actually used to implement the remedial
action at a site may not be selected until the detailed design phase.
In some cases where two or more processes are sufficiently different
that one would not adequately represent the other, more than one
process option was selected for a technology type.

Process options are evaluated using the same criteria--effectiveness,
implementability, and cost--that will be applied during alternative
development and during detailed analysis. An important distinction to
make is that at this point in the analysis these criteria are applied
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only to process options and the general response actions they are
intended to satisfy, and not to alternatives that treat the site as a
whole. Furthermore, this evaluation stresses the effectiveness factors
over the implementability and relative cost.

Specific process options are evaluated on their effectiveness in
protecting human health and the environment and in satisfying one or
more of the general response actions. Each process option is evaluated
relative to other processes within the same technology type to preserve
the variety of technologies needed to develop a range of alternatives.
The following considerations are included in this evaluation:

o} The potential effectiveness of process options in handling the
estimated areas or volumes of media and meeting the
contaminant reduction goals identified in the general response
actions. This evaluation applies primarily to the ability of
treatment technologies to reduce exposure levels.

o) The effectiveness of the process options in protecting human
health and the environment during the construction phase.

o) The reliability of the process and whether the process has been
demonstrated for the contaminants and conditions at the site.

Implementability encompasses both the technical and institutional
feasibility of implementing a process option. Since the initial
screening procedure uses technical implementability to eliminate the
process options that are clearly ineffective, this subsequent, more
detailed evaluation of process options places greater emphasis on the
institutional aspects of implementability. This determination includes
the following consi ‘rations:

0 The ability to obtain necessary approval from government
agencies;
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o} Compliance with location- and action-specific ARARsS or
regulations;

o] Availability of RCRA treatment, storage, and disposal services
and capacity; and

o] Availability of necessary equipment and skilled »>rkers to
implement the technology.

Cost plays a relatively minor role in the screening of process options
at this stage. Relative capital and operating and maintenance (O&M)
costs are used rather than detailed estimates. At this stage in the
process, the cost analysis is based on engineering judgment, and each
process is evaluated as to whether costs are low, medium, or high
relative to other process options in the same technology type. nen
only one process option remains in a given technology type, no cost
estimate is given since there are no other process options with which
to compare it.

2.3.1 Evaluation of Soil Remedial Process Options

The effectiveness, implementability, and relative cost of the soil
process options remaining after the initial screening are evaluated in
Table 2-8. Details of the process option evaluation for the no actic ,
institutional, containment, removal/disposal of contaminated soil,
removal/treatment/disposal, and in situ treatment actions are p1 iented
in Appendix A.

2.3.2 Evaluation of Groundwater Remedial Process Options
The effectiveness, implementability, and relative cost of the

groundwater process options remaining after the initial screening are
evaluated in Table 2-9. Details of the process option evaluation for
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TABLE 2-8

EVALUATION OF SOIL PROCESS OPTIONS

62-2

Soil
General Remedial Used to
Response Technology Relative Develop g}ter-
Actions Types Process Options Effectiveness Implementability Costd natives?2
No Action None Not Applicable May not achieve remedial Easily implementable, but  ----- Yes
action objectives. may not be acceptable to
requlatory agencies, local
governments, and the public
Institutional Access Physical Controls Effectiveness depends upon Easily implemented. Minimal Cost Yes
Restrictions maintenance. Restrictions on future land
use.
Deed Restrictions Effectiveness depends upon Administrative decision is Minimal Cost Yes
continued implementation. easily implemented.
Does not reduce contamination.
Administrative Effectiveness depends on Easily implemented because Low Capital Yes
Controls continued enforcement. source areas are under Low 0&M
Does not reduce contamination. control of the Logistics Center.
HMonitoring Monitoring Wells Useful for documenting Easily implemented. High Capital Yes
conditions. Indirect Standard technology. High 0 & M
measure of contaminants in
source areas. Does not
reduce risk by itself.
Soil Gas Surveys More appropriate for screening FEasily implemented. Low Capital to
areas of potential contami- Standard technology. Low O & M
nation than for monitoring,
since this is an indirect
measurement method. Does
not reduce risk by itself.
Containment Capping Clay and Soil Effective, susceptible to Easily Implemented. Low Capital No
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Asphalt

Concrete

cracking, but has self-
patching properties.

Effective, but very suscept-
ible to weathering and

cracking.

Effective, and more resist-
ant to weathering and
cracking.

Restrictions on future
land use.

FEasily Implemented.
Restrictions on future

land use.

Easily Implemented.
Restrictions on future
land use.

Low Maintenance

Low Capital
High Maintenance

Moderate Capital
High Maintenance

No

Yes
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TABLE 2-8 {CONTINUED)

EVALUATION OF SOIL PROCESS OPTIONS

Soil
General Remedial Used to
Response Technology Relatjve Develop Alter-
Actions Types Process Options Effectiveness Implementability Costd natives?b
Rgmoval/ Dewatering Ejector Hells May be effective in drawing Easily implemented. High Capital No
Disposal of {(Cont.) down the groundwater table, Necessary equipment and Moderate 0&M
Contaminated Soil but not practical for workers available.
{Cont.) dewatering soil near the
surface.
French Drains Effective in draining Easily constructed. Methods, Mc rate Capital No
groundwater system in equipment, and workers Low Q&M
areas of high permeability. readily available. Trench
liner probably needed.
Pipe/Tile Drains Effective in draining Easily constructed. Methods, High Capital No
groundwater system in equipment, and workers Low Q&M
areas of high permeability. readily available. Trench
liner probably needed.
Trenches/Ditches Effective in draining Easily constructed, but Low Capital No
groundwater system in open trench poses safety Low Q&M
areas of high permeability. hazard during excavation.
Trench liner probably
needed.
Sumps Effective in collecting Easily constructed and Low Capital No
water in conjunction with implemented. Low 0&M
buried drains or trenches.
Moving Equipment Bulldozers Effective in moving soil Equipment and workers Minimal Capital Yes
short distances and grading readily available. Moderate 0&M
the surface topography.
Loaders Effective in moving soil Equipment and workers Minimal Capital Yes
as well as transferring it readily available. Moderate 0&M
to vehicles for truck or
rail transport.
Conveyer Belts Useful in moving soil, but Technology is available. Minimal Capital No
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has 1imited flexibility
when moving soil to a
variety of locations.

Useful only over relatively
short distances. Extensive
equipment decontamination is
a drawback.

Moderate Q&M
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TABLE 2-8 (CONTINUED)

EVALUATION OF SOIL PROCESS OPTIONS

Soil
General Remedial Used to
Response Technology Relat}ve Develop Alter-
Actions Types Process 0| ons Effectiveness Impiementability Costd: natives??
Removal/ Physical Treatment Soil Washing Hater would not be effective Laboratory testing necessary Moderate Capital Yes
Yreatment/ ae a washing solution. to choose appropriate High 0&M
isposal nvolatile organic solvent solvent and operating
tCont.) systems may be necessary. conditions. Otherwise,
relatively easy to implement.
Soil Aeration Can be effective with Mechanical aerators and Low Capit Yes
unaggreqated soil pneumatic conveyors are High 0&M
particles. Performance available. Laboratory
improved if hot air is used testing required to
for thermal stripping. establish effectiveness
Effectiveness greatly reduced and design parameters.
if TCE, DCE are associated Possible air pollution
with heavy organic phase concerns should be
{e.g., oil and grease). addressed.
Biological Aerobic Ability of aerobic bacteria Necessary technology not Low Capital No
Treatment to degrade TCE and DCE has available. Low 0&M
not been consistently
demonstrated.
Anaerobic Ability of anaerobic Necessary technology not Moderate Capital No
bacteria to degrade TCE and available. Moderate 0&M
DCE has not been consistently
demonstrated.
Combination Not demonstrated to degrade Necessary technology not High Capital No
TCE and LCE. available. High 0&M
Thermal Incineration TCE difficult to destroy Technology is well High Capital No
Treatment based on EPA's heat of developed. Mobile units High 0&M
combustion values, are currently available
Technol expensive for for relatively small soil
organic contaminants at quantities. Off-site
low concentrations in soil. treatment is available. Air
pollution concerns should be
addressed as well as waste
water generation,
Pyrolysis TCE difficult to destroy Large-scale mobile units High Capital No
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based on EPA's heat of
combustion values.

are not yet available. Air
pollution concerns should
be addressed.

High 0&H






TABLE 2-8 (CONTINUED)

EVALUATION OF SOIL PROCESS OPTIONS

Soil
General Remedial Used to
Response Technology Relative Develop Alter-
Actions Types Process Options Effectiveness Implementability Costd natives?2
In Situ Biological Aerobic Ability of aerobic bacteria Necessary technology not Low Capital No
Treatment Treatment to degrade TCE and DCE available. Low O&E
(Cont.) has not been consistently
demonstrated.
Anaerobic ility of aerobic bacteria Necessary technology not Moderate Capital No
to degrade TCE and DCE available, Moderate 0&M
has not been consistently
d nstrated,
Combination Not demonstrated to deqrade Necessary technology not High Capital No
TCE and DCE, available, High 0&M
Thermal Treatment Soil Heating 1 volatilize TCE and Technology not demonstrated., -~--~ No
o uLt with extensive energy Would require extensive
1 input. Heat and mass testing to be implemented.
w transfer mechanisms less
v effective than with soil
aeration with hot air.

Immobilization Vitrification Effective but not appropriate Laboratory and pilot-scale High Capital No
for soil containing low testing required to Low Maintenance
concentrations of volatile document effectiveness
organic contaminants. and determine operating

conditions., Air poliution
concerns addressed with
off-gas collection and
combustion.
Grout Injection Effective in reducing TCE and Many stabilization processes Moderate Capital No

DCE mobility through
encapsulation. Not as
effective as a concrete cap,
though, due to higher
permeability of grout,

are in the late development
or verification stages.
Laboratory and pilot-scale
studies needed to document
effectiveness and determine
operating conditions,
Similar to a concrete cap
in performance, but more
difficult to implement.

Low Maintenance
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TABLE 2-9

EVALUATION OF GROUNDWATER PROCESS OPTIONS

Used to
Groundwater General Remedial Technology Relative Develop Alter-
Response Action Types Process Options Effectiveness Implementability Costd/ natives?:
No Action None Not Applicable Health risks due to ingestion Easily impiemented, but = ----- Yes
of groundwater have been may not be acceptablie
eliminated hecause residents to regulatory agencies,
have been supplied with an the local government,
alternative water supply and the public.
{Lakewood Water District).
Does not improve groundwater
quality,
Institutional Access Restrictions Deed Restrictions Residents could still use Implementation simple for Low Capital YesS/
contaminated water from the Ft. Lewis property. Low 0 & M
existing wells, HNo Implementation in Tillicum
contaminant reduction is complicated by the number of
achieved. landowners overlying plume,
Administrative Residents could still use Must be approved and Low Capital YesE/
Controls contaminated water from implemented by the Low 0 & M
existing wells., No appropriate local
contaminant reduction is governments.
achieved.
Abandonment of Effective in preventing use Would not hbe acceptable Low Capital No
Wells of contaminated groundwater to the owners of existing No 0 & M
from existing wells. wells.,
Monitoring Monitoring Wells Useful for documenting Easily implemented. High Capital YesC/
conditions., Direct measure Standard technology. High 0 & M
of contaminants in ground-
water. Does not reduce risk
by itself,
Soil Gas Surveys More appropriate for screening Easily implemented. Low Capital No
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areas of potential contami-
nation than for monitoring,
since this is an indirect
measurement method. Detection
limits restrict use at fringes
of plume. Does not reduce
risk by itself.

Standard technology.

Low 0 & M
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TABLE 2-9 (cont.)

N OF GROUNDWATER PROCESS OPTIONS

Used to
Groundwater General Remedial Technology Relative Develop Alter-
Response Action Types Process Options Effectiveness Implementability Costd natives?P/
Collection/ Physical Treatment Adsorption Effective and reliable. Well-suited to on-site High Capital Yes
Treatment/Discharge Well-developed technologqy. construction., Pilot plant High 0 & M
(cont.) Disposal or regeneration of studies or laboratory
adsorption media required. treatability studies may
be required.
Air Stripping Effective and reliable. Modular design of packed Moderate Capital Yes
Well-developed technology. towers makes air stripping Moderate 0 & M
Gaseous emissions may neced readily implementable.
to he controlled. Treatability studies may be
required.
Steam Stri  'ng Mot required for removal of Modular design of packed Moderate Capital No
TCE and NDCE. Less expensive towers makes steam stripping High 0 & M
air stripping more appropriate. readily implementable.
N Flow Equalization Effective and reliahle for Equipment readily available. Low Capital Yes
&) obtaining stable ' to Low 0 & M
Ve treatment system. t
effective for actuai: treatment
of contamination,
Chemical Treatment Chemical Oxidation Effective and reliable when Equipment readily available. Moderate Capital Yes
used in combination with UV Pilot plant studies or High 0 & M
light. Destruction of laboratory treatability
contaminants. studies may be required.
Chemical Ability to dechlorinate DCE Necessary technology not High Capital No
Dechlorination and TCE has not been demon- available. High 0 & M
strated. Not applicable to
aqueous streams.
Ultraviolet Ability to degrade TCE and DCE Equipment readily available, Moderate Capital Yes
Radiation has not been demonstrated. Moderate 0 & M
Effective when used in combi-
nation with chemical oxidation,
Sewage Treatment Uy ade Ft. Lewis TCE and DCE not effectively Sewage treatment plant and @ -~--- No

Plant
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Sewage Treatment
Plant

removed using conventional
biological treatment,
Dilution of sewage with
groundwater low in organics
may cause system upsets.

sanitary sewer lines would
require additional capacity.
Revised permit would be
required.






the no action, institutional, collection/discharge, ¢« tainment, and
collection/treatment/discharge general response actions are presented
in Appendix A.

2.4 SUMMARY OF TECHNOLOGY AND PROCESS OPTION SCREENING AND EVALUATION

Tables 2-10 and 2-11 present the soil and groundwater process options
remaining after the initial screening and evaluation. These process
options will be combined into alternatives that treat the site as a
whole in the second phase of the Feasibility Study. Once the process
options have been combined into alternatives, more detailed information
about the technology process options will be collected. In the final
phase of the Feasibility Study, the alternatives remaining will undergo
a detailed analysis.
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Effectiveness

A key aspect of the screening evaluation was the effectiveness of
each alternative in protecting human health and the environment.
Each alternative was evaluated as to the protectiveness it would
provide and the 1 Juctions in toxicity, mobility, or volume it
would achieve. Both short- and long-term components of
protectiveness were evaluated; short-term referr g to the
construc ion and implementation period, and long-term referring to
the period after the remedial action is complete. Reduction of
toxicity, mobility, or volume refers to changes in one or more
characteristics of the hazardous substances or contaminated media
by the use of treatment that decreases the threats or risks
associated with the hazardous material.

Impiementability

Implementability, as a meast : of " »th the technical and
administrative feasibility of constructing, operating, and
maintaining a remedial action alternative, was used during
screening to evaluate the combinations of process options with
respect to conditions at the Log' :ics Center. "Technical
feasibility" refers to the ability to construct, reliably operate,
and meet technology-specific regt ations for process options until
a remedial action is complete; it also includes operation,
maintenance, replacement, and monitoring of te nical >mponents of
an alternative, if required, into the future after = e remedial
action is complete. "Administrative feasibility" refers to the
ability to obtain approvals from other offices and agencies, the
availability of treatment, stor:é :, and disposal services and
capacity, and the requirements for, and availability of, specific
equipment and technical specialists.
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o) Total volume of contaminated soi is approximately 7,000 cubic
yards.

o] Contaminants are at levels of 240 mg/kg for TCE and 282 mg/kg
for DCE.

3.3 DESCRIPTION AND EVALUATION OF SOIL PROCESS OPTIONS

3.3.1 No Action

The no action alternative is an option r juired by the National
Contingency Plan for purposes of comparison with remediation
alternatives. Under this option, no actions would be taken to
remediate contaminated soils. A long-term monitoring program would be
implemented to provide updated information on potential contaminant
migration. Existing on-site monitoring wells would be sampled on a
routine basis, and the program modified as conditions dictate. No
administrative controls would be implemented.

Evaluation

The no action alternative was not evaluated against effectiveness,
implementability, and cost criteria because this alternative will be
carried forward regardless of the outco of the evaluation.

3.3.2 Institutional Actions

Description

Institutional actions include activities used to monitor groundwater in
the area of soil contamination, and to also restrict workers and the
public from direct contact with source area soils (access
restrictions). Thus, access restrictions and a long-term monitoring
program would be implemented as part of this alternative.
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TABLE 3-3

EVALUATION OF TREATMENT OPTIONS FOR SOIL SOURCE AREA REMEDIATION:
EXCAVATION AND SOIL DISPOSAL ALTERNATIVES

Criteria

Onsite Disposal

Offsite Disposal

EFFECTIVE  SS:

Short-term protection of

human health and environment
during construction,

Long-Term protection of
human health and environment.

Reduction of toxic y,
mobility or volume.

IMPLEMENTAGILITY:

Ability to construct, reliahly
operate, and meet technology-
specific requlations for

process options imtil remedial
action is compl .,

Ability to operate, maintain,

replace, and monitor components
of the alternative after

remedial action is complete.

Ability to obtain approvals

from other offices and
agencies.

Avaitability of RCRA treatment,
storage, and disposal services
and capacity.
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Rating = High, Precautions must he observed to preclude
excessive volatilization of organics during excavation,
transport, and disposal on-site to ensure worker safety and
protection of environment.

Rating = Medium. Long-term protection of human health and

environment is provided by the removal of soil contamination.

Further surveillance must he provided at the new onsite
landfill,

Rating = Low. Ho reduction of toxicity or volume will be
achieved. HMobility will be reduced at the original site
of contamination.

Rating = Low. Construction and operation must follow
stringent RCRA guidelines f landfil1l design. Currently
available technoloqgy can meev all applicable regulations
for land-based disposal facilities.

Rating = Low. Upon completion of appropriate remedial
actions, monitoring must be performed at the original
landfill. Monitor?ng will a?so be required at the new
onsite landfill,

Rating = Low. Approval process may be difficult and

time consuming for the installation of a new landfill
onsite. Full implementati~~ must bhe completed by November
1990, according to 40 CFR 3.

Rating = Low. A land-based disposal facility must he
constructed by November 1990,

Rating = Medium. Precautions must he observed to preclude
spillage and worker exposure during removal, transport,
and disposal activities. Some volatilization of organics
in soil will occur during handling. Additional trans-
portation risks involved with this technology.

Rating = Medium. Long-term protection of human health and

environment is provided by the removal of soil
contamination, Further surveillance is required at the
offsite disposal facility.

Rating = Low. No reduction of toxicity or volume will
be achieved. llobility will be reduced at the original
site of contamination.

Rating = High, No difficulties are expected. Transpor-
tation and disposal services shall bhe selected based

on EPA approval. Current techrnlogy for waste removal
and handling can meet applical @ regulations.

Rating = Medium. Organic concentrations in soil can he
easily monitored at the licensed disposal facility upon
completion of remedfal actions.

Rat*-- = Medium, Exhumed soil must be transported by
EPA-approved shipper to a permitted hazardous waste
landfill,

Rating = High. Transportation and disposal services are
available for the appropriate volume of contaminated soil.
Work must be completed by November 1990,






The off-site landfill was selected as the excavation and disposal
option (S4) for detailed analysis because of its ease of
implementation, and acceptable effectiveness ratings. Due to
transportation risks, the on-site landfill excavation and disposal
option provides slightly better short-term protection of human health
and environment; however, the problems inherent in constructing an
on-site landfill in a timely manner may preclude the implementation of
this option.

3.3.5 Excavation and reatment of Soils

Three different alternatives are being considered for excavating and
above ground treatment of soils to reduce organic contamination. These
alternatives all involve excavating the contaminated soil, treating the
soil by removing or stabilizing the organics, and then returning the
treated soil to the existing trenches. The differences in these
alternatives involve the treatment methods: soil washing, soil
aeration, and soil stabilization. These alternatives are described and
evaluated in the following sections. Details of the evaluation are
presented in Appendix B.

3.3.5.1 Description of ~*1 HWashing

Contaminated soil will | ex: rated and tI 1 overs 1 1-s0il
materials and debris will be removed. Contaminated soil will then be
fed into a washing unit where washing fluid (water/surfactants) is
passed countercurrent to the soil flow to induce fluid-soil contact,
thereby removing the contaminants. The treated soil will then be
dewatered and placed back into the existing trenches. A soil washing
process flow diagram is presented in F jure 3-7.

3.3.5.2 Description of Soil *~-ation

Following excavation and miscellaneous solids handling activities,
contaminated soil will be fed into a mobile thermal desorption system
where the solids are slightly heated to drive off water and organic
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contaminants (see Figure 3-8). Processed soil is then returned to the
existing trenches. Air containing stripped VOCs is treated by an
activated carbon system and then discharged to the atmosphere.

3.3.5.3 Description of Soil Stabilizati--

The above ground soil stabilization and backfill alternative consists
of excavating the contaminated soil from the existing trenches and
placing it into a waste holding area. The soil is then fed into a
mobile mixing plant for stabilization. The soil is mechanically mixed
with solidification/stabilization reagents, and then redeposited in the
existing trenches (see Figure 3-9).

3.3.5.4 Evaluation of Excavation an

The three soil treatment systems were evaluated against effectiveness,
implementability, and cost criteria. For a summary of the evaluation,
see Table 3-4. Details of the evaluation are presented in Appendix B.

Soil aeration is selected as the excavation and treatment option to be
carried forward for detailed analysis (S5). A1l three options (i.e.,
soil washing, soil aeration, and soil stabilization) provide similar
effectiveness in the short- and long-term protection of human health
and environment. Soil stabilization may not provide reduction of wi
toxicity. The soil aeration option is more easily implemented than
either soil washing or soil stabilization, since these two options
require additional treatment processes and equipment. Finally, soil
stabilization is the least expensive of the three options; however, it
may not meet all the remedial action objectives. The next least
expensive option is soil aeration. Soil aeration meets all the
effectiveness and implementability criteria.
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TABLE 3-4 {Continued)

EVALUATION OF TREATMENT OPTIONS FOR SOIL SOURCE AREA REMEDIATION:
ABOVE-GROUND SOIL TREATMENT ALTERNATIVES

Criteria Soil Washing Soil Aeration Soil Stabilization and Backfill
Requirements for and Rating=Medium. Mobile systems are Rating=Medium. Mobile systems and Rating=Medium. This technoloqy is
availability of specific currently available, along with tech- appropriate technical specialists are readily available through numerous
equipment and technical nical specialists, currently available. vendors; however, stabilization of
specialists. organics requires verification.
ROM COSTS (+50%, -30%):

Capital $1,428,000 $1,050,000 $649,000
0&M (Yearly) $0 $0 $7,000
Present Worth $1,428,000 $1,050,000 $711,000
{n=30, i=10)
7676K
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treatment system prior to final discharge to the atmosphere (see
Figure 3-12).

3.3.6.4 Evaluation of In Situ Treatment Qptions

The three in situ alternatives were evaluated against effectiveness,
implementability, and cost criteria. For a summary of the evaluation,
see Table 3-5. Details of the evaluation are presented in Appendix B.

Soil aeration is chosen as the in situ soil treatment option for
detailed analysis (S6). In situ soil stabilization is the most
effective in protecting human health and achieving a reduction of waste
toxicity, mobility, and volume since this option provides for the
removal and/or fixation of organics. In situ soil aeration is the most
easily imp]emenfed of the three options and is also the least
expensive.

3.4 SUMMARY OF ALTERNATIVE DEVELOPMENT

In this section, the final candidate alternatives that will undergo
detailed analyses are summarized. No action and institutional actions
are discussed in Section 3.4.1, and remediation alternatives are
discussed in Sections 3.4.2 through 3.4.5.

3.4.1 No Remediation Alternatives

Both the no action (S1) and institutional action (S2) alternatives are
retained for further consideration in the detailed analysis. Neither
alternative was evaluated against effectiveness, implementability, and
cost criteria. The no action alternative was not evaluated against
effectiveness, implementability, and cost criteria because this
alternative will be carried forward regardless of the outcome of the
evaluation. The institutional actions alternative was not evaluated
against effectiveness, implementability, and cost criteria because the
purpose of this evaluation is to compare similar alternatives and
select the best. Since there are no similar alternatives with which to
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TABLE 3-5

EVALUATION OF TRFATMENT OPTIONS FOR SOIL SOURCE AREA REMEDIATION:

SITU SOIL

TREATMENT ALTERNATIVES

Criteria

In Situ Soil Aeration

In Situ Soil Agitation

In Situ Soil Stabilization

EFFECTIVENESS:

Short-term protection of
human health and environment.

Long-Term protection of
human health and environment.

Reduction of toxicity,
mobility or volume.

- o e e R 0 o S D i S O P T T 40 WD A D s 2 D D B D o A e e e D D O e ey R D D D D O S 8 D D D B D e e 8 D D P D B A S 0 S U P O > A 0

IMPLEMENTABILITY:

Ability to construct, reliably
operate, and meet technology-
specific regulations for

process options until remedial
action 1s complete,

Ability to erate, maintain,
replace, anu monitor components
of the alternative after
remedial action is complete.

Ability to obtain approvals
from other offices and
agencies.

Availability of RCRA treatment,

storage, and disposal services
and capacity.
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Rating=Medium. Short-term otection
of human health and enviro nt will be
ensured since soil contamination 1s
removed.

Rating=High. Long-term protection of
human ﬁeaifh and environment is
achieved due to cleanup contaminated

sofl. Confirmation of ¢ nics removed
may be difficult.

Rating=High. Mobi .y a1 toxicity
T3 aegFéased since urganius are
removed. Volume {s also reduced
significantly.

Rating=High. System is r itively easy
to 1ﬁstali. Reliable operacion depends
on efficiency of vacuum svstem to opti-

mize horizontal pathway ¢ :lopment and
not vertical. Airborne cuncentrations

can also be monitored to check removal
efficiency.

Rating=Not Applicable. |

Rating=High., Due to tive tech-
noTogy status and expecceu removal
efficiencies, no problems ould be
encountered during approval process.

Rating=High. Disposal services for
spent activated carbon are typically
provided by the activated carbon
vendor. No soil {is rem .

Rating=Medium. Short-term protection
of human health and environment will be
ensured since soil contamination is
removed,

Rating=High. Removal of organic
contamination from soil should exhibit
long-term protection of human health

and environment. Confirmation of
organics removed may be difficult.

Rating=High. Mobility and toxicity
75 decreased since organics are

removed. VYolume {s also reduced
significantly.

Rating=Medium. Entire system can be
MdBTTQTEE‘td“site and readi{ly moved to
various source areas on site. Negative

pressure must be maintained during
operation in order to capture organic
vapors for treatment. This is a
relatively new technology, therefore
reliable operation has not been
demonstrated.

Rating=NA.

Rating=High. Due to innovative tech-
ﬁﬁTﬁﬁg“EfETus and expected removal
efficiencies, no problems should be
encountered during approval process.

Rating=High. Disposal services for
spent activated carbon are typically
provided by the activated carbon
vendor, No soil is removed.

Rating=Medium. Short-term protection of
uman health and environment will be
ensured since soil contamination is
removed or stabilized.

Rating=High. Long-term protection of
human ﬁiaith and environment {s achieved
due to cleanup of contaminated soil.

Organics are either removed or
stabilized in situ.

Rating=High. Organics are either removed
or stabilized in situ, thereby decreasing

mobility. Toxicity and volume are also
reduced significantly,

Rating=Low. Entire system can be
mUETT%ZEﬂ‘to site and then readily moved
to various source areas. Added mixing

and treatability studies may be required.

Problems may be encountered with hetero-
genous soil characteristics.

Rating=NA.

Rating=High. Due to innovative tech-
nology status and expected removal
efficiencies, no problems should be
encountered during approval process.

Rating=High. Disposal services for
spent activated carbon are typically
provided by the activated carbon
vendor. No soil is removed.







compare it, this evaluation could not be performed. This alternative
will be carried forward to the detailed analysis where a complete
evaluation, using the nine evaluation criteria (see Section 5.1), will
be performed.

3.4.2 Containment Options

A summary of the containment options evaluation is included in

Table 3-6. Both options are equal in the effectiveness for protecting
human health and the environment. By comparison, the concrete cap
containment system is more easily implemented and readily maintained
than the multi-media cap, with the difference in cost being
insignificant. Based on these results, the concrete cap is chosen as
the containment option (S3) to be carried forward to detailed analysis
because it meets all the remedial action objectives with 1ittle cost
difference from the other option.

3.4.3 Excavation and Disposal Options

A summary of the excavation and disposal options evaluation is included
in Table 3-6. The on-site landfill excavation and disposal option
provides slightly better short-term protection of human health and
environment than the off-site landfill option, due to the
transportation risks inherent with off-site disposal. However, the
off-site l1andfill option would be much easier to fully implement. The
potential problems in constructing an on-site landfill in a timely
manner almost preclude the implementation of this option. While the
cost of the off-site landfill option is higher, its ease of
implementation and overall effectiveness allows the off-site landfill
to be chosen as the excavation and disposal option that will be carried
forward for detailed analysis (S4).

3.4.4 Excavation and Treatment Options

A summary of the excavation and treatment options evaluation is
included in Table 3-6. All three options (i.e., soil washing, soil
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BLE 3-6 (Continued)
SUMMARY COMPARISON OF SOIL SOURCE AREA REMEDIATION ALTERNATIVES SELECTED FOR DETAILED EVALUATION

Excavation
Containment In Situ Soil Treatment and Disposal Above-Ground Sofl Treatment
Soil
In Situ Stabi11-
Multi- In Situ In Situ Soil zation
Media Concrete Sotl Soil Stabili- Onsite Offsite Sofl Sofl and Back-
Cap Cap Aeration Agitation zation Landfil1 Landfill Washing Aeration filling
Requirements for and Medium High High Medium Low Medium High Medium Medium Medium
availability of specific
equipment and technical
specialists.
ROM COSTS (+50%, -30%):
Capital ‘ $56,000 $76,000 $244,0( $575,000 $625,000 $820,000 §$1,625,000 $1,428,000 $1,050,000 £649,000
0&M  'early) $8,000 $£7,400 $0 $0 $0 $45,000 $0 $0 $0 $7,000
Present Worth $131,000 $146,000 $244 0 $575,000 $625,000 $1,247,000 $1,625,000 $1,428,000 $1,050,000 $711,200

(n=30, 1=10)
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TABLE 3-7

FINAL CANDIDATE ALTERNATIVES
FOR SOIL SOURCE AREA REMEDIATION

Alternative Description of
Number Alternative
S1 No Action

Monitoring Wells

S2 Institutional Actions
Deed Restric¢ tons
Administrative Controls
Monitoring Wells
Physical Controls (e.g., Fence)

S3 Containment
Concrete Cap
Administrative Controls
Monitoring :11s

S4 Excavation and Disposal
Off-site Landfill
S5 Excavation and Treatment
Above-Ground Soil Aeration and
Backfill

Administrative Controls
Monitoring Wells

S6 In Situ Treatment
Soil Aeration
Administrative _ontrols
Monitoring KWells

71676K
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Before the treatment and disposal process options can be described and
evaluated, the flowrate of groundwater pumped from the extraction wells
to the treatment system and eventually to the disposal system and the
concentration of contaminants in the extracted groundwater must be
specified. Preliminary estimates of flowrates and concentrations for
the two extraction schemes are presented in the following two

sections. In the detailed analysis, the results of the groundwater
modeling effort will be used to revise the estimates of flowrate and
concentration.

4.2.1 Groundwater Extraction Along I-5

In this extraction scheme, wells would be located § -allel to I-5 on
the Fort Lewis property to intercept the contaminated groundwater
flowing from the Logistics Center. Extraction of groundwater from
these wells will stop the flow of contaminated groundwater into
Tillicum. Approximately five wells would be required to intercept the
the plume. The flowrate from each well is estimated to be 400 gallons
per minute (gpm). Thus, the total flowrate from the five wells is
estimated to be 2,000 gpm. The average concentration of TCE and DCE in
the groundwater is expected to be 40 ppb and 4 ppb, respectively. The
DCE concentration is expected to be well below the action level of

100 ppb, based on the results of the Remedial Investigation.

If this extraction scheme is combined with recharge of cleaned
groundwater downgradient of the extraction wells, the time required to
remediate the groundwater downgradient of the point of compliance (off
post) is estimated to be 10 years. If recharge is not utilized as a
disposal option, the time required to remediate the groundwater
downgradient of the point of compliance (off post) is estimated to be
greater than 20 years. The cleanup time for groundwater beneath the
Fort Lewis Logistics Center is not known due to the uncertainty
concerning the quantity of contaminants in potential source areas in
the saturated zone. Pumping will most 1ikely have to be continued

7677K
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option, the time required to remediate the groundwater downgradient of
the point of compliance (off post) is estimated to be greater than

20 years. The cleanup time for groundwater beneath the Fort Lewis
Logistics Center is not as easily quantifiable because of the
uncertainty regarding the quantity of contaminants in potential source
areas in the saturated zone. The cleanup time for this extraction
scheme, though, would be substantially less than the cleanup time
required in the extraction scheme discussed previously because the most
contaminated water is being pumped, thereby accelerating cleanup time.
Forty years are estimated to be required to clean the groundwater
beneath the Fort Lewis Logistics Center site, although the actual
cleanup time may vary substantially from this value.

4.3 "NO REMEDIAL ACTIONS" ALTERNATIVES

The no groundwater remedial action alternatives consist of the no
action alternative. The no action alternative is described in Section
4.3.1 and is evaluated in Section 4.3.2.

4.3.1 Description of "No Remedial Actions" Alternatives

The no action alternative is described in this section. The evaluation
of this alternative is discussed in Section 4.3.2.

The no action alternative is an option required by the National
Contingency Plan (NCP) for purposes of comparison with remediation
alternatives. Under this option, no actions would be taken to
remediate the groundwater contaminated with TCE and DCE. A long-term
monitoring program would be implemented to provide updated information
on the migration of contaminants in the upper and lower aquifers. Both
private wells and monitoring wells would be sampled on a routine basis,
and the program modified as the plume migrates. No administrative
controls would be implemented.
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Extracted groundwater will be pumped to a flow equalization tank and
then pumped directly to an air stripping tower at a rate of 2,000 gpm.
In the air stripping tower, the concentration of TCE in the groundwater
is to be reduced from 40 ppb to 0.5 ppb. The volatilized TCE will be
discharged with the air to the atmosphere, and the treated groundwater
will drain into a sump. From the sump, the treated groundwater will be
pumped to the disposal location.

One 12-foot diameter air stripping tower is required to handle the
2,000 gpm flowrate, and 19 feet of packing and a 50:1 air-to-water
ratio are required to reduce the TCE concentration in the water from

40 ppb to 0.5 ppb (Calgon 1988). Approximately 0.95 1bs of TCE will be
emitted to the air per day. The EPA-approved PTPLU computer dispersion
model was used to estimate the worst case annual TCE concentration
downwind of the stripping tower. The estimated worst case
concentration was 0.053 ug/m3. This concentration would result in

less than a 1070
human health (see Appendix H).

risk to residents and is therefore rotective of

4.4.1.2 C(Ce~*~n_Adsorption

A flow diagram for the carbon adsorption system is shown in Figure 4-5,
and the design criteria and design values are presented in Table 4-2.
The process of contaminant adsorption on. . i :ivated rbon involves
bringing the contaminated water into direct contact with the carbon.
This is usually accomplished by passing the water to be treated through
a series of packed bed adsorbers. The activated carbon selectively
adsorbs hazardous constituents by a surface phenomenon in which organic
molecules are bound to the internal pores of the carbon granules.
Eventually, all adsorption sites become occupied and "breakthrough” of
the contaminant occurs, at which point the carbon must be replaced or
regenerated.
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TABLE 4-2

DESIGN CRITERIA AND DESIGN VALUES FOR CARBON ADSORPTION SYSTEM
FOR GROUNDWATER EXTRACTION ALONG I-5

Item Value
Design Criteria
Design Flowrate 2,000 gpm
Inlet Concentration
TCE 40 ppb
DCE 4 ppb
Outlet Concentration
TCE 0.5 ppb
DCE Already meets objective

Hydraulic Loading

Design _Values

Bed Diameter

Bed Depth

Number of Vessels
Contact Time
Carbon Usage

Annual Carbon Usage

of less than 20% of the MCLG
6 gpm/ftl

10 ft

9 ft

4

10 min

0.06 1bs/1000 gal
32 tons
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contamination water in the two vertical contactors. The effluent from
the two vertical contactors is recombined and fed to the 4,000 gallon
UV/oxidation reactor. Additional ozone and hydrogen peroxide is added
to the water entering the reactor and the mixture is irradiated with UV
light. The concentration of TCE in the groundwater will be reduced
from 40 ppb to 0.5 ppb in the system, and total of 100 1bs/day of ozone
and 250 1bs/day hydrogen peroxide will be required (ULTROX 1988). The
gaseous emissions will be passed through a catalytic ozone destruction
unit prior to venting to the atmosphere.

4.4.2 Evaluation of Treatment Process Options Assuming Groundwater
Extraction Along I-5

The evaluation of air stripping, carbon adsorption, and ozonation/
peroxidation is summarized in Table 4-4. Included on this table are
capital, operating, and present worth costs. - Details of the evaluation
and cost estimates are presented in Appendix C.

Air stripping was selected as the groundwater treatment process.

Carbon adsorption and ozonation/peroxidation will be slightly more
effective than air stripping in protecting human ealth and in
achieving a reduction of toxicity, mobility, and volume due to the
emission of TCE to the atmosphere. However, air modeling in

t bination with risk analysis has shown the emissions to be below
the 10'6 risk level for residents. Carbon adsorption and air

stripping are more easily implemented than ozonation/peroxidation. Air
stripping is the least expensive option, while carbon adsorption is the
most expensive option. Air stripping was chosen as the treatment
process option to be carried forward to detailed analysis because 1) it
is easier to implement than ozonation/peroxidation, 2) it provides
adequate protection of human health and the environment as shown by the
results of the air modeling and risk analysis, and 3) it is much less
expensive than competing options.

7677K
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TABLE 4-4 (Continued)

IALUATION OF TREATMENT OPTIONS FOR GROUNDWATER EXTRACTION ALONG I-5

Criteria

Air Stripping

Carbon Adsorption

Ozonation/Peroxidation

Ability to obtain approvals
from other offices and
agencies.

Availability of RCRA treatment,
storage, and disposal services
and capacity.

Requirements for and
availability of specific
equipment and technical
specialists,

e > A 00 = e D Y S Y S = P 8 Y S P D 4 T A AR o P e T A D D Y D D G P O D D D R R A % W =

ROM COSTS (+50%, -30%):

Capital
0&M (Yearly)

Present Worth
(n=30, i=10)

Rating=High. Approvals should be
easily oB%ained since the concen-
trations of organic contaminants

in the gaseous emigsions will result
in less than a 1072 risk to
residents. RCRA permit may be

re 1ired for spent acid discharge.

N/A

Rating=Hi Air strippirg equip-
ment and specialists res 1y
available.

$244,000
$69,000
$894,000

Rating=H1gh. Since contaminants
are adsorbed onto carbon and then
transported to a RCRA regeneration
facility, a variety of RCRA permits

may be required. No difficulties
in obtaining approvals are expected.

Rating=High. RCRA regeneration
facility readily available.

Rating=High. Carbon adsorption
equipment and specialists readily
available.

$640,000
$140,000
$1,960,000

Rating=High. Approvals should be
easily obtained since the gaseous
emissions will be passed through a

catalytic ozone destruction unit prior
to venting to the atomosphere.

N/A

Rating=Medium. Only two known
manutfacturers of ozonation/peroxidation
equipment.

$794,000
$96,000
$1,698,000
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pump the treated groundwater through a 10" ductile iron pipe to Murray
Creek. The distance to the creek is estimated to be 1,000 feet. The
pipe will be laid in a five foot deep trench on top of compacted sand
fill. Select backfill will be used to fill the remain g void in the
trench. A cross-section of the trench is shown in Figure 4-7. 1In
addition, a properly designed discharge outfall will be constructed to
prevent erosion of the streambed.

4.5.1.5 Pumping to American Lake

The treated groundwater is pumped at a rate of 2,000 gpm from the
treatment plant located adjacent to the extraction wells along I-5 to
American Lake. A 160 hp pump will be used to pump the treated
groundwater through a 10" ductile iron pipe to American Lake. The
distance from the treatment plant to American Lake is estimated to be
5,000 feet. The pipe will be laid in a five foot deep trench as shown
in Figure 4-7, except for where the pipe passes under the highway. A
four foot tunnel Tocated 25 feet below the surface of the highway will
be constructed for passing the pipe under the highway. The tunnel will
be approximately 350 feet long. In Tillicum, the pipe will be laid in
trenches (as described above) along the town streets. The discharge
into American Lake is assumed to be 20 feet below the water surface.

Thus, approximately 1,000 feet of pipe will be laid underwater on the
lake floor.

4.5.1.6 Recharge

The treated groundwater is pumped at a rate of 2,000 gpm through a 10"
ductile iron pipe to the recharge system located about 300 feet south
of I-5 and parallel to the extraction wells. The distance from the
treatment plant to the recharge system is estimated to be 1,000 feet.
The recharge system consists of the distribution line, distribution
branches, and the perforated pipe from which the groundwater drains.
The distribution system is located to effect appropriate gradient
control, to reverse groundwater carrying the plume (back to the
extraction wells), to flush the contamination in Tillicum, and at the

7677K
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EVALUATION OF DISPOSAL OPTIONS FOR GROUNDWATER EXTRACTION ALONG I-5

TABLE 4-5

Criteria

On-Site
Storm Sewer

On-Site
Reuse/Recycle

Off-Site
Reuse/Recycle

Pumping to
Murray Creek

Pumping to
American Lake

Recharge

EFFECTIVENESS:

Short-Term Protection
of Human Health and
Environment.

Long-Term Protection
of Human Health and
Environment.

Reduction of Toxicity,
Mobility or Volume.

IMPLEMENTABILITY:

Ability to Construct,
Reliably Operate, and
Meet Technology-
Specific Regulations
for Process Options
Until Remedial Action
is Complete.

7677K

Rating=Medium,
Effective method of
disposing groundwater,
Cleanup of ground-
water beneath Tillicum
may be slowed if
groundwater is not
recharged. Since storm
sewer empties into
Murray Creek, this
option may impact !
creek because of
increased flow.

N/A

Rating=Medium,
Construction of pipe-
1ine would be
moderately difficult
hecause of underground
utilities. Meeting
discharge limits

would not be difficult.

Complex

R.  ng=Low, If
Treatment plant
malfunctinned, con-
sumption
nated water may
create he. :h risk,
Cleanup ot around-
water benn h
Tillicum may be
slowed if ground-

water not recharged.

N/A

Rating=Low.

iping
system including
storage tanks would
be needed for dis-
tribution of water
to a variety of
places. Meeting

drinking water stan-

dards would not be

diffici wt extra
n ito would be
requirea.

contami-

Rating=Low. Same
as on-site
reuse/recycle.

N/A

Rating=Low.

Same as on-site
reuse/recycle.

Rating=Medium.
Effective method
of disposing
groundwater.
Cleanup of ground-
water beneath
Tillicum may be
slowed if ground-
water is not
recharged. May
impact the creek

because of increased

flow.

N/A

Rating=Medium.
Construction of
pipeline would

be difficult
because of under-
ground utilities,
but not as complex
as reuse/recycle.
Meeting discharge
1imits would not
be difficult.

Rating=Medium.
ective methad
of disposing
groundwater,
Cleanup of ground-
water beneath
Ti1licum may be
slowed if ground-
water 1s not
recharged. May
impact the lake,

N/A

Rating=Medium,
Same as pumping to
Murray Creek.

Rating=High. Wil
accelerate cleanup
of groundwater
beneath Tillicum.

N/A

Rating=High,
Construction of a
recharge system
would be easy.
Meeting drinking
water standards
would not be
difficult.






4.6 TREATMENT PROCESS OPTIONS ASSUMING COMBINED GROUNDWATER EXTRACTION
ALONG I-5 AND NEAR SOURCE AREAS

Air stripping, carbon adsorption, and ozonation/peroxidation are
described in Section 4.6.1 and evaluated in Section 4.6.2. Since the
groundwater is assumed to be extracted along I-5 and near source areas,
the flowrate and concentration values presented in Section 4.2.2 are
used in designing the treatment systems in this section.

4.6.1 Description of Treatment Process Options Assuming Combined
Groundwater Extraction Along I-5 and Near Source Areas

Air stripping, carbon adsorption, and ozonation/peroxidation are
described in Sections 4.6.1.1, 4.6.1.2, and 4.6.1.3, respectively.

4.6.1.1 Air Stripping

As discussed in Section 4.2.2, separate treatment plants will be used
for the groundwater extracted along I-5 and the groundwater extracted
near source areas. The I-5 treatment system is described in Section
4.4.1.1, and the description is therefore not repeated here. The
source area treatment system is described below.

A flow diagram for the source -ea air stripping system is shown in
Figure 4-10, and the design criteria and design values are presented in
Table 4-6. Extracted groundwater will be pumped to a flow equalization
tank and then pumped directly to an air stripping tower. The tower
will receive 2,000 gpm of contaminated groundwater. In the air
stripping tower, the concentration of TCE in the groundwater is to be
reduced from 100 ppb to 0.5 ppb. The volatilized TCE will be
discharged with the air to the atmosphere, and the treated groundwater
will drain into a sump. From the sump, the treated groundwater will be
pumped to * e disposal location.
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TABLE 4-6

DESIGN CRITERIA AND DESIGN VALUES FOR AIR STRIPPER SYSTEM
FOR GROUNDWATER EXTRACTION NEAR SOURCE AREAS

Item Value

Design Criteria

Design Flowrate 2,000 gpm
Inlet Concentration
TCE 100 ppb
DCE 10 ppb
Outlet Concentration
TCE 0.5 ppb
DCE Already meets objective

of less than 20% of the MCLG

Design Values

Number of Units 1
Air Stripper Diameter 12 ft
Air Stripper Height 33 ft
Packing Height 23 ft
Air:Liquid Ratio 50:1
Air Flowrate 13,000 cfm
Liquid Loading 18 gpm/ft2
Fan Power 26 hp
Air Stripper 10 ft dia. x 5 ft deep
Effluent Sump
Dimensions
7677K

4-32













surface of the carbon by volatilization, and will then be permanently
destroyed by combustion.

Four 10-foot diameter carbon adsorption beds are required to handle the
2,000 gpm flowrate, and a 9-foot bed depth (10 minute contact time) is
required to reduce the TCE concentration in the groundwater from

100 ppb to 0.5 ppb (Calgon 1988). The carbon usage is expected to be
approximately 0.1 1bs/1,000 gallons treated (Calgon 1988). Thus,
approximately 105,000 1bs of carbon are required per year in addition
to the 60,000 1bs of carbon required in the I-5 treatment plant.

4.6.1.3 0Qzonation/Peroxidation

As discussed in Sectic 4.2.2, separate treatment plants will be used
for the groundwater extracted along I-5 and the groundwater extracted
from near source areas. The I-5 treatment plant is described in
Section 4.4.1.3, and the description is therefore not repeated here.
The source area treatment system is described below.

A flow diagram for the source area ozonation/peroxidation system is
shown in Figure 4-12, and the design criteria and design values are
presented in Table 4-8. Extracted groundwater will be pumped to a flow
equalization tank and then to the ozonation/peroxidation system. The
2,000 gpm flow will be split and fed to two 8,000 gallon vertical
contactors. Ozone is generated on-site with an ozonator, and the air
stream containing 1 to 2 percent ozone is directly infused into the
contaminated water in the two vertical contactors. Hydrogen peroxide
is metered into the contaminated water in the two vertical contactors.
The effluent from each vertical contactor is combined and fed to a
4,000 gallon UV/oxidation reactor. Additional ozone and hydrogen
peroxide is added to the water entering the reactor and the mixture is
irradiated with UV light. The concentration of TCE in the groundwater
will be reduced from 100 ppb to 0.5 ppb in the system, and a total of
100 ibs/day of ozone and 500 1bs/day hydrogen peroxide will be required
(ULTROX 1988). The gaseous emissions will be passed through a
catalytic ozone destruction unit prior to venting to the atmosphere.
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TABLE 4-8

DESIGN CRITERIA AND DESIGN VALUES FOR OZONATION/PEROXIDATION
SYSTEM FOR GROUNDWATER EXTRACTION NEAR SOURCE AREAS

Item Value

Design Criteria
Design Flowrate 2,000 gpm

Inlet Concentration

| TCE 100 ppb
| DCE 10 ppb

Outlet Concentration
TCE 0.5 ppb
DCE Already meets objective of
less than RMCL

Design Va'l«~s

Size of 03/H0p Contactor 8,000 gal
Number of Units 2

Size of UV/Oxidation Reactor 4,000 gal
Number of Units 1

Total Ozor Dose 4.201 /1]
Ozone Use 100 1bs/day
Total Hydrogen Peroxide Dose 10.5 mg/1
Hydrogen Peroxide Use 250 1bs/day
UV Light Dose 5.4 watts/gal
UV Light Wattage 21,600 watts
7677K
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TABLE 4-9

EVALUATION OF TREATMENT OPTIONS FOR COMBINED GROUNDWATER EXTRACTION ALONG I-5 AND NEAR SOURCE AREAS

Criteria

Air Stripping

Carbon Adsorption

Ozonation/Peroxidation

EFFECTIVENESS:

Short-term protection of
human health and environment.

Long-term protection of
human health and environment.

Reduction of Toxicity,
Mobility, or Volume

Rating=Medium. Contamir :s trans-
ferred from water to air. Maximum

off-site concentrations will result
in less than 1070 prisk to
residents.

Rating=High. Long-term protection
of human Eealth and environment is
achieved due to cleanup of contami-
nated groundwater. Phoi emical

reactions in atmosphere result in
destruction of contaminants.

Rating=Medium. Mobility of
contaminants increased by transfer

to air. Photochemical reactions
result in destruction of contaminants
in the atmosphere.

Rating=High. Provides good protection
of human Eealth and the environment
during remediation. No handling of

spent carbon necessary. Can treat
variations in concentrations.

Rating=High, g-term protection of
human health and environment 1s
achieved due to cleanup of contami-
nated groundwater. Destruction

of contaminants through regeneration
of carbon,

Rating= High. Mobility of the TCE

and DgE Ts decreased by adsorption

onto activated carbon. Destruction
through regeneration of carbon,

Rating=High. Provides good protection
of human health and the environment
during remediation. Gaseous emissions
can be controlled by proper design of
reaction chamber., Possible exposure to
ozone if leak develops,

Rating=High, Long-term protection of
uman hea and environment is achieved
due to cleanup of contaminated ground-

water and the destruction of
contaminants,

Rating=High. Permanent destruction
through chemical oxidation of contami-
nants to carbon dioxide and water.

o 0 0 B b R 0 S A B D e D e e S e e e e D o A D D B D D D P R O S o D D D D D e e e B D D D

IMPLEMENTABILITY:

Ability to construct, reliably
operate, and meet technology-
specific requlations for
process options until remedial
action is complete.

Ability to operate, maintain,
replace, and monitor components
of the alternative after
remedial action is complete.

7677K

‘ jh. Prefabricated air
wer vpre. ~ are readily a lable
for ease of construction.

Air strippers are relatively
easy to operate.

ﬂ-LJ——-lll?h.

N/A

Ratin--"'*-4, Skid-mounted carbon
adsorpyuiun beds readily available for
ease of construction. Carbon
adsorption beds can be readily
operated, although manpower
requirements may be greater than

air stripping due to carbon replace-
ment and backwash requirements.

N/A

RatingsMedium. Skid-mounted ozonation/
peroxgaation systems are available from
two manufacturers, Since this is a
relatively new technology, the ability
of this technology to operate reliably
has not been demonstrated in the
literature. Ozonation/peroxidation is
a more complicated system, thus more
difficult to operate.

N/A






4.7.1 Description of Disposal Process Options Assuming Combined
Groundwater Extraction Along I-5 and Near Source Areas

On-site storm sewer, on-site reuse/recycle, off-site reuse/recycle,
pur ing to Murray Creek, pumping to American Lake, and recharge are
described in Sections 4.7.1.1, 4.7.1.2, 4.7.1.3, 4.7.1.4, 4.7.1.5, and
4.7.1.6, respectively. See section 4.5.1 for a description of these
alternatives as they re ate to the I-5 extraction wells.

4.7.1.1 On-Site Storm Sewer

Disposal of treated groundwater from the treatment plant located near
I-5 to an on-site storm sewer is discussed in section 4.5.1.1 and this
discussion is not repeated here. Disposal of treated groundwater from
the treatment pfant near the source areas is discussed below.

Treated groundwater from the treatment plant located near the wells
pumping from near the source areas is pumped at a rate of 2,000 gpm to
the closest on-site storm sewer which has adequate capacity and which
empties into Murray Creek. Here again, a 30 hp pump will be used to
pump the treated groundwater through a 10" ductile iron pipe to the
closest acceptable on-site storm sewer. The distance to the nearest
acceptable storm sewer is assumed to be 1,000 feet. The pipe will be
laid in a five foot deep trench as described above.

4.7.1.2 On-Site Reus-’'"-cycle

The treated groundwater from the treatment plant located adjacent to
the extraction wells ¢ >ng I-5 is pumped at a rate of 2,000 gpm to a
storage tank and then > the water distribution system. The treated
groundwater from the treatment plant located near the wells pumping
from near the source areas is also pumped at a rate of 2,000 gpm to a
separate storage tank and then to the water distribution system. Each
storage tank will have a 240,000 gallon capacity to allow for 2 hours
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4.7.1.4 Pumping to Murray "“reek

Disposal of treated groundwater from the treatment plant located near
I-5 by pumping to Murray Creek is discussed in Section 4.5.1.4 and this
discussion is not repeated here. The treated groundwater from the
treatment plant located near the wells pumping from near the source
areas is also pumped at a rate of 2,000 gpm to the closest point along
Murray Creek. A 75 hp pump will be used to pump the treated

groundw: 2r from the source area treatment plant through a 10" ductile
iron pipe to the closest point along Murray Creek. The distance to the
cri < is estimated to be 2,500 feet. The pipe will be laid in a five
foot deep trench as described above. Properly designed outfalls will
be required for both discharges to prevent erosion of the streambed.

4.7.1.5 Pumping to Americar '1ke

The treated groundwater from the treatment plant located near the wells
pumping from near the source areas is pumped at a rate of 2,000 gpm to
the treatment plant located adjacent to the extraction wells along

I-5. A 387 hp pump will be used to pump the treated groundwater from
the source area treatment plant through a 10" ductile iron pipe to the
I-5 treatment plant. The pump was sized assuming that the two plants
are 10,000 feet apart and that the pump provides sufficient head to
merge with the water from the I-5 trea. :nt plant. At the treatment
plant near I-5, the treated groundwater from near the source areas is
combined with the 2,000 gpm flow of tri ted groundwater from the
treatment plant near I-5. The combined flow is then pumped to American
Lake for discharge below the surface of the lake. A 160 hp pump is
used to pump the combined groundwater flows from the I-5 treatment
plant through a 10" ductile iron pipe to American Lake. The pipelines
will be laid in five foot deep trenches as shown in Figure 4-7, except
for where the pipe passes under the highway. A four foot tunnel
located 25 feet below the surface of the highway will be constructed
for passing the pipe under the highway. The tunnel will be

a] roximately 350 feet long. In Tillicum, the pipe will be laid in
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EVALUATION OF DISPOSAL OPTIONS F

TABLE 4-10

COMBINED GROUNDWATER EXTRACTION ALONG I-5 AND NEAR SOURCE AREAS

Criteria

On-Site
Storm Sewer

On-Site
Reuse/Recy !

off-Site
Reuse/Recycle

Pumping to
Murray Creek

Pumping to
American Lake

Recharge

EFFECTIVENESS:

Short-Term Protection

of Human Health and
Environment.

Long-Term Protection
of Human Health and
Environment.

Reduction of Toxicity,
Mobility or Volume.

o e 0 0 O D S e i e D R O D B D D e e e e e e i ot o e e e L = = Y L e e e e e A D R B D P S S S8 e e A D o A

IMPLEMENTABILITY:

Ability to Construct,
Reliably Operate, and
Meet Technology-
Specific Regulations
for Process Options
Until Remedial Action
is Complete.

Rating=Medium,
Effective method of
disposing groundwater,
Cleanup of ground-
water beneath Tillicum
may be slowed if
groundwater is not
recharged. Since
storm sewer empties
into Murray Creek,
this option may impact
the creek because of
increased flow.

H/A

Rating=High. Hookup
with existing storm
sewers should be
relatively easy.
Meeting discharge
limits would not be
difficult.

Rating=Low, If
treatment p t

mal functionea, con-
sumption of contami-
nated water may
create health risk.
Cleanup of ground-
water beneath
Tillicum may be
slowed if ground-
water not recharged.

N/A

Rating=Low,

CompTex p1¥*n?
system inc ng
storage tanks would
be needed - dis-
tributi o1 water
to a variety of
places. Meeting
drinking water stan-
dards would not be
difficult | extra
moni toring 11d be
required.

Rating=Low. Same
as on-site
reuse/recycle.
N/A

N/A

Rating=Low,
Same as on-site
reuse/recycle.

Rating=Medium.
Effective method of
disposing ground-
water, Cleanup
of groundwater
beneath Tillicum
may be slowed if
qroundwater is
not recharged.
impact creek
becatise of
increased flow,

May

N/A

Rat!==="r-'"m,
Tonser wiv. ... Of
pipeline would

be difficult
because of under-
ground utilities,
but not as complex
as reuse/recycle,
Meeting discharge
limits would not
be difficult.

Rating=Medium.
Effective method of
disposing ground-
water., Cleanup
of groundwater
beneath Tillicum
may be slowed if
groundwater is
not recharged.
impact the lake.

May

N/A

Rating=Medium,
ame as pumping to

Murray Creek,

Rating=High. Will
accelerate cleanup
of groundwater
beneath Tillicum
and near source
areas.

N/A

Rating=High,
Construction of a
recharge system
would be easy.
Meeting drinking
water standards
would not he
difficult.
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4.8.1 "No Remedial Actions" Alternatives

The No Action (G1) alternative is retained for further consideration in
the detailed analysis. This option was not evaluated against
effectiveness, implementability, and cost criteria because it is to be
carried forward regardless of the outcome of the evaluation. This is
to ensure that a full range of alternatives is retained for
consideration during the detailed analysis.

4.8.2 Treatment and Disposal Process Options Assuming Groundwater
Extraction Along I-5

A summary of the treatment option evaluation is shown on Table 4-11.
Air stripping was selected as the groundwater treatment process.
Carbon adsorption and ozonation/peroxidation will be slightly more
effective than air stripping in protecting human health and in
achieving a reduction of toxicity, mobility, and volume due to the
emission of TCE to the atmosphere. However, air modeling has shown the
TCE emissions to be well below the acceptable source impact level
proposed by WDOE and TCE will also degrade in the atmosphere in about
10 days. Carbon adsorption and air stripping are more easily
implemented than ozonation/peroxidation. Air stripping is the least
expensive option, while carbon adsorption is the most expensive
option. Air stripping is chosen as the treatr it process _ption to be
carried forward to detailed analysis because 1) it is easier to
implement than ozonation/peroxidation, 2) it provides adequate
protection of human health and the environment as shown by the results
of the air modeling, and 3) it is much less expensive than competing
options.

A summary of the disposal option evaluation is shown on Table 4-12.

Recharge was chosen as the disposal option to be carried forward to the
detailed analysis because of the substantial benefits obtained in terms
of cleanup time and the ease of implementing this option. Pumping the
treated groundwater to either Murray Creek or to an on-site storm sewer
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TABLE 4-11 (cont.)

SUMMARY OF EVALUATION OF TREATMENT OPTIONS
FOR GROUNDWATER EXTRACTION ALONG I-5

Carbon Ozonation/
Criteria Air Stripping Adsorption Peroxidation
COSTS:
Capital $244,000 $640,000 $794,000
0&M (Yearly) $69,000 $140,000 $96,000
Present Worth $894,000 $1,960,000 $1,698,000
(n=30, i=10)
7677K
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TABLE 4-12 (cont.)

SUMMARY OF EVALUATION OF DISPOSAL OPTIONS FOR GROUNDWATER EXTRACTION ALONG I-5

On-Site On-Site 0ff-Site Pumping to Pumping to
Criteria Storm Sewer Reuse/Recycle Reuse/Recycle Murray Creek American Lake Recharge
Requirements for, Low Low Low High High High
and Availability of
Specific Equipment
and Services.
ROM COST (+50%, -30%):
Capital $96,000 $662,000 $662,000 £94 ,000 }$586,000 $762,000
0&M $17,500 $73,500 $73,500 $17,500 $64,000 $77,000
Present Worth $261,000 $1,355,000 $1,355,000 $259,000 $1,189,000 $1,488,000
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TABLE 4-13

SUMMARY OF EVALUATION OF TREATMENT OPTIONS FOR
COMBINED GROUNDWATER EXTRACTION ALONG I-5 AND NEAR SOURCE AREAS

Carbon Ozonation/
Criteria Air Stripping Adsorption Peroxidation

EFFECTIVENESS:

Short-term protection of Medium High High
human health and environment.

Long-Term protection of High High High
human health and environment.

Reduction of toxicity, Medium High High
mobility or volume.

IMPLEMENTABILITY:

Ability to construct, reliably High High Medium
operate, and meet technology-

specific regulations for

process options until remedial

action is complete.

Ability to operate, maintain, N/A N/A N/A
replace, and monitor components
of the alternative after

remedial act 1 is complete.

Ability to obtain approvals High High High
from other offices and

agencies.

Availability of RCRA treatment, N/A High N/A

storage, and disposal services
and capacity.

Requirements for and High High Medium
availability of specific

equipment and technical

specialists.
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ozonation/peroxidation, 2) it provides adequate protection of human
health and the environment as shown by the results of the air modeling,
and 3) it is much less expensive than competing options.

A summary of the disposal option evaluation is shown on Table 4-14.
Recharge was chosen as the disposal option to be carried forward to the
detailed analysis because of the substantial benefits obtained in terms
of cleanup time and the ease of implementing this option. Pumping the
treated groundwater to either Murray Creek or to an on-site storm sewer
was not chosen because of expected difficulties in obtaining an NPDES
permit (treated groundwater flowrate is much greater than creek
flowrate). The two reuse/recycle options were not chosen because there
is no demonstrated need for the treated groundwater and reuse as a
drinking water supply would not be acceptable to the community.
Finally, all the discharge options including discharging to American
Lake would not result in the benefit of a faster cleanup time. Using
recharge as the disposal option will significantly reduce the time
required to clean the groundwater beneath Tillicum and the groundwater
flowing through presumed source areas in the saturated zone. Thus,
recharge was chosen as the disposal option.

Air stripping and recharge are combined with deed restrictions to
prevent use of contaminated groundwater on Fort Lewis property,
administrative controls to prevent use con’ i | groundwater in
Tillicum, monitoring wells to monitor the groundi ter contamination,
and flow equalization. This combination of process options forms
alternative G3 which is a comprehensive alternative dealing with
groundwater contamination.

4.9 SUMMARY

Process options were evaluated against effectiveness, implementability,
and cost criteria. The best process options for a given extraction
scheme were selected and combined to form alternatives. The final
candidate alternatives are summarized on Table 4-15. These
alternatives will undergo detailed analysis in Section 6.0.
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TABLE 4-14 (cont.)
SUMMARY OF EVALUATION OF DISPOSAL OPTIONS FOR C JINED GROUNDWATER EXTRACTION ALONG 1-5 AND NEAR SOURCE AS

On-Site On-Site 0ff-Site

Pumping to Pumping to
Criteria Storm Sewer Reuse/Recycle Reuse/Recycle Murray Creek American Lake Recharge
Requirements for, Low Low Low High High High
and Availability of .

Specific Equipment
and Services.

ROM COST (+50%, -30%):

09-v

Capital

0&M

Present Worth

$209,000

$35,000
$539,000

$1,350,000
$147,000
$2,736,000

$1,796,000
99,000
$3,672,000

$278,000
$199,000
$759,000

$1,086,000
$212,000
$3,084,000

$1,339,000
$133,000
$2,593,000
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TABLE 4-15
FINAL CANDIDATE ALTERNATIVES

Alternative # Description of Alternative
Gl No Action
Monitoring Wells
G2 Groundwater _.traction Along I-5
Air Stri| ing
Recharge

Deed Restrictions
Administrative Controls
Monitori  Wells

Flow ~ 1alization

G3 Groundwater Ext1 :tion / >ng I-5 and
\ar Source Areas
Air Stripping
Recharge
Deed Restrictions
nistrative Controls
toring Wells
Flow Equalization
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TABLE 5-1

CRITERIA FOR DETAILED ANALYSIS OF ALTERNATIVES

Criteria

Subcriteria

Short-Term Effectiveness
During Construction

Long-Term Effectiveness

Reduction of Toxicity,
Mobility, and Volume

Implementability

7679K

Protection of community during remedial
actions.

Protection of workers during remedial
actions.

Environmental impacts.

Time required to complete construction.

Magnitude of remedial risk.

Adequacy of controls.

Reliability of controls.

Time until remedial action objectives
are achieved.

Treatment process used and materials

treated.

Amount of hazardous materials destroyed
or treated.

Degree of expected reductions in
toxicity, mobility, and volume.

Degree to which treatment is
irreversible.

Type and quantity of residuals remaining
after treatment.

Ability to construct and operate the
technology.

Reliability of the technology.

Ease of undertaking additional remedial
actions, if necessary.

Ability to monitor effectiveness of
remedy.
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0 Protection of the community during remedial actions--This aspect of
short-term effectiveness addresses any risk that results from
implementation of the proposed remedial action, such as dust from
excavation or air quality impacts from a stripping tower operation,
that may affect human health.

o Protection of workers during remedial actions--This factor assesses
threats that may be posed to workers and the effectiveness and
reliability of protective measures that could be taken.

o0 Environmental impacts--This factor addresses the potential adverse
environmental impacts that may result from the implementation of an
alternative and evaluates how effective available mitigation
measures would be in preventing or reducing the impacts.

"0 Time required to complete construction--This factor includes an
estimate of the time to obtain construction permits, install the
required equipment and perform any required testing.

5.1.2 Long-Term Effectiveness

The evaluation of alternatives using this criterion addresses the
results of a remedial action in terms of the risk remaining at the site
«. -er ) 1jectives have | .o pr oy s this
evaluation is tI extent and effectiveness of the controls that may be
required to manage the risk posed by treatment residuals and/or
untreated wastes. The following components of the criterion should be
addressed for each alternative:

o Magnitude of remaining risk--This factor assesses the residual risk
remaining from untreated waste or treatment residuals at the
conclusion of remedial activities (e.g., after source/soil
containment and/or treatment are complete, or after groundwater
plume management activities are concluded). The potential for this
risk may be measured by numerical standards such as cancer risk
levels or the volume or concentration of contaminants in waste,
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This evaluation focuses on the following specific factors for a
particular remedial alternative:

o The treatment processes, the remedies they will employ, and the
materials they will treat.

o The amount of hazardous materials that will be destroyed or
treated, including how principal threat(s) will be addressed.

o The degree of expected reduction in toxicity, mobility, or volume
measured as a percentage of reduction (or order of magnitude).

0 The degree to which the treatment will be irreversible.

o The type and quantity of treatment residuals that will remain
following treatment.

5.1.4 Implementability

The implementability criterion addresses the technical and
administrative feasibility of implementing an alternative and the
availability of various services and materials required during its
implementation. This criterion involves analysis of the following
factors:

o Technical feasibility

- Construction and operation--This relates to the technical
difficulties and unknowns associated with a technology. This
was initially identified for specific technologies during the
development and screening of alternatives and is addressed
again in the detailed analysis for the alternative as a whole.

- Reliability of technology--This focuses on the ability of a
technology to consistently meet specified process efficiencies
or performance goals. The likelihood that technical problems
will lead to schedule delays should be considered as well.
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a composite of factors assessed under other evaluation criteria,
especially long-term effectiveness and permanence, short-term
effectiveness, and compliance with ARARs.

Evaluation of the overall protectiveness of an alternative focused on
how a specific alternative achieves protection over time and how site
risks are reduced. The analysis indicated how each source of
contamination is to be eliminated, reduced, or controlled for each
alternative.

5.1.6 Compliance with ARARs

This evaluation criterion is used to determine how each alternative
complies with applicable or relevant and appropriate federal and state
requirements, as defined in CERCLA Section 121. There are three
general categories of ARARs: chemical-, location-, and
action-specific. The detailed analysis summarizes which requirements
are applicable or relevant and appropriate to an alternative and
describes how the alternative meets these requirements. MWhen an ARAR
is not met, the basis for justifying one of the six waivers allowed
under CERCLA (see Section 1.2.1.1) should be discussed.

The following was addressed for each alternative during the detailed
analysis of ARARs:

0o Compliance with chemical-specific ARARs (e.g., MCLs)--This factor
addresses whether the ARARs can be met, and if not, whether a
waiver may be appropriate.

o Compliance with action-specific ARARs (e.g., air emission
standards)--It must be determined whether ARARs can be met or
waived.

o Compliance with location-specific ARARs (e.g., preservation of
historic sites)--As with other ARAR-related factors, this involves
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alternatives. It is not intended to substitute for detailed economic
analyses and cost optimization studies. In accordance with Section 7.2
of the RI/FS Guidance Documents (EPA 1985a), present worth costs were
calculated for a 30-year period and a 10 percent discount (after
inflation). In addition, a second present worth cost was calculated
for a 30 year period and a 4 percent discount (after inflation).

5.2 DESCRIPTION OF {E "NO ACTION" ALTERNATIVE (S1)

This section describes the "No Action" alternative, which would
implement neither engineering nor administrative controls. The EPA
guidance on feasibility studies requires that the No Action alternative
be included in the detailed evaluations as a comparison with the other
alternatives that specify remedial actions. The alternative is
described below.

The limited items that would constitute the "No Action" ¢ ternative are
as follows:

o Four existing groundwater monitoring wells, located upgradient and
downgradient of the East Gate Disposal Yard, would be monitored.

o No engineering or administrative actions would be taken by the
Army, other than the periodic ground' :er vi© 'ing dt¢ :ribed
above.

5.2.1 Residual Risk

Since this alternative does not change contaminant concentrations or
exposure conditions, there will be no change from the risks predicted
in the baseline risk assessment (see Tables 1-6 and 1-7). The main
pathways associated with exposure to soil contamination are soil
ingestion, inhalation of particulates, dermal contact, and soil vapor
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of the East Gate Disposal Yard. The deed restriction would
prohibit any construction activities at the site that would cause
excavation into the contaminated soil.

o The Army will construct a security fence and restrict all access
into and near the fenced area.

0 The Army will restrict soldiers from training in the area.

o Future garrison maps will show the site as a restricted area.

0 Groundwater monitoring at four wells (a two-well cluster upgradient
and a two-well cluster downgradient of the disposal yard) would be
performed. The wells would be monitored for contamination, to see
whether the rate of infiltration from the saturated soils to the
groundwater was unexpectedly increasing.

5.3.1 Residual Risk

Risks from soil contaminants once soil remediation alternative (S2) is
implemented were evaluated for on-site workers and for off-site
populations following remediation. The exposure pathways evaluated for
the S2 alternative were vapor inhalation, soil ingestion and soil

| icula A wl Tt je analy: Vs +d
in Table 5-2 below, while the methodological approach, assumptions and
contaminant-specific risks are presented in Appendix H.
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TABLE 5-2

RESIDUAL POST-REMEDIATION RISKS
FROM EXPOSURE TO CONTAMINATED SOILS UNDER
THE S2 ALTERNATIVE

Exposed Populationl/ Cancer Hazard Index
On-Site Workers (4) 1.1 x 10-6 4.6 x 104
Off-Site Residents (5) 2.6 x 107 7.2 x 10-6

1/ Number in parentheses indicates the exposure scenario (see
Appendix H).

5.3.2 Estimated Cost

The estimated administration cost for the "Institutional Controls”
alternative is $65,000, divided as follows:

Boundary Survey and Deve >pment $10,000
of Legal Description of

East Gate Disposal Yard

Establish Deed Restriction with $ 5,000
Pierce County Planning Dept.

Procure subcontractor for $ 5,000
groundwater monitoring program.

Security fence/vehicle barriers $45,000

Semi-annual groundwater monitoring for TCE at four wells would cost
roughly $2,500 per year.
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5.4 DESCRIPTION OF CONCRETE SURFACE CAP (S3)

For this remedial alternative, a concrete cap is constructed over the
area of soil contaminated with the TCE and DCE above the 10"6 risk
level. The cap seals the contamination from the public and minimizes
or eliminates the mobility of contaminants towards the groundwater.
The concrete cap is a soil remediation alternative only. It is
designed to meet the two remedial objectives for contaminated soil;
these are:

o} Protection of onsite workers and the public from direct
contact with the contaminated soil

o] Minimization of contaminant transport into the groundwater
caused by infiltration of surface water

The description of this alternative includes required actions prior to
installation, the design and implementation of the surface cap,
measures to ensure public protection and worker safety, and estimated
cost.

5.4.1 Pre-Installation Activities

The exact location of material contaminated with TCE above the 10'6
risk level must be determined before it can be capped. A detailed soil
gas survey and Ground Penetrating Radar (GPR) Survey of the East Gate
Disposal Yard will be conducted to locate the contaminated material.
Additional soil borings will be required to confirm the results of the
soil gas survey and establish the degree of contamination.

5.4.2 Action-Specific ARARs

No special licenses or permits will be required prior to installation
of the concrete cap. Although there are ARARs which apply to the
contaminated soil in the ground in its present unremediated condition,
ARARs do not apply to the action of constructing a surface cap.
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5.4.3 Surface Cap Design

A profile of the cap and an area diagram corresponding to the estimated
maximum area of contamination are presented in Figure 5-1. The
estimate of the areal extent of contamination presented in Sections 1.5
and 3.2 was revised based on further interpretation of aerial
photographs of the East Gate Disposal Yard. A photograph taken in 195}
shows long, narrow scraped regions clustered in groups, which are
assumed to be waste trenches. Another photograph dated 1960 reveals an
open trench in use in i lition to the scraped areas. The trench areas
were scale measured on the photographs and a margin of safety added to
the estimated dimensions to obtain a maximum cap area of 304,250 square
feet. The actual area determined to be in need of capping may likely
be different from this estimate.

The installed area of the concrete caps will depend on the findings of
the soil gas survey and GPR survey. A detailed design with
specifications will be developed once the exact area of contaminated
soil in need of capping has been determined. All contaminated soil
will be capped in as few sections as possible without covering a large
expanse of noncontaminated area. The cap will be designed with a

1 percent slope so rain water will drain off into the perimeter
drainage ditches. The cap will consist of a layer of regraded fill
over the contaminated soil, then a base layer, and topped with a 4 to
6 inch layer of Portland Concrete.

Construction of the cap will consist of initially clearing the areas to
be capped followed by regrading of the site to obtain the desired

1 percent slope. Fill material for grading will be obtained from
adjacent areas so none is expected to be hauled to the site by truck.
Drainage ditches will be installed around the cap or caps a distance of
10 feet from the edge. Pouring and casting of the concrete will take
approximately 3 to 6 months depending on the area of contan iation.

The concrete will be cast in multiple sections each of about 500 square
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feet and water stops will be installed between sections. All
technology required for constructing a cap is well-proven, making this
alternative ¢ ;y to implement.

5.4.4 Public Protection and Worker Safety During Construction

Installation of a concrete cap will not pose any dangers to the
public. Emissions of TCE vapors from the East Gate Disposal Yard are
assumed to not be a problem. Cap construction wiil not disturb the
subsurface soil where contamination is still present so no release of
vapors is expected. Fugitive dust generated from regrading of the
landfill site could impact the public off-site, but appropriate
measures for dust suppression will mitigate any risks presented by
dust. Increased traffic, particu]ér]y cement truck traffic, will not
be significant to area highways relative to the current volume of
traffic.

Worker safety will be ensured through use of air monitoring and
personal protective equipment, such as coveralls, gloves, and
respirators. 1ie surface grading will be performed by a certified
contractor who has been properly trained to minimize health risks, and
has experience in remediation of hazardous waste sites. A specialist
in health and safety will be on-site during all operations that might
involve direct contact with the soil. As stated previousily, TCE vapors
are not expected to volatilize from the surface soils and, since the
sul Jrfar  soil will remain und’ :urbed, ¥ ons of

vapors will not occur. Dust ¢ pt ;sion measures will minimize this
impact to workers.

5.4.5 Residual Risk

The main pathways associated with exposure to soil contamination are
soil ingestion, inhalation of particulates, dermal contact, and soil
vapor inhalation. Only two pathways, soil ingestion and dermal
contact, were found to contribute significantly to the risk. The
maximum concentration that workers and children will be exposed to once
the site is capped is 60 mg/kg for TCE and 12 mg/kg for PCE because
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more highly contaminated soils will be capped. The cancer risk for
on-post workers and children e; osed to this maximum trichloroethylene
concentration is 1 x 10_6. The hazard index for exposure to the
maximum 1,2-dichloroethylene concentration is 2.19 x 10'2 for adults
and children. The cancer risk for on-post workers and children exposed

to the maximum concentration of tetrachloroethylene is 9.8 x 10'7.

5.4.6 Estimated Remediation Cost

The estimated costs for a concrete cap are presented in Table 5-3. All
costs are in January 1989 dollars as indicated. The costs are highly
dependent on the area of the c¢i , and are based on the maximum surface
area likely to be capped. Unit costs for preparation, construction,
and maintenance of the cap were obtained from EPA manuals on costs for
remedial technoiogies (EPA 1985b, Environmental Law Institute 1987).
The estimated costs for pre-installation site surveys -and engineering
are based on Ebasco Environmental's experience during the performance
of similar field studies. |

A1l capital costs except the preliminary site surveys are directly
dependent on the area of the cap. However, the operating costs will
vary only slightly with cap area since the largest cost item,
groundwater monitoring, is affected only by the number of samples

« lected and analyzed. The annual operating c¢ : will continue .or
the life of the remedial alternative.

5.5 EXCAVATE AND SHIP TO OFF-SITE RCRA LANDFILL (S4)

For this alternative the soil contaminated with TCE and DCE above the
10_6 risk level is excavated and shipped by truck to a licensed RCRA
disposal facility. For cost estimating purposes it is assumed that the
excavated material will be shipped to the Haste Management Incorporated
disposal facility in Arlington, Oregon. The description of the
alternative is given in the following sections.
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TABLE 5-3

ROUGH ORDER OF MAGNITUDE COST FOR CONCRETE CAP (+50%, -30%)
(Capped Area = 304,250 sq. ft.)

Item Costl/
Capital Costs

Site Clearing2/ $8,400
Regrading3/ 31,400
Perimeter Ditches3/ 13,200
Portland Cement Cap 3/ 550 000

Subtotal 622,000
Engineering (Add 10%) 62.000

Subtotal 684,000
Contingency (Add 20%) 137,000
Preliminary Soil Gas and GPR Surveys 100,000
Total $921,000

Operating Costs

Groundwater Monitoring
(4 wells sampled twice per year
@ $310/sample) 2,500

Inspection, Maintenance, and Repairs3/ 2,500

Total $ 5,000
™-esen’ U’

30 year project life at a 10% discount ra $970,000

30 year project life at a 4% discount rate $1,007,000

1/ A1l costs given in January 1989 dollars.

2/ Source: EPA Remedial Action Handbook (EPA 1985b).

3/ Source: EPA Compendium of Costs of Remedial Technologies
(Environmental Law Institute 1987).
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5.5.1 Action-Specific ARARs

As described in Section 1.6, implementation of this alternative is
subject to the following regulations:

o EPA Land Ban - The Logistics Center will be subject to the EPA Land
Ban. The contaminated soil contains halogenated solvents that,
after November 1990, will be banned from land disposal unless the
soil is pretreated using Best Demonstrated Available Technology (40
CFR 268). Disposal at a RCRA-approved facility is allowed before
November 1990.

o Hazardou~ “~-*e Manifesting - The haul trucks must be properly

placarded and the waste shipments must be accompanied by
appropriate hazardous waste manifests.

o Hazardor- "'--te Generator Permit - The HWashington Department of
Ecology is the lead agency for issuing hazardous waste generator
permits under the State regulations (WAC 173-303). For the
Logistics Center excavations, the Corps must submit the equivalent

of the one-time generator permit application.

OSHA Worker Exposure Limits - The on-site excavation workers must
be protected from exposure to TCE vapors, according to the OSHA
regulations.

5.5.2 Pre-Excavation Activities

The location of material contaminated with TCE above 10'6 risk level
must be determined before it can be excavated. It is assumed that a
detailed soil gas survey and GPR survey of the East Gate Disposal Yard
would be performed to locate the areas of contaminated soil presumed to
be in the historical disposal trenches. Additional soil borings would
be required to confirm the results of the soil gas survey. For cost
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calculations it is assumed that two soil borings would be taken in each
of the 24 trenches and that two soil samples from each oring would be
analyzed for volatile organics.

A detailed excavation plan must be developed before the soil removal
can begin. The excavation plan would be used to solicit bids from
remediation contractors to perform the work. The plan would describe
the configuration and quantity of the contaminated materiz , the
methods to be used to excavate the soil, the methods for loading the
haul trucks, and the requirements for personne protection and health
and safety monitoring.

The equivalent of a WDOE Hazardous Waste Generator Permit license
application should be submitted to WDOE to inform them of - e
composition and quantity of waste to be excavated. RCRA Haste
Characterization forms must be submitted to the waste disposal facility
before shipping to that facility can begin.

5.5.3 Excavation and Shipping

It is assumed that the contaminated soil was originally backfilled into
trenches that were dug with a bulldozer. The results of the Remedial
Investigation showed that tI contamination in the trenches probably
extends downward to the groundwater table but not below it. For this
remedial alternative it is assumed 1 it the contaminated soil would be

{ ced . m to tt t deep wi - tab’ 1 ing a combination of
com tional construction equipment (backhoes, do. -s, etc.) and
tt oorarily stockpiled before loading and shipping. A1l <« ration

work would be performed by specialists experienced in hazardous waste
work. The workers would wear protective clothing, and all work would
be overseen by a Certified Industrial Hygienist. As described in
Section 1.5, the assumed soil volume is roughly 7,000 cubic yards.
Assuming a nominal 300 cy/day excavation rate, roughly 25 working days
would be required to remove the 7,000 cy of contaminated soil.
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The stockpiled soil would be loaded into 20-ton soil trucks and hauled
to the disposal facility. The truck beds would be lined with plastic
sheeting to avoid contaminating the trucks. An experienced hazardous
waste shipping firm would supply the trucks and drivers.

After the contaminated soil was removed from the trenches, soil samples
from the trench bottom and sides would be taken to confirm that the

residual TCE concentration is less than 60 mg/kg (1070
The clean trenches would then be backfilled with clean soil that is

risk level).

either obtained from an on-site quarry or imported from an outside
contractor.

5.5.4 RCRA Disposal Facility

As described in Section 1.5, the excavated soil is assumed to contain
halogenated solvents at concentrations exceeding the WDOE limit for
Dangerous Wastes according to WAC 173-303-102. It is therefore a
Dangerous Waste that cannot be disposed of to a conventional sanitary
landfill but must be disposed of to a licensed RCRA disposal facility.
To be licensed that facility must be in compliance with the
requirements of 40 CFR 264 Subpart F, which requires double liners,
leachate monitoring and collection and groundwater monitoring. In
addition, CERCLA wastes must be disposed of in such a manner as to be
in compliance with the (.. Site __l.__A Policy ....iL.. . rective
9330.2-5). The following RCRA disposal facilities could be used for
the Logistics Center soils:

o HWaste Management Incorporated landfill at Arlington, Oregon.
o Envirosafe Incorporated landfill at Mountain Home, Idaho.
o HWaste Management Incorporated Tandfill in southern California.

Other RCRA landfills are available, but they are assumed to be too far
from Fort Lewis to allow cost effective shipping and disposal. Ffor
cost purposes, it is assumed that the soil would be taken to the
Arlington, Oregon facility.
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5.5.5 Public Protection and Worker Safety During Excavation and
Shipping

A specialized hazardous waste disposal firm would be ' itracted to
perform © : excavation and shipping operations. HWorker safety would be
ensured through use of air monitoring and appropriate personal
protective gear such as disposable coveralls, gloves and respirators.
They would be properly trained to minimize their health risks during
the soil excavation. A health and safety specialist would be on-site
during all remediation activities. The soil hauling would be performed
by 1 experienced hazardous waste shipping firm.

Off-site persons would not be exposed to significant TCE vapor
concentrations that would resu from volatil ition from the excavated
soil. The estimated maximum annual average TCE concentration in -
ambient air at the Logistics Center boundary that would result from
soil excavation at the East Gate Disposal Yard is 0.28 ug/m3. This
is well below the acceptable source impact level (ASIL) of 0.8 ug/m
proposed by WDOE in the draft air toxics regulations (WAC 173-460).
Although these draft regulations are not considered an ARAR, they were
used as guidance in developing the alternatives. The estimated TCE
concentrations around the excavation site are shown in Ire 5-2. The
maximum TCE concentration during excavation was estimated using the
following worst-case assumptions:

3

o0 The excavated soil c« ins 101 'kg of TCE. Tl e ¢ :ion:
is 300 cy/day with an assumed density of one ton per cubic yard.
It is assumed that all of the TCE in the excavated soil volatilizes
and is emitted to the :mosphere. This assumption results in a
conservatively high TCE emission rate because in reality not all of
the TCE in the soil is expected to volatilize. Using those worst
case assumptions, the daily TCE emission rate during the 25 day
excavation period is roughly 144 pounds per day.
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TABLE 5-4

ESTIMATED ROUGH ORDER OF MAGNITUDE COSTS (+50%, -30%)

FOR SOIL EXCAVATION AND DISPOSAL

Item Quantity Unit Cost
Soil Gas Survey and ] Lump sum
Soil Borings
Excavation Plan and 1 Lump sum
Contractor Procurement
WDOE Waste Generator 1 Lump sum
Permits
Soil Excavation 7,000 cy $25/cy
Confirmatory Sampling 100 samples $200/sample
Air Monitoring 30 days $1,000/day
During Excavation
Soil Shipping 7,000 tons $40/ton
to Arlington, Ore.

Soil Disposal 7,000 tons $150/ton
at Arlington, Ore.
Trench Backfilling 7,000 cy $5.00/cy

SUBTOTAL

25% Contingency

TOTAL ESTIMATED COST

Subtotal Cost

$100,000

100,000

10,000

175,000
20,000
30,000

280,000

1,050,000

35,000

$1,800,000

450,000

$2.2 00
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facility at Arlington, Oregon. The estimated costs for the
pre-excavation surveys and engineering are based on Ebasco
Environmental's experience gained during the performance of similar
field work.

A1l of the costs associated with 1is project are considered to be one
time capital costs. The excavation, shipping and disposal must be
complete before November 1990, after which disposal of the untre: d
soil into landfills would be prohibited. No additional monitoring or
maintenance of the excavation site would be required after the
excavation is complete so there are no ongoing annual expenses.

5.6 EXCAVATE AND ABOVE-GROUND SOIL AERATION (S5)

This alternative involves the excavation of soil contaminated with TCE
and DCE above the 10_6 risk level and on-site treatment by
above-ground low temperature thermal stripping. The treated soil is
then returned to the excavated on-site trenches. The description of
the alternative and the evaluation are given in the following sections.

5.6.1 Action-Specific ARARs

As described in Section 1.6, implementation of this alternative is
subject to the following regulat™ 1s:

e} =Tl :ion ¢ amil 1« s,
treatment, and reuse as fill constitutes placement according to
RCRA. If placement occurs, concentrations in the Toxicity
Characteristic Leaching Procedure (TCLP) extract from the soils
must be less than the treatment levels specified in Table 1-6.

o Hazardous Wa +—Me¢ fe-+ing--Transportation of any spe : carbon and

liquid hazardous waste (i.e., collected organics in water) must
comply with all applicable hazardous waste manifesting requirements.
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0 Hazardous Waste Generator Permit--The Washington Department of
Ecology (WDOE) is the lead agency for issuing hazardous waste
generator permits under the State regulations (WAC 173-303). For
the Logistics Center's generation of spent carbon and liquid waste,
the Army must submit the equivalent of the one-time generator
permit application.

0 WDOE Air Quality Regulations--All substantive portions of General
Regulations for Air Pllution Sources (WAC 173-400) and the Ambient

Air Quality Standard for Particulate Matter (WAC 173-140) must be
met in order to obtain approvals.

0 OSHA Workplace Limits--Limits for TCE concentrations in the
workplace are implemented by the Occupational Safety and Health
Administration (OSHA). These limits will apply to excavation and
treatment activities for the contaminated soils at the Logistics
Center.

5.6.2 Pre-Excavation Activities

The location of material contaminated with TCE above 10"6 risk level
must be determined before it can be excavated. It is assumed that a
detailed soil gas survey and GPR survey of the East Gate Disposal Yard
would be performed to locate tI areas of contaminated soil presumed to
be in the historical disposal trenches. Additional soil borings would
be required to confirm the results of the soil gas survey. For cost
calculations it is assumed that two soil borings would be taken in each
of the 24 trenches and that two soil samples from each boring would be
analyzed for volatile organics.

Once the location of the contamination has been confirmed, a

pilot-scale study would be performed. The purpose of the pilot-scale
study would be to determine the effectiveness of the above-ground soil
aeration system for the contaminated soils at the site. In addition,
engineering information needed for detailed design would be obtained.
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A detailed excavation plan must be developed before full-scale soil
removal can begin. The excavation plan would be used to solicit bids
from remediation contractors to perform the work. The plan would
describe the configuration and quantity of the contaminated material,
the methods to be used to excavate the soil, the methods for loading
the haul trucks, and the requirements for personnel protection and
health and safety monitoring.

5.6.3 Excavation

It is assumed that the contaminated soil was originally backfilled into
bulldozed trenches. Results of the Remedial Investigation showed that
the contamination in the trenches probably extends downward to the
groundwater table, but not below it. For this remedial alternative, it
is assumed that the contaminated soil would be excavated down to the
10-foot deep water table using a combination of conventional ‘
construction equipment (i.e., backhoes, bulldozers, etc.) ar
temporarily stockpiled prior to treatment. As described in

Section 1.5, the assumed soil volume is roughly 7,000 cubic yards

(cy). Assuming a nominal 300 cy/day excavation rate, roughly 25
working days would be required to remove and temporarily stockpile the
contaminated soil. All work will be performed by trained specialists
meeting applicable Health and Safety requirements.

The stockpiled soil will be screened to ensure that the solid feed to
the soil ¢« -ation t1 (tment system is less t| 1y 1.25 inc! , in ize.
Screened il can then be fed into the treatment system as needed. The
oversize material will be only lightly contaminated. It wi | be
temporarily stockpiled and used 1i r for backfill materfal.

After the contaminated soil is removed from © : trenches, confirmatory
soil samples from the bottom and sides of the trench would be collected
and analyzed to ensure that the residual TCE concentration is less than

the 60 mg/kg (107° risk Tevel).
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5.6.4 Treatment Process

A few vendors offer packaged above-ground soil aeration systems. The
different systems differ slightly in their design. Some systems use
small rotary kilns to agitate the soil during aeration, while others
use rotary auger mixers to do the agitation. Similarly, either an
activated carbon scrubber or an afterburner can be used to remove the
stripped organics from the air stream. For this FS, it was assumed
that an available packaged system that uses a rotary kiln and an
activated carbon scrubber is used for the soil aeration. The assumed
treatment system is described in this section.

Following excavation and solids handling activities, contaminated soil
will be fed into a commercially available mobile thermal desorption
system. The system is shown in Figure 5-3. A detailed process flow
diagram is given in Figure 5-4. This system employs a process in which
solids with organic contamination are heated, thereby driving off the
soil moisture and organic contaminants and producing a dry solid
containing acceptably low amounts of the organic residue.

The soil aeration system can be designed to process contaminated soils
through a pug mill or rotary drum equipped with heat transfer

surfaces. An induced airflow conveys the desorbed volatile organic/air
mixture through a carbon adsorption unit for the collection and
destruction of organics. The airstream is then discharged through a
stack. Process residuals consist of processed soil, spent carbon, and
stack gases (EPA 1988c).

The mobile thermal adsorption system should be able to treat between
100 to 150 tons of contaminated soil per day. The mobile unit will

consist of seven skids of equipment and two treatment trucks. Upon

mobilization and testing, the system should be fully operable within
six weeks. Based on the total volume of contaminated soil to be
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Based on the expected moisture content of the contaminated soil,
approximately 120,000 gallons of condensed water will be collected
during the drying process. This condensed water may also require
treatment i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>