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SECTIONONE Introduction

The U.S. Army Corps of Engineers (USACE), Seattle District, on behalf of Fort Lewis Public
Works, is conducting a remedial investigation (RI) at the East Gate Disposal Yard (EGDY), also
known as Landfill 2, located in the Logistics Center at Fort Lewis, Washington. This Work Plan
defines the objectives of the investigation and provides details of the work to be performed to
meet the project objectives.

1.1 OBJECTIVES

EGDY isthe source area for widespread trichloroethene (TCE) contamination at the Fort Lewis
Logistics Center. Soil and groundwater at the EGDY site are contaminated primarily with
chlorinated and nonchlorinated hydrocarbons. This contamination results from the past disposal
of waste streams that likely consisted of spent degreasing solvents, lubricating oils, and fuel ails.
It exists in the subsurface as free-phase product, dissolved in groundwater, and adsorbed on
solids. The fina engineering evaluation/cost analysis (EE/CA) for EGDY and the Logistics
Center at Fort Lewis (URSGWC 2001b) recommends in situ thermal technologies to remediate
the free-phase product, and optimization of the existing groundwater pump-and-treat system to
remove remaining dissolved-phase contamination. Alternatively, areactive barrier wall could be
used in place of the optimized groundwater pump-and-treat system.

The objective of this Rl isto collect data required for design of in situ thermal treatment
remedies and evaluation of the options for optimization of the existing groundwater pump-and-
treat system or placement of a reactive barrier wall. To support this objective, results of this RI
will be used to better define the type and extent of nonaqueous-phase liquid (NAPL)
contamination and subsurface geologic constraints. Site-specific factors that might impact the
effectiveness/deployment of in situ thermal technologies include vertical and horizontal
distribution of NAPL with varying compositions; physical and chemical characteristics of the
NAPL; depth of NAPL penetration; type, thickness, and heterogeneity of subsurface geologic
material; and the presence of manmade subsurface structures/materials. Data quality objectives
(DQOs) are discussed in Section 6 of this Work Plan.

1.2 SCOPE

A dynamic investigation approach has been developed to allow for an evolution of the
conceptual site model (CSM) (Section 5) as new data are collected. Some initial sampling
locations have been selected; however, the mgjority of the locations will be selected in the field
based on assessment of the evolving CSM. The scope of work for this Rl consists of the
following sampling and analytical toolbox components:

Exploratory trenching to investigate suspected waste disposal areas located outside of EGDY

Site Characterization and Analysis Penetrometer System (SCAPS) cone penetrometer testing
(CPT) to provide geotechnical and stratigraphic information

Geophysical investigations, as an alternative or supplement to the CPT, to define the latera
extents and thicknesses of stratigraphic features

Data collection using laser-induced fluorescence (LI1F), GeoVIS, and the Flexible Liner
Underground Technologies (FLUTe) ribbon sampler in conjunction with the SCAPS CPT to

.
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Introduction SECTIONONE

determine the presence and extent of light nonagqueous-phase liquid (LNAPL) and dense
nonaqueous-phase liquid (DNAPL)

Membrane interface probe (MIP) data collection using the SCAPS direct-push system to

measure concentrations of volatile organic compounds (VOCs) in groundwater using a direct
sampling ion trap mass spectrometer (DSITMS)

SCAPS soil and PowerPunché groundwater sampling to verify and assist with interpretation
of SCAPS LIF and MIP data, delineate dissolved phase contaminant extent, and characterize
contaminant composition

Surface water sampling, with analysis using DSITMS, to enhance understanding of the
contaminant plume interaction with Murray Creek

Soil boring and shallow monitoring well installation and sampling between the water table
and the intermediate aquitard (upper Vashon aguifer) using a sonic drilling technique to
characterize stratigraphy; verify the presence, physical and chemical composition, and
determine the vertical extent of DNAPL and LNAPL; and to collect groundwater elevation
data

Multiport monitoring well installation and sampling using a sonic drilling technique to

characterize stratigraphy, collect groundwater chemical and elevation data, and verify extent
of DNAPL and groundwater contaminants between the intermediate aquitard and Kitsap
aquitard

Piezometer installation using the SCAPS direct-push system to collect groundwater elevation
data in the greater EGDY area

Off-site chemical analysis and physical testing

Field monitoring of air (primarily for health and safety) and groundwater quality parameters

Surveying using Global Positioning System (GPS) with + 10 feet accuracy and other
methods with 0.05-foot accuracy

Details of these work items are provided in the overview of the sampling and analysis program
(Section 6.4).

1.3  WORKPLAN CONTENTS

In accordance with USACE guidance EM 200-1-3 (USACE 2001), this Work Plan is intended to
serve as the “umbrella” document for the site investigation. It addresses each of the topics listed
in EM 200-1-3 and the scope of work for this project. This Work Plan has been organized in the
following sections:

1. Introduction

Project Organization and Responsibilities

Site Background and Setting

Previous and Ongoing Investigations and Remediation Efforts

Conceptual Site Model

Investigation Rationale and Approach

o Uk wbd

o
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SECTIONONE Introduction

7. Presentation, Interpretation, and Review
8. Communications, Data Management, and Reporting
9. References

.
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SECTIONTWO Project Organization and Responsibilities

Key positions and personnel assigned to this project are described in this section. A summary of
personnel contact information is presented in Tables 2-1 and 2-2.

2.1 FORT LEWIS PUBLIC WORKS

2.1.1 Installation Restoration Program Project Manager: Rich Wilson

The Installation Restoration Program (IRP) Project Manager is the Fort Lewis Public Works
authority for this project. All recommendations regarding cost and scope variations will be
reviewed by Mr. Rich Wilson and approved by Mr. Paul Steucke, Program Manager, prior to
implementation. Fort Lewis Public Works is the recipient of al project documents and will
provide comments on draft versions of the documents to the USACE. Changes to documents
and final versions will be approved by Mr. Wilson.

2.1.2 RCRA/Investigation-Derived Waste Disposal Administrator: Jana Nelson

The Resource Conservation and Recovery Act (RCRA) /Investigation-Derived Waste (IDW)
Disposal Administrator is responsible for disposing of IDW generated during RI field activities.
Disposal will be in accordance with the Off-site Disposal Rule.

2.1.3 EPA, USGS, and PNNL

Representatives from the U.S. Environmental Protection Agency (EPA) (Mr. Bob Kievit and Ms.
Marcia Knadle) provide regulatory oversight for EGDY and the Logistics Center. The

U.S. Geological Survey (USGS) and Battelle Pacific Northwest National Laboratory (PNNL)
hold technical advisory roles for Fort Lewis projects.

2.2  USACE SEATTLE DISTRICT

2.2.1 Project Manager: Bill Goss

The USACE Project Manager will maintain specific project management authority throughout
the life of the project, and is responsible for overall management and execution of the project to
include project quality, cost and schedule. Specific tasks include:

Providing the project team with funding for each task
Modifying contracts

Tracking and reporting to Fort Lewis Public Works financial expenditures, obligations and
schedule

Facilitating the resolution of issues arising during the project

Obtaining feedback from the team and customer, and ensuring that feedback, both positive
and negative, is used to improve the project

URS
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Project Organization and Responsibilities SECTIONTWO

2.2.2 Technical Team: Kira Lynch (Senior Chemist), Richard Smith (Senior Geologist), Jeff
Powers (Project Geologist), and Gwyn Puckett (Project Chemist)

The technical team members are the primary liaisons with the USACE Project Manager for this
field program, and are responsible for keeping the USACE Project Manager and the Fort Lewis
IRP Project Manager informed of project schedule, budget, and changes. Ms. Lynch and Mr.
Smith have overall responsibility for achieving the technical objectives of this project.

Ms. Lynch and Mr. Smith, working with other project and technical team members, will be
ultimately responsible for decisions regarding sampling locations and evolution of the dynamic
work planin thefield. They will be supported by Ms. Puckett and Mr. Powers.

They will work closaly with the other task managers, will be immediately notified if problems
occur, and will approve changes to the Sampling and Analysis Plan (SAP), with approval from
EPA, if such changes are warranted. In the event that changes are needed, they will immediately
notify, discuss the proposed changes with, and furnish a description of the changes to the
USACE Project Manager prior to implementing those changes. Changes in the SAP will not be
made without prior approval from the technical team unless conditions require immediate
response in the field or laboratory. Any changes that involve additional funding beyond the
existing scope must be approved by the USACE Project Manager.

The technical team’ s responsibilities also include development of data quality objectives,
selection of analytical methods and |aboratories, approval of quality assurance/quality control
(QA/QC) procedures and review of daily field reports.

Asthe USACE Senior Chemist for this project, Ms. Lynch is responsible for overseeing quality

of all URS and USACE sampling and analysis activities associated with the RI. Ms. Lynch will

oversee all aspects of the sampling and analysis events to ensure that the appropriate procedures
and methods meet project QA/QC objectives. As Project Chemist, Ms. Puckett also will support
the Senior Chemist with project QA/QC and laboratory issues.

Asthe USACE Senior Geologist for this project, Mr. Smith is responsible for planning site
intrusive activities designed to fill geology data gaps and for the design and installation of new
wells at the site. He also has responsibility for management, display, and interpretation of
geologic data and revisions to the geologic and hydrogeologic portions of the CSM. As Project
Geologist, Mr. Powers will support the Senior Geologist with geologic interpretation of data and
revisions to the CSM.

The USACE technical team on-site representative is responsible for on-site performance of the
field activities, including adherence to the SAP, initiating change orders, scheduling, liaison with
the project and technical teams, sample logging and custody, and uploading of data to eRoom.
During field activities, this representative will be responsible for oversight of URS and USACE
TulsaDistrict personnel.
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SECTIONTWO Project Organization and Responsibilities

23 URS

2.3.1 Contract Manager: Dave Haddock

The Contract Manager is responsible for URS' total project performance. While the Contract
Manager will not direct the daily activities of the project, he will coordinate closely with the
URS Project Manager to ensure that the project is completed successfully.

2.3.2 Project Manager: Janette Rau

The URS Project Manager has overall responsibility for implementing URS' project activities
and monitoring the project progress. Ms. Rau is responsible for planning, scheduling, cost
control, and completion of project tasks. She also has overall responsibility for the development
and implementation of this management plan, for monitoring the quality of the technical and
managerial aspects of the project, interfacing with the USACE, and ensuring the timeliness of all
project deliverables.

2.3.3 Quality Assurance/Quality Control Manager and Project Chemist: Kathryn Carpenter

As URS Quality Assurance/Quality Control Manager for this project, Ms. Carpenter is
responsible for the quality of all sampling and analysis activities associated with thisRI. She
will oversee all aspects of the sampling and analysis events to ensure that the appropriate
procedures and methods are used to meet the programs’ QA objectives. Ms. Carpenter also will
be responsible for laboratory oversight and will direct the quality review of analytica data. She
will work closaly with the URS Project Manager, the USACE Technical Leaders, and the
laboratories.

2.3.4 Field Investigation Manager: John Rapp

The URS Field Investigation Manager is responsible for the overall performance of the URS
field operations including adherence to the SAP, scheduling, liaison with USACE Sesttle and
Tulsa District personnel and URS subcontractors, and sample logging and custody. Mr. Rapp
also will function as the Site Safety Officer and will be responsible for the safe operation of the
field teams. He will be responsible for the implementation of the Site Safety and Health Plan,
review its contents with all personnel, confirm that all personnel have received the required
health and safety training, determine personal protection levels, provide necessary personal
protective equipment and supplies, and correct any unsafe work practices.

2.3.5 Health and Safety Officer: Heather Boge

The Health and Safety Officer will prepare the Site Safety and Health Plan for all field activities
being performed for this RI. Ms. Boge works directly with the URS Project Manger and has the
responsibility to monitor and verify that the work is performed in accordance with the Site Safety
and Health Plan. She will advise the Project Manager regarding health and safety issues, but will
function independently.

URS

S:\GAYTER\EGDY\EGDY WORK PLAN FINAL.DOC\10-JUL-01\SEA 2'3



Project Organization and Responsibilities SECTIONTWO

2.3.6 Database Manager: Crystal Neirby

The Database Manager is responsible for ensuring that project data are properly organized and
imported into the EGDY Access database. Ms. Neirby aso is responsible for exporting data to
the EGDY Website in atimely manner.

24  USACE TULSA DISTRICT
Table 2-2 lists the Tulsa District SCAPS team supporting this exploration.

2.4.1 SCAPS Manager: Steve Brewer

The SCAPS Manager is responsible for the overall performance of the SCAPS rig, laboratory,
and all associated direct push probes and tools. Mr. Brewer also will be responsible for
implementation of the SCAPS Site Safety and Health Plan, and adherence to SCAPS standard
operating procedures. He will be supported by the SCAPS team.

25 CONTRACTOR SERVICES
Table 2-3 isalist of all subcontractors and the services they will be providing for this project.

26  COLD REGIONS RESEARCH LABORATORY

Ms. Martha Folley and Mr. Joe Schlagel, Cold Regions Research Laboratory (CRREL), are
responsible for the devel opment and maintenance of a project-specific, web-based mapping tool
used for visualization of sampling point locations and some of the associated data.
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SECTIONTWO

Project Organization and Responsibilities

Table 2-1
CONTACT INFORMATION FOR USACE SEATTLE DISTRICT,

URS, AND OTHER PERSONNEL

NAMEa
AND TITLE ROLE/RESPONSIBILITY ORGANIZATION CONTACT INFO
Rich Wilson Fort Lewis Public Works Authority and Fort Lewis Public | Phone: 253-966-1801
IRP Project POC Works Fax: 253-966-4958
Manager Email: wilsonr@lewis.army.mil
Jana Nelson Regulatory oversight and guidance Fort Lewis Public | Phone: 253-966-1767
RCRA Waste/ regarding RCRA waste and IDW Works Fax: 253-966-4985
IDW Disposal disposal Email: nelsonj2@lewis.army.mil
Administrator
Bob Kievit Regulatory oversight and support EPA Phone: 360-753-9014
Remedial Project Fax: 360-753-8080
Manager Email: kievit.bob@epamail.epa.gov
Marcia Knadle Technical oversight and support EPA Phone: 206-253-1641
Hydrogeologist Fax: 206-253-0119
Email: knadle.marcia@epamail.epa.gov
Rick Dinicola Technical oversight and support USGS Phone: 253-428-3600
Hydrologist Fax: 253-428-3614
Email: dinicola@usgs.gov
Ron Smith Technical oversight and support Battelle PNNL Phone: 509-376-5831
Soil Chemist Fax: 509-372-1704
Email: rmsmith@pnl.gov
Bill Goss POC for Seattle District USACE Seattle | Phone: 206-764-3267
Project Manager Responsible for decisions regarding District Fax: 206-764-3706
budget and scope changes Email: william.a.goss@usace.army.mil
Kira Lynch Responsible for decisions regarding USACE Seattle | Phone: 206-764-6918
Technical Team sampling locations and evolution of District Fax: 206-764-3706
Member, Senior dynamic work plan in the field Email: kira.p.lynch@usace.army.mil
Chemist Chemistry POC
Richard Smith Responsible for decisions regarding USACE Seattle | Phone: 206-764-3309
Technical Team sampling locations and evolution of District Fax: 206-764-3706
Member, Senior dynamic work plan in the field Email: richard.e.smith@nws02.usace.
Geologist Geology POC army.mil
Jeff Powers Supports Senior Geologist USACE Seattle | Phone: 206-764-6586
Technical Team District Fax: 206-764-3706
Member, Email: jefferey.g.powers@nws02.usace.
Project Geologist army.mil
Gwyn Puckett Supports Senior Chemist USACE Seattle | Phone: 206-764-6184
Project Chemist District Fax: 206-764-3706
Email: gwyn.l.puckett@usace.army.mil
David Haddock Responsible for overall performance URS Phone: 206-438-2137
Program Manager | and quality of URS’ work on this project Fax: 206-438-2699
Email:_david_haddock@urscorp.com
Janette Rau POC for URS URS Phone: 206-438-2283
Project Manager Present during part of field activities Fax: 206-438-2699
Email: janette_rau@urscorp.com
Kathryn Monitors quality of sampling and URS Phone: 206-438-2053
Carpenter analysis Fax: 206-438-2699
QA/QC Manager Present during part of field activities Email: kathryn_carpenter@urscorp.com

Project Chemist

Oversight of laboratories

RS
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SECTIONTWO

Table 2-1 (Continued)
CONTACT INFORMATION FOR USACE SEATTLE DISTRICT,

URS, AND OTHER PERSONNEL

NAMEa
AND TITLE ROLE/RESPONSIBILITY ORGANIZATION CONTACT INFO
John Rapp Site POC for URS when Project URS Phone: 206-438-2281
Field Investigation | Manager not present Fax: 206-438-2699
Manager Implements field events and adheres to Cell: 360-620-5090
Site Safety Officer | Sampling and Analysis Plan Email: john_rapp@urscorp.com
Monitors site health and safety
Crystal Neirby Coordinates data and ensures input of it URS Phone: 206-438-2248
Database into project database and eRoom Fax: 206-438-2699
Manager Present during part of field activities Email: crystal neirby@urscorp.com
Martha Folley Development and maintenance of data CRREL Phone: 603-646-4871
Physical Scientist | visualization software tool Fax: 603-646-4570
and Application Email: Martha.J.Folley@erdc.usace.
Programmer army.mil
Joel Schlagel Development and maintenance of data CRREL Phone: 603-646-4387

Physical Scientist
and Systems
Developer

visualization software tool

Fax: 603-646-4570
Email: Joel.D.Schlagel@erdc.usace.
army.mil

Notes:

aOther EGDY Phase Il RI team members may visit site periodically; however, they do not have a primary role in field sampling activities.
CRREL - Cold Regions Research Laboratory

POC - point of contact

See Table 2-2 for USACE Tulsa District personnel contact information.
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Project Organization and Responsibilities

Table 2-2
CONTACT INFORMATION FOR USACE TULSA DISTRICT SCAPSTEAM
Name Primary Role/Responsibility Alternate Role/Responsibility USACE District Primary Office Number Mobile
Location
Steve Brewer |SCAPS Manager; Provides supervision and technical oversight for the |Site Safety Health Officer CESWT-EC (Tulsa) Field 918-832-4122 918-605-9342
project, coordinates preparation and maintenance of SCAPS Environmental Sampler
equipment, prepares cost estimates, reviews work plans, manages
investigative derived waste.
(email: billy.s.brewer@usace.army.mil)
Karl Konecny |SCAPS Operator/Driller, operates and maintains SCAPS vehicle and ERDC-EL (WES) Field 601-634-3972 918-605-9343
other site equipment.
(email: karl.f.konecny@wes02.usace.army.mil)
Chuck Joyce |SCAPS Assistant Operator, supports SCAPS operator, threads Environmental Sampler CESWT-EC (Tulsa) Field 918-832-4122
pipe/rods, mixes grout, cleans equipment and parts, containerizes
waste.
(email: chcuk.g.joyce@swt03.usace.army.mil)
Dave Jones SCAPS Assistant Operator, supports SCAPS operator, threads Environmental Sampler CESWT-EC (Tulsa) Field 918-669-7168
pipe/rods, mixes grout, cleans equipment and parts, containerizes
waste.
(email: david.p.jones@swt03.usace.army.mil)
Greg Snider | SCAPS Assistant Operator, supports SCAPS operator, threads Site Safety Health Officer CESWT-EC (Tulsa) Field 918-832-4122 918-605-9341
pipe/rods, mixes grout, cleans equipment and parts, containerizes Environmental Sampler
waste.
(email: greg.snider@swt03usace.army.mil)
Dan Eng SCAPS Technical Support; support repair and purchasing of SCAPS |SCAPS Assistant Operator ERDC-ITL (WES) Office 601-634-3409
related equipment and instrumentation.
(email: dan.y.eng@wes02.usace.army.mil)
Jeff Powell SCAPS Technical Support; support repair and purchasing of SCAPS |SCAPS Assistant Operator ERDC-ITL (WES) Office 601-634-3407
related equipment and instrumentation.
(email: jeff.f.powell@wes02.usace.army.mil)
Frank Roepke |Analytical Chemist; prepares, maintains and operates field analytical |SCAPS Assistant Operator CESWT-EC (Tulsa) Field 918-669-7444
instrumentation. Environmental Sampler
(email: frank.roepke@swt03.usace.army.mil)
Eddie Mattioda | Analytical Chemist; prepares, maintains and operates field analytical |SCAPS Assistant Operator CESWT-EC (Tulsa) Field 918-669-7445 918-605-9346
instrumentation, develops draft and final reports. Environmental Sampler
(email: edward.mattioda@swt03usace.army.mil)
Chris Kennedy |Analytical Chemist; prepares, maintains and operates field analytical |SCAPS Assistant Operator CESWT-EC (Tulsa) Field 918-669-7072 918-645-1213
instrumentation, prepares cost estimates, develops SOPs, reviews Environmental Sampler
work plans, develops draft and final reports.
(email: christopher.kennedy@swt03usace.army.mil)
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Table 2-2
CONTACT INFORMATION FOR USACE TULSA DISTRICT SCAPSTEAM
(cont.)
Name Primary Role/Responsibility Alternate Role/Responsibility USACE District Primary Office Number Mobile
Location
Cliff Murray GMS Coordinator; Reviews work plans, prepares GMS software and |SCAPS Manager Environmental CESWT-EC (Tulsa) Field 918-669-7573 918-605-5789
equipment, updates daily GMS data files, develops draft and final Sampler
reports.
(email: cliff. murray@swt03usace.army.mil)
Jed Constanza [GMS Data Management Support; provides support and training SCAPS Assistant Operator NFESC (Navy) Office 615-699-7573
regarding GMS, reviews data and provides input for draft and final
reports.
(email: jed64@bellsouth.net)
SCAPS Truck 918-688-5243
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Project Organization and Responsibilities

Table 2-3
CONTRACTOR SERVICES
CONTRACTOR SERVICE ADDRESS AND CONTACT
URS Oversight of sonic, site prep, geophysics, sampling, 1501 Fourth Avenue, Suite 1400
and surveying Seattle, WA 98101-1616
Contact: Janette Rau
Phone: 206-438-2700
Fax: 206-438-2699
USACE Tulsa District SCAPS, CPT, GeoVIS, LIF, MIP, DSITMS, FLUTe, | 1645 South 101 East Ave.

and piezometer installation

Tulsa, OK 74128
Contact: Steve Brewer
Phone: 918-832-4122
Cell: 918-669-9342

Drilling Contractor

Sonic drilling boring and monitoring well installation

To be determined

Sound Analytical Services, Inc.

Soil, groundwater, and NAPL analyses

Sound Analytical Services
5755 8th Street East

Fife, WA 98424

Contact. Dawn Werner
Phone: 253-922-2310
Fax: 253-922-5047

PTS Laboratories, Inc.

Soil and NAPL physical testing

8100 Secura Way

Santa Fe Springs, CA 90670
Contact: Richard Young
Phone: 562-907-3607

Fax: 562-907-3610

Environmental Resource
Associates

Performance evaluation samples

5540 Marshall Street
Arvada, CO 80002
Contact: Anne Rager
Phone: 800-372-0122
Fax: 303-431-0159

Don Leonard and Sons

Site clearing

1335 192nd Street East
Spanaway, WA 98387
Contact: Randy Wellen
Phone: 253-847-7193
Fax: 253-847-7481

Thornton Land Surveying, Inc.

Surveying

PO Box 249

Gig Harbor, WA 98335
Contact: Joe

Phone: 253-858-8106
Fax: 253-858-7466

Table 2-4
SITE ADDRESS

U.S. Army Corps of Engineers

East Gate Disposal Yard

Intersection of Rainier Drive and Lincoln Road
Fort Lewis, WA 98433

Phone: 253-966-5687

Fax: 253-966-5688
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SECTIONTHREE Site Background and Setting

This section describes the site location, topography, and layout (Section 3.1); the genera site
history (Section 3.2); regulatory history (Section 3.3); geology (Section 3.4); and hydrogeol ogy
(Section 3.4). The primary sources of information for this section are the remedia investigation
report (Envirosphere 1988), the site history and conceptual site model (Woodward-Clyde 1997a),
the expanded site investigation (ESI) report (URSGWC 1999), and the engineering
evauation/cost analysis (EE/CA) report (URSGWC 2001b).

3.1 SITE LOCATION, TOPOGRAPHY, AND LAYOUT

The Logistics Center is located in Pierce County, Washington, about 11 miles south of Tacoma
and about 17 miles northeast of Olympia (Figure 3-1, Inset A). The Logistics Center occupies
about 650 acres of the Fort Lewis Military Reservation, located at Township 19 North, Range 2
East, 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 Gardens Tract.

EGDY (aso known as Landfill No. 2) is located southeast of the Logistics Center in an
otherwise undevel oped portion of Fort Lewis (Figure3-1, Inset B). The EGDY site consists of a
previoudly fenced area of approximately 13.5 acres. Waste was disposed of outside of the fenced
area. Therefore, the study area for the ESI (URSGWC 1999) included the fenced area and
property outside of the fence for atotal area of 35 acres (Figure 3-2). Other areas in the vicinity
of the Logistics Center are also shown on Figure 3-2, including the Defense Reutilization
Marketing Office (DRMO), Well LC-6 and Pit Area, Former Low-Humidity Storage Buildings,
and the North Uses Area (includes Landfill No. 6).

The Logistics Center and EGDY are situated on an extensive upland glacial drift plain that
occupies much of central Pierce County. The elevation of the area ranges from approximately
235 feet above mean sea level (msl) at American Lake to 290 feet at EGDY/, with some dlightly
higher hills adjacent to the border of the Logistics Center. The drift plain is crossed by the
Puyallup River to the north and east, and by the Nisqually River to the south, which are mgor
drainages for the area. The area has a poorly developed drainage system due to the high
infiltration capacity of the soil and level topography. Murray Creek, which flows into American
Lake, isthe only perennial stream draining from the site vicinity (Envirosphere 1988).

The greater EGDY area is vegetated primarily with Douglas fir, black cottonwood, red alder and
wild cherry trees, Scotch-broom and other hardwood shrubs, and grasses. However, most trees
have been cleared from the EGDY area where trenches are present. The roadsin EGDY are
unpaved; however, most roads and parking areas in other areas of the Logistics Center are paved.

3.2 GENERAL SITE HISTORY

Initial development of the Logistics Center site began with construction of the Quartermaster
Motor Base in 1941 (Envirosphere 1988). Thisfacility was activated in April 1942. The facility
was transferred to ordnance jurisdiction in August 1942 and renamed the Mount Rainier
Ordnance Depot (MROD). It operated as the MROD, furnishing ordnance supplies,
maintenance, and rebuilding services for Fort Lewis, until 1963. 1n 1963, the facility was turned
over to the Logistics Center to serve as the primary non-aircraft maintenance facility for the post.
Table 3-1 summarizes the history of operations at EGDY. Table 3-2 summarizes site features

.
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within and immediately adjacent to EGDY observed during a review of historical aerial
photographs conducted during the ESI (Section 4).

TCE was used as a degreasing agent at this facility until the mid-1970s when its use was
replaced with 1,1,1-trichloroethane. Waste TCE was disposed of with waste oils at severa
locations. EGDY was used between 1946 and 1960 as a disposal site for waste generated at the
MROD (Shannon & Wilson 19864). Trenches were excavated in the yard and on adjacent land
south and west of the yard (Figure 3-3). The trenches reportedly received TCE and petroleum,
oils, and lubricants (POL) from cleaning and degreasing operations. This material was
transported to EGDY in barrels and vats from the various use areas. About six to eight barrels of
waste TCE and POL may have been disposed of per month (Shannon & Wilson 1986a). At
times this material was used to assist in burning other waste products. Table 3-4 summarizes
waste types known or suspected to have been disposed of in EGDY. These trenches were
subsequently covered and are not now visible. The locations and duration of use of these
trenches are also discussed in the CSM (Section5).

Subsequent to the ESI, the USACE conducted an aeria photograph interpretation to aid in
locating potential additional historic source areas distant from EGDY (USACE 2001). A
collection of aeria photographs from 1951, 1955, 1960, 1964, 1965, 1971, 1978, and 1981 was
reviewed. The potentia source areas are shown on Figure 3-4 and the site features are
summarized in Table 3-3. Potential source areas were identified to the north and east of Madigan
Army Medical Center and south of the DRMO Y ard in undeveloped areas, and within the
DRMO Yard. These features include one pit/solid waste disposal area (Pit 1/SW 1), two cleared
areas (CA 1 and CA 2), one disturbed area (DA 1), one ditch (Ditch 1), and two trenches
(Trench 12 through Trench 14). These areas currently are being evaluated by the USACE to
determine which of these features match potential former TCE disposa practices. Based on the
results of a site reconnai ssance conducted by the USACE, only those areas with areasonable
probability of being TCE source areas will be investigated further under this RI.

3.3 REGULATORY HISTORY

The Fort Lewis Logistics Center was assigned a Comprehensive Environmental Response,
Compensation, and Liability Information System (CERCLIS) No. WA72100900670, and was
placed on the National Priorities List (NPL) in December 1989 under the Comprehensive
Environmental Response, Liability and Compensation Act (CERCLA) of 1980, as amended by
the Superfund Amendments and Reauthorization Act (SARA) of 1986. The lead agency for the
Logistics Center investigations and cleanup isthe U.S. Army. An installation-wide Federal
Facilities Interagency Agreement between the U.S. Army, U.S. Environmental Protection
Agency (EPA), and Washington State Department of Ecology (Ecology) became effective in
January 29, 1990. Under the U.S. Army lead, the RI actions are being conducted under the
Installation Restoration Program (IRP). The following paragraphs provide an overview of the
investigations and actions taken at the site.

In 1983, EPA and the Tacoma-Pierce County Health Department initiated studies to investigate
potential contamination in the American Lake Gardens Tract area to the north of the Logistics
Center. This study confirmed the presence of TCE and cis-1,2-dichloroethene (DCE) in several
domestic water supply wells in the American Lake Gardens Tract area, possibility originating
from McChord Air Force Base. Potential contamination beneath the L ogistics Center was also

URS
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discovered and indicated as a potential source of contamination to the American Lake Gardens
Tract area. This prompted an investigation in 1984 into the extent of groundwater contamination
in the Logistics Center, where groundwater with a plume of TCE (and lesser concentrations of
DCE) was shown to be moving along the centerline of the Logistics Center. A groundwater
study of the Tillicum area (a small town immediately downgradient of the Logistics Center) was
prompted by the EPA in 1985 to investigate the potential impact to public water supply wells.
This study indicated widespread, low-concentration, TCE groundwater contamination in the
upper, unconfined aquifer beneath Tillicum, originating from the Logistics Center.
Contamination was aso detected in the lower aquifer. A subsequent groundwater study was
initiated in 1985 to identify the extent of groundwater contamination beneath the Logistics
Center and potential sources of contamination. The groundwater plume was found to be at |east
10,000 feet in length, 2,500 feet in width, and 80 feet below the water table, primarily originating
from EGDY at the southeast end of the Logistics Center.

A remedia investigation/feasibility study (RI/FS) under CERCLA was initiated in 1986 and
completed in 1990. A Record of Decision (ROD) signed on September 25, 1990, prescribed two
long-term groundwater pump-and-treat systems for the upper unconfined aquifer (U.S. Army,
USEPA, and WDOE 1990). In addition, the ROD required further investigation of the lower
aquifer and potential sources of soil contamination. The ROD specified that if the lower aguifer
was found to be contaminated, the contaminated groundwater from the lower aguifer would be
pumped and treated in the on-site treatment facilities. Operation of the groundwater pump-and-
treat systems—one near EGDY, the source area, and one near Interstate Highway 5 (I-5), the
leading edge of the plume—started in 1995. The systems consist of groundwater extraction
wells, air stripping towers for treatment of contaminants (primarily TCE), and recharge wells or
infiltration trenches for groundwater discharge. These systems operate primarily to maintain
hydraulic control of the groundwater contaminant plume for protection of downgradient drinking
water sources beyond the Fort Lewis boundary.

Further investigation of the lower agquifer conducted from 1991 through 1994 found that the
hydrogeology beneath the Logistics Center is complex and may allow contamination from the
upper agquifer to migrate through permeable soil to the lower aquifer. Therefore, treatment of the
lower agquifer through the existing pump-and-treat systems may pull additional contaminated
groundwater down from the upper aquifer. Based on these findings, an Explanation of
Significant Difference (ESD) from the ROD was signed in 1998 (U.S. Army, USEPA, and
WDOE 1998). The changes are described below.

The 1998 ESD specified:

...using innovative technologies to accelerate treatment and/or control of the source area and
the contaminant plume in the unconfined aquifer in addition to utilizing groundwater
extraction and treatment in on-site treatment facilities. The extraction and treatment systems
may be shut down at some time in the future if no longer required.

where the 1990 ROD had specified:
...using groundwater extraction and treatment in on-site treatment facilities.

.
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The 1998 ESD specified:

...accelerating the cleanup of the unconfined aquifer through source control at the EGDY
and the use of innovative technologies in the unconfined aquifer, and conduct[ing] additional
studies on the transport of contaminants to and through the lower aquifer.

where the 1990 the ROD had specified:

...extending the groundwater extraction and trestment in on-site trestment facilities to the
lower aguifer at this time.

A working group for the Fort Lewis IRP, made up of Fort Lewis Public Works, EPA, Ecology,
PNNL, and the USGS, was established in November 1997. The USACE was included in the
group in 2000. This group meets periodically to discuss future progress and future directions of
the cleanup effort at Fort Lewis. Asaresult of the USACE’s recommendation, and in
concurrence with the regulators, drum removal at EGDY was initiated in December 2000 under
an Emergency Response Time-Critical Removal Action dated July 24, 2000. The group’s focus
on the remediation then shifted toward its present emphasis on source removal.

These enhancements are being implemented in the overall strategy for remediating the site and
have become part of the Administrative Record pursuant to Section 300.825(a)(2) of the National
Oil and Hazardous Substance Pollution Contingency Plan (NCP).

34  SITE GEOLOGY

The geology of the Fort Lewis Logistics Center and EGDY area reflects many of the processes
and events that affected the Puget Sound Lowland. The series of Pleistocene glaciations and
interglacial periods have left a distinct depositional record and include the following geological
units in the order of sequence from most recent to latest:

Vashon Glacial Drift deposits

Undifferentiated glacial and nonglacial deposits

Kitsap Nonglacial deposits

Salmon Springs Glacia Drift and Puyallup Nonglacial deposits

These units are highly variable and may be discontinuous at the site. A description of the
geology specific to the siteis provided in Section 5.1 of this plan and a general overview is
provided below.

The Vashon Drift represents those units deposited during the Vashon Stage of the Fraser
Glaciation and contains distinct units. In descending order, these units are Steilacoom Gravel,
Vashon Recessiona Outwash, Vashon Till, and Vashon Advance Outwash gravel and sand.
Two undifferentiated units underlying the Vashon Glacia Drift deposits include undifferentiated
glacia till and nonglacial deposits. The Kitsap formation underlies the Vashon Drift. The
Salmon Springs Drift represents those units deposited during the Salmon Springs Glaciation. In
descending order, the Salmon Springs units are the Recessional Outwash, Till, and Advance
Outwash. Underlying the Salmon Springs Drift deposits are nonglacial deposits of the Puyallup
formation. These nonglacial deposits are characterized as alluvial deposits of interbedded silt
and coarse-grained sediment with mudflow deposits and ash (Ebasco 1994).

i o l E
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35 HYDROGEOLOGY

The Vashon Drift aquifer (upper aquifer) is present in several water-bearing units. The Kitsap
formation underlying the Vashon Drift serves as the principal aquitard separating the upper
aquifer from the Salmon Springs Drift aquifer (lower aguifer).

The upper aquifer is present predominantly in the permeable Steilacoom Gravel (Qvs), Vashon
Recessional Outwash (Qvr), Vashon Glacial Outwash Gravel (Qv[Gg]), and Vashon Glacia
Outwash Sand (Qv[Gsg]). It isalso present in the less permeable Vashon Till (Qvt),
undifferentiated silt and till layers (tu), and undifferentiated nonglacial deposits (ng). The lower
aquifer is present in the Salmon Springs Drift (Qssr, Qsst, and Qssa). Most of the lower aquifer
wells are screened in the Salmon Springs Recessional Outwash (Qssr).

The upper aquifer groundwater elevation ranges from approximately 270 feet above msl beneath
EGDY to 250 feet above md in the western portion of the Logistics Center. The depth to
groundwater is typically approximately 10 to 30 feet below ground surface (bgs). Beneath the
Logistics Center and EGDY,, the upper aquifer groundwater flow direction is predominantly
toward the northwest.

The lower aquifer groundwater elevation ranges from approximately 267 feet above msl beneath
the EGDY to approximately 173 feet above mdl in the western portion of the Logistics Center.
The depth to groundwater ranges from 5 to 97 feet bgs. The lower aquifer groundwater flow
direction is predominantly toward the west-northwest.
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Table3-1
“TIMELINE” HISTORY OF THE FACILITY OPERATIONSAND INVESTIGATIONS
AT EGDY
DATE ACTIVITY SOURCE

1942-1963 Operation of the Quartermaster Motor Base began in 1942; later that year,
the site was transferred to ordnance jurisdiction and renamed the Mount
Rainier Ordnance Depot (MROD).

MROD furnished ordnance supplies, maintenance, and rebuilding services
for Ft. Lewis until 1963.

Envirosphere 1988

1963 MROD turned over to Logistics Center to serve as the primary non-aircraft
maintenance facility in 1963.

TCE was used as degreasing agent at this facility until the mid-1970s when
its use was replaced with 1,1,1-trichlorethane.

Waste TCE was disposed of with waste oils at several locations.

Envirosphere 1988

1946-1971 EGDY was used in this approximate time period as a disposal site for waste
generated at the MROD/Logistics Center.

Two large disposal pits (western and eastern) were used primarily for solid
waste and trenches may have been used for disposal of liquid wastes. After
1957, major use of the disposal pits ended and trenches were used for both
liquid and solid waste.

Woodward-Clyde 1997a

1985 Army identified traces of TCE in several monitoring wells installed in the
unconfined aquifer beneath the Logistics Center.

Woodward-Clyde 1997a

1986 Limited site investigation was performed under the DoD Installation
Restoration Program.

Woodward-Clyde 1997a

1987 Remedial investigation in accordance with CERCLA began.

Woodward-Clyde 1997a

1990 CERCLA Record of Decision specified that a pump-and-treat system be
installed to prevent further migration of plume.

Woodward-Clyde 1997a

1995 Pump-and-treat system began operation. Woodward-Clyde 1997a
1995-2000 Expanded Site Investigation conducted to determine if NAPL is present in URSGWC 1999

EGDY as a source to the TCE plume.
2000-2001 EGDY drum removal conducted. USACE 2001

Notes:

EGDY - East Gate Disposal Yard

DoD - Department of Defense

CERCLA - Comprehensive Environmental Response Compensation and Liability Act
MROD - Mount Rainier Ordnance Depot

TCE - trichloroethene
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Table 3-2

TRENCH CHARACTERISTICS AND
FEATURESWITHIN AND IMMEDIATELY ADJACENT TO EGDY
OBSERVED FROM AERIAL PHOTOGRAPHS

TRENCH LOCATION YEARS DIMENSIONS AND CHARACTERISTIC

NUMBER? VISIBLE BEARING FEATURES

Trench 1 W corner of EGDY, W 1951 to L-shaped trench: 140 ft | 1951 photo shows this trench as a stained run-off
of western disposal pre-1960 | east-west leg and 65 ft | channel. In 1955, photo area has been modified
area north-south leg by 20-ft | into an L-shaped trench that likely penetrates the

wide groundwater table. Trench appeared to be filled
with solid waste by 1957. Trench was covered by
1960.

Trench 2 Trench exits in SW 1955 to 320 ft x 20 ft bearing This trench appears to have been constructed to
corner of eastern present NE to SW provide drainage for the eastern disposal pit.
disposal pit Western end of trench appears to be connected

with Trench 3 in 1955 photo. West end of trench
is filled in 1970 photo. Portions of this trench
were observed during September 1997 site
reconnaissance.

Trench 3 W portion of EGDY, S 1955 to 320 ft x 15 ft bearing Trench appears to be connected with Trench 2.
of western disposal pit pre-1957 | NW to SE Trench filled with solid waste material by 1957.

Trench 4 SW end of EGDY, 1957 to 450 ft x 12 ft bearing Trench exhibited stains in central portion in 1958
partially extending pre-1960 | NW to SE photo. Trench covered in 1960 photo.
outside SW fenced
boundary

Trench 5 W-central portion of 1960 to 300 ft x 10 ft bearing Trench appeared to penetrate groundwater table
EGDY 1961 NW to SE in 1960 photo.

Trench 6 SE corner of EGDY 1960 to 50 ft x 20 ft bearing NW | This is the rectangular feature of unknown use.

(enclosed pre-1978 | to SE Area is associated with extensive staining in

rectangular 1960, 1964, 1970, and 1971 photos. Area is

pit) devoid of vegetation in 1997,

Trench 7 W portion of EGDY 1961 to 250 ft x 12 ft bearing Trench appeared to be partially full of solid waste

1964 NW to SE in 1961. A plume of smoke indicates burning took
place in 1961 photo. Trench full of solid wastes
by 1964.
Trench 8 W portion of EGDY, S 1964 to 225 ft x 10 ft bearing W | Trench appeared to be partially full of solid wastes
side of W disposal area | pre-1965 | toE in 1964. Trench covered by 1965.
Trench NE corner of EGDY 1965 to 3 trenches each 200 ft x | Trench filled with gray and white debris in 1965
Area 9 1971 25 ft bearing ENE to photo. Grading scars indicate two other trenches
WSW in an area of may have been covered in this area.
~13,200 f&2

Trench SE end of EGDY pre-1955 | 3 trenches each 180 ft | Visible scars in 1951 photo.

Area 10 to 1961 | long bearing NE to SW

and 1 trench 90 feet
long bearing NNE to
SSWiin an area of
~25,000 f&2
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Site Background and Setting SECTIONTHREE

Table 3-2 (Continued)
TRENCH CHARACTERISTICS AND
FEATURESWITHIN AND IMMEDIATELY ADJACENT TO EGDY
OBSERVED FROM AERIAL PHOTOGRAPHS

TRENCH LOCATION YEARS DIMENSIONS AND CHARACTERISTIC
NUMBER? VISIBLE BEARING FEATURES
Trench Far west end of EGDY pre-1951 | 13 major trenches each | Visible scars in 1951 photo.
Area 11 to 1955 | 140 to 230 ft long and 2

minor trenches 40 ft
long predominantly
bearing W to E in an
area ~132,000 f

Notes:

aSee Figure 3-3

EGDY - East Gate Disposal Yard
ft — feet

f2 — square feet
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Table 3-3

ADDITIONAL POTENTIAL SOURCES, CHARACTERISTICS, AND
FEATURESDISTANT FROM EGDY OBSERVED FROM AERIAL PHOTOGRAPHS

Avenue and Garfield Street, E of RR, W of N end
of Lynn Lake

AERIAL
PHOTOGRAPH DIMENSIONS
FEATURE DATES LOCATION? AND BEARING
Pit1, SW1 | 1951, 1955 Approx. 150 ft NE of the intersection of McKinley General circular shape
Avenue and Garfield Street, E of RR, NW of Lynn
Lake
CA1l 1955, 1964, 1965 Approx. 300 ft SE of the intersection of McKinley General polygon, approximately

77,200 sf

E of Madigan Hospital in an undeveloped area

CA2 1964, 1965 S of the S end of Lynn Lake General polygon, approximately
25,700 sf

DA1 1951, 1955 Approx. 1,000 ft E of Coolidge Avenue (Madigan General polygon, approximately
Family Housing area) and 1,200 ft due S of the S | 55,800 sf
corner of the DRMO Yard fence

Trench 12 | 1951 Approx. 1,300 ft SSE of the S corner of the Approximately 100 feet in length
DRMO Yard fence and 1,700 feet SW of the SW | bearing Nto S
corner of the EGDY fence in an undeveloped area
off of a trail system in an undeveloped area

Trench 13 1951 Approx. 1,300 ft SSE of the S corner of the Approximately 5,700 sf, bearing N
DRMO Yard fence and 1,500 feet SW of the SW | to S
corner of the EGDY fence in an undeveloped area
off of a trail system in an undeveloped area

Trench 14 | 1964, 1971 Approx. 1,000 ft W of the S corner of the DRMO L-shaped trench: 50 ft NW to SE
Yard fence and 3,200 feet W of the SW corner of | leg and 45 ft SW to NE leg
the EGDY fence in an undeveloped area off of a
trail system in an undeveloped area

Trench 15 | 1964, 1971 On the W side in the N end of Tank Trail located 330 feet in length bearing SW to

NE with 42-inch culvert ~15 feet
below grade that discharges into
depression near Murray Creek

aSee Figure 3-4
Notes:

CA - cleared area
DA - disturbed area
DRMO - Defense Reutilization Marketing Office

SW - solid waste disposal area

sf — square feet
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Table 3-4
SUMMARY OF WASTE TYPES AND POTENTIAL CONTAMINANTS
IN EGDY
WASTE TYPE POTENTIAL CONTAMINANTS
Waste degreasing agent TCE, cis-1,2-DCE, 1,1,1-trichloroethane, PCE

Waste oil

Total petroleum hydrocarbons, PCBs

Waste burning trenches

Dioxins/furans

Miscellaneous solid waste

Unknown

Sandblasting waste

Arsenic, chromium, cadmium, lead, copper, antimony

Compressed gas cylinders

Methyl bromide, acetylene

Notes:

TCE - trichloroethene

cis-1,2-DCE - cis-1,2-dichloroethene
PCE - tetrachloroethene

PCBs - polychlorinated biphenyls
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Previous and Ongoing Investigations

SECTIONFOUR and Remediation Efforts

Previous and ongoing investigations and activities conducted at the Logistics Center and in its
vicinity are summarized in Table 4-1. The table identifies 13 investigations or activities dating
back to 1983, including 5 before the Record of Decision (ROD) was drafted in 1990, and 9
efforts after completion of the ROD. Sampling locations (including soil gas, soil, and
groundwater) for the investigations conducted are shown on Figure 4-1 and on Figure 4-2 for the
Logistics Center and EGDY,, respectively. The following discussion is a brief description of
contaminated mediaat EGDY that may provide a continuing source of TCE contamination to the
groundwater and potential data gaps. A more detailed review of the nature and extent of
contamination can be found in the EE/CA (URSGWC 2001b).

41 NATURE AND EXTENT OF CONTAMINATION

This section provides a brief overview of the nature and extent of contamination that originated
at EGDY and has migrated off site. EGDY is designated as the “source area” in the discussion
that follows because the previous Rl showed that it represents the most significant source of TCE
contamination of the aquifer. The Logistics Center area that extends from the west boundary of
EGDY toward Interstate 5 is designated as the “downgradient area.” The discussion that follows
is organized by medium, including soil gas, soil, and groundwater; it is further divided into
source and downgradient areas. The groundwater section is also separated into discussions for
the upper and lower aquifers. In addition, NAPL and drums/debris present in the source area are
discussed.

4.1.1 Soil Gas
4.1.1.1 Source Area

Soil gas sampling locations are shown on Figure 4-1. Soil gas samples (Figure 4-2, designated
A-1 through H-4) were collected during the RI in 1987 to a depth of 2 feet bgs at approximately
36 locations throughout EGDY (Envirosphere 1988). Soil gas samples were analyzed for TCE,
DCE, tetrachloroethene (PCE), 1,1,1-trichloroethane (1,1,1-TCA), benzene, and toluene. TCE
and 1,1,1-TCA were the primary chemicals observed, athough DCE and PCE were detected in
two or fewer samples. Soil gas screening was collected from a depth of 5 feet bgs at 45 locations
(Figure 4-2, designated SG-1 though SG-45) at EGDY during the ESI in 1998 (URSGWC 1999).
TCE and DCE were detected in over 50 percent of the sampling locations at EGDY .

4.1.1.2 Downgradient Area

Soil gas samples were collected during the RI in 1987 to a depth of 2 feet bgs at the DRMO
Yard, Well LC-6 and Pit Area, the North Uses Area (includes Landfill No. 6), Camp Murray,
and the Madigan Area (areas shown on Figure 3-2). Soil gas samples were analyzed for TCE,
DCE, PCE, 1,1,1-TCA, benzene, and toluene. The primary chemical detected in the DRMO
Yard was 1,1,1-TCA, while TCE was detected at a higher frequency in the Well LC-6 and Pit
Area and the North Uses Area. TCE and DCE were not detected above the method reporting
limit in samples collected from the Camp Murray and Madigan Areas.

.
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4.1.2 Soil
4.1.2.1 Source Area

Soil sampling locations for the source area are shown on Figure 4-2. A summary of the results
for the surface and subsurface soil sampling are provided below.

Surface Soil. During atest pit excavation in 1993 (Figure 4-2), four surface soil samples were
collected at approximately 0.5 feet below ground surface (bgs) and were analyzed for total
organic carbon (TOC). TOC ranged from approximately 48,000 to 77,000 milligrams per
kilogram (mg/kg). A surface sample was aso collected from one sample location for the ESI in
1998 and was analyzed for VOCs, semivolatile organic compounds (SVOCs), organochlorinated
pesticides, and PCBs. Only TCE and SVOCs were detected in the sample.

Subsurface Soil. Subsurface soil sampling in the source area was conducted in 1987 and 1988
during the RI, during the limited field investigation (LFI) in 1993, and during the ESI in 1998.
For the RI, samples were analyzed for TCE and DCE, and one sample for metals. TCE was
detected in over 80 percent of the samples analyzed, and DCE was detected in half of the
samples. During the LFI, samples were analyzed for VOCs, pesticides, PCBs, total petroleum
hydrocarbons (TPH), and TOC. TCE was detected in over 70 percent of the samples analyzed,
and TPH was detected in over 85 percent of the samples. Other VOCs, pesticides, PCBs were
detected to a lesser extent. As part of the ESI in 1998, soil samples were collected from
exploratory trenches and were analyzed for VOCs, SVOCs, PCBs, and TPH (gasoline, mineral
spirits, diesel, oil-range, and total). TCE was detected in over 75 percent of analyzed samples up
to a maximum concentration of 3,400,000 micrograms per kilogram (ng/kg). Other VOCs,
including ethylbenzene, toluene, and cis-1,2-DCE, were aso detected, but at alower frequency.
TPH results for oil-range constituents yielded a detection frequency of over 80 percent, while the
other ranges were detected at 50 percent or less.

Based on these results, high TCE concentrations in source area subsurface soil suggest that the
soil is alikely source of contamination to the groundwater.

4.1.2.2 Downgradient Area

Surface Soil. Surface soil samples were collected from the DRMO Y ard and the Battery Acid
Pit (area shown on Figure 3-2) during the LFI in 1994 (Woodward-Clyde 1995). DRMO
samples were analyzed for PCBs, total metals, TPH, and polycyclic aromatic hydrocarbons
(PAHSs). Battery Acid Pit samples were analyzed for total metals. Aroclors 1254 and 1260 were
detected in about one-third of the total samples from the DRMO Yard. TPH and metals
including arsenic, barium, chromium, copper, lead, and zinc were detected in over 95 percent of
the samples analyzed. Some PAHs were detected in approximately 10 percent or |ess of
analyzed samples from the DRMO Yard. Surface soil samples were collected from the Former
Low-Humidity Storage Buildings area (area shown on Figure 3-2) in 1996 (Woodward-Clyde
1997b). Samples were analyzed for lead and TPH. TPH was not detected, but lead was detected
in each sample up to a maximum concentration of 5,820 mg/kg.

Subsurface Soil. Subsurface soil samples were collected during the RI in 1987 from soil
borings in the DRMO Y ard, North Uses Area, Madigan Area, and Well LC-6 and Pit Area

o
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(Envirosphere 1988). Samples were collected to a maximum depth of 150 feet bgs and analyzed
for TCE and DCE. In addition, four samples were analyzed for metals. TCE was detected in
less than 30 percent of analyzed samples from these areas and was generally not detected below
adepth of 85 feet bgs in the downgradient area. DCE was not detected in the analyzed samples.
Subsurface soil samples were collected from the DRMO Y ard and the Battery Acid Pit during
the limited field investigation in 1994 (Woodward-Clyde 1995). DRMO samples were collected
at adepth of 2 feet bgs and were analyzed for PCBs, total metals, TPH, and PAH. Battery Acid
Pit samples were collected to a maximum depth of 13 feet bgs and analyzed for total metals.
PCBs, metals, and TPH were detected in DRMO Y ard samples. Subsurface soil samples were
collected from the Former Low-Humidity Storage Buildings areain 1996 (Woodward-Clyde
1997b). Samples were collected at a depth of 2 feet bgs and analyzed for lead and TPH. TPH
was not detected but lead was detected in each sample up to a maximum concentration of

265 my/kg.

Based on these results, relatively low (compared to the source area) TCE concentrationsin
downgradient area subsurface soil suggest that the soil may not be a major source for
groundwater re-contamination.

4.1.3 Groundwater

Groundwater sampling locations are shown on Figure 4-1 and Figure 4-2 for the L ogistics Center
and EGDY, respectively. Sample results indicated that TCE is the primary chemical of concern.
The TCE groundwater plume for the Vashon Drift aquifer (upper aquifer) is shown on Figure 4-
3. The primary source of the plume appears to be the EGDY. The groundwater flow (major axis
of the plume) is to the northwest, and the plume is approximately 2 miles in length along its
major axis and 1 mile in width along it minor axis.

4.1.3.1 Source Area

Groundwater samples in the source area were collected only for the upper aquifer. During the RI
in 1987 and 1988 (Envirosphere 1988) groundwater samples were collected from monitoring
wells and were analyzed for TCE, DCE, and metals. TCE and DCE were detected in the
analyzed samples. During the limited field investigation in 1993 (Woodward-Clyde 1993)
groundwater samples were collected from five transect wells and were analyzed for VOCs. TCE
and DCE were detected in each sample. Drivepoint samples were collected during the ESI in
1998 (URSGWC 1999) and were analyzed for VOCs and metals. As part of the remedial action
monitoring program (URSGWC 20014), groundwater samples were collected from monitoring
wells and were analyzed for TCE, DCE, TCA, PCE, and vinyl chloride. Maximum TCE
concentrations detected in monitoring wells have been up to 190,000 micrograms per liter

(nglL).
4.1.3.2 Downgradient Area

Groundwater samples in the downgradient area were collected from both upper and lower
aquifer monitoring wells. Results for each aquifer are separated in the following discussion.

.
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Upper Aquifer. Groundwater samples collected from the upper aquifer during the source areas
investigation in 1985 and 1986 (Shannon & Wilson 1986a), during the RI in 1987 and 1988
(Envirosphere 1988), and during the lower aquifer groundwater study in 1993 and 1994
(Ebasco 1994) were analyzed for TCE and DCE. Groundwater collected from upper aguifer
monitoring wells as part of the remedia action monitoring program between 1995 and 2000
(URSGWC 2000a, 2000b) were analyzed for TCE, DCE, TCA, PCE, and vinyl chloride.

Lower Aquifer. Groundwater samples collected from lower aquifer monitoring wells during the
lower aguifer groundwater study in 1991 and 1992 (Ebasco 1993) were analyzed for VOCs and
total metals. Groundwater samples collected from lower aquifer monitoring wells during the
lower aguifer groundwater study in 1993 and 1994 (Ebasco 1994) were analyzed for TCE and
DCE. Vinyl chloride was analyzed in alimited number of samples but was not detected in the
samples. Groundwater samples collected from lower aquifer monitoring wells as part of the
remedial action monitoring program between 1995 and 2000 (URSGWC 2001b) were analyzed
for TCE, DCE, TCA, PCE, and vinyl chloride.

Previous investigations looked at potential source areas in the Logistics Center area, including
the DRMO, Well LC-6 and Pit Area, North Uses Area, an area northwest of Madigan Hospital,
and EGDY. Results of the RI indicated that the only significant source of TCE contamination
remaining isin EGDY (Envirosphere 1988), although lesser nearby sources of contamination
could be masked by contamination emanating from the EGDY . Investigations following the RI
confirmed that accumulations of DNAPL and the product in the drums found in EGDY represent
the primary sources of current and future TCE contamination to groundwater. Additional areas
outside EGDY will be investigated as part of the Phase 1l RI.

414 NAPL

A summary of NAPL contamination is provided in this section, and divided into LNAPL and
DNAPL. The estimated lateral extent of NAPL contamination is shown on Figure 4-4 and is
based on the ESI in 1998 which included 50 drivepoints and 8 trenches. It should be noted that
the primary focus of the ESI was to determine the presence of NAPL, rather than placing bounds
onitsvertica and latera extent.

4.1.4.1 LNAPL

Exploratory trenching was conducted during the ES| in 1998 to better characterize debris,
measure soil and water contamination, and identify LNAPL on the water table, if present.
LNAPL was encountered in five of the eight exploratory trenches. Samples were collected from
this NAPL and analyzed for VOCs, SVOCs, PCBs, and TPH (diesel-, gasoline-, motor-oil-, and
mineral-spirits-ranges, and total). Sample results indicated that the LNAPL was primarily TPH,
although VOCs, SVOCs, and PCBs were detected in some of the samples.

4.1.4.2 DNAPL

Drivepoint groundwater sampling was conducted during the ESI in EGDY to identify the
potential presence of DNAPL, assess the vertical variation in contaminated groundwater, and
locate the top of the aquitard surface (URSGWC 1999). Samples were collected in two phasesin

i o l E
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1998 and 1999 at 50 locationsin EGDY. Evidence of DNAPL was encountered at nine
drivepoint locations based on analytical results (TCE concentrations greater than 10,000 ng/L).
Also shown on Figure 4-4 is the estimated extent of groundwater contamination in EGDY  that
exceeds 1,000 ng/L TCE, which may indicate additional areas where DNAPL may be present.
During drivepoint sampling, the relative rate of penetration of the drivepoint and the color and
relative infiltration rate of groundwater were used to estimate the locations of low-permeability
units that might impede the vertical flow of DNAPL. In seven of the drivepoint locations, a
correlation was made between elevated concentrations of DNAPL and the aguitard. During the
ESI, NAPL was encountered at multiple locations within EGDY absorbed onto soil in the vadose
zone, as LNAPL floating on the water table, as DNAPL in the upper aquifer as indicated visually
and by TCE concentrations greater than 1 percent of the solubility limit, and in drumsin the
disposal areas. Based on previous investigations, there is no indication of NAPL in the
downgradient area. However, the vertical extent of DNAPL contamination is unknown.

4.1.5 Drums/Debris

During the ESI a geophysical investigation was conducted in areas where historical trenches
were identified within the EGDY from aerial photographs to locate former disposal trenches
(URSGWC 1999; Woodward-Clyde 1997a). The historical trenches identified from aerial
photos and geophysical results are shown on Figure 4-5. Eight test trenches were excavated to
identify potential buried materials. Drums (55-gallon) were observed in five of the eight
exploratory trenches during the ESI in 1998 (URSGWC 1999). Trench locations were selected
based on geophysical survey results (Figure4-2) and soil gas results. The trench locations were
designated T-1 through T-8. A tota of 14 drums were observed during trench exploration,
including crushed, intact, and partially intact drums. Many of the drums were observed on the
trench sidewall and were classified as being partially intact or intact based only on appearance.
Other buried debris encountered during trench exploration generally included concrete, metal
(pipes, wire, strapping, cable), glass, wood, and brick. Evidence of burning, including soot, ash,
and charred paper, was observed in two of the trenches. Two mortar shells were observed in
trench T-8, causing the exploratory trench investigation to be abandoned after excavating
approximately half of the originally planned trenches. A sample was collected from a drum
removed from an exploratory trench. The sample was analyzed for VOCs, SVOCs, PCBs, and
pesticides. TCE and PCE were the only detected VOCs. SVOCs, PCBs, and pesticides were not
detected in the sample. The sample results indicated that the drum contents were primarily pure-
phase TCE. Trenching activitiesin EGDY that are currently ongoing are described in
Section4.2.

42  PREVIOUS AND ONGOING REMEDIAL ACTIONS

The ROD for the Logistics Center selected groundwater extraction and treatment (air stripping)
as the remedy for groundwater contamination. The USACE completed the remedial design for
the installation of two groundwater extraction and treatment systems (the I-5 system and the
EGDY system are the two extraction wellfields, with associated treatment plants and recharge
systems) to implement the remedy required by the ROD. Descriptions of the two systems are
provided in Table 4-1. The remedial action includes groundwater extraction and treatment, and
recharge of treated groundwater back into the upper aquifer. The objective of the remediation is

URS
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to restore the upper aquifer to drinking water standards by reducing the TCE concentration to
less than 5 /L within 30 to 40 years.

The Seattle District USACE, on behdf of the U.S. Army, Fort Lewis Public Works, has
conducted remedial action monitoring of the groundwater pump-and-treat system at the Fort
Lewis Logistics Center since operation commenced in August 1995. Remedial action
monitoring is required to ensure that the treatment system is functioning adequately and to verify
that the remedial action is achieving cleanup goals and meeting other performance standards.
Remedia action monitoring consists of performance monitoring and compliance monitoring.

The VOCs of concern defined in the ROD are TCE, DCE, PCE, TCA, and vinyl chloride. All of
these compounds can be treated using air stripping. TCE, DCE, and TCA have been consistently
detected in many wells in a number of sampling rounds; PCE and vinyl chloride have been
detected in only afew wells. Results of plume containment monitoring indicate that the upper
aquifer TCE plume has not expanded in width on the southeast or northeast side of the plume.
Two monitoring wells (T-01 and T-04) in the town of Tillicum have shown a general decrease in
TCE concentrations since the start of remediation. Two other Tillicum wells have shown a dlight
increase in TCE since the start of sampling. Detection of low levels of TCE in EGDY
monitoring wells located upgradient of the EGDY recharge area suggests that reinfiltration of
treatment plant effluent may have affected the shallowest portions of the aquifer immediately
upgradient of the recharge trenches.

Currently, insufficient data are available to evaluate the total extent of TCE and DCE
contamination in the lower aquifer. In addition, the relationship of contamination between the
lower and upper aquifersis unclear. The set of lower aquifer wells monitored under the current
remedia action monitoring program does not sufficiently define the lateral and termina
boundaries of the plume in the lower aquifer.

Mass removal of TCE is occurring with the current system operation. The estimated total mass
of TCE removed from EGDY and I-5 systems through February 2000 is 3,021 pounds and 1,698
pounds, respectively.

The trenching activities for source removal at EGDY were initiated in December 2000 under an
Emergency Response Time-Critical Removal Action dated July 24, 2000. As of May 2001, 401
55-gallon drums and 146 5-gallon buckets containing RCRA -hazardous waste have been
removed from the site and incinerated. In addition, 433 55-gallon drums, 45 35-gallon drums,
and 785 5-gallon buckets designated as RCRA-empty have been removed and disposed of off
dgite. In addition to these containers of varying size and content, the removal activities uncovered
UXO training rounds and compressed-gas cylinders containing acetylene, methyl bromide, and
air. Thefinal results of drum removal activities are pending and will be used to guide the RI
NAPL delineation strategy.

43  PREVIOUS TREATABILITY STUDY RESULTS

Three treatability studies have been initiated since 1998. The USGS completed a study using
tracer tests to estimate hydraulic properties in the upper aquifer at EGDY. Two studies to
evaluate effectiveness of remedial technologies have been completed. Battelle Memorial
Ingtitute and Cornell University tested anaerobic biological methods for TCE reduction in
groundwater based on Battelle’ s reductive anaerobic biological in situ treatment technology

URS
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Previous and Ongoing Investigations

SECTIONFOUR and Remediation Efforts

(RABITT); PNNL tested in situ redox manipulation (ISRM). A summary of treatability results
is provided in Table 4-2.
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SECTIONFOUR

Previous and Ongoing Investigations
and Remediation Efforts

Table4-1
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS

AND REMEDIAL ACTIONS

TYPE OF SUMMARY OF RESULTS
WORK WELLS OR SOIL BORINGS ANALYSES OR DESCRIPTION
DATE PERFORMED INSTALLED OR SAMPLED CONDUCTED OF ACTIVITIES SOURCE
Pre-ROD Investigations and Activities
1982- Installation No wells installed during NA Assessment identified us.
1983 assessment of assessment improper procedures Department
Fort Lewis Water supply wells 1 related to the use of toxic | of the Army
through 29 were in and hazardous materials 1983
existence during at Fort Lewis.
assessment; however Assessment indicated
wells 3, 4, 12, and 22 past disposal of solvents
through 29 had been and sludges by burial.
abandoned; and 1, 2, 6, 7,
and 8 were inactive
1984- Groundwater 28 monitoring wells (LC-1 | VOCs General groundwater flow | USACE
1986 contamination through LC-28) through the Logistics 1986
investigations at Center is northwest along
Fort Lewis alignment similar to the
Logistics Center center line of the Logistics
Center complex.
Based on soil testing
during drilling, highest
zone of contamination
appears to be 16 to
37 feet bgs.
Groundwater from well
LC-6 was analyzed for
priority pollutants and
results confirmed that
TCE, cis-1,2-DCE, and
trans-1,2-DCE were the
only contaminants
present.
1986 Investigated 61 monitoring wells (LC-1 | VOCs Identified large zone of Shannon &
source areas through LC-58, LC-6A, contaminated groundwater | Wilson
and occurrence, LC-14A, and LC-21-1) beneath Logistics Center | 1986a

and
recommended
remedial
alternatives for
TCE in
groundwater at
Fort Lewis
Logistics Center

containing TCE and DCE.
TCE-contaminated
groundwater zone at
Logistics Center was
found to extend at least
10,000 feet in length,
2,500 feet in width, and to
at least 80 feet below the
water table.
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SECTIONFOUR

Previous and Ongoing Investigations
and Remediation Efforts

Table 4-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS

AND REMEDIAL ACTIONS

DATE

TYPE OF
WORK
PERFORMED

WELLS OR SOIL BORINGS
INSTALLED OR SAMPLED

ANALYSES
CONDUCTED

SUMMARY OF RESULTS
OR DESCRIPTION
OF ACTIVITIES

SOURCE

Post-ROD

Investigations and Activities

1986

Geohydrology
and spill
migration/
recovery
analysis at Fort
Lewis Logistics
Center

2 monitoring wells (RW-1
and LC-59)

TCE

Significant shifting of the
groundwater flow path
seen from summer to
winter.

Groundwater gradients
remain steady throughout
the year at about 12 to
13 feet/mile.
Transmissivity range
estimated at 80,000 to
240,000 gpd/ft.

Shannon &
Wilson
1986b

1987-
1988

Remedial
investigation of
Fort Lewis
Logistics Center

14 shallow monitoring
wells (LC-60A,B through
LC-66A,B)

6 intermediate wells
(LC-21B,C; LC-40B,C;
and LC-44B,C)

4 deep wells (LC-41D,E
and LC-55D,E)

249 soil gas samples

VOCs (water);
TCE and DCE
(soil); TCE,
TCA, PCE,
DCE, benzene,
and toluene
(soil gas)

Two areas of source
material confirmed by soil
gas sampling: one area at
NE end of fenced landfill
to depth of 13 feet bgs;
the other area at opposite
end of the fenced area
extending NW outside
landfill towards Logistics
Center, extends to depth
of 7 feet bgs.

The primary source of
groundwater
contamination is the
EGDY.

Enviro-
sphere
1988

1990-
1993

Lower aquifer
groundwater
study, Fort
Lewis Logistics
Center

10 monitoring wells
(LC-26D, LC-35D,
LC-41A, LC-41B, LC-47D,
LC-50D, LC-67D, LC-68D,
LC-69D, and LC-70D)

VOCs, SVOCs,
PCBs, metals

TCE was only
contaminant found in
Salmon Springs aquifer
that exceeded ROD
remediation goal (5 ny/L)
High levels of TCE were
not found in the lower
aquifer near EGDY,
suggesting that significant
non-aqueous phase TCE
had not been transported
to the deeper aquifer.
Contaminants appear to
be entering the deeper
aquifer about 1 mile
downgradient of EGDY
through a permeable
window in the Kitsap
aquitard.

Ebasco
1993
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SECTIONFOUR

Previous and Ongoing Investigations
and Remediation Efforts

Table 4-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS

AND REMEDIAL ACTIONS

TYPE OF SUMMARY OF RESULTS
WORK WELLS OR SOIL BORINGS ANALYSES OR DESCRIPTION
DATE PERFORMED INSTALLED OR SAMPLED CONDUCTED OF ACTIVITIES SOURCE
Post-ROD Investigations and Activities
1993 Confirmational 2 monitoring wells VOCs, PCBs, Organic vapors observed | Woodward-
soil sampling, (LC-161 and LC-162) TPH, and soil during drilling of LC-162. Clyde 1993
Fort Lewis 10 test pits (TP-1 through | TOC Buried 55-gallon drums
Logistics Center TP-6, TP-10, TP-12, were encountered in 3 test
TP-13, and TP-14) pits.
1993- Lower aquifer 5 monitoring wells TCE, DCE, and Modeling indicated that Ebasco
1994 groundwater (LC-71D, LC-72D, VOCs TCE and DCE 1994
study, Fort LC-73D, LC-40D, LC-60D) contamination will travel
Lewis Logistics beneath north Fort Lewis
Center from the Logistics Center
to the vicinity of southern
Cormorant Passage,
where it will pass into
Puget Sound.
Once the unconfined
aquifer is remediated, the
Salmon Springs
Recessional Outwash
aquifer could flush the
remaining TCE/DCE
plume into Puget Sound in
as little as 50 years.
Groundwater supply wells
are not expected to be
impacted by the TCE/DCE
plume.
1995 Confirmational 72 random soil samples PCBs, PAH, 39 of 72 random samples | Woodward-
soil sampling, and 12 hiased soil TPH, and and 7 of 12 biased Clyde 1995
Fort Lewis samples collected from RCRA metals; samples exceeded the
Logistics Center DRMO yard pH for battery MTCA Method A for TPH
4 soil samples collected acid pit only (200 mg/kg) at the DRMO
from the battery acid pit yard.

PCBs were detected in 22
of 72 random samples
from the DRMO yard.
Arsenic, mercury, lead,
and zinc exceeded the
respective Puget Sound
basin natural background
concentrations in one or
more of the 4 soil samples
collected from the battery
acid pit.

Soil pH in battery acid pit
samples was 3.8 t0 4.2
(not low enough to classify
the soil as corrosive).
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SECTIONFOUR

Previous and Ongoing Investigations
and Remediation Efforts

Table 4-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS

AND REMEDIAL ACTIONS

DATE

TYPE OF
WORK
PERFORMED

WELLS OR SOIL BORINGS

INSTALLED OR SAMPLED

ANALYSES
CONDUCTED

SUMMARY OF RESULTS
OR DESCRIPTION
OF ACTIVITIES

SOURCE

Post-ROD

Investigations and Activities

Startup
August
1995

Groundwater
extraction and
treatment
system (GETS)

15 I-5 GETS extraction
wells (LX-1 through
LX-15)

6 East Gate GETS
extraction wells (primary:
LX-17, LX-18, LX-19, and
LX-21; secondary: LX-16
and RW-1)

2 East Gate GETS
recharge wells (LR-1 and
LR-2)

A network of monitoring
wells

VOCs

Two air stripper systems
extract water from the
upper aquifer: I-5 system
provides hydraulic
containment of
contaminated groundwater
at the installation
boundary, East Gate
system extracts
contaminated groundwater
near the source.

[-5 GETS consists of 15
extraction wells and 4
infiltration galleries and is
designed to operate at
2,000 gpm.

East Gate GETS consists
of 6 extraction wells (4
primary and 2 secondary),
2 recharge wells, and 2
infiltration galleries.
Primary wellfield designed
to extract 600 gpm.
Secondary wellfield
designed to extract 230
gpm.

In September 2000, TCE
efficiency rate at I-5 GETS
was 98.42%, and at East
Gate GETS was 99.89%

USACE
1998,
URSGWC
2001a

1995 -
1996

Stream flow
measurement

Stream data measured at
five sites along Murray
Creek

None

Data show shallow
(Vashon) aquifer to
discharge into Murray
Creek between Kinsey
Marsh and MAMC, and
reversal of flow from creek
to aquifer between MAMC
and American Lake

Shapiro
1996

1995 -
ongoing

Remedial action
monitoring
program

Sampling of network of
monitoring wells

VOCs

Program includes
monitoring of plume
containment and
reduction, and monitoring
of the treatment plant by
the following activities:

URSGWC
2001a
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SECTIONFOUR

Previous and Ongoing Investigations
and Remediation Efforts

Table 4-1 (Continued)
SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS

AND REMEDIAL ACTIONS

TYPE OF SUMMARY OF RESULTS
WORK WELLS OR SOIL BORINGS ANALYSES OR DESCRIPTION
DATE PERFORMED INSTALLED OR SAMPLED CONDUCTED OF ACTIVITIES SOURCE
Post-ROD Investigations and Activities
Quarterly sampling of a
network of 52 monitoring
wells
Water level
measurements in
extraction wells and
selected monitoring wells
Quarterly extraction well
sampling
Quarterly sampling of
surface water from Murray
Creek
Monthly sampling of
treatment plant influent
and effluent
1996 Former low- 148 surface soil samples | Lead, TPH Surface soils contain lead | Woodward-
humidity storage for lead analysis at concentrations Clyde
buildings site 47 subsurface soil exceeding the MTCA 1997b
soil sampling samples collected for lead Method A Industrial soil
at 47 of the 148 surface cleanup level of 1,000
locations mg/kg (surface samples
84 surface and subsurface collected at 19% of
soil samples collected for locations exceeded this
TPH analysis criterion).
Petroleum hydrocarbons
were not detected in any
of 84 screened samples or
in 10 confirmation
samples submitted for lab
analysis.
Ecology verifies closure of
this site January 21, 1999.
1998 - ESI, Phase | 50 drive point groundwater | VOCs, Approximate locations of [ URSGWC
2000 East Gate sampling locations (DP-1 | halogenated DNAPL in the subsurface | 1999
Disposal Yard through DP-50) aromatic were identified by results
45 soil gas sampling hydrocarbons, of drive point analyses.
locations (SG-1 through BTEX, iron, Source of TCE exists as
SG-45) and NAPL in drums, as NAPL
8 exploratory trench manganese sorbed into soil in the

locations (T-1 through T-8)

vadose zone, as LNAPL
floating on the water table,
and as DNAPL in the
shallow aquifer.
Geophysical survey was
conducted to locate former
disposal trenches.
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SECTIONFOUR

Previous and Ongoing Investigations
and Remediation Efforts

Table 4-1 (Continued)

SUMMARY OF PREVIOUS AND ONGOING INVESTIGATIONS

AND REMEDIAL ACTIONS

DATE

TYPE OF
WORK
PERFORMED

WELLS OR SOIL BORINGS
INSTALLED OR SAMPLED

ANALYSES
CONDUCTED

SUMMARY OF RESULTS

OR DESCRIPTION
OF ACTIVITIES

SOURCE

Post-ROD Investigations and Activities

2000 - Expanded lower | NA
ongoing | aquifer study of
the Logistics
Center, Fort
Lewis

NA - Purpose of study is to gain
understanding of sources,
extent, and fate of
chlorinated VOCs in lower
aquifer to determine if
contaminants represent a
risk to downgradient users
and how remediation
activities for the shallow
aquifer may affect risks.
Study will update and
expand the hydrogeologic
and contaminant transport
conceptual models.

New data collected will
include additional water-
level measurements,
borehole geophysical logs,
environmental tracer
analyses, and
contaminant chemistry
analyses.

Study has been initiated
and is ongoing.

Dinicola
2000

2000 - EGDY drum NA
ongoing | removal

At approximately 5 months
of trenching operations,
approximately 250 tons of
RCRA-regulated
hazardous waste removed
for off-site incineration,
including 401 55-gallon
drums and 146 5-gallon
buckets

Compressed gas cylinders
removed containing
acetylene, MB, or air

Smith 2001

Notes:

bgs - below ground surface

BTEX - benzene, toluene, ethylbenzene, and total xylenes
DCE - dichloroethene

DNAPL - dense nonagueous-phase liquid

DRMO - Defense Reutilization and Marketing Office
EGDY - East Gate Disposal Yard

GETS - groundwater extraction and treatment system
gpd - gallons per day

gpm - gallons per minute

LNAPL - light nonagueous-phase liquid

MAMC - Madigan Army Medical Center

MB - methyl bromide

mg/kg - milligram per kilogram

MTCA - Model Toxics Control Act

NA - not applicable

PAH - polycyclic aromatic hydrocarbon
PCBs - polychlorinated biphenyls

PCE - tetrachloroethene

RCRA - Resource Conservation and Recovery Act
ROD - Record of Decision

SVOCs - semivolatile organic compounds
TCA - trichloroethane

TCE - trichloroethene

TOC - total organic carbon

TPH - total petroleum hydrocarbons
VOCs - volatile organic compound

RS
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SECTIONFOUR

Previous and Ongoing Investigations

and Remediation Efforts

Table4-2
SUMMARY OF PREVIOUSTREATABILITY STUDIES
TYPE OF
DATE TREATABILITY DESCRIPTION OF STUDY SUMMARY OF RESULTS SOURCE
STUDY
1998 Tracer test to estimate Tracer test conducted Based on measurements, water levels in | USGS 1999
hydraulic using existing pump observation wells indicate general flow is
conductivities and and treat system: to the northwest at the site.
dispersivities in Outflow from system Flow patterns are complex and probably
sediments in the dosed with potassium controlled by local distribution of fine- and
shallow aquifer at East bromide before being coarse-grained units and by the
Gate Disposal Yard returned to groundwater groundwater pump-and-treat system.
system through re- Estimates of vertical hydraulic
infiltration conductivity range from 8 to 590 feet/day
Specific conductance, for subsurface sediments less than 30
bromide concentrations, feet below the water table.
and water levels were
measured
1999- RABITT treatability RABITT treatability RABITT rating system score for East Battelle and
ongoing | testing at East Gate testing is currently Gate Disposal Yard was 45 out of 75; 36 | Cornell
Disposal Yard ongoing and includes to 55 indicates satisfactory. 1999,
pre-demonstration Pre-demonstration activities are Battelle
sampling and an on-site complete. Memorial
demonstration. Demonstration site is near groundwater | Institute,
Pre-demonstration sampling location GD-18. 2001.
activities include site After 8 weeks of electron donor injection,
selection, pre- the influent TCE concentration was
demonstration sampling reduced 99.94% from 8,500 ppb to 0.04
and analysis, and ppb, which represents a TCE removal
microcosm testing. half-life of 4.7 hours. After 24 weeks, the
half-life was 4.4 hours.
1999- ISRM of subsurface Column and batch tests Dithionite-reduced Fort Lewis sediments | PNNL 1998,
ongoing | sediments from Fort conducted in laboratory were shown to degrade TCE in Fort 2000
Lewis: iron reduction experiments to Lewis groundwater at rates of 1.2 to 19
and TCE investigate the hours (expressed as a half-life for TCE)
dechlorination feasibility of chemically during static and transport experiments
mechanisms treating soil from Fort (i.e., bench-scale testing)
Lewis to develop a Products of TCE dechlorination show that
permeable barrier for 99.5% to 100% is occurring via reduction
dechlorination of TCE elimination. During field testing, TCE
Effects of temperature, concentrations were reduced from
partial iron reduction, approximately 140 ng/L to 11 ng/L or
and flow on the redox 92%
reactions studied
Proof-of-principle field
testing at Fort Lewis
Logistics Center from
November 1998
through March 2000.
Notes:

ISRM - in situ redox manipulation
ny/L - micrograms per liter

MCL - maximum contaminant limit
RABITT - reductive anaerobic biological in-situ treatment technology
TCE - trichloroethene

RS
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SECTIONFIVE Conceptual Site Model

A conceptua site model (CSM) is a schematic representation that shows chemical sources,
chemical transport mechanisms, environmental transport media, and affected media. A CSM
illustrates where contaminants have been found and potential migration pathways across affected
media at asite. Investigations at the site have concluded that NAPL is present at EGDY. TCE
and DCE in the dissolved phase have also been found in the upper groundwater aquifer at EGDY
and in the upper and lower aquifers in the downgradient areas of the Logistics Center.

This section provides a CSM that is a compilation of information known about the site. It has
been used to develop the overall project DQOs and identify the initial sampling and analytical
decisions for the proposed investigation in Section 6 of this plan. The physical system of the
CSM for the site is discussed in Section’5.1 and the occurrence of NAPL is discussed in
Section5.2. The physical and chemical properties of the NAPL source material are described in
Sections 5.3 and 5.4, respectively. Transport mechanisms for the NAPL source material detected
in each medium are briefly described in Section5.5. The CSM will be refined as new data are
acquired, to identify gaps in information and to alow new sampling locations to be selected
without the need for remobilization.

5.1 PHYSICAL SYSTEM

The physical CSM used to evaluate conditions at the site is described in this section and is
illustrated on Figures 5-1 and 5-2 for the Logistics Center and EGDY,, respectively. The CSM
provides a basic description of site characteristics by which the fate and transport processes are
evauated. The CSM is based upon a geological cross section of monitoring wells extending
from EGDY on the east to I-5 and Tillicum on the west. The TCE concentrations depicted on
these figures are from the Logistics Center remedial action monitoring 18th quarter sampling
event conducted in March 2000. Where other sampling events are referenced, they are indicated
on the figures. As indicated on Figure 5-1, the CSM is divided into two areas. (1) the source
area (EGDY), where NAPL has been detected, and (2) the downgradient area (L ogistics Center),
which includes a TCE groundwater plume approximately 2 miles long and 1 mile wide.

5.1.1 Geology

The surficial and subsurface geology of the Fort Lewis Logistics Center and EGDY study area
have been characterized using logs of numerous borings drilled throughout severa years. The
boring logs have been generated by different geologists for various projects, using many types of
drilling methods. Also, the stratigraphy of the Puget Sound Lowland is extremely
heterogeneous. Therefore, the soil descriptions on the logs vary tremendously. The cross
section presented on Figure 5-1 has been developed from a combination of the logs of borings
located in or near the study area and information presented in the Fort Lewis Logistics Center
lower agquifer study (Ebasco 1994). This cross section describes the stratigraphy in the Logistics
Center and EGDY study area. It islocated in a general east-west transect through the Logistics
Center and EGDY study area. (The orientation of the cross section is shown on Figure4-1).

5.1.1.1 Vashon Glacial Drift Deposits

The geologic interpretation of the study area has been smplified on the cross section. The
Steilacoom Gravel and Vashon Recessional Outwash are combined as one unit on the cross

.
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Conceptual Site Model SECTIONFIVE

section and in the following descriptions. The Advance Outwash gravel and sand deposits are not
specificaly identified as advance outwash deposits because other types of outwash may be
present. Therefore, the outwash gravel and sand deposits are presented as Vashon Glacial
Outwash (Sand) and Vashon Glacial Outwash (Gravel).

Steilacoom Gravel (Qvs) and Vashon Recessional Outwash (Qvr). Recent deposits (not
presented on the cross section) were encountered at the ground surface in a thickness of up to
4 feet in some of the boreholes. These deposits consist of brown to black alluvial sand and
gravel, with localized silt and clay.

The Steilacoom Gravel is the predominant upper geologic unit. The sand and gravel of this unit
were deposited in braided channels formed by the rapid discharge of glacial Lake Puyalup. The
generally flat glacial outwash plain is broken by swales produced by the intersections of braided
stream channels, kettles, and ice-contact depressions of irregular shape.

The Steilacoom Gravel unit ordinarily is encountered in all boreholesin the study area. Itis
generally a brown, loose to dense, well-graded, sandy, coarse, cobbly gravel. The Vashon
Recessional Outwash unit of the Vashon Drift deposit typically lies between the Steilacoom
Gravel and the Vashon Till. Thisunit is principally a brown-gray, variegated, poorly graded
sandy gravel and gravelly sand, but locally contains lenses of sand, silty sand, and clay.
Together, the approximate thickness of the Steilacoom Gravel and the Vashon Recessional
Outwash units ranges from 6 to 30 feet throughout the study area. The typical thicknessis
approximately 20 feet.

Vashon Till (Qvt). The Vashon Till underlies the Vashon Recessional Outwash discontinuously
throughout the study area. This unit is typically a brown-gray, dense, well-graded gravel in a
matrix of sand, silt, and clay. Where present, this unit ranges in thickness from 4 to 40 feet. The
typical thickness is approximately 20 feet.

Vashon Glacial Outwash Sand (Qv[Gs]) and Vashon Glacial Outwash Gravel (Qv [Gg]).
Underlying the VVashon Till typically is the Advance Outwash of the Vashon Drift, which
generally is denser than the Vashon Recessional Outwash but has a similar distribution of
particle sizes. As presented on the cross section, the generalized Vashon Glacial Outwash
deposits underlie the Vashon Till. The Vashon Glacia Outwash Sand deposits consist of very
fine to coarse sand with lenses of gravelly sand and sandy silt. The Vashon Glacial Outwash
Gravel deposits encountered in the borings generally consist of a brown-gray, medium to coarse
sandy gravel with cobbles. These VVashon Glacial Outwash deposits are separated in places by
undifferentiated deposits, described below.

5.1.1.2 Undifferentiated Glacial and Nonglacial Deposits

Two undifferentiated units have been identified: undifferentiated glacial till (tu) and nonglacial
deposits (ng) (Ebasco 1994). As shown on the cross section, the undifferentiated till unit appears
to contain two distinct subunits. The first is a confining silt layer that possibly was deposited in
a glaciolacustrine environment; the second is a confining till layer.

Silt (tu). Anundifferentiated silt unit occurs from an elevation of approximately 240 to 250 feet
msl, and is encountered at a maximum thickness of 14 feet. The cross sections shown on
Figures 5-1 and 5-2 indicate that this silt aguitard is encountered beneath the EGDY study area
and extends westward to LC-144. The continuity of this unit is unknown. It is composed of

URS
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SECTIONFIVE Conceptual Site Model

hard, fine, sandy silt and clayey silt, grading to very dense, silty, clayey, very fine sand toward
the west. The color variations of this unit include dark gray, blue-gray, gray-brown, tan, and
light gray to light brown.

Till (tu). Thisundifferentiated till unit occurs at a greater depth than the undifferentiated silt
layer; it is encountered at an elevation ranging from approximately 200 to 220 feet above mdl.
This confining unit is encountered from approximately LC-136 (near EGDY') westward to
LC-68. It also was encountered in the westernportion of the study area. The continuity of this
unit is unknown. This unit is comprised of a dense, light brown to gray brown, silty gravel with
sand and clay seams.

Nonglacial (ng). The undifferentiated nonglacial deposits are characterized by alluvial sand and
gravel with silt, clay, and scattered wood (Ebasco 1994). These deposits are laterally continuous
at varying thicknesses throughout most of the Logistics Center and EGDY study area. The
thickness of this unit beneath the western portion of the Logistics Center is approximately 12 to
20 feet thick. Between LC-69D and LC-137, the typical thickness is approximately 100 feet.
Directly beneath EGDY!, the thickness or presence of this unit is undetermined. The elevation of
the top of the nonglacial depositsis approximately 200 feet above msl. These deposits described
as nonglacial deposits also could be Vashon glaciolacustrine deposits.

5.1.1.3 Kitsap Nonglacial Deposits (Qk)

Beneath the Logistics Center and EGDY study area, the Kitsap formation underlies the VVashon
Drift. It does not appear to be present generally between LC-41 and L C-144 beneath the central
portion of the Logistics Center. The thickness of this unit ranges from approximately 10 to

60 feet, and the typical thickness is approximately 20 feet. It occurs between 60 and 190 feet
above md in elevation. Where encountered in the borings, this unit generally consists of
nonglacia brown to black clayey silt, silty sand, and sandy silt with occasional fine gravel. The
unit typically contains peat, other organic debris, and ash. It contains layers of permeable gravel
and sand and thin ash layers.

5.1.1.4 Salmon Springs Glacial Drift and Puyallup Nonglacial Deposits

The Salmon Springs Drift represents those units deposited during the Salmon Springs Glaciation.
In descending order, the Salmon Springs units are the Recessional Outwash, Till, and Advance
Outwash. Underlying the Salmon Springs Drift deposits are nonglacial deposits of the Puyallup
formation. These nonglacial deposits are characterized as alluvia deposits of interbedded silt
and coarse-grained sediment with mudflow deposits and ash (Ebasco 1994). The Salmon
Springs Advance Outwash and Puyallup formation are combined as one unit on the cross section
and in the following descriptions.

Salmon Springs Recessional Outwash (Qssr). This unit underlies the Kitsap formation and the
nonglacial deposits beneath the Logistics Center and EGDY study area. The top of this unit is
located at an approximate elevation ranging from 50 to 160 feet above mdl, and its thickness
ranges from 8 to 46 feet. This glacial unit consists of brown, dlightly silty, sandy gravel and
gravelly sand with organic debris and sand lenses. It is oxidized at the surface and occasionally
interbedded.

URS
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Salmon Springs Till (Qsst). This unit typically underlies the Salmon Springs Recessional
Outwash. The top of this unit is encountered at an approximate elevation ranging from 0O to

115 feet above mdl. It is composed of a very dense, heterogeneous mixture of gravel, sand, clay,
and silt (Ebasco 1994).

Salmon Springs Advance Outwash (Qssa)/Puyallup Formation (Qpy). Typically the Salmon
Springs Advance Outwash unit underlies the Salmon Springs Till. However, either or both of
the Salmon Springs Advance Outwash and Puyallup formation units have been encountered
underlying the Salmon Springs Recessional Outwash deposits beneath the center portion of the
Logistics Center. In the boreholes, the deposits encountered consist of sandy gravel.

The Salmon Springs outwash is composed of till, lacustrine silt and fine sand, and glaciofluvial
sand and gravel. The Puyallup Formation is composed of mud flows, ash, and aluvia deposits
(Ebasco 1994).

5.1.2 Hydrogeology

The Vashon Drift aquifer (upper aquifer) is present in severa water-bearing units. The upper
aquifer is present predominantly in the permeable Steilacoom Gravel (Qvs), Vashon Recessional
Outwash (Qvr), Vashon Glacial Outwash Gravel (Qv[Gg]), and Vashon Glacial Outwash Sand
(QV[Gsg]). Itisaso present in the less permeable Vashon Till (Qvt), undifferentiated silt and till
layers (tu), and undifferentiated nonglacial deposits (ng). The Kitsap formation underlying the
Vashon Drift serves as the principal aguitard separating the upper aquifer from the Salmon
Springs Drift aquifer (lower aquifer). The lower aguifer is present in the Salmon Springs Drift
(Qssr, Qsst, and Qssa). Most of the lower aquifer wells are screened in the Salmon Springs
Recessional Outwash (Qssr). Groundwater el evations depicted on Figures 5-1 and 5-2 are based
on measurements collected in October 1999.

Upper aquifer groundwater elevation contours for the Logistics Center are shown on Figure 5-3
for measurements conducted by the USGS in March 2000 and October 2000. The groundwater
elevation typically ranges from approximately 270 feet above mean sea level (mdl) beneath
EGDY to 250 feet above md in the western portion of the Logistics Center. The depth to
groundwater (upper aquifer) is typically approximately 10 to 30 feet bgs. Beneath the Logistics
Center and EGDY/, groundwater flow is predominantly toward the northwest. A possible
groundwater divide and local reversal of flow to Murray Creek may exist (Section 5.1.3).

As shown on Figures5-1 and 5-2, aquitard properties appear to be located within severa units
beneath the Logistics Center and EGDY . The following description provides an interpretation of
the aguitards beneath the Logistics Center and EGDY. However, there is substantial uncertainty
whether these units are laterally continuous and act as aquitards due to the complexity of the
hydrogeology of the site.

Wesak, localized aguitard properties may exist in the Vashon Till (Qvt). The occasiona high
silt content, density, and horizontal orientation of cobbles in the Vashon Till may restrict
downward flow of water or contaminants in this unit. It is possible that these aquitard
conditions are enhanced by the relatively low permeability of the Vashon Till unit (compared
to the overlying gravel and sand) as well as the presence of clay, silt, and sand lenses.

The undifferentiated silt and till layers (tu) each appear to act as arelatively thin aquitard
within the upper aquifer and may locally restrict downward migration of water and
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SECTIONFIVE Conceptual Site Model

contaminants. The elevation of the upper silt layer beneath EGDY is shown on Figure 5-4.
This intermediate aquitard is at approximately 35 to 40 feet bgs. The elevation of this unit
was estimated based on monitoring well and drive point locations (URSGWC 1999). The
upper silt layer is potentially laterally continuous beneath EGDY and the eastern portion of
the Logistics Center. Likewise, the lower till layer appears to be laterally continuous from
the eastern to central portion of the Logistics Center. These units also occur discontinuously
beneath other parts of the Logistics Center.

The fine-grained undifferentiated nonglacial deposits (ng) are less permeable relative to the
overlying glacial outwash gravel and sand.

The Kitsap formation (Qk) appears to be a mostly continuous aquitard that |laterally separates
the upper and lower aquifers. On the cross section, this unit is interpreted to be absent
beneath the central portion of the Logistics Center.

Weak, localized aquitard properties may exist in the Salmon Springs Till (Qsst), asin the
Vashon Till.

The extent of the upper aguifer TCE groundwater plume is shown on Figure 4-3. The TCE
groundwater plume is approximately 2 miles long and varies between one-half and 1 mile wide.
Dissolved-phase TCE is present at high concentrations (in excess of 100 ng/L) approximately
2,500 feet west of EGDY. The predominant groundwater flow direction is to the northwest,
however, localy it may be to the west approximately 45 degrees counterclockwise from the
regional flow direction (Figure 5-3). Data collected to date suggest a seasonal reversal of
groundwater flow related to aquifer discharge to Murray Creek. Thisreversal may be
responsible for the migration of TCE to southwest of EGDY. In order to evaluate optimization
of the groundwater pump-and-treat system or the position of potential barrier technologies,
groundwater flow direction in this area needs to be understood. In addition, there may be
additional potential source areas that may be contributing to the elevated TCE concentrations as
shown on Figure 3-4.

Asindicated previoudy, the Kitsap formation appears to be laterally continuous, except in the
central portion of the Logistics Center. As visible on the cross section, a trough appears to be
present from around L C-41 eastward to LC-137. This trough results from erosion of the Kitsap
formation and subsequent deposition of permeable and impermeable materials that allow for the
downward migration of groundwater in the vicinity of LC-69D. Because of this potential
discontinuity in the Kitsap aquitard, a permeable “window” may exist through which
contaminants from the upper aquifer may be transported to the lower aquifer. Groundwater
monitoring results indicate that TCE has entered the lower aquifer upgradient of the known
“window” that exhibits interbedded aquitard properties. The transport pathway of this
upgradient contamination is unknown.

The source of contamination in the deeper aquifer is likely contaminated groundwater moving
vertically downward from the Vashon Drift aquifer to the Salmon Springs Recessional Outwash
aquifer through a permeable “window” in the aquitard that normally separates these two units
(Ebasco 1993). The “window” is believed to contain a geologic unit with intermediate aquitard
properties. This permeable zone in the aquitard occurs about 1 mile downgradient of EGDY and
isdepicted on Figure 5-1. Groundwater monitoring results indicate that TCE has entered the
lower aguifer upgradient of the known “window.” The concentration of TCE (<1 ng/L) in lower
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aquifer wells upgradient of the window (e.g., LC-47D) is less than the concentration of TCE
(>100 mg/L) in the lower aquifer wells downgradient of the window (e.g., LC-41D). The
transport pathway of this upgradient contamination is unknown.

5.1.3 Surface Water/Groundwater Interaction

Murray Creek flows in a broad, shallow valley from Kinsey Marsh in the east to American Lake
in the west. Murray Creek is the only stream located within the study area as shown on

Figure 4-3. The creek flows primarily from east to west, across the Madigan Area and southern
part of the Logistics Center at Fort Lewis. The creek reach near the west side of the Madigan
Family Housing area changes its direction and flows north, where it changes back to an east/west
flow near the North Uses Area. A study of the surface water and groundwater Murray Creek and
the upper aquifer was conducted in 1996 (Shapiro 1996). Murray Creek isincised into coarse
gravel and cobbles of highly permeable Steilacoom gravel from Kinsey Marsh to American
Lake. Along most of the channel, a layer of saturated organic silt and clay approximately 18
inches thick or less overlies the gravel, which are occasionally overlain by athin layer (i.e., less
than 6 inches thick) of sand and gravel. The hydraulic gradient data from the study indicate that
the general relationship between the groundwater and surface water in Murray Creek changes
over distance and time. In the upper part of the reach between Kinsey Marsh and the intersection
of Madigan Avenue and Jackson Avenue by Madigan Hospital, water seeps into the channel
(gaining reach), and seeps out of it (losing reach) in the lower part of the reach between Madigan
Hospital and American Lake. In addition, there is generally an increase in stream flow between
Kinsey Marsh and Madigan Hospital, and a decrease in stream flow between Madigan Hospital
and American Lake.

5.2 NAPL OCCURRENCE

The locations of DNAPL/LNAPL mixtures, LNAPL, and buried drum locations along the CSM
cross section in EGDY were based on observations and analytical results obtained during ESI
trenching activities and drivepoint groundwater sampling. Figure5-2 shows that DNAPL pools
may be present on the aquitard below the groundwater table, and contamination may be moving
laterally and vertically into the lower aquifer. The location of potential TCE/DNAPL pools
(defined as TCE concentrations greater than 10,000 ngy/L) are based on drivepoint well sampling
results for the NAPL regions portrayed on Figure 4-4. The boundaries of the vertical and lateral
extent of DNAPL and LNAPL contamination are unknown. The buried drums (which are
currently undergoing removal) represent sources of ongoing and/or future contamination until
removal is complete. Also, NAPL is solubilizing into groundwater that is migrating
downgradient. It should be noted that drivepoint sampling during the ESI was discontinued at
the aquitard at approximately 39 feet bgs. Therefore, the stratigraphy of the aquitard and the
concentrations of TCE in the aquifer below the aquitard represent a data gap. No analytical
results for TPH in groundwater are available.

5.3  PHYSICAL PROPERTIES OF THE SOURCE MATERIAL

The types of NAPL reportedly disposed of at EGDY were spent chlorinated solvents (primarily
TCE with perhaps small amounts of DCE) and POL. The primary known sources of chemical
release at the site are LNAPL and DNAPL generated from equipment cleaning and degreasing
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activities conducted at Fort Lewis, which were disposed of in EGDY. This LNAPL and DNAPL
both contain varying mixtures of POL and TCE. NAPL, drums containing NAPL, and debris
were disposed of in trenches and pitsin EGDY (URSGWC 1999). There are surface expressions
of some of the trenchesin EGDY. Results for limited surface soil samples collected in EGDY
do not indicate surface soil contamination. The physical and chemical properties of the
individual compounds are fairly well known; however, because the compositions of the mixtures
are so variable, there is considerable uncertainty in predicting the fate and transport of these
mixtures in the subsurface. There are no site-specific physical property data available for
DNAPL or LNAPL. These data are needed to design thermal treatment and/or evaluate its
effectiveness. Estimated physical values of DNAPL and LNAPL are described below.

The compositions of product collected from trenches and drums during the ESI showed a wide
spectrum of materials ranging from almost pure TCE (drum samples from trench T-1) to
LNAPLs (mineral-spirit and oil-range TPH) with very little TCE (NAPL samples from trenches
T-6 and T-7) (URSGWC 2001b). In addition, soil analytical results showed up to tens of
thousands of mg/kg TPH with TCE at over 3,000 mg/kg (URSGWC 2001b). These levels
suggest aresidual NAPL component attached to the soil.

If the mole fraction of the material is known for the product, vapor pressures and water
solubilities of contaminants can be calculated using Raoult’s Law. However, because the few
products that have been analyzed are so variable in composition and probably represent only a
small fraction of the variability, it can be concluded only that the site contains LNAPL and
DNAPL with TCE present in the NAPL over the entire range of concentrations from
nondetectable to close to 100 percent. As pure products, TCE and DCE are DNAPLs. The
important physical properties of these substances that impact movement in the subsurface are
listed in Table 5-1.

The high volatility of TCE and DCE, as reflected in the vapor pressure, results in loss of these
compounds from the liquid phase to the vapor phase (soil gas) in the unsaturated zone. The
vapor densities of TCE and DCE are greater than air, therefore the gas phase containing these
compounds will tend to sink in the unsaturated zone and settle on the water table. Henry’s
Constant relates the concentrations in the vapor phase to the equilibrium dissolved concentration
in soil water or groundwater. If the TCE/DCE DNAPL reaches the water table it can sink into
the agquifer because it has a density greater than water. The low kinematic viscosity of the
DNAPL enhances the movement of the separate liquid phase through the aquifer.

POL compounds are generally LNAPLs that are less dense than water. If sufficient LNAPL is
disposed of in the subsurface, it will flow through the unsaturated zone and float on the water
table. Soluble components (primarily benzene, toluene, ethylbenzene, and xylene [BTEX]
compounds) can contaminate groundwater; however, that is not an issue at the site as BTEX
compounds other than isolated detections during the ESI do not occur as contaminants. |If
LNAPL and DNAPL are disposed of together, mixtures will produce liquids with physical
properties that reflect the relative proportion of each component. The mixture will be less dense
than the pure DNAPL but more dense than the LNAPL. It may or may not be more dense than
water. The vapor pressure of each component will be less than the pressure in the original liquid.

Other components of POL such as TPH were found to be present in NAPL/soil samples analyzed
during the ESI. However, TPH has not been analyzed in groundwater from the EGDY source
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area. If these mixtures exist at the site, they will need to be sampled and characterized in order
to quantify their physical properties.

54  CHEMICAL PROPERTIES OF NAPL

Limited site-specific chemical data are available for NAPL; however, different NAPL product
types/mixtures may exist at the site other than those sampled. Chemical property data from the
saturated zone NAPL are limited. These data are needed to design thermal treatment and/or
evauate its effectiveness. Estimated physical values of DNAPL and LNAPL and NAPL
mixtures are described below. The primary chemical properties of NAPL compounds that
impact fate and transport are solubility and partitioning of the contaminant between the dissolved
phase and the soil solid (adsorption).

5.4.1 Solubility

The aqueous solubilities of pure phases of the potential contaminants from spent solvents and
POL at EGDY arelisted in Table 5-2. For aNAPL mixture, the agueous phase concentration of
each component of the mixture that is in equilibrium with groundwater can be approximated
using Raoult’s Law as shown in the equation below:

th,m = chos:'t
where

Csam isthe agueous solubility of component m from the mixture (sometimes referred to
as the “effective solubility” from the mixture)

Xm isthe mole fraction of component m of interest in the NAPL mixture
C°« isthe solubility of the pure compound

For example, the solubility of benzeneis 1,750 mg/L, and typical gasoline contains 10 percent
benzene; therefore, the expected dissolved concentration of benzene in water in equilibrium with
gasolineis 175 mg/L (10 percent of 1,750).

At EGDY, the spent solvent probably contained some fraction of POL ; therefore, the effective
solubility of TCE in DNAPL located beneath the water table is probably less than 1,600 mg/L
(at 10°C).

5.4.2 Water/Soil Partitioning

The partitioning of a compound between the dissolved phase and the soil solids can be
theoretically represented by the distribution coefficient shown below:

Kg= CdJCq
where
Kgisthe distribution coefficient
Cs is the concentration (mg/g) of the contaminant on the solid phase
Cqq iS the concentration (mg/mL) in the aqueous phase (dissolved)
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For organic compounds such as TCE, the primary adsorbent is soil organic matter and the K4 can
be derived from the laboratory-measured organic carbon partition coefficient (K o) and the
fraction of organic carbon present in the soil (foc) using the following equation:

Kd = Kocfoc

Estimated K4 values for the constituents of interest are listed in Table 5-3 using available K¢
data in literature and the median f,c of 0.004 measured in soil samples collected just above the
water table during the confirmational soil sampling (Woodward-Clyde 1993). However, because
Koc Can vary based on site-specific factors, the estimated Ky values may not be reliable.

Once the K4 has been determined, the relative rate of movement of the dissolved contaminant
(V) versus the average groundwater flow velocity (Vgw) can be calculated using the following
retardation equation:

R=vgw/Ve =1+ (r /n)Kqg
where

R is the retardation factor

r isthe bulk density of the soil

h is the effective porosity

Calculated R values are provided in Table 5-3 assuming a bulk density of 1.75 grams per cubic
centimeter (g/cc) and an effective porosity of 0.3. These calculations show that all the
compounds will be retarded in their movement through the aquifer as a dissolved phase, but that
the chlorinated solvents will be the least retarded.

5.4.3 Transformation Reactions

As the dissolved constituents move through the unsaturated zone and the aquifer they may be
affected by transformation reactions, which are primarily aresult of biodegradation.
Biodegradation is an attenuation process that lowers contaminant concentrations by the
biological transformation of an organic contaminant into another organic compound and/or the
inorganic building blocks (e.g., carbon, nitrogen, phosphorus, potassium, etc.) of the original
compound. Biodegradable organic compounds are used by microbes for energy and growth.

The primary water-soluble components in POL are BTEX compounds. Up to 90 percent of the
groundwater contamination from gasoline is due to the BTEX fraction, and it forms a mgor
component of groundwater contamination from other fuel hydrocarbons such as fuel oil and
kerosene. Experience at numerous BTEX groundwater contamination sites shows that these
compounds are readily biodegradable under both aerobic and anaerobic aguifer conditions
(Wiedemeier et al. 1995, Rice et al. 1995). Under aerobic conditions (where dissolved oxygen
[O2] exceeds 1 mg/L), dissolved oxygen serves as the electron acceptor required for the
biodegradation reaction, while under anaerobic conditions (where dissolved oxygen is less than
1 mg/L) other naturally occurring compounds (NOs", SO, Fe**, Mn*") serve as the electron
acceptors. Because the electron acceptors are normally available in the environment for the
biodegradation reaction to occur, it is common that biodegradation effectively removes the
BTEX contaminants from groundwater within a short distance (hundreds of meters)
downgradient of a spill or disposal site. At EGDY, itislikely that if a source of BTEX
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contamination exists in the unsaturated zone, the dissolved contaminants are biodegraded a short
distance from the source. BTEX contamination was found in several drivepoint groundwater
samples and floating on water in trenches during the ESI. In addition, Figure 4-4 shows the
lateral extent of oxygen at concentration less than 1 milligram per liter (mg/L) in the EGDY area,
which may indicate the presence of LNAPL due to oxygen levels being reduced from
biodegradation.

The common chlorinated solvents such as TCE are aso biodegradable in the subsurface, but not
because they provide a source of carbon for bacterial growth. These compounds can act as
alternative electron acceptors under anaerobic conditions (Wiedemeier et al. 1996). Whereas the
carbon in fuel hydrocarbons is oxidized during biodegradation, the carbon in TCE can be
reduced by the acceptance of electrons.

Biodegradation of TCE commonly occurs only under anaerobic conditions because under
aerobic conditions oxygen will be the preferred electron acceptor rather than TCE. Asan
example, environmental conditions beneath most solid waste landfills are strongly anaerobic as a
result of the consumption of oxygen and other electron acceptors by the readily degradable
organic matter in the landfill leachate. TCE disposed of with the solid waste will be available to
accept electrons. TCE will be transformed to DCE, which may then be degraded to vinyl
chloride and, after complete dechlorination, ethene. The transformation TCE ® DCE ® vinyl

chloride® etheneis called reductive dechlorination because in each step, carbon in the
compound gains an electron, becoming more reduced (having a lower valence state). The
compound also loses a chlorine atom at each step.

Ethene isrelatively easily oxidized as it moves into the more aerobic, downgradient portions of a
groundwater plume. In contrast, TCE and DCE are progressively less degradable as conditions
become more aerobic. For this reason, the chlorinated solvents are relatively mobilein the
environment compared to BTEX. If TCE is not degraded close to the source in the strongly
anaerobic zone, it can move many miles downgradient from the source area. Thisis especialy
true in situations where the solvents are disposed of in non-landfill situations or at old landfills
that no longer produce anaerobic conditions in the aquifer. The situation at the Logistics Center,
where the TCE plume extends over 2 miles downgradient from the EGDY source area, probably
reflects the fact that the system was not sufficiently anaerobic to accomplish complete
biodegradation of TCE.

In addition, lack of widespread high concentrations of dissolved iron suggests that widespread
reducing conditions (low oxidation-reduction potential [ORP]) do not exist at the site. The
dissolved oxygen and ORP field measurements also show only localized reducing conditions. It
should be noted that some of the highest DCE concentrations in groundwater are found near the
water table in drivepoints DP-5, DP-6, and DP-9, which also have very high concentrations of
TCE and likely DNAPL. In addition, elevated concentrations of DCE are detected in areas of the
aquifer where oxygen levels are low (<1 mg/L). It islikely that the DCE is produced in these
locations as an anaerobic biological degradation product of TCE (the initial degradation product
of TCE in this process is DCE) with POL as a carbon source, since 1,2-cis-DCE is detected and
not 1,2-trans-DCE. The natural breakdown product of TCE is 1,2-cis-DCE, and the commercial
product of DCE is 1,2-trans-DCE. In addition, widespread biodegradation of TCE is likely
limited to low natural organic content (i.e., a carbon source) of the soil in the hydrogeologic
system at the site.
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5.5 TRANSPORT MECHANISMS

The transport mechanisms of the source material (NAPL in the unsaturated and saturated zones)
at the site were evaluated using site observations and the known physical and chemical properties
of NAPL (Section5.2 and Section 5.3, respectively). This discussion primarily focuses on the
source areain EGDY , which has been investigated since the RI. Information from the site
history and CSM memorandum (Woodward-Clyde 1997a) and the ESI report (URSGWC 1999)
were used as the basis of this evaluation.

5.5.1 Volatilization

TCE and DCE are quite volatile, with vapor pressures of 75 and 315 torr (millimeters of mercury
[mm Hg] at 25°C), respectively. Numerical modeling of the unsaturated zone vaporization of a
generic organic compound having a vapor pressure of 182 torr has been conducted (Mendoza et
al. 1990, as described in Feenstra and Cherry 1996). The source zone was considered to have a
radius of 1.05 meters (m), a height of 0.9 m and to contain 125 kilogram (kg) of NAPL. In this
simulation, 83 percent of the source was depleted after 8 days, and 94 percent of the source was
depleted after 16 days. However, the rate of volatilization can vary greatly depending on the
mixture of NAPL present.

The vapors move away from the source by diffusing into the soil gas; however, the vapor
densities of TCE and DCE (Table 5-1) are greater than typical soil gas. Thus gravity will cause
the vapors to sink in the unsaturated zone. As the dense volatile compounds sink, they will
spread laterally as they encounter less permeable zones. The TCE-laden soil gas will thus move
away from the NAPL and spread across the water table.

5.5.2 Unsaturated Zone Transport

A variety of petroleum products and TCE were found in drums with exposed contents and in the
soil. During the ESI, LNAPL was found floating on the water table in five of eight exploratory
trenches, and LNAPL contained TCE in addition to TPH in two exploratory trenches (URSGWC
1999). Additional LNAPL and drum contents were observed during recent drum removal
activities. TCE has entered the subsurface at EGDY in the unsaturated zone. It has moved
through this zone as DNAPL, a mixture of DNAPL and LNAPL, avolatile component of the soil
gas, and as a dissolved constituent in percolating water. These pathways are described below,
with the exception of soil gas, which is discussed in Section4.1.1.

5.5.2.1 NAPL Transport in the Unsaturated Zone

A TCE/DNAPL or a DNAPL/LNAPL mixture that enters the subsurface will move as a separate
phase under the influence of gravity until the fluid no longer holds together and breaks up into
separate globules that adhere to (wet) the soil grains. In the unsaturated zone, NAPL will
migrate vertically downward, but will spread laterally at less permeable interfaces, especialy if
they have high water content. Because of the stratified nature of geologic material, the
downward movement of NAPL may be stepwise instead of vertical. For this reason, residual
NAPL may not necessarily occur directly beneath former disposal trenches.
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If alimited amount of NAPL is disposed of, or it is spread over a wide enough area, the retention
capacity of the unsaturated zone may be sufficient to contain al of the material. However,
because of the large amount of liquids (reportedly 6 to 8 barrels per month) disposed of in the
narrow trenches at EGDY/, the high number of drums removed to date, and the high
concentrations of dissolved TCE measured in the groundwater, it is likely that the retention
capacity of the unsaturated zone was exceeded at this site.

An important parameter for NAPL at EGDY isthe residua saturation. Residual NAPL
consisting of disconnected blobs and ganglia at the trailing edge of amigrating NAPL body is
caused by pore-scale snap-off and trapping mechanisms (Kueper and Frind 1996). The residual
saturations of NAPLs measured in the laboratory for sandy aquifer materials range from about 5
to 25 percent of the pore space (Mercer and Cohen 1990, as reported in Feenstra and Cherry
1996). Based on these values, the residual concentration of NAPL at a Site after drainage of free
product is on the order of 15 to 75 liters per cubic meter (L/nT). This residual material is subject
to depletion by volatilization in soil gas and dissolution into percolating recharge water.

5.5.2.2 Aqueous (Dissolved) Transport in the Unsaturated Zone

Water infiltrating through the unsaturated zone will dissolve TCE present in soil gas and as
residual globules adhered to the soil grains. The solubility of pure TCE in water at 10°C is
reported to be about 1,600 mg/L (Pankow and Johnson 1996). Thisis also the TCE concentration
in water in equilibrium with a soil gas containing TCE at its vapor pressure. This can be
calculated from the Henry’s Constant (H) (Table 5-1), which relates the concentration of the
volatile compound in the vapor phase (Cgya) to its dissolved concentration (Cag), as shown in the
equation below:

Cge/Caq = H

Column experiments have shown that water flowing at arate of 1 meter per day becomes
saturated with residual TCE after flowing through only 1 meter of contaminated porous material.
Thus only arelatively short contact time is necessary to produce high concentrations of dissolved
chlorinated solvents in infiltrating precipitation or groundwater (Schwille 1988). Asa
consequence, residual TCE in the unsaturated zone has the ability to cause significant levels of
contamination in groundwater. At the same time, percolating water will dissolve and remove
some, and possibly all, of the residual product.

5.5.2.3 Conclusions on Subsurface Soil/Unsaturated Zone Contamination

The ESI demonstrated that NAPL in the form of buried drumsis still present in the unsaturated
zone in the source area of EGDY. Thereforeit is likely that in the nearly 30 years since the last
actual disposal of NAPL, there are areas of contamination residing in the unsaturated zone as
product adhering to solid particles, gases in soil vapor, and dissolved constituents in percolating
water. Following the removal of buried drums, it islikely that at least some LNAPL would still
be present in the unsaturated zone of the source area because many LNAPL components (long-
chain hydrocarbons) can persist for decadesin soil. Furthermore, the LNAPL cannot sink
beneath the water table. The DNAPL components have overal greater volatility and solubility
than typical POL mixtures. Also, DNAPL can sink below the water table. TCE partitioning
among soil, water, and gas (assuming TCE is present as a pure product) has been calculated to
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show that the TCE soil concentration for typical sandy material must be greater than about

300 mg/kg for liquid TCE to be present (Feenstra and Cherry 1996). At concentrations below
this level, al the TCE could be accounted for dissolved in water, as a component of the soil gas,
and adsorbed onto the solid soil material. Only one of the soil samples collected during EGDY
investigations prior to the ES| had a TCE concentration greater than 300 mg/kg. During the ESI,
three trench soil samples contained TCE concentrations greater than 300 mg/kg while TPH was
detected at high concentrations in soil and NAPL samples. Buried drums were discovered in
EGDY, including adrum in trench T-1 that contained 832,000 mg/kg of TCE. Product contained
in decaying drums in the subsurface may represent a significant source of TCE to groundwater at
EGDY. These drums currently are being removed from the subsurface at the EGDY. Drum
removal activities are expected to be complete by mid-July, 2001.

5.5.3 Groundwater/Saturated Zone Transport

Results from the drivepoint sampling conducted for the ESI indicated that DNAPL is present in
the saturated zone at EGDY. The drivepoint locations with probable DNAPL can be grouped
into four distinct areas: northwest of the treatment plant, near the southern fence corner (DP-9),
near the infiltration galleries (DP-5 and DP-6), and at DP-14 in the west-central portion of the
EGDY (Figure4-4). The drum removal activities conducted to date have confirmed this NAPL
presence in these areas. TCE can be transported beneath the water table asa DNAPL or asa
dissolved constituent of the groundwater. These pathways are described below.

5.5.3.1 NAPL Transport in the Saturated Zone

If sufficient NAPL enters the subsurface, it may exceed the retention capacity of the unsaturated
zone and reach the water table. At this boundary, an LNAPL will accumulate but a DNAPL
such as TCE can continue below the water table if there is sufficient force exerted by the mass of
TCE to overcome the fluid entry pressure at the water table. The liquid TCE will continue
downward until it no longer exceeds the retention capacity in this zone. The occurrence of
resdua TCE in the saturated zone is different than that in the unsaturated zone. In the
unsaturated zone, the TCE attaches itself to and wets the grains. In the saturated zone, wetting is
done by water and the TCE is present as isolated drops in the pore spaces (Schwille 1988). TCE
will accumulate on zones of lower permeability in the saturated zone as it did in the unsaturated
zone. This may lead to pooling within the aquifer cross section depending on the permeability of
the aquitard materials.

If the retention capacity of the aquifer beneath the disposal area is exceeded, TCE will reach the
first aquitard and spread laterally across this low-permeability unit. If the aquitard surface isflat,
sandbox experiments have shown that the TCE will form a low-lying mound on the surface that
is shaped like a watch glass (Schwille 1988). If the aguitard surface has depressions, the TCE
fluid will collect in these features, displacing the water and filling the pore spaces. These
accumulations have been called pools, although in reality they are depressions in the aguitard
surface where the aquifer material has been saturated with TCE. The TCE liquid may sink to
greater depth if it flows along the aquitard surface and encounters more permeable aguitard
zones (“windows’ to deeper agquifers). NAPL can penetrate low permeability aquitards either via
fractures or pore space, and has been observed at other sites where DNAPL is present. However,
based on the groundwater sampling conducted to date, it does not appear that a TCE DNAPL has
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impacted the deeper Salmon Springs Recessional Outwash aquifer at EGDY. However, vertica
hydraulic gradients for Logistics Center wells screened in the upper and lower aquifers indicate
that the aguifers may be hydraulically connected in the EGDY area (URSGWC 2001a). The
aquitard surface map for the source area developed from drivepoints during the ESI (Figure 5-4)
shows multiple depressions in the aquitard surface across EGDY. However, the surface
generally slopes in the direction of groundwater flow.

5.5.3.2 Dissolved Phase Transport in the Saturated Zone

Groundwater may encounter and dissolve TCE DNAPL residing in several areas of the aquifer.
The DNAPL may be present in (1) separate globules spread throughout the aquifer thickness that
were left behind as the DNAPL sank through the aquifer, (2) thin accumulation areas on less
permeable aquifer units, (3) thin layers on the surface of the aquitard, (4) relatively deep pools
associated with depressions on the aquitard surface, and (5) within and beneath the aquitard
units. The extent of a groundwater plume downgradient from any of these features will be
affected by the permeability of the strata within the aguifer. Assuming little dispersion
downgradient of the source, the extent of a plume downgradient of a zone of low permeability
will be less than that from a zone of high permeability because of differences in groundwater
flow velocity.

As described in Section 5.5.2, column experiments have shown that even water flowing at arate
of 1 meter per day would become saturated with residua TCE after flowing through only 1 meter
of contaminated porous material. Only arelatively short contact time is thus necessary to
produce high concentrations of dissolved chlorinated solvents in groundwater flowing past
globules held under residual saturation conditions (Schwille 1988). In contrast to this situation
where the DNAPL is disseminated along the flow path in relatively small globules with large
surface areas, if the DNAPL is present in apool or thin layer on an aquitard surface, the surface
area of the solvent in contact with the water is much reduced. Because of this, it is less likely
that the dissolved concentration of the solvent will reach its water saturation value. A TCE
solubilization experiment was conducted (Schwille 1988) using a 1.5-meter-long trough with
TCE pooled on the bottom. With water flow velocities of 0.45 to 2.7 meters per day, the TCE
concentrations in the effluent water were 90 and 77 mg/L, respectively (Schwille 1988). Thisis
on the order of 5 percent of the TCE solubility (1,600 mg/L at 10°C).

It has been suggested that if the dissolved concentration of a DNAPL constituent is greater than
about 1 percent of its solubility in water, it is a good indication that DNAPL is present in the
aquifer (Feenstra and Cherry 1996). For TCE as a pure product, this rule of thumb would equate
to a concentration of about 10,000 ng/L. Figure 4-4 shows drivepoint locations at EGDY
containing concentrations greater than 10,000 ng/L. LC-136A, located west of the treatment
system, has shown concentrations of TCE from 19,000 to 190,000 ng/L during the quarterly
monitoring program. Since DNAPL present at the site may contain a mixture of TCE and POL,
thereby resulting in alower effective solubility of TCE, DNAPL may aso be present in areas
where TCE has been detected at high concentrations (greater than 1,000 ng/L), as indicated on
Figure 4-4. In addition, because localized groundwater flow direction may vary, the
concentration of TCE near a NAPL source may have been lower than theoretically expected.
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SECTIONFIVE Conceptual Site Model

5.5.3.3 Conclusions on Saturated Zone Contamination

The occurrence of dissolved TCE at concentrations greater than 10,000 ng/L in the study area
strongly suggests the presence of a TCE DNAPL in the Vashon Drift aquifer. DNAPL may aso
be present in areas where TCE has been detected at high concentrations (i.e., greater than

1,000 ng/L as shown on Figure 4-4). Therefore, the lateral extent of DNAPL contamination is
uncertain. The DNAPL may be spread throughout the aquifer under residual saturation
conditions; however, it is likely that the mgority of the DNAPL resides on the upper aquitard
surface that lies about 30 feet bgs. It should be noted that drivepoint samples were not collected
beyond approximately 39 feet bgs in the ESI, and therefore the extent of DNAPL through the
intermediate aquitard and vertical extent of DNAPL contamination are unknown. However,
dissolved-phase TCE is present benegath the aquitard, indicating that contamination in the source
area has penetrated beneath the agquitard. Laboratory solubilization experiments (Schwille 1988)
indicate that it could require decades to remove pooled TCE from an aquitard surface by
dissolution into groundwater.

56 SUMMARY

Based on the data collected to date, NAPL present in leaking and non-leaking drums, in vadose
zone soils, and saturated zone soils in the subsurface at the EGDY represent the major current
and future sources of contamination of groundwater at the site. NAPL present in the source area
likely will act as a continuous source to groundwater contamination for hundreds of years. The
lateral LNAPL and the lateral and vertical extent of DNAPL are not sufficiently defined to
appropriately design thermal treatment and/or barrier technologies. In addition, site-specific
physical and chemical property datafor DNAPL and LNAPL are unavailable or very limited.

Groundwater in the lower aquifer may be contaminated because of permeable “windows’ and
discontinuities in the Kitsap aquitard in EGDY and downgradient of EGDY. The intermediate
aguitard encountered at approximately 35 to 40 feet bgs beneath the EGDY may consist of
severa distinct lithological layers that can act separately or together as aquitards. This
intermediate aquitard is a potential barrier to vertical migration of contaminants. Information
regarding the characteristics of this confining layer (aquitard thickness, composition, continuity),
lateral extent, and physical characteristics are needed for evaluation of thermal treatment and/or
barrier technologies. 1n addition, dissolved phase TCE is present at high concentrations (greater
than 100 ng/L) up to approximately 2,500 feet west of EGDY', approximately 45 degrees from
the regional northwest flow direction. It is possible that there are local groundwater flow
regimes and/or additional source(s) of TCE groundwater contamination. These uncertainties
should be investigated prior to optimizing the existing groundwater pump-and-treat systems or
developing the design for thermal treatment and/or barrier technologies.

Physical and biological natural attenuation processes act to lower dissolved contaminant
concentrations, but are not sufficient to achieve the maximum contaminant level (MCL) of
5ng/L. Given the current concentrations of TCE in the groundwater and the presence of NAPL
in the source area, natural attenuation alone cannot be considered aremedy. The solubility of
TCE in groundwater in contact with DNAPL exceeds the attenuation ability of the system. DCE
in the form of 1,2-cis-DCE likely is a degradation product of TCE.
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Table5-1

SUMMARY OF PHYSICAL PROPERTIES

OF TCE AND DCE AT 25C

PHYSICAL PROPERTIES TCE 1,2-DCE
Vapor pressure, torr 75 315
Relative vapor density 1.35 1.97
Henry’s Constant, atm-n#/mol 0.00937 0.00916
Density, g/cn® 1.46 1.26
Kinematic viscosity, Cs 0.39 0.32

Notes:

atm-m¥mol - atmosphere-cubic meter per mole
g/em?3- gram per cubic centimeter

Source: Pankow and Johnson 1996

Table5-2
AQUEOUS SOLUBILITY OF PURE COMPOUNDSIN WATER AT 10°C AND AT 25°C

COMPOUND SOLUBILITY AT 10°C SOLUBILITY AT 25°C

(mg/L) (mg/L)

Trichloroethene 1,600 1,100

cis-1,2-Dichloroethene 7,300 3,500

Benzene 1,750 1,780
Toluene 535 524
Ethylbenzene 1520 206
0-Xylene 175 204

Source: Pankow and Johnson 1996; Montgomery and Welcom 1990

Table5-3

CALCULATED DISTRIBUTION COEFFICIENTS
AND RETARDATION FACTORS

COMPOUND Koc Kd RETARDATION
(mL/g) (mL/g) FACTOR
Trichloroethene 126 0.5 4

cis-1,2-Dichloroethene 86 0.3 2.8
Benzene 97 0.4 3.3
Toluene 242 1 6.8
Ethylbenzene 622 25 16
0-Xylene 363 15 9.8

Source: Pankow and Johnson 1996
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SECTIONSIX Investigation Rationale and Approach

6.1 CHEMICALS OF CONCERN

Materials disposed in EGDY consist of construction debris, partialy incinerated materials, and
hazardous waste. Past disposal practices of hazardous waste are believed to include liquid
disposal directly into trenches and containerized (drums) disposal of hazardous materials.
Present knowledge of contamination suggests that liquid hazardous waste is mainly chlorinated
and nonchlorinated petroleum hydrocarbons. These waste streams were most likely spent
degreasing solvents, and lubricating and fuel oils.

EGDY is the source area for widespread TCE contamination at the Fort Lewis Logistics Center.
TCE is present in the upper and lower aquifers as a result of past disposal practices at EGDY .
During previous investigations in 1997 and 1998, trenching revealed drums containing TCE and
nonchlorinated hydrocarbons. Additionally, NAPL was observed at the soil/groundwater
interface in the open trenches. During drum removal activities in 2001 (Smith 2001), three
distinct product types were observed in intact drums removed from the site:

Product Type A — Heavy, viscous, dark brown waste oil with TCE
Product Type B — Light, iridescent oil with TCE
Product Type C — Pure TCE

Chemical and physical testing of these observed product types, plus any additional product types
observed during this investigation, will be performed to identify specific additional chemicals of
potential concern associated with these products (e.g., TCE, DCE, PCE, vinyl chloride, PAHS,
and non-carcinogenic TPH carbon fractions).

6.2 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) are quantitative and qualitative statements specified to ensure
that data of appropriate quality are collected during field activities. The DQO process ensures
that sufficient data are collected to make required decisions within a reasonable certainty and that
only the minimum amount of necessary data are collected (U.S. Army 1998). It isdifficult to
determine the amount of data that will be sufficient to characterize the extent and composition of
material like NAPL in the subsurface because of subsurface heterogeneities, variable flow paths,
and diverse modes of occurrence. Therefore, instead of establishing numerical “DQO decision
rules” and “decision error tolerances’ for this investigation, the number of sampling locations
and the depth of the investigation will be chosen based on professional judgment using existing
data and the current CSM. The dynamic nature of this investigation allows for changes in the
number of locations/samples as the investigation progresses, and results from the early stages
will be utilized in refining the CSM. Additional data collection will continue until the project
team decides that further data would not provide information that would help in substantially
reducing the uncertainty in the CSM, or that further data would not be necessary for the

devel opment/design of a cost-effective thermal remedy, or until funding limitations are reached.
In this manner the investigation has been designed as an iterative approach allowing for new
information, as it becomes available, to be evaluated and integrated into the CSM in order to help
guide the characterization of areas with TCE and NAPL contamination.

URS
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This investigation focuses on collecting data that may be used to aid in the design of an in situ
thermal treatment system that will enhance removal of contaminants from the subsurface. These
data include the following:

Chemica composition of contaminated soil, water, and NAPL phases
Physical characteristics of the contaminated soil and NAPL
Geologic/hydrogeologic properties of the subsurface

Distribution of NAPL in the subsurface

A dynamic investigation approach with use of atoolbox of sampling and analytical options has
been developed for thisinvestigation. A variety of intrusive measurements and sample
collection methods will be used, ranging from in situ sensors to soil borings and monitoring
wells. In each case, the performance specification for the investigation method is based on the
need to locate and characterize very high levels of contamination and to aid in the design of a
method for successfully removing NAPL from the subsurface. The overall project DQOs are as
follows:

DQO 1 - Obtain data required for design of athermal remedial action for NAPL source area
treatment

DQO 2 — Obtain data required to complete an evaluation of options for optimization of the
existing pump-and-treat system

DQO 3 — Obtain data required to complete an evaluation of reactive barrier wall placement
options

DQO 4 — Provide analytical results that can be used to segregate and classify investigation-
derived waste as solid, hazardous, or dangerous waste according to RCRA and Washington
state Dangerous Waste Regulations

DQO 5 — Ensure that the turn around time for the field generated data supports the real-time
decision making needs of the dynamic work plan

6.3 DATA GAPS

Site information was reviewed to identify data gaps that must be filled to provide sufficient data
to determine the feasibility and estimate costs of using a particular remediation technology.
Proposed remediation technol ogies and associated data gaps are listed in Table 6-1. Data gaps
and their relationship to specific DQOs are detailed below.

6.3.1 Intermediate Aquitard Properties

The intermediate aquitard (approximately 35 to 40 feet below ground surface) is a unit that may
consist of severa distinct lithologic layers that can act separately or together as aquitards.
Vashon Till, glaciolacustrine clay/fine sand, and nonglacial deposits are suspected to act as
aquitard material at this elevation. Information regarding the thickness, composition, continuity,
lateral extent and physical characteristics of this confining unit is required for DQOs 1, 2, and 3
identified above.

URS
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6.3.2 DNAPL Extent

The horizontal extent of DNAPL above the intermediate aquitard is presumed to be limited to
four areas, each 1 acre or lessin size, based upon groundwater concentration data and a criterion
for TCE of 10 parts per million (ppm) as an indication of DNAPL. The maximum vertical extent
of DNAPL isunknown. DNAPL is suspected to be resting on top of the intermediate aquitard
(possibly pooled on other discontinuous low permeability units above the intermediate aquitard)
based upon dissolved groundwater concentration data. It is unknown whether or not DNAPL has
penetrated into the intermediate aguitard or below the intermediate aquitard. There are only two
monitoring wells (LC-64B and L C-136B) screened below the intermediate aquitard within the
EGDY DNAPL source area, and concentrations in these wells have historically been around 50
and 100 ng/L, respectively. It is possible that DNAPL may have penetrated below the
intermediate aquitard either through a permeable “window” or by direct seepage through the
aquitard materials. The chosen remedy for DNAPL remediation will require the vertical extent
and a more definitive horizontal resolution of NAPL to be determined. The cost of
implementing a thermal treatment remedy for the source areais very sensitive to treatment area
and volume. The treatment area and volume definition needs to encompass all NAPL source
areas. Information regarding the extent of DNAPL isrequired for DQOs 1, 2, and 3 identified
above.

6.3.3 LNAPL Extent

LNAPL was observed floating on water in trenches and at several direct-push groundwater
sampling locations during the ESI (URSGWC 1999). However, no data are available concerning
the maximum lateral extent of LNAPL in the vicinity of EGDY. Information regarding the
extent of LNAPL isrequired for DQOs 1, 2, and 3 identified above.

6.3.4 Physical and Chemical Properties of NAPL

Limited physical and chemical property data are available for site NAPL. Three distinct product
types were observed during drum removal activities (Section 6.1). However, different NAPL
product types may exist at the site other than those sampled. These data are required for DQO 1
to design thermal treatment and/or evaluate the effectiveness of thermal treatment.

6.3.5 Groundwater Flow Directions in the Greater EGDY Area

Dissolved-phase TCE is present at high levels (in excess of 100 ng/L) up to 2,500 feet west of
EGDY. Itispossble that locally, flow may be toward the west within and west of EGDY. This
proposed westerly flow might have carried dissolved-phase contamination cross-gradient from
EGDY. These data are needed to determine the extent and location of additional extraction wells
for the pump-and-treat system (DQO 2) or to determine the length and position of a barrier
technology to contain/treat the dissolved-phase plume emanating from the source area (DQO 3).

6.3.6 Extent of Dissolved-Phase Plume Surrounding EGDY

Dissolved-phase TCE occurs west of EGDY in adirection up to 90 degrees counterclockwise
from the regional northwestward flow direction. The full extent and source of the dissolved-

URS
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phase TCE in this area should be evaluated. It is possible that additional sources of TCE could
be present in this area. These data are required for DQOs 2 and 3 identified above.

6.3.7 Identification of Additional Source Areas Outside EGDY

If the investigation of the dissolved-phase plume west of EGDY indicates the potential presence
of additional NAPL source areas (Figure 3-4), these must be defined. Additional sources of TCE
in this or other areas would affect all proposed remediation options for the source area.
Information regarding any additional NAPL source areas will be required for DQOs 1, 2, and 3
identified above.

6.4  FIELD EXPLORATION APPROACH

To fill the data gaps identified above, a dynamic investigation approach with use of a toolbox of
data collection options has been developed for thisinvestigation. A dynamic investigation
process is an approach to data collection, analysis, and evaluation that promotes on-site decision
making based on an evolving CSM. Itiscalled “dynamic” because data collection methods
employed may change continually as new information is obtained (e.g., drum removal trenching;
aquitard delineation with geophysics). Thus, the environmental investigation can consist of
iterative data collection events that occur in the field during a single mobilization. It contrasts
with a more traditional approach, where data are evaluated off site and multiple mobilizations are
typically necessary before decisions can be reached. When implemented correctly, the dynamic
investigation process can result in significant cost and time savings while fostering greater
confidence in site decisions. The key features of a dynamic investigation are:

Flexible sampling and analytical plans
Reliance on field-based analytical methods to provide datain real time
Emphasis on experienced technical staff in the field

On-site decision making to allow investigation goals to be reached in a single mobilization, if
possible

The current EGDY CSM is presented in Section 5, and will be used to identify the initial
sampling and analytical decisions for the proposed investigation. These decisions will be
updated in the field as new data are acquired and the current CSM is refined. In thisway, gapsin
the information can be assessed and new sampling locations can be selected without the need for
remobilization.

Site information will be gathered and data gaps filled by using a toolbox of sampling and
analytical options (Section 1.2). Data gaps and specific analytical tools selected to fill those gaps
are listed in Table 6-2. Details on each tool’ s purpose, advantages, and disadvantages are listed
in Table 6-3. Severd of the tools will be used to gather data necessary to fill more than one data
gap and some tools may not be used. These components are detailed in the SAP.

6.5 OVERVIEW OF SAMPLING AND ANALYSIS PROGRAM

The site investigation will consist of iterative data collection events staged to fill the data gaps
identified above. An overview of the initial approach to filling data gaps is presented in this

URS
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section. Once the investigation begins and data begin to be generated and analyzed by the
project and technical teams, the dynamic component of the investigation starts. Data collection
tools will change continually as new information is reported and the CSM is refined (e.g.,
aquitard delineation; NAPL presence or absence). The technical team will select locations of
subsequent measurements that best test the crucia features of the CSM. The site investigation
will continue until the data gaps have been filled and the CSM has been refined enough to meet
the project objectives.

6.5.1 NAPL Area Investigation

The site investigation may begin with initial sonic drilling and SCAPS pushes to define the
extent of NAPL contamination. Initial sonic drilling and well installations may be performed in
the four areas of the site identified in the CSM (Section 5) as having DNAPL contamination.
Four shallow sonic borings may be completed as DNAPL collection wells at the top of the
intermediate aquitard (approximately 40 feet bgs). Eleven sonic borings may be completed to
the top of the Kitsap aquitard, and likely would be completed as multiport wells. These borings
are intended to provide information on the nature and thickness of the intermediate aquitard,
whether DNAPL has penetrated the intermediate aquitard, and whether DNAPL is present below
the intermediate aguitard. Additionally, four shallow LNAPL collections wells may be installed
using the sonic drill rig. Locations of these wellswill be determined based in part on the first
sonic drilling results and SCAPS pushes.

SCAPS LIF (smultaneously with the CPT) and MIP/DSITMS may be used to determine the
extent of NAPL. The SCAPS LIF can be used to identify zones of POL and PAH that
presumably are commingled with VOCs. The SCAPS LIF may be used to identify POL and
PAHSs exceeding site-specific threshold concentrations in the vadose zone, capillary fringe, and
below the water table. Site-specific threshold POL and PAH concentrations in soil may be
determined from site-specific data as the field investigation progresses by relating L1F response
to co-located soil sample results from fast turnaround PAH analysis by the analytical |aboratory.

Based on the SCAPS LIF and MIP/DSITMS results, limited locations for GeoVIS or FLUTe
ribbon samplers may be selected. If the SCAPS LIF and MIP/DSITMS results are of sufficient
quality to meet project objectives, use of the GeoVIS and FLUTe ribbon samplers may not be
necessary. GeoVIS will be used as necessary to view and map NAPL distribution and pore
space, and to confirm NAPL presence. Also LIF can be employed simultaneously with GeoVIS,
S0 these locations can be used to confirm LIF response in NAPL areas and to aid in LIF
interpretation. Representative NAPL samples collected during the drum removal excavation
work have been tested and responded to the LIF tool.

Soil and/or NAPL samples from the sonic borings and/or SCAPS rig may be collected at the
discretion of the technical team and submitted for analysis of physical and/or chemical
characteristics.

6.5.2 Define Intermediate Aquitard

The SCAPS CPT may be used to provide continuous geotechnical and stratigraphic information
that will aid in defining the intermediate aquitard and interpreting contaminant distribution.
Final decisions regarding density of sample collection will be made in the field by consensus

.
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among the technical team. Final decisions regarding the total number of samples collected also
will be made by the USACE. Actua placement of the SCAPS equipment may be adjusted due to
physical obstructions. Continuous L1F measurements may be collected for the entire length of
each SCAPS push to provide an indication of relative concentrations of contaminants.

Sonic drilling likely would occur simultaneously with the SCAPS work. The 11 borings that
may be completed to the top of the Kitsap aquitard can provide information on the nature and
thickness of the intermediate aquitard. Soil samples from these borings and/or the SCAPS rig
may be collected at the discretion of the technical team and submitted for analysis of physical
and/or chemical characteristics.

If additional information is needed for defining the intermediate aquitard, then geophysical
methods could be employed.

6.5.3 Groundwater Flow Direction and Extent of Dissolved Phase Plume

The groundwater flow direction may be evaluated by collecting groundwater level measurements
from existing monitoring wells, monitoring wells installed during sonic drilling, and piezometers
installed by the SCAPS team.

Dissolved-phase TCE occurs west of EGDY. Using existing site groundwater data and new
SCAPS LIF results, additional SCAPS pushes may be completed. The MIP may be used to
delineate areas with elevated concentrations (>100 ng/L). The SCAPS direct groundwater
sampling may be used to delineate the lower level portions and edges of the plume. Depending
on site conditions, in situ VOC measurements may be collected with the MIP. [f necessary,
groundwater samples will be collected using SCAPS direct sampling capabilities and analyzed
by the SCAPS team on site using the DSITMS method. The DSITMS method aso can be used
to analyze surface water from Murray Creek. Datawill be reviewed by the technical team and
used to select locations of subsequent measurements that best test the crucial features of the
CSM.

Groundwater samples may be collected from the 11 new multiport wellsin EGDY and analyzed
by the off-site laboratory for VOCs, SVOCs, and TPH. It is possible that each well may be
sampled prior to installation of additiona wells; data from these wells may be used to choose
locations of subsequent wells. Preliminary results will be reported by the laboratory within 48
hours of sample receipt. Datawill be reviewed by the technical team and used to select locations
of subsequent measurements that best test the crucial features of the CSM.

6.5.4 Identification of Additional Potential Source Areas Outside EGDY

Based on aerial photo review conducted by the USACE, there may be additional NAPL source
areas outside of the EGDY area. These potential disposal areas may be investigated using
reconnai ssance followed by exploratory trenching techniques by an independent contractor to the
USACE. If the results from this reconnaissance, exploratory trenching, or the investigation of
the dissolved phase TCE plume west of the EGDY area indicate the presence of additional
source areas, investigation to identify these areas would employ the same tools used to fill the
data gaps discussed above. SCAPS and sonic drilling data will be reviewed and locations for
pushes and/or borings will be determined by the technical team.

URS
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Investigation Rationale and Approach

Table 6-1

APPLICABLE REMEDIATION TECHNOLOGIES
AND ASSOCIATED DATA GAPS

APPLICABLE TECHNOLOGY

DATA GAPS

Thermal treatment

P&T optimization

Reactive barrier

Intermediate aquitard thickness, composition, continuity, lateral extent, and
physical/hydrogeologic properties

Thermal treatment

P&T optimization

Reactive barrier

DNAPL horizontal and vertical extent

Thermal treatment

P&T optimization

Reactive barrier

LNAPL horizontal extent

Thermal treatment

Physical and chemical properties of DNAPL and LNAPL

Reactive barrier

P&T optimization Groundwater flow directions in the greater EGDY area
Reactive barrier
P&T optimization Horizontal and vertical extent of dissolved phase plume in the greater EGDY

area

Thermal treatment

Identification of additional NAPL source areas outside the boundaries defined

P&T optimization for EGDY
Reactive barrier
P&T optimization Horizontal and vertical extent of dissolved phase plume in the greater EGDY
Reactive barrier area below the intermediate aquitard
Note:

P&T - Groundwater pump-and-treat system
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Investigation Rationale and Approach

Table 6-2
DATA GAPS AND SAMPLING AND ANALYTICAL TOOLS
ASSOCIATED
DATA GAP SAMPLING AND ANALYTICAL TOOLS2 DQOSb

Determine intermediate Ground penetrating radar (GPR) (1) 1,23
aquitard thickness, Electrical Resistivity Imaging (2)
composition, continuity, SCAPS CPT (4), GeoVIS (9), and MOSTAP? soil sampling (10)
lateral extent, and Sonic drilling and soil sampling (3)
physical/hydrogeologic Soil testing (14):
properties - Grainsize

- Permeability

- Density

- Porosity

- Cation exchange capacity

- Total organic carbon

Surveying (20, 21)
Determine horizontal and SCAPS with FLUTe ribbon samplers (5), MIP with DSITMS (6), LIF (8), 1,23
vertical DNAPL extent GeoVIS (9)

Sonic drilling and shallow well installation (3), NAPL and soil sampling

(18, 19)

NAPL and soil analysis (14, 15):

- VOCs

- SVOCs

- TPH

Surveying (20, 21)
Determine horizontal LNAPL SCAPS with FLUTe ribbon samplers (5), MIP with DSITMS (6), LIF (8), 1,23
extent GeoVIS (9)

Sonic drilling and shallow well installation (3), NAPL and soil sampling

(18, 19)

NAPL and soil analysis (14, 15):

- VOCs

- SVOCs

- TPH

Surveying (20, 21)
Evaluate physical and Sonic drilling and well installation (3), and DNAPL/LNAPL sampling (18, 1
chemical properties of 19)
DNAPL and LNAPL NAPL analysis and testing (14, 15):

- Oiliwater interfacial tension

- Density

- Viscosity

- Boiling point distribution

- VOCs

- SVOCs

- TPH

Surveying (21)
Determine groundwater flow Sonic drilling and well installation (3) 2,3

directions in the greater
EGDY area

Water level measurement (17)
SCAPS piezometers (11)
Surveying (20, 21)
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Table 6-2 (Continued)
DATA GAPS AND ANALYTICAL TOOLS

ASSOCIATED
DATA GAP SAMPLING AND ANALYTICAL TOOLS2 DQOSb

Determine the extent of - Sonic drilling and deep well installation (3), and groundwater sampling 2,3
dissolved phase plume in the (16)
greater EGDY area, above - Groundwater analysis (15):
and below the intermediate - VOCs
aquitard . SCAPS groundwater sampling/analysis with MIP/DSITMS (6) or

PowerPunch& /DSITMS (7)

Surface water sampling with DSITMS (12)

Surveying (20, 21)
Assess the presence of - Exploratory excavating (13) 123
additional NAPL source - SCAPS with FLUTe ribbon samplers (5), LIF (8), GeoVIS (9)
areas outside EGDY - SCAPS groundwater sampling/analysis with MIP/DSITMS (6) or Power

Puncha /DSITMS (7)

SCAPS MOSTAP? soil sampling (10)

Soil testing (14):

- Grain size

- Permeability

- Density

- Porosity

- Cation exchange capacity

- Total organic carbon

Surveying (20, 21)
a Numbers in parentheses are cross references to tools in Table 6-3.
b DQOs are defined in Section 6.2.
Note:
Not all tools presented in Tables 6-2 and 6-3 may be used.

RS
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Investigation Rationale and Approach

Table 6-3
SAMPLING AND ANALYTICAL TOOLS: PURPOSES,
ADVANTAGES, AND LIMITATIONS

TOOL PURPOSE | ADVANTAGES | LIMITATIONS
GEOPHYSICS
(1) Characterize the surface High definition High cost
Ground-penetrating topography of the Non-invasive Need confirmation
radar (GPR) intermediate aquitard (30- Rapid stratigraphic data collected
40 ft bgs) and other less from drilling or SCAPS
continuous shallow Relatively shallow
aquitards penetration depth
Possible signal interference
due to presence of rounded
metallic objects (drums),
backfilled areas, and
electrically conductive
groundwater
Unobstructed ground
surface required to carry/tow
GPR
2) Characterize deeper High definition High cost
Electrical resistivity stratigraphic units Non-invasive Need confirmation
imaging (including Rapid stratigraphic data collected

induced polarization)

Relatively deep penetration
depth

from drilling or SCAPS

DRILLING
(3) Install borings and Can reach maximum High cost
Sonic drilling monitoring wells for proposed study depth Produces some IDW
collection of sail, Allows installation of 2-inch
groundwater, and NAPL diameter NAPL collection
samples, and stratigraphic wells
characterization to top of Allows accurate collection of
Kitsap aquitard soil, groundwater, and/or
product samples for
laboratory analysis
Minimizes generation of
IDW more than other drilling
techniques
Appropriate for site geology
SCAPS
(4) Define stratigraphic units Inexpensive technique to May be difficult to employ
Cone penetrometer quantify grain due to coarse gravel and
testing (CPT) size/stratigraphy cobbles

Can collect coincident with
other SCAPS technologies
(e.g. LIF, GeoVIS, MIP)
Continuous record

Up to 2 cm vertical spatial
resolution

Minimal generation of IDW
Grouting through the tip

May not be accurate in
lithologies of mixed grain
size

Geologic information limited
to grain size; no other data
such as depositional origin
Likely will not penetrate to
maximum depths of
investigation
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Investigation Rationale and Approach

Table 6-3 (Continued)
SAMPLING AND ANALYTICAL TOOLS: PURPOSES,
ADVANTAGES, AND LIMITATIONS

TOOL | PURPOSE | ADVANTAGES | LIMITATIONS
SCAPS
(5) Determine DNAPL/LNAPL Wide range of installation May be difficult to employ
FLUTe Ribbon Sampler | extent configurations due to coarse gravel and
Easy installation cobbles
Results available within one Not quantitative
hour of installation Does not determine product
Allows physical map of types or characteristics
NAPL Dependent upon depth
Provides depth discrete reached by SCAPS
distribution of NAPL
Inverting liner minimizes
cross-contamination
Stained sections of sampler
can be submitted to
laboratories for analysis
Low cost
(6) Determine the extent of More efficient than fixed lab May be difficult to employ

MIP with DSITMS

dissolved phase VOC
groundwater plume
surrounding EGDY and
indirectly identify NAPL

(more samples, less time
and cost)

Rapid (<5 minutes), real-
time horizontal and vertical
assessment of dissolved
phase TCE

Up to 2 cm vertical spatial
resolution in one hole
Minimal generation of IDW
Measures VOCs in soil,
water and air in vadose
and/or saturated zones
Deployment with CPT allows
identification of depths for
sampling

Grouting through the tip
Dynamic range of 104

due to coarse gravel and
cobbles

Likely will not penetrate to
maximum depths of
investigation

MIP cleaning required when
high concentrations of
solvents saturate the
device’s membrane and
transfer line

Detection limit typically 100-
200 ng/L

Reduced TAL

Difficult to differentiate
compounds with similar
mass

Uncertainty associated with
spiking method for
calibration

Potential for interference for
vinyl chloride

(7)

PowerPuncha or direct
water sampling with
DSITMS

Collect groundwater
samples and determine the
extent of dissolved phase
plume surrounding EGDY

More efficient than standard
monitoring well sampling
and fixed lab analysis (more
samples, less time and cost)
Provides discrete depth
information

Rapid horizontal and vertical
assessment of dissolved
phase TCE

May be difficult to employ
due to coarse gravel and
cobbles

Likely will not penetrate to
maximum depths of
investigation

Must be decommissioned
Samples could be turbid
One time sampling only
Reduced TAL
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Investigation Rationale and Approach

Table 6-3 (Continued)
SAMPLING AND ANALYTICAL TOOLS: PURPOSES,
ADVANTAGES, AND LIMITATIONS

TOOL PURPOSE | ADVANTAGES | LIMITATIONS
SCAPS
Greater sensitivity than Difficult to differentiate
MIP/DSITMS (2.5 to compounds with similar
5.0 ny/L) mass
Allows for repeat sampling Uncertainty associated with
Grouting through the tip spiking method for
Dynamic range of 104 calibration
Potential for interference for
vinyl chloride
(8) Determine horizontal and More efficient than fixed lab May be difficult to employ

Laser-induced
fluorescence (LIF)

vertical DNAPL/LNAPL
extent

(more samples, less time
and cost)

Can be used to characterize
mixed NAPLS (POL/TCE)
Basic site NAPL types
collected during excavation
were tested and will
fluoresce; confirms ability of
LIF to indirectly delineate
NAPL source areas

Up to 2 cm vertical spatial
resolution with rapid
measurement

Minimal generation of IDW
Grouting through the tip

due to coarse gravel and
cobbles

Likely will not penetrate to
maximum depths of
investigation

Not quantitative; need to
confirm results with fixed lab
analyses

Does not identify chlorinated
hydrocarbons (TCE)

Does not identify aliphatic
hydrocarbons

Subject to interference from
moisture in soil or naturally
occurring compounds or
minerals that fluoresce

9)
GeoVIS soil video
imaging system

Obtain stratigraphic
information

Determine horizontal and
vertical DNAPL/LNAPL
extent

Rapid

Provides discrete depth
information

Can deploy coincident with
CPT and LIF

Relatively inexpensive
Can obtain information on
soil structure, pore space,
and movement of NAPL
Provides information on
depth discrete distribution of
NAPL

May be difficult to employ
due to coarse gravel and
cobbles

Not quantitative

Likely will not penetrate to
maximum depths of
investigation

Colorless NAPL not visible

(10)
MOSTAP® sampler

Collect confirmation soil
samples for SCAPS work

Allows accurate collection of
soil samples for stratigraphic
characterization and
chemical/physical testing

May be difficult to employ
due to coarse gravel and
cobbles (designed for use in
clay, silt, and sand)

Likely will not penetrate to
maximum depths of
investigation
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Investigation Rationale and Approach

Table 6-3 (Continued)
SAMPLING AND ANALYTICAL TOOLS: PURPOSES,

ADVANTAGES, AND LIMITATIONS

TOOL

PURPOSE

ADVANTAGES

LIMITATIONS

(11)
Piezometer installation

Determine groundwater
flow directions in the
greater EGDY area and
groundwater interaction
with Murray Creek

Less expensive than
installing standard 2-inch
diameter monitoring wells
(more locations, less time
and cost)

Minimal generation of IDW

May be difficult to employ
due to coarse gravel and
cobbles

SURFACE WATER SAM

PLING

(12)
Surface water sampling
with DSITMS

Map TCE concentrations in
Murray Creek to enhance
understanding of the
plume/creek interaction

Numerous samples can be
collected quickly

Minimal generation of IDW
Rapid availability of data

Access could be difficult
Might not capture seasonal
VOC concentration
fluctuations

EXPLORATORY EXCAVATING

(13) Assess the presence of Low cost Limited to shallow
Exploratory excavating | additional NAPL source Will provide basic subsurface
areas outside EGDY information quickly (i.e.
whether additional former
disposal areas are present)
ANALYTICAL LABORATORY ANALYSES
(14) Determine physical Provides determinative data High cost

Physical testing of soils
and NAPL

characteristics of soil and
NAPL

Slow turn around time

(15)

Analytical testing of soil,
groundwater, surface
water and NAPL

Determine nature and
extent of chemicals of
concern

Provides determinative data
Complete TAL

High cost
Slow turn around time

FIELD MONITORING INSTRUMENTS

(16) Assess stability of Allows collection of None
Groundwater monitoring | groundwater conditions representative samples

using water quality prior to sample collection

meter

(a7 Assess groundwater flow Provides definitive data None

Depth to groundwater
measurement using
water level indicator

direction

(18)

Air monitoring for
volatile organic
compounds using PID

Assess health and safety
conditions and presence of
chemicals of concern at
potential sampling
locations

Indicates when potential
hazards may be present

May not have adequate
detection limits for some
chemicals of concern

(19)
NAPL measurement
using interface probe

Determine
presence/absence of NAPL
in monitoring wells

Allows selection of
appropriate sample
collection tool

None
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Table 6-3 (Continued)
SAMPLING AND ANALYTICAL TOOLS: PURPOSES,
ADVANTAGES, AND LIMITATIONS

TOOL | PURPOSE | ADVANTAGES | LIMITATIONS
SURVEYING
(20) Determine horizontal - Rapid - Not as accurate as
Global positioning coordinates of all sampling | . Inexpensive traditional survey techniques
system survey (GPS) locations . Provides adequate accuracy | -  Does not determine vertical
(+/- 10 feet) for display and coordinates

processing of data for field
decision making

(21) Provide accurate locations | - Provides elevation accuracy | - Expensive
Traditional survey and elevations of necessary to map - Relatively slow
monitoring wells, groundwater elevation and
piezometers, and other determine flow directions

sampling locations

Notes:

IDW - investigation-derived waste
TCE - trichloroethene

TAL - target analyte list

v
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SECTIONSEV EN Presentation, Interpretation, and Review

7.1 DATA PRESENTATION

Site investigation results will be presented in text, tables, and graphics. As data become
available, draft and final results will be posted on eRoom, the project Website. ThiseRoom is an
Internet site where project team members can access site information from their own computers.
Text will be created in Microsoft Word 6.0/95 format. Tabular data will be presented in
Microsoft Excel 5.0/95 or Microsoft Word 6.0/95 formats. All chemical and physical data will
be compiled in a Microsoft Access database. Data will be exported to Excel for preparation of
reports and other documents. Schematic graphical data will be presented using Macromedia
Freehand 5.0, CorelDraw 8.0, or similar software. Computer-aided drafting of site plans and
other scale-intensive graphics will be performed using Intergraph Microstation. Where
appropriate, geographic presentation of analytical datawill be presented using GM S software.
Boring logs will be prepared with appropriate software, such as gINT. It isalso possibleto
present text, tabular data, and graphics in PDF.

7.2 DATAINTERPRETATION

The primary objectives of the field investigation are to define the extent and composition of
NAPL in the subsurface and to evaluate the geologic constraints that will be used to assess
appropriate remedial technologies. Some of the data that potentially will be collected to better
define the presence and characteristics of the NAPL and the subsurface include the following:

Geophysical data
SCAPS, MIP, LIF, GeoVIS, CPT, and FLUTe data
Site geology and stratigraphy

Off-site laboratory chemical analysis of soil, groundwater, and NAPL samples collected from
SCAPS penetrations, soil borings, and monitoring wells

DSITMS chemical analysis of groundwater samples collected from SCAPS penetrations and
sonic drilling monitoring wells, and surface water samples collected from Murray Creek

Groundwater elevations
Physical testing of soil and NAPL samples

The data from these analyses, tests and techniques will be used to map the extent of NAPL at the
site, estimate the amount, and classify it into groups with similar physical/chemical properties, if
possible. Geotechnical and stratigraphic data collected using the SCAPS and sonic drilling and
geophysical surveys will be used to identify high- and low-permeability zones. The results of the
field work and tests will be used to develop a stratigraphic map of the subsurface that may help
explain the distribution of NAPL at the site.

Groundwater chemical data from monitoring wells and SCAPS MIP/DSITMS, groundwater
elevation data from monitoring wells and piezometers, and surface water chemical data from
Murray Creek will be used to estimate the current extent and flow direction of the TCE plume, to
evaluate concentration trends, and to determine interaction between the plume and the creek.
Rapid turnaround will be requested for VOC, SVOC, and TPH data reported by the fixed lab.

.
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Results will be analyzed by the core technical team and used to determine the next measurements
that best test the crucial features of the evolving CSM.

The NAPL distribution/characteristics data and the subsurface stratigraphy of the site will be
used to evaluate the feasibility of in situ treatment technologies and may be used to aid in the
design of athermal treatment system. The groundwater and surface water results and
stratigraphic data will be used to evaluate the feasibility of optimization of the existing
groundwater pump and treat systems and evaluate aternative dissolved phase treatment options.

7.3 QUALITY ASSURANCE REVIEW

The field method review process for this project will include USACE site representative
supervision and review of the procedures being implemented in the field for consistency with the
established protocols. Field forms and data will be reviewed on adaily basis by the USACE
technical team. Aninitial data quality assessment will be performed in the field before data are
used to make decisions. Field QC and PE samples will be monitored on continual basis.

The chemical data review process for this project will include data generation, reduction, and
two levels of QA review. Thefirst level of review will be conducted by the analytical laboratory
datareviewer. After receipt of data packages, the project QA/QC Officer or a designee will
conduct an independent data quality review and generate a QA summary report that will evaluate
attainment of data quality objectives of the overall project.

7.3.1 Field Measurement Quality Assurance

The technical team is responsible for field QA. The USACE site representative will review the
procedures being implemented in the field for consistency with the established protocols. He or
sheis responsible for supervising and checking that samples are collected and handled in
accordance with this management plan and that documentation of work is adequate and
complete. Sample collection, preservation, labeling, etc., will be checked for completeness.
Where procedures are not strictly in compliance with established protocol, the deviations will be
field documented and reported to the project QA/QC Officer. Corrective actions will be defined
and implemented and documented as appropriate, as defined in the Quality Assurance Project
Plan (QAPP).

7.3.2 SCAPS Laboratory Quality Assurance Review

One hundred percent of mobile field laboratory data will be reviewed. The review will include
evauation of method performance as outlined in the SCAPS standard operating procedures and
evaluation of threshold limits, replicate analyses, precision and accuracy, representativeness,
comparability, and completeness. Reviews will be performed by USACE Tulsa District and
included in a separate SCAPS results report.

7.3.3 Fixed Laboratory Quality Assurance

One hundred percent of the fixed laboratories’ data will be reviewed by URS against |aboratory
performance criteria and sample-specific criteria. The quality review on the data will include
evaluation of precision, accuracy, representativeness, comparability, and completeness, sampling

URS
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documentation, holding times, instrument calibration, and tuning. The USACE will evaluate
overall completeness and determine if DQOs have been met. After receipt and initia review of
all datafrom Sound Analytical Services, Inc., and PTS Laboratories, Inc., Contract Laboratory
Program (CLP)-like deliverables will be requested for 10 percent of all data packages. These
datawill receive a full validation according to EPA functional guidelines (USEPA 1994a and
1994b) and site-specific criteria. A data quality review of the remaining data will be performed
by URS using the DQOs, the EPA’s functiona guidelines, and the EPA Region9 standard
operating procedures.

.
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SECTIONEIGHT Communications, Data Management, and Reporting

This section of the Work Plan describes the important project e ements of communications
between team members and the flow and management of data that have been collected. The
method of reporting project results is also described.

8.1 COMMUNICATIONS STRATEGY

Accelerated approaches to sampling and analysis, as required for this project, integrate various
characterization tasks and measurements into a single coordinated effort. Accelerated
approaches are conducted by a multidisciplinary group of experienced professionals, working as
ateam in the field to evaluate the data to further refine the CSM and plan the next measurement
steps. The dynamic nature of this approach requires an outlined communication effort. Team
and inter-group communication strategies are described below and shown on Figure 8-1.
Contact information for all parties involved is presented in Tables 2-1, 2-2, and 2-3.

8.1.1 Project Team

The project team consists of representatives from Fort Lewis Public Works, USACE Sedttle
District, USACE Tulsa District, and URS. Project personnel and responsibilities are described in
Section 2. The project team provides the overall framework for the sampling and analysis
approach by defining project objectives and data quality requirements, and ensuring that both the
objectives and data quality requirements are met. Technical oversight and support also are
provided by EPA, USGS, and PNNL.

Providing oversight for the project team throughout the process are individuals identified to
ensure that project QA/QC and health and safety issues are addressed. At any time, any
individual working on the project may contact the QA/QC Manager or the Health and Safety
Officer to discuss project issues or concerns. It isthe responsibility of the QA/QC Manager and
the Health and Safety Officer to implement corrective actions if project requirements are not
being met.

The project team, EPA, USGS, and PNNL will be kept informed of the project progress via
eRoom, weekly email summaries, conference calls involving major decisions, and biweekly
meetings at the site. The approval of Fort Lewis Public Works and EPA is required for any
major deviations in the work. Project updates will be given to Fort Lewis Public Works and the
USACE Project Manager by the technical team during regularly scheduled meetings, phone
cals, emails, or faxes.

8.1.2 Technical Team

Within the project team is a technical team made up of USACE individuals who have expertise
in geologic, hydrologic, and chemical analytical methods appropriate for the site. They provide
a continual, integrated, and multidisciplinary presence throughout the process. Each member of
the technical team isinvolved in al steps of the process and may be present in the field when
data collection related to their areas of expertise istaking place. The optimization of field
investigation activities and the quality of the evolving and final CSM depend on the interaction
among the members of the technical team and the project team, each providing their own special
perspective on the site. At least one member of the technical team will be on site during field

URS
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activities. This person will be the site point of contact and will be responsible for daily field
decisions.

Technica team members include:
Senior Chemist —KiraLynch
Senior Geologist — Richard Smith
Project Geologist — Jeff Powers
Project Chemist — Gwyn Puckett

The technical team oversees analysis of the raw data, evaluates the data to further refine the

CSM, and decides on the next measurements that best test the crucial features of the CSM.
Members of the technical team should have whole-site-systems understanding of geology,
hydrogeology, and contaminant chemistry. They work together to evaluate the data as they are
obtained. Their most important role is integrating and understanding inconsi stencies between the
data and the CSM. The ability to integrate their technical expertise with that of the other
members of the technical team is crucial to the success of the project.

During this project, the technical team will use field-based site characterization methods that will
generate data that will be evaluated and integrated into the CSM in the field. The technical team
will follow a dynamic management plan that allows and requires on-site decision making by the
team. Successive steps are based on the evaluation and integration of field data into the CSM.

During decisionmaking, the technical team will use eRoom as a major communication tool
(Section 8.2). Another communication tool will be provided by CRREL. CRREL developed a
software tool that searches a website that contains SCAPS and survey data, then incorporates the
data into a web-based GIS tool. Thistool will allow users to see where data has been collected
and view some of the data.

The technical team is ultimately responsible for all decisions related to the design and
implementation of this project, within the framework provided by the approved dynamic work
plan. They are tasked with informing the project team about all decisions that may impact
project schedule or budget. Final decisions that impact budget and schedule will be made by the
USACE Project Manager and Fort Lewis Public Works in concurrence with EPA.

The technical team also is responsible for ensuring data quality and effective data management,
interpreting data, and integrating the results into the evolving CSM and reports. The on-site
technical team representative has the final authority on site technical decision making concerning
field operations. The USACE on-site representative team, in telephone consultation with the
technical and/or project team members, makes decisions concerning the present and next day’s
activities. Other technical team members may be in the field for data collection involving their
primary area(s) of expertise and will be available for telephone consultation when they are not
present in the field. Technical team members will review data posted on eRoom daily.

Although data management and QA/QC are specific project support functions, the technical team
members are responsible for ensuring that (1) data collection is relevant to the objectives of the
project (that is, necessary to satisfy data quality requirements), (2) QA/QC procedures for data
collection and processing for respective areas of expertise are strictly followed, and (3) field data
reduction and processing do not introduce errors into the data and evolving CSM.

URS
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The technical team will be in daily contact to discuss project process and any changes with Fort
Lewis Public Works. Additionally, daily meetings to discuss project technical issues will be held
in the field with technical team members present or linked by conference call. Representatives
of subcontractors or project support team members (Section 8.1.3) may also be asked to attend
these meetings.

8.1.3 Project Support Team

The project support team includes technical and support personnel and equipment operators
directly involved in data collection and sampling. The project support team is made up of
representatives from USACE Tulsa District, URS, the USACE sonic drilling contractor, and
URS' subcontractors. Project personnel and responsibilities are described in Section 2.

The project support team will be in daily contact with the USACE site representative during field
activities. They may be asked to attend technical team meetings to present results or other
technical issues, if needed. Off-site laboratories will be contacted by the URS Field
Investigation Manager, or designee, as necessary.

82 DATAFLOW

Two primary categories of data will be generated for this project: field data and fixed laboratory
data. The procedures to be used for each type of data are described below.

8.2.1 Field Data

Field measurements/observations will be recorded by technical support team membersin
logbooks and on the appropriate field forms. SCAPS data will be generated on adaily basis and
reported in formats that can be interpreted by the technical team. SCAPS data deliverables are
described in detail in the QAPP. Boring logs will be generated during sonic drilling.

All field data will be transferred to the site field office. A temporary file will be established and
maintained at the site field office to ensure proper hardcopy storage during field operations.
These files will be added to and used by the technical team as data are generated by the project
field support team.

Daily chemical quality control reports (DCQCRs) will be generated daily by project support staff
and submitted to the USACE on-site representative. The DCQCR will include all field data
generated on adaily basis, including boring logs, mobile laboratory data, chain of custody forms,
and field sampling forms. The reports and supporting documentation will be scanned and posted
on eRoom. If generated electronically in the field, reports may be posted directly to eRoom from
the field office. Incoming project-related material, including correspondence, authorizations,
chain of custody forms, or other information, will be marked with the date received and the
project name.

Upon completion of the field program, the temporary file will be transferred from the site field
office and incorporated into the USACE Seattle District office project file. Copies of al field
documents may be made and retained by the originator for use in report preparation and later
reference. The originals will be filed in the office project file.
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On-site field measurements and laboratory data will be input into an electronic database. The
data will then be printed out and compared to the origina field records to ensure input accuracy.
All review documentation will be initialed and dated by the reviewer, then filed with the quality
review documentation. All data and forms will be input into eRoom daily (Section 8.2.3).

8.2.2 Fixed Laboratory Data

Fixed laboratory data will be transferred from the project laboratories to the URS Project
Manager or Project Chemist in hardcopy and electronic formats. The VOCs, SVOCs, and TPH
data produced by Sound Analytical Services, Inc., on quick turnaround will be emailed to URS.
Data will be loaded into the electronic database and eRoom. Hard copies of the laboratory
deliverables will be used to verify the accuracy of electronic data. The origina hard copies of
laboratory deliverables will then be stored in the office project file.

The laboratories will maintain and follow their own detailed procedures for laboratory record
keeping in order to support the validity of all analytical work. Each data package submitted will
contain the laboratory’ s written certification that the requested analytical method was run and
that all QA/QC checks were within established control limits on all samples, with exceptions
noted.

8.2.3 Reporting

Information on project status and available datawill be posted daily on eRoom by the technical
team. These postings will include al data, including the SCAPS graphical files described in
detail in the QAPP. The GMS support files and plots of site data will be made available on the
project ftp site.

Results of this Phase Il RI will be documented in preliminary draft, draft, and final versionsin
report format. The report will include a discussion of field activities, results of
soil/NAPL/groundwater sampling and testing, the nature/extent/character of site contamination,
stratigraphy, relationship of the chemicals of concern to the stratigraphy, and an updated CSM.
Field notes, calculations, field forms, analysis results, and resultant interpretations will be
included. This report will also include an analysis of the results in relation to the purpose and
objectives of the investigation. A review conference will be held to discuss the report and
recommendations. Formal, written responses to Fort Lewis Public Works and project team
review comments will be prepared and incorporated into the final reports as necessary.

8'4 S:\GAYTER\EGDY\EGDY WORK PLAN FINAL.DOC\10-JUL-0I\SEA



EPA

Bob Kievit
Marcia Knadle

VN

FORT LEWIS PUBLIC WORKS

IRP Project Manager

Rich Wilson
RCRA/IDW Disposal Administrator

Jana Nelson

EGDY
Phase Il RI
eRoom

TN

USACE TULSA DISTRICT

SCAPS Manager
Steve Brewer
SCAPS Team ( Table 2-2)

USACE SEATTLE DISTRICT

Project Manager
Bill Goss

Technical Team
Kira Lynch
Richard Smith
Jeff Powers
Gwyn Puckett

USGS

Battelle PNNL

—
)

TT

1

URS

Project Manager

Janette Rau

Quality Assurance Manager/
Project Chemist

Kathryn Carpenter
Field Investigation Manager
John Rapp
Health and Safety Officer
Heather Boge
Database Manager
Crystal Neirby

I

SUBCONTRACTORS

Analytical Laboratory
Sound Analytical Services, Inc.
Physical Testing Laboratory

PTS Laboratories
Performance Evaluation Samples

Environmental Resource Associates
Site Clearing
Don Leonard and Sons
Surveying
Thornton Land Surveying, Inc.
SCAPS Team ( Table 2-3)

DRILLING CONTRACTOR

U.S. ARMY
ENGINEER DISTRICT, SEATTLE
CORPS OF ENGINEERS
SEATTLE, WASHINGTON

URS

EAST GATE DISPOSAL YARD AND
LOGISTICS CENTER
PHASE Il RI

COMMUNICATION STRATEGY

FT.LEWIS PN 53F0074209 WASHINGTON

FIGURE 8-1 WP




SECTIONNINE References

Battelle Memorial Institute and Cornell University (Battelle and Cornell). 1999. Draft
Technology Demonstration Plan for Reductive Anaerobic Biological In Stu Treatment
Technology (RABITT) Treatability Testing at the East Gate Disposal Yard Ste, Fort
Lewis, Washington. July 1999.

Battelle Memorial Institute. 2001. Technical Data Summary for Reductive Anaerobic Biological
In Stu Treatment Technology (RABITT) Treatability Testing at Fort Lewis East Gate
Disposal Yard. May 25, 2001.

Dinicola, R.S., U.S. Geological Survey, Tacoma, Washington. 2000. Personal communication
with Melanie Swanson, URS Greiner Woodward Clyde, Seattle, Washington, re:
Summary of Expanded Lower Aquifer Study of the Logistics Center, Fort Lewis. July 25,
2000.

Ebasco Environmental (Ebasco). 1995. Fort Lewis Logistics Center Lower Aquifer
Groundwater Study, Addendum Technical Memorandum.

. 1994. Fort Lewis Logistics Center Lower Aquifer Sudy, Final Addendumto Final
Technical Memorandum. Prepared by Ebasco in association with Shannon & Wilson,
Inc. June 1994

. 1993. Technical Memorandum, Fort Lewis Logistics Center Lower Aquifer
Groundwater Study. Prepared for Segttle District Corps of Engineers by Ebasco in
association with Shannon & Wilson, Inc. July 1993

Envirosphere Company (Envirosphere). 1988. Final Remedial Investigation Report, Fort Lewis
Logistics Center Remedial Investigation / Feasibility Sudy. Prepared for Department of
the Army, Seattle District Corps of Engineers, by Envirosphere in association with
Shannon & Wilson, Inc. November 1988.

Feenstra, S., and J. Cherry. 1996. “Diagnosis and Assessment of DNAPL Sites.” In Dense
Chlorinated Solvents and Other DNAPLs in Groundwater. J.F. Pankow and JA. Cherry,
eds. Waterloo Press, Portland, Oregon. pp. 395-473.

Kueper, B.H., and E. O. Frind. 1996. “Numerical Simulation of the Migration of Dense Non-
Aqueous Phase Liquids (DNAPLS) in Porous Media” In Dense Chlorinated Solvents
and other DNAPLsin Groundwater. J.F. Pankow and JA. Cherry, eds. Waterloo Press,
Portland, Oregon. pp. 129-144.

Mendoza, C.A., B.M. Hughes and E.O. Frind. 1992. “Trichloroethylene Vapoursin the
Unsaturated Zone: Numerical Analysis of aField Experiment.” In Proceedings:
International Association of Hydrogeol ogists Conference on Subsurface Contamination
by Immiscible Liquids, Calgary, Alberta. A. A. Balkema, Rotterdam. pp. 221-227.

Montgomery, JH., and L.M. Welkom. 1990. Groundwater Chemicals Desk References. Lewis
Publishers, Inc. Chelsea, Michigan.

Pacific Northwest National Laboratory (PNNL). 2000. In Stu Redox Manipulation Proof of
Principle Test, Fort Lewis Log Center. Final Report. September 2000.

. 1998. Detail Work Plan. Innovative Technology Demonstrations to Support Existing
Treatment Operations at the Installation Logistics Center. July 1998.

URS

S:\\GAYTER\EGDY\EGDY WORK PLAN FINAL.DOC\10-JUL-01\SEA 9' 1



References SECTIONNINE

Pankow, J.F., and R.L. Johnson. 1996. Appendix “Physical and Chemica Properties of Dense
Non-Aqueous Phase Liquid (DNAPL) Compounds.” In Dense Chlorinated Solvents and
other DNAPLsin Groundwater. J.F. Pankow and J.A. Cherry, eds. Waterloo Press,
Portland, Oregon. pp. 507-512.

Rice, RW., B.P. Dooher, S.J. Cullen, L.G. Everett, W.E. Kastenberg, R.D. Grose and
M.A. Marino. 1995. Recommendations to Improve the Cleanup Process for California’s
Leaking Underground Fuel Tanks (LUFTS). University of California, UCRL-
AR-121762. Los Angeles, Cdifornia.

Schwille, F. 1988. Dense Chlorinated Solventsin Porous and Fractured Media - Model
Experiments. Trandated by J.F. Pankow. Lewis Publishers, Boca Raton, Florida.
146 pp.

Shapiro and Associates, Inc. (Shapiro). 1996. An Assessment of Murray Creek in Pierce
County, Washington. Prepared for U.S. Army, Fort Lewis Public Works. September
1996.

Shannon & Wilson, Inc. (Shannon & Wilson). 1986a. Source Areas, Occurrence, and
Recommended Alternatives for Trichloroethylene in Groundwater, Fort Lewis Logistics
Center, Fort Lewis, Washington. Prepared for Department of the Army, Seattle District
Corps of Engineers. May 1986.

. 1986b. Geohydrology and Spill Migration/Recovery Analysis, Logistics Center
Hazardous Waste Facility, Fort Lewis, Washington. Prepared for the Department of the
Army, Seattle District Corps of Engineers. February 1986.

Smith, Richard, Geologist. U.S. Army Corps of Engineers. 2001. Conversation with Wendy
L.S. Oresik, URS, Seettle, Washington. April 2001.

URS Greiner Woodward Clyde (URSGWC). 2001a. Draft Fifth Annual Remedial Action
Monitoring Report for Logistics Center, Fort Lewis, Washington. Prepared for U.S.
Army Corps of Engineers, Segttle District. February 2001.

. 2001b. Engineering Evaluation/Cost Analysis (EE/CA), East Gate Disposal Yard and
Logistics Center, For Lewis, Washington. Prepared for U.S. Army Corps of Engineers,

Segttle District. January 2001.

. 1999. Final Phase | Technical Memorandum, East Gate Disposal Yard Expanded Ste
Investigation. Prepared for Department of the Army, Seattle District Corps of Engineers.

Segttle, Washington.
U.S. Army. 1998. Environmental Restoration Programs Guidance Manual. April 1998.

U.S. Army Corps of Engineers (USACE). 2001. Requirements for the Preparation of Sampling
and Analysis Plans. EM 200-1-3.

. 1998. Two Year Performance Evaluation Report for the Groundwater Treatment
Project, Logistics Center, Fort Lewis, Washington. May 1998.

. 1986. Interim Report for Completed Actions and Plan of Sudy for Groundwater
Contamination Investigations at Fort Lewis Logistics Center, Fort Lewis, Washington.
Prepared by Seattle District Corps of Engineers for Directorate of Engineering and
Housing, Headquarters | and Fort Lewis.

[IRS

9'2 S:\GAYTER\EGDY\EGDY WORK PLAN FINAL.DOC\10-JUL-0I\SEA



SECTIONNINE References

U.S. Department of the Army, U.S. Environmental Protection Agency, and Washington State
Department of Ecology (U.S. Army, USEPA, and WDOE). 1998. Explanation of
Sgnificant Difference. October 1998.

. 1990. Record of Decision for the Department of the Army Logistics Center, Fort Lewis,
Washington. September 1990.

U.S. Department of the Army. 1983. Installation Assessment of Headquarters, | Corps & Fort
Lewis, Washington and Subinstallations: Yakima Firing Center, Camp Bonneville, and
Vancouver Barracks, WA. Report No. 325 prepared by the U.S. Army Toxic and
Hazardous Materials Agency. December 1983.

U.S. Environmental Protection Agency (USEPA). 1994a. Laboratory Data Validation,
Functional Guidelines for Evaluating Inorganics Analyses. EPA Data Review Work

Group. July 1, 1994.

. 1994b. Laboratory Data Validation, Functional Guidelines for Evaluating Organics
Analyses. EPA Data Review Work Group. February 1, 1994.

U.S. Geological Survey (USGS). 1999. A Tracer Test to Estimate Hydraulic Conductivities and
Dispersivities of Sediments in the Shallow Aquifer at the East Gate Disposal Yard.
Water-Resources Investigations Report 99-4244. Prepared by E.A. Prych, U.S.
Department of the Interior U.S. Geological Survey, in cooperation with the Department
of the Army Fort Lewis Public Works Environmental and Natural Resources Division.
Tacoma, Washington.

Wiedemeier, T., J.T. Wilson, D.H. Kampbell, R.N. Miller and J.E. Hansen. 1995. Technical
Protocol for Implementing Intrinsic Remediation with Long-Term Monitoring for Natural
Attenuation of Fuel Contamination Dissolved in Groundwater. Air Force Center for
Environmental Excellence, San Antonio, Texas.

Wiedemeier, T., M.A. Swanson, D.E. Montoux, E.K. Gordon, J.T. Wilson, B.H. Wilson,
D.H. Kampbell, J.E. Hansen, P. Haas, F.H. Chapelle. 1996. Technical Protocol for
Evaluating Natural Attenuation of Chlorinated Solventsin Groundwater. Air Force
Center for Environmental Excellence, San Antonio, Texas.

Woodward-Clyde. 1997a. Final Technical Memorandum, Site History and Conceptual Ste
Model, East Gate Disposal Yard Expanded Ste Investigation. Prepared for Seattle
Digtrict U.S. Army Corps of Engineers. Seattle, Washington.

. 1997b. Final Report, Former Low-Humidity Storage Buildings Ste, Soil Sampling
Report, Fort Lewis Logistics Center, Fort Lewis, Washington. Prepared for U.S. Army
Corps of Engineers Seattle District. Seattle, Washington. July 1997.

. 1995. Limited Field Investigation Confirmational Soil Sampling, Technical
Memorandum Addendum. May 1995.

. 1993. Fort Lewis Logistics Center Limited Field Investigation Confirmational Soil
Sampling, Final Technical Memorandum. Prepared for Seettle District U.S. Army Corps

of Engineers. Seettle, Washington.

.
L i l L l E S:\\GAYTER\EGDY\EGDY WORK PLAN FINAL.DOC\10-JUL-01\SEA 9'3



FINAL

SAMPLING AND ANALYSISPLAN

PHASE || REMEDIAL
INVESTIGATION

East Gate Disposal Yard and
Logistics Center
Fort Lewis, Washington

Prepared for

U.S. Army Corps of Engineers
Sesitle Didtrict

4735 East Margina Way South
Sedttle, Washington 98134

July 11, 2001

URS

1501 Fourth Avenue, Suite 1400
Seattle, Washington 98101-1616
(206) 438-2700

53-F0074209



PART |

FIELD SAMPLING PLAN



TABLE OF CONTENTS

ADDreviations and ACIONYIMS ..........cuiiiiie ettt te et e e staebe e sreeeeanes vii
Section 1 INEFOTUCTION. ...ttt ane e 1-1
Section 2 FIEI ACHIVITIES. ......eeee ettt 2-1
P25 R = o) [0 = (0] g VA = (o= Y 1] o S 2-2
2.2 S PreparatioN.......ccociiieieeie e 2-3
2.3 GeophySiCal INVESLIGALiON........c.ceeeeeieierieree et 2-3
A S O7AN = S8 {0 o] = 1 o o WS 2-3
241 CPT/ILIF/IGEOVIS ..ottt snens 2-4
24.2 MIPIDSITMS....oo ittt s nne s 2-5
24.3 FLUTeRibbon Sampler.......ccovvevieiiiiesece e 2-5
2.4.4 SCAPS Soil and Groundwater Sampling........cccceeeveeieeseeieesnene 2-6

245 SCAPS Piezometer Installation and Water Level
MEBSUMEIMENT ...ttt snee e 2-6
2.4.6 Exploration Hole Abandonment............ccccoveeevieevecieseeseecie e 2-7
25  Soil Boring and Monitoring Well Installation............ccocoeeeevenieniencnnee. 2-7
251 Soil Borings and Monitoring Well Locations and Depths........... 2-7
2.5.2 Soil Boring Sampling........ccoeeeeieeieeieseesecce e 2-8

2.5.3 Groundwater Monitoring Well Installation and

DeVEOPMENT ..o 2-9
2.5.4 Groundwater Monitoring Well Sampling.........cccccevevevevivenennns 2-10
255 NAPL SaMPling ...ccccoiiiiirinirieiesiesese e 2-11
2.5.6 Laboratory Program.........cceieieneneneneseeeeeesee e 2-11
2.5.7 DOCUMENEALION......ecveieeeieeiesieesieeeesteeseeseeseeesesee e eeesneesseeneens 2-11
2.6  Surface Water Sampling........cccoeeeieeiiiiesecse e 2-11
2.7 SUNVEYING....ciiiiieiieerieeee sttt sttt st e ae st e sbe e be st e saeetesseesseenaeeneens 2-12
2.8  Decontamination of Drilling and Sampling Equipment..............cc.co...... 2-12
2.9  Investigation-Derived WaSte........ccccccveeeieeie i 2-13
210 Fied Quality Control SamPIES.......ccecvieiieiiieie e 2-14
2.10.1 Rinsate and Field DUPIICALES..........cccoieriiiirieeeeeee e 2-14
2.10.2 Field DUPIICALES........cceveeriirieeieeeeiees e 2-14
2.10.3 Matrix Spike/Matrix Spike DUpliCates..........ccoeeveereeiereesiennns 2-15
2.10.4 Performance Evaluation Samples...........ccccvererienenenencsennene 2-15
2.10.5 Temperature Blanks...........ccoceeiinineneneseeeeeeee e 2-15
Section 3 Sample Handling and DOCUMENTAtION............cccoverieiieieiie e 31
1G5 R =T o [T 00 o) G TR 3-1
3.2  Sample ldentification and Labeling.........cccooererenineniieieeesesc e 3-1
3.3 Sample DEIVEY GrOUPD......cccoeieeiiieeeseesieeeeseesie e se e eee e ssesee e eas 3-2
34  Sample Preservation and Handling .........ccceveviieevin e 3-2
341 SamPle CONAINENS.......ccererieeeieeesiesie ettt nneas 3-3
L i l : I E S:\GAYTER\EGDY\EGDY RI FSP FINAL.DOC\13-JUL-0I\SEA |||



TABLE OF CONTENTS

Section 4

Section 5

3.4.2 Sample Preservation..........cccccceieeieeceeseese e 3-3
3.4.3 Storage REQUITEMENES.......cceiiiieieierie s 3-3
35  Sample DOCUMENEELION........cceierieieieiesie st 3-3
3.6  Chain of Custody ProCedUIES............cceeeeiieiieeieeie e 3-4
3.6.1 Transfer to Project Laboratory..........cccoceveeieereenieniieseesieesee s 3-5
3.6.2 Laboratory Custody ProCeUIES...........ccovereririeeieerienesiesiesieneens 3-6
3.7  Daily Chemica Quality Control REPOITS.........ccccereereerierieseere e 3-6
Sample Packaging and ShipPiNg........cccccovoiiiiiiiiieie e 4-1
A1 PACKAOING ....veiveiueeieeieieniesie sttt bbbt e e e sn e nenne s 4-1
4.2  SaMPle SNIPPING.....ccieiieiieieeeese e e e 4-1
RETEIBNCES ...t 51

S\GAYTER\EGDY\EGDY RI FSP FINAL.DOC\13-JUL-01MSEA 1V



List of Tables, Figures and Appendices

Tables

Table2-1
Table 2-2
Table 2-3
Table 2-4
Table 2-5
Table 3-1
Table 3-2
Table 3-3
Table 3-4

Figures

Figure 1-1
Figure 2-1
Figure 2-2

Figure 2-3

Appendices
Appendix A
Appendix B

Summary of Potential Field Program

Existing Monitoring Wells and Piezometers in the Greater EGDY Area
Sampling and Analysis Summary—Soil

Sampling and Analysis Summary—NAPL

Sampling and Analysis Summary—Groundwater

Sample Identification

Sample Containers, Preservation, and Holding Times—Saoil

Sample Containers, Preservation, and Holding Times—NAPL

Sample Containers, Preservation, and Holding Times—Groundwater

Site Location
Additional Potential Source Areas Identified From Aerial Photographs

Proposed Dissolved-Phase VOC and Groundwater Flow Investigation
Area

Proposed NAPL Investigation Area

Field Standard Operating Procedures
Standard Field Forms

S\GAYTER\EGDY\EGDY RI FSP FINAL.DOC\13-JUL-OINSEA  V



List of Abbreviations and Acronyms

ASTM American Society for Testing and Materials
bgs below ground surface

CLP Contract Laboratory Program

cm centimeter

CPT cone penetrometer testing

CSM conceptual site model

DCQCR daily chemical quality control report
DNAPL dense nonaqueous-phase liquid

DQO data quality objective

DSITMS direct sampling ion trap mass spectrometer
EGDY East Gate Disposal Yard

EPA U.S. Environmental Protection Agency
FLUTe Flexible Liner Underground Technologies
FSP field sampling plan

GC/FID gas chromatography/flame ionization detector
GCIMS gas chromatography/mass spectroscopy
GPR ground-penetrating radar

GPS Global Positioning System

ITMS ion trap mass spectrometer

LIF laser-induced fluorescence

LNAPL light nonaqueous-phase liquid

m/min meter per minute

MIP membrane interface probe

MS/MSD matrix spike/matrix spike duplicate

NAD North American Datum

NAPL nonaqueous-phase liquid

NGVD National Geodetic Vertical Datum of 1929
NTU nephelometric turbidity unit

ORP oxidation-reduction potential

PIC polyvinyl chloride

PAH polycyclic aromatic hydrocarbon

PCB polychlorinated biphenyl

PE performance evaluation

PID photoionization detector

POL petroleum, oils, and lubricants

PPE personal protective equipment

PvVC polyvinyl chloride

QA/QC quality assurance/quality control

QAPP quality assurance project plan

RCRA Resource Conservation and Recovery Act
RI remedia investigation

RPD relative percent difference

SAP sampling and analysis plan

SCAPS Site Characterization and Analysis Penetrometer System
L i l : I E SI\GAYTER\EGDY\EGDY RI FSP FINAL.DOC\13-JUL-01\SEA V||



List of Abbreviations and Acronyms

SDG
SOP
svoc
TAL
TCE
TCL
TOC
TPH
TPH-Dx
USACE
uv
vocC

sample delivery group

standard operating procedure
semivolatile organic compound
target anayte list
trichloroethene

target cleanup level

total organic carbon

total petroleum hydrocarbon
total petroleum hydrocarbon — diesel extended
U.S. Army Corps of Engineers
ultraviolet

volatile organic compound

VIl S\GAYTER\EGDY\EGDY RI FSP FINAL.DOC\13-JUL-01\SEA



SECTIONONE Introduction

This Sampling and Analysis Plan (SAP) is an integral part of the Management Plan for the
Phase |1 Remedial Investigation (RI) at the East Gate Disposa Yard (EGDY)) (also known as
Landfill No. 2) and other parts of the Fort Lewis Logistics Center. The site, located at the Fort
Lewis Military Reservation in Washington State, is shown on Figure 1-1.

The SAP has two major components: Part | — the Field Sampling Plan (FSP) and Part Il —the
Quality Assurance Project Plan (QAPP). The FSP presents the detailed scope of work associated
with field activities (e.g., sampling types, sampling locations, etc.) and specifies the procedures
to be used for sampling and other field operations. The QAPP describes the analytical data
quality objectives (DQOs), laboratory analytical procedures, quality assurance/quality control
(QA/QC) procedures, and data quality evaluation criteria.

The purpose of the SAP isto ensure production of high quality data that meet the project
objectives and requirements and accurately characterize measurement parameters. It provides
the protocol for collecting samples, measuring and controlling data, and documenting field and
laboratory data so that the data are technically and legally defensible.

.
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SECTIONTWO Field Activities

A dynamic approach has been designed for this RI to allow for an evolution of the conceptual
site model (CSM) presented in the Work Plan. A tool box of sampling and analytical options
will be used to collect information that will allow for modification of the investigation while in
the field. This dynamic approach and availability of tools will prevent the need for future
mobilizations and promote on-site decisonmaking. A summary of the investigation rationale
and approach is presented in Section 6 of the Work Plan. A summary of the field program is
presented on Table 2-1. Standard operating procedures (SOPs) of specific field techniques are
presented in Appendix A.

The purpose of the RI field program is to collect data required for design of in situ thermal
treatment remedies and evaluation of the options for optimization of the existing groundwater
pump-and-treat system or placement of areactive barrier wall. To meet this objective, the field
program is designed to fill four major data gaps:

Identification of additional potential source areas outside of EGDY
Definition of the intermediate aquitard

Assessment of the extent and composition of light nonaqueous-phase liquid (LNAPL) and
dense nonaqueous phase liquid (DNAPL)

Investigation of the groundwater flow direction and extent of the dissolved phase plume in
the greater EGDY area

The field program may begin with exploratory excavating at additional potential source areas
outside of EGDY. The next stage of field work likely would be the definition of the intermediate
aquitard using the Site Characterization and Analysis Penetrometer System (SCAPS), cone
penetrometer testing (CPT), and GeoV S (a downhole camera) operated by the U.S. Army Corps
of Engineers (USACE) Tulsa District SCAPS Team. If the SCAPS CPT cannot be used
effectively to define the intermediate aquitard, then the option of conducting geophysical surveys
might be exercised to define the site stratigraphy. Exploratory borings using a sonic drilling
technique can be installed for the purpose of defining the physical properties of the intermediate
aquitard and confirming results from the SCAPS CPT and/or geophysical surveys.

The characterization of the nature and extent of nonagueous phase liquid (NAPL) may begin
concurrently with the investigation of the intermediate aquitard. SCAPS tools that may be used
for this portion of the RI include laser-induced fluorescence (LIF) and GeoV IS, both of which
may be used concurrently with the CPT. A Flexible Liner Underground Technologies (FLUTe)
ribbon sampler may be used to aid in the determination of the NAPL extent. Shallow wells can
be installed using a sonic drilling technique to investigate the presence and characteristics of
LNAPL and DNAPL.

Investigation of the groundwater flow direction, extent of the dissolved phase plume, and
assessment of NAPL in the greater EGDY area may involve the use of SCAPS equipped with a
membrane interface probe (MIP) with a direct sampling ion trap mass spectrometer (DSITMYS)
for analysis. The DSITMS may be used with the collection of in situ samples using the MIP, or
with water samples collected using a PowerPunch™ sampler. Surface water samples may be
collected from Murray Creek and analyzed using DSITMS for the purpose of assessing the
interaction between the creek and the dissolved-phase plume. Deep wells (to the Kitsap
Formation) may be used to collect groundwater samples and water level information. The
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SCAPS direct-push technique may be used to install piezometers for the purpose of obtaining
data to determine groundwater flow directions.

Selected soil, groundwater, and NAPL samples collected throughout the field program will be
analyzed for chemical constituents or physical parameters at off-site laboratories.

Some initial sampling locations have been selected for each of the investigation methods based
on the existing CSM presented in the Work Plan. However, the majority of the locations will be
selected in the field based on continual collection of chemical and physical results. During the
field program, locations involving the use of the SCAPS system will be surveyed using the
Global Positioning System (GPS). After completion of the field program, every location will be
surveyed using traditional survey techniques.

21 EXPLORATORY EXCAVATING

Based on an aeria photo review conducted by the USACE Seattle District, additional potential
waste disposal areas have been identified outside EGDY (Figure 2-1). Exploratory excavations
may be completed in these areas to evaluate the potential presence of buried drums, NAPL, or
other possible sources of trichloroethene (TCE) in the former potential waste disposal areas. The
exploratory excavation locations may be based on information obtained from the aerial
photograph review and site reconnaissance. Some locations may not be investigated, and other
locations may be investigated further using non-excavation methods. The shape and estimated
size of each potential disposal feature are presented in Section 3 of the Work Plan. A
representative from the Fort Lewis Public Works Department of Natural Resources may be
present during excavation activities.

Exploratory excavations will be completed using a backhoe. Shoring or sloping of the
excavation walls will not be required because field personnel will not be alowed to enter the
excavations, and no structures will be endangered. All excavations will be closed and backfilled
prior to the end of each shift. The exploratory excavations will be located both perpendicular
and parallél to portions of the former potential waste disposal areas. Initially, the surface soils of
selected |ocations will be removed with the backhoe bucket to ook for evidence of disturbed
soils. The excavation will continue in layers and will be completed to maximum depths between
5 and 10 feet below ground surface (bgs), to the base of non-native material or to the top of the
water table. Excavation activities will be photographed and documented. The stratigraphy and
non-native material encountered will be recorded in detailed trench logs (Appendix B).

If evidence of past disposal activities is observed, organic vapor monitoring will be performed
with a photoionization detector (PID) during excavation activities. Results of the organic vapor
monitoring will be used as afield screening tool and to set the level of health and safety
protection required during excavation activities. The PID will be calibrated according to the
manufacturer’s instruction manual.

It is not necessary to place excavated material on plastic sheeting. Excavating and contaminant
removal (if required) will proceed in compliance with the drum removal management plan
(USACE 2000). After completion of excavation activities at each location, the excavation will
be backfilled with the original material in the order that it was removed from the excavation.
Excavations will be backfilled as soon as reasonably possible after excavation and sampling.
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Excavations will not be left open overnight, and thus will not require safety guards or temporary
fencing.

2.2  SITE PREPARATION

Site preparation will entail clearing of vegetation and construction of trails to provide access to
locations for sonic and SCAPS drill rigs. The site preparation activities will be conducted by
Don Leonard and Sons, Inc., of Spanaway, Washington. The trail surfaces will be constructed
with 4-inch minus crushed rock. All vegetation clearing and road construction must be
coordinated with Fort Lewis Public works. Due to the phased approach of this RI, more than one
mobilization may required to clear additional aress.

The location of utilitiesin al proposed investigation areas will be marked prior to the beginning
field activities. A digging permit including a utility survey must be obtained through Fort Lewis
Department of Public Works prior to beginning drilling or excavation activities.

2.3  GEOPHYSICAL INVESTIGATION

If the geophysical survey option is exercised, it would consist of a combination of electrical
resistivity imaging (including induced polarization) and ground penetrating radar (GPR). The
intent of the GPR survey is to characterize with high definition the surface topography of the
intermediate aquitard (30 to 40 feet bgs) and other less continuous shallow aquitards. The
resistivity survey will provide definition of deeper stratigraphic units.

Initially, a pilot test of the geophysical techniques would be conducted at a site of limited
acreage to evaluate the suitability of the geophysical techniques to provide the accuracy and level
of detail required for thisinvestigation. Initially, geophysical data would be collected on
100-foot line spacing. After review of the initial data, the survey might be changed to 50-foot
line spacing. Additional acreage might be selected for additional geophysical surveysif the
technique proves useful. The core technical team would select the initial site, technique, and
spacing. If geophysical survey options are exercised, a geophysical survey supplement to this
management plan will be completed.

24  SCAPS EXPLORATION

SCAPS uses surveying and mapping methods, special penetrometers with sensors for
contaminant detection, and subsurface sampling equipment to map soil characteristics and
contaminant distribution. The following sections describe the various applications of the SCAPS
techniques that potentially will be used in thisRI.

SCAPS may be used in the field investigation to define the intermediate aquitard, characterize
the composition and vertical and horizontal extent of NAPL, and investigate the groundwater
flow direction and extent of the dissolved-phase plume in the greater EGDY area. The proposed
initial dissolved-phase volatile organic compound (VOC) and groundwater flow investigation
areaand initial piezometer locations are presented in Figure 2-2. The proposed initial NAPL
investigation area and proposed initial SCAPS NAPL investigation locations are presented in
Figure 2-3. The total number of SCAPS penetrations will be determined in the field based on
results of the initial SCAPS penetrations and other information collected during the
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investigation. All SCAPS exploration locations will be marked with aflag or stake with the site
ID number.

24.1 CPT/LIFIGeoVIS

One stage of the RI field program may be to characterize the subsurface stratigraphy and
determine the intermediate aquitard thickness, composition, continuity, lateral extent, and
physical/hydrogeologic properties. Another stage involves determining the extent of NAPL in
the subsurface. These stages of data collection will be completed using SCAPS equipped with
MIP/DSITMS, CPT, GeoVIS, and LIF. The CPT equipment may be used to collect geotechnical
and stratigraphic data. The GeoVIS soil video imaging system may be used to map stratigraphy
and the extent of NAPL. The LIF technique may be employed concurrently with the CPT to
conduct subsurface in situ contaminant characterization.

The SCAPS uses a truck-mounted CPT platform to advance its chemical and geotechnical-
sensing probe. The CPT platform provides a 20-ton static reaction force associated with the
weight of the truck. The forward portion of the truck-mounted laboratory is the push room. It
contains the rods, hydraulic rams, and associated system controllers. Underneath the SCAPS
CPT push room is the steam manifold for the rod and probe decontamination system. The rear
portion of the truck-mounted laboratory is the isolatable data collection room in which
components of the CPT, onboard computers, and related support instruments are located.

Sail strength and type is determined by monitoring tip resistance and sleeve friction when the
CPT probe is advanced through the subsurface soil. The probe can be advanced into the ground
at arate of 1 meter per minute in accordance with American Society for Testing and Materias
(ASTM) Methods D3441 and D5778. The tip resistance is measured by means of a system of
strain gauges that form an internal load cell as the cone tip is advanced. Friction developed
along afloating cylindrical sleeve, just behind the core tip, is measured similarly as the device
passes through the soil tip penetration resistance, and sleeve friction is measured independently
and continuously The SCAPS instruments are capable of discriminating porous sands from
tighter, finer-grade silts and clays.

The CPT sensors and sampling tools may be difficult to advance in subsurface lithologies
containing cemented sands and clays, buried debris, gravel units, cobbles, boulders, and shallow
bedrock.

The SCAPS LIF method provides data on the in situ distribution of petroleum hydrocarbons
based on the fluorescence response induced in the polycyclic aromatic hydrocarbon (PAH)
compounds that are components of petroleum hydrocarbons. PAHs in petroleum products are
induced to fluorescence by excitation with ultra-violet (UV) light. The method provides a
“detect/nondetect” field-screening capability relative to a detection limit derived for a specific
fuel product on a site-specific soil matrix. The SCAPS LIF is primarily used as a qualitative
method but can be semi-quantitative at concentrations within two orders of magnitude of its
detection limit for fluorescent petroleum hydrocarbons. Measurements from the SCAPS LIF are
recorded every 2 centimeters (cm).

Fluorescence emission spectra are collected once per second as the probe is advanced into the
subsurface soil. An on-board computer is used to generate real-time depth plots of fluorescent
intensity at the spectral peak, wavelength of spectral peak, sleeve friction and tip resistance, and
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soil type characteristics as interpreted from the strain gauge data. The fluorescent intensity in the
spectral window is plotted as a function of depth in real time as the probe is pushed into the soil.

Because the SCAPS fluorescence intensity is generally proportional to the in situ concentration
of contaminants, the LIF data can be used to identify zones of probable high concentrations of
contaminants. The proportional feature of the SCAPS LIF data can be used to pinpoint the zones
of highest contaminant concentration and screen the variation in concentration across the site.
The SOP for SCAPS/LIF (SOP No. M-0003-SWT-03) is provided in Appendix A.

2.4.2 MIP/DSITMS

This section describes the procedures used to identify and determine the concentration of VOCs
in the subsurface environment using the MIP/IDSITMS system coupled with direct push
techniques. Samples may be introduced into the ITMS by one of two methods described in the
following paragraphs.

2.4.2.1 Membrane Interface Probe

This in situ technique allows the analyst to vertically profile a subsurface location for the
presence of VOCs. The MIP/DSITMS is composed of the MIP, a metal/Teflon composite
membrane that samples VOCs in situ, and the DSITMS, which identifies and quantifies the
VOCs. The MIP/IDSITMS is capable of multiple, discrete VOC measurements in asingle
penetration; sampling depths/resolution are determined on a site-specific basis.

The MIP is a permeable membrane device used to detect volatile contaminants as it is driven to
depth in soil or other unconsolidated materials. A thin film membrane is impregnated into a
stainless steel screen on the face of the probe. This membrane is heated to 100 to 120 degrees
Celsius leading to quick diffusion of VOC contaminants across the membrane into the helium
carrier gas that flushes the back of the membrane and transports the contaminants to the
aboveground DSITMS.

The MIP/DSITMS technique requires no sample handling other than the collection of soil and
groundwater samples necessary to meet project QA/QC objectives.

2.4.2.2 Direct Sampling/Vial Sparging

This technique requires the collection and containerization of water samples prior to analysis.
This technique alows the analyst to introduce the sample by directly sparging avial containing a
water sample with helium and anayzing the effluent vapor with the SCAPS ion trap mass
spectrometer (ITMS). An SOP for SCAPS MIP/DSITMS (SOP No. M-0005-SWT-01) is
provided in Appendix A.

2.4.3 FLUTe Ribbon Sampler

FLUTe ribbon samplers are used with the SCAPS direct-push rig to confirm DNAPL presence
relative to groundwater concentrations and refine DNAPL and LNAPL extent. A ribbon sampler
isa Tyvek tube coated with a hydrophobic compound that turns color on contact with NAPL.
The tube isinflated in a push hole as casing is retracted. The ribbon is removed after a certain
contact time and examined for NAPL stains. Many sampling intervals have been advanced at
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about 30 feet per hour, including bentonite plugs every 40 feet and the associated hydration
procedure. Information regarding the FLUTe ribbon sampler is provided in Appendix A.

2.4.4 SCAPS Soil and Groundwater Sampling

In conjunction with the results obtained using the CPT, LIF, MIP/IDSITMS, GeoVIS, and FLUTe
ribbon samplers, soil and groundwater samples will be collected to obtain more detailed
contamination information and to assist in interpreting indirect measurement results. Table 2-1
provides a summary of potential sample types and analyses for SCAPS data collection. Actual
numbers of penetrations and sample intervals will be determined in the field.

Groundwater samples will be collected using the SCAPS direct-push technique and a
PowerPunch™ sampler. The direct sampling/vial sparging method requires the collection and
containerization of water samples prior to analysis. Groundwater samples will be collected in
40-milliter certified vials (amber or clear) with Teflon liners. Samples may either be preserved
(with hydrochloric acid) or unpreserved prior to analysis. Preserved samples are required to be
analyzed within 14 days; unpreserved samples are required to be analyzed within 7 days.

Soil samples will be collected using the SCAPS direct-push technique and a MOSTAP sampler.
The collection and containerization of soil samples for VOC anaysis will follow the procedures
set forth in U.S. Environmental Protection Agency (EPA) SW-846 Method 5035 (Section 2.5.2).

2.45 SCAPS Piezometer Installation and Water Level Measurement

Piezometers will be installed in the area presented on Figure 2-2 for the purpose of obtaining

data to be used to determine groundwater elevation and flow direction. Figure 2-2 presents the
initial 19 piezometer locations. Piezometer locations were selected to fill data gaps in the current
monitoring well/piezometer network that is used to determine groundwater flow direction. The
locations and numbers of piezometer may be changed depending on access restrictions.
Piezometers will be installed using the SCAPS direct-push technique (SOP No. M-0002-SWT-04
in Appendix A). Within the NAPL investigation area, annular seals will consist of silica cement
grout. Outside of this area, they can consist of high-solids bentonite grout.

Water level measurements will be collected after the piezometers have been allowed to stabilize
for 48 hours. Measurements will be collected after the piezometer cap has been removed and the
well has stabilized for a minimum of 5 minutes. Water levels will be measured using an
electronic water level indicator. All meters will be properly decontaminated between each
piezometer location. The water level will be measured to the nearest 0.01 foot with respect to
the established measuring point (notch) on the piezometer. The measurement will be checked
againgt previous water level dataif available, and where an anomalous reading is indicated,
remeasurement will occur. All measurements will be recorded in a field book with indelible ink
and will include the piezometer number, date, time, measuring device (serial number), and field
technician initials. The depth of the piezometer will be measured and compared to the
installation depth to determine if the well is accumulating fine-grained material.

Water levels in the piezometers and all existing monitoring wells in the greater EGDY area will
be measured within a 24-hour period at least once during thisRI. A list of these
wells/piezometers is presented in Table 2-2.
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2.4.6 Exploration Hole Abandonment

After collection of samples and measurements is complete, each SCAPS exploration hole will be
abandoned. The holes will be grouted to prevent vertical cross contamination within the hole. In
the NAPL investigation area, silica cement grout will be pumped into the hole as rods are
retrieved. Outside of the NAPL investigation area, the holes will be filled with high-solids
bentonite grout. Following extraction of the rods, additional grout will be added to bring the
grout level to ground surface. Exploration holes will be marked with aflag or stake with the site
ID number.

2.5 SOIL BORING AND MONITORING WELL INSTALLATION

Soil borings will be completed and monitoring wells installed using a sonic drilling technique to
provide the following:

Control for geophysics, if necessary

Retrieval of samples of aquitard materia for visual identification and physical property
testing for characterization of thickness and continuity of the intermediate aquitard.

Assessment and collection of LNAPL and DNAPL for chemical and physical property
testing

Collection of groundwater samples to determine the nature of the upper aquifer below the
intermediate aquitard

Retrieval of soil samples to determine the presence and nature of the Kitsap aquitard below
EGDY

The potential analyses and tests to be conducted on samples are presented in Table 2-1. The
SOPs used to drill soil borings, collect subsurface soil samples, install and develop monitoring
wells, and abandon the borings, if necessary, are presented in Appendix A. During drilling, care
will be taken to ensure that cross-contamination between stratigraphic layers will not occur.

2.5.1 Soil Borings and Monitoring Well Locations and Depths

The placement of the borings and monitoring wells may be based on the results of the SCAPS
and other analyses, and any results obtained from the initial four DNAPL monitoring wells. Itis
expected that the borings may be completed in areas of significant NAPL contamination, but
with different contamination signatures, if possible, and where representative stratigraphic data
can be collected.

Initially, four shallow monitoring wells may be installed to the top of the intermediate aquitard
(between 30 and 40 feet bgs) (Figure 2-3). These shallow monitoring wells may be used to
determine whether DNAPL is pooled above the intermediate aquitard. The horizontal extent of
DNAPL above the intermediate aquitard is presumed to be limited to four areas within the study
area (Figure 2-3).

Eleven deep monitoring wells may be installed to the top of the Kitsap Formation (100 and
110 feet bgs) to sample and measure the dissol ved-phase contamination in the aquifer between
the intermediate and Kitsap aquitards. These deep wells may be completed as multiport wells to
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allow sampling from multiple levels. Water levels from these deep wells may also be used to
determine the groundwater gradient in the aquifer between the intermediate aquitard and the
Kitsap aquitard. During drilling, these borings also can be used for retrieval of intermediate
aquitard material for visual identification and measurement of physical properties.

Four shallow, 2-inch-diameter wells may be installed and screened across the water table to
measure LNAPL thickness and alow for the installation of passive hydrocarbon skimmers for
LNAPL collection.

Locations of soil borings not completed as wells will be marked with a flag or stake with the site
ID number.

2.5.2  Soil Boring Sampling

Soil borings will be logged by a qualified field geologist during drilling to identify and record
formation stratigraphy. The log for each sample will include depth, estimated density based on
penetration rate, color, soil type, and qualitative moisture content. The logs will be recorded on a
1linch equals 1 foot scale. Soil will be classified according to ASTM D2488-90, Standard
Practice for Description and Identification of Soils (Visual-Manual Procedure) (ASTM 1990). In
addition, any unusual features such as odor, unusual solid constituents, and the presence of
NAPL will be noted on the soil boring log. Visua monitoring and field screening with aPID

will be used to evaluate the presence of TCE and other potential contaminants in the soil. The
observations and results of the field screening will be recorded on the boring log (Appendix B).
High resolution digital photos will be taken of each sample and named with the location number
and depth interval represented.

Soil samples will be visually examined for the presence of NAPL. The following descriptions of
NAPL will be documented on the boring logs (Appendix B) for each soil boring and SCAPS
penetration location:

No visible evidence — No visible evidence of oil on soil sample
Sheen — Sheen as described by the sheen testing methodol ogy presented below

Saining — Visible brown or black staining on soil. Can be visible as mottling or in bands.
Typically associated with fine-grained soils.

Coating — Visible brown or black oil coating soil grains. Typically associated with coarse-
grained soils.

Oil Wetted — Visible brown or black oil wetting the soil sample. Oil appears as aliquid and
isnot held by soil grains. Soils oozing petroleum typically contain approximately 2 to
3 percent petroleum.

Sheen screening is a sensitive method that can be effective in detecting petroleum-based
products in concentrations lower than regulatory cleanup guidelines. Water sheen testing
involves placing soil in water and observing the water surface for signs of a sheen. Sheens are
classified as follows:

No Sheen (NS) — No visible sheen on water surface
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Sight Sheen (SS) — Light colorless film; spotty to globular; spread is irregular, not rapid;
areas of no sheen remain; film dissipates rapidly

Moderate Sheen (MS) — Light to heavy film, may have some color or iridescence, globular to
stringy, spread is irregular to flowing; few remaining areas of no sheen on water surface

Heavy Sheen (HS) — Heavy colorful film with iridescence; stringy, spread is rapid; sheen
flows off the sample; most of water surface may be covered with sheen

After logging each sample, soil will be collected for analysis at selected locations. Sampling
personnel will don clean nitrile gloves prior to collecting a sample. Samples will be placed into
chilled coolers immediately. Intact soil samples will be collected using either a solid-tube or
split-tube core barrel. This intact material will be used for physical testing.

To minimize volatilization during chemical sample collection and handling, soil for VOC
analysis will be preserved in the field using EPA SW-846 Method 5035. Soil samples collected
for VOC analysis will be collected as follows:

Using a sampling syringe, collect approximately 5 grams of soil and placeit into a
laboratory-supplied jar containing methanol. The jar has been pre-weighed and pre-labeled
by the analytical |aboratory.

After the soil and methanol have been added, wipe the lid and jar threads, if necessary, to
ensure that the lid fits securely on the jar. Any materia on the threads may allow methanol
to leak out, thus compromising the sample integrity. Note on the sample custody form if any
methanol spillage occurred.

Fill one 2-ounce jar with the soil to provide additional sample material for percent moisture

determination if no other testing by the fixed laboratory is required. Methanol is not added to
this sample.

After VOC samples have been collected, a sufficient volume of material will be transferred from
the soil samples to a decontaminated, large stainless steel bowl. This material will be used for
the remaining chemical analyses. Large grains of gravel and pieces of debris will be removed
from the soil. Any unusual pieces removed will be noted in the logbook or boring log form. The
sample material will then be thoroughly homogenized by stirring with a decontaminated stainless
steel spoon. Sample containers will be completely filled to minimize headspace in the container.
The type and number of jars required for the samples are discussed in Section 3.

2.5.3  Groundwater Monitoring Well Installation and Development

Monitoring wells may be installed in the 19 soil borings. The designation of the soil
borings/monitoring wells will be determined by the USACE, and may fit with the existing
numbering system at Fort Lewis. SOPs that discuss monitoring well installation, development,
purging, and sampling methods are presented in Appendix A. The monitoring wells will be
constructed in accordance with Washington State Department of Ecology minimum standards for
construction and maintenance of wells (WAC 173-360) and EM 1110-1-4000, Monitor Well
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Design, Installation, and Documentation at Hazardous and/or Toxic Waste Stes (USACE
1998a). The most current version of the Washington State document, at the time of installation,
will take precedence over all other well drilling and construction practices discussed elsewhere
in this document. Well installation will be performed by alicensed drilling subcontractor whose
employees are qualified to work at hazardous waste sites. All drilling, well installation,
development and testing, and sampling operations will be supervised or performed by a qualified
scientist or engineer. The drilling contractor will be responsible for obtaining and submitting all
well drilling permits and logs, as required by the State of Washington. The drilling company
will be contracted directly to the USACE.

Following installation, the 11 multiport monitoring wells installed to the top of the Kitsap
Formation will be developed using the procedure described in Appendix A. Development will
cease if NAPL is encountered to prevent loss of NAPL for sampling or to prevent production of
alarge volume of highly contaminated water. All other borings completed as monitoring wells
will be used to monitor and/or sample NAPL and will not be devel oped.

2.5.4 Groundwater Monitoring Well Sampling

The objective of the groundwater sampling is to determine the extent of the dissolved-phase
plume in the upper aquifer in the greater EGDY area. The monitoring wells may also be used to
attempt to obtain NAPL samples. Deep wells below the intermediate aquitard will be
constructed as multiport monitoring systems in a single boring to allow for sampling from
multiple levels. Deep wells will also be used to determine the groundwater gradient in the
aquifer between the intermediate aquitard and the Kitsap aquitard.

Approximately 44 groundwater samples will be collected from the 11 multiport monitoring wells
(4 samples per well). A low-flow, minimal drawdown technique will be used for groundwater
purging and sampling according to the USACE standard operating procedure (Appendix A). A
WaTerra hand pump will be used to purge and sample the groundwater. The intake of the check
valve at the base of the tubing will be positioned at a level that is adjacent to or dightly above the
midpoint of the screened interval. Purging shall proceed by pumping (low-flow) the calcul ated
casing volume to ensure a volume in excess of this volume has been removed. Thiswill ensure
that formation water is sampled and not well casing water.

Specific conductance, temperature, pH, dissolved oxygen, turbidity, and oxidation-reduction
potential (ORP) will be measured during purging using a water quality meter with a flow-
through cell, or an equivalent meter. Measurements will be collected at intervals of
approximately 2 to 5 minutes. When readings stabilize, purging will cease and samples will be
collected. The stabilization guidelines are three successive readings within +/- 0.1 for pH,

+/- 3 percent for conductance, +/- 10 percent for temperature, turbidity, and dissolved oxygen,
and +/- 10 mV for ORP. A turbidity reading of 10 nephelometric turbidity units (NTUS) or less
isdesirable. The information will be documented on a groundwater sampling data sheet
(Appendix B). If the indicator parameters do not stabilize, purging will cease at the discretion of
the USACE on-site representative and samples will be collected.

Before collecting samples, personnel will don clean nitrile gloves. The pumping rate for
collecting the samples will be at the rate established during low-flow purging. Samples will be
collected directly from the end of the pump discharge line and placed immediately into a chilled

cooler.
RS
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2.5.5 NAPL Sampling

The objective of the NAPL sampling is to determine the horizontal and verticall DNAPL extent,
the horizontal LNAPL extent, and the physical and chemical properties of DNAPL and LNAPL.

Prior to sampling, the depth and thickness of LNAPL and DNAPL will be determined using an
interface probe. A disposable bailer will be used to further check for the presence of NAPL if
none is detected with the interface probe. Wells with appreciable LNAPL will be sampled with a
weighted, disposable bailer. If aminimal thickness of LNAPL is present in the well, a passive
hydrocarbon skimmer will be used to collect it. DNAPL will be sampled with a weighted,
disposable bailer. 1f sample volume permits, NAPL samples will be archived at the project
laboratory for possible future analysis.

2.5.6 Laboratory Program

Sail, groundwater, and NAPL samples and associated QA/QC samples collected for chemical
analysis and physical testing will be analyzed using the methods presented in Tables 2-3 through
2-5 and discussed in the QAPP. Laboratory chemical anaysis will be conducted by Sound
Analytical Services, Inc. Physical testing will be conducted by PTS Laboratories, Inc.

2.5.7 Documentation

Records of drilling operations and related activities will be documented by the overseeing
geologist and by the drilling subcontractor. These records will consist of the soil boring log
(Appendix B) and information recorded in the project field notebook. Copies of these records
will be maintained at the drill site while drilling isin progress, and will be provided with the
final report. Boring logs will be drafted electronically using gINTO software format (1-inch
equals 1-foot scale) in the field and placed on the project Website at the completion of each
boring. Sonic drill coreswill be digitally photographed in 5-foot increments and cross-
referenced in the field notebook. Each photo will be named with the location ID and the depth
interval represented.

The soil boring log will include descriptions of soil encountered, total depth of the boring,
diameter of the hole, formation contacts, occurrence of first water, sampling depths, water level
measurements, amount of sealing material used for abandonment, and any other information
deemed appropriate by field personnel. Descriptions of soil will be according to ASTM D 2488-
90, Sandard Practice for Description and Identification of Soils (Visual-Manual Procedure)
(ASTM 1990).

A field drilling report will be prepared and maintained by the drilling contractor on adaily basis.
The report will specify the number of hours worked, materials used, unusual problems, and other
special comments and observations. A copy of this report will be approved by and provided to
USACE saff at the end of each day.

26  SURFACE WATER SAMPLING

Surface water samples will be collected from Murray Creek and analyzed for VOCsusing DSITMS
to assess the interaction between the creek and the groundwater contaminant plume. Surface water
quality measurements of specific conductance, temperature, pH, dissolved oxygen, turbidity, and
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ORP will be measured using a water quality meter with a flow-through cell, or an equivalent
meter. Surface water quality measurements will be recorded at the time of sampling.

The surface water samples will be collected from as close as possible to the bottom of the central
channel of the creek. The samples are collected by placing the tip of a disposable glass burette
near the bottom of the central portion of the creek. The upper end of the burette is covered by
the sampling technician’s thumb. The technician then slowly removes his thumb to allow water
to rise within the burette. The top of the burette is then covered by the technician’s thumb and
the burette removed from the water. The sample containers are then gently filled directly from
the burette.

2.7 SURVEYING

GPS with an accuracy of approximately 10 feet will determine the approximate horizontal and
vertical coordinates of investigation locations during the field investigation. All investigation
data collection locations will be marked for relocation by traditional surveying. Upon
completion of the field work, all data collection locations created during the investigation (e.g.,
wells, borings, and SCAPS push locations) will be surveyed. Horizontal and ground surface
elevation coordinates will be surveyed by alicensed surveyor in the State of Washington.
Horizontal and ground surface elevation coordinates will be provided for all data collection
locations and reported in NAD27 (horizontal) and NGV D29 (vertical). For al wells and
piezometers, the elevation of the top of the polyvinyl chloride (PVC) well riser and the top of the
stedl protective casing will also be measured. All survey measurements will be made to the
nearest 0.05 foot. GPS measurements will be collected by the SCAPS team. Traditional
surveying will be conducted by Thornton Land Surveying, Inc., Gig Harbor, Washington.

2.8  DECONTAMINATION OF DRILLING AND SAMPLING EQUIPMENT

Equipment used during the field investigation and sampling activities will be decontaminated
before use at the site and between sampling locations to prevent cross-contamination. The field
activities in which decontamination procedures will be followed include drilling, monitoring well
installation, and all associated sampling activities. The specific procedures for decontamination
are outlined in this section.

SCAPS decontamination occurs as rods are retracted from the penetration hole and water is
collected in a bucket.

Downhole drilling and sampling equipment will be decontaminated before field personnel enter
and leave the EGDY study area and between sampling locations. Downhole equipment (e.g.,
drilling casing, drilling rods, soil samplers) and other equipment in direct contact with the
sampled materials, soil cuttings, and fluids will be cleaned between borings or other sampling
locations.

Decontamination of large drilling equipment is required to prevent cross-contamination of
sampling locations, especialy those in which groundwater monitoring wells will be established,
or from which soil samples will be retrieved for chemical analysis. This process also provides
for the protection of personnel subsequent to demobilization from restricted areas. During
decontamination of drilling equipment and accessories, it is especialy critical to clean the inside
of casing, drill rods, drill bits, and all couplings and threads. Prior to leaving the facility, the drill
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rig will be decontaminated. Decontamination water will be allowed to drain onto the ground
surface at a location chosen by the USACE. The drilling tools will be cleaned by a high-pressure
hot water wash until al visible soil and other debris have been removed.

Before installation, all sections of well screen and riser will be rinsed with a high pressure hot
water washer, using potable water. If the well casings are obtained pre-cleaned by the
manufacturer in factory-sealed containers, high pressure hot water washing is not required.

Sampling equipment includes all non-disposable sampling devices that are used to collect or
contain a sample prior to placement into alaboratory-provided sample container. Such
equipment may include split spoons, stainless steel spoons and bowls, and stainless steel cable.
Disposable equipment may include bailers and tubing. Before initial use, all sampling
equipment that may contribute to the contamination of a sample must be thoroughly
decontaminated, unless specific documentation exists to show that the sampling equipment has
already been decontaminated. Pre-cleaned equipment in factory-sealed containers does not
require decontamination.

The remaining sampling equipment will be decontaminated between sample locations according
to the following procedure:

Scrub equipment thoroughly with phosphate-free detergent and warm potable water and use a
brush to remove any particulate matter or surface film

Triple rinse and/or flush with clean potable water
Rinse and/or flush with clean deionized water

Package and seal equipment in plastic bags or other appropriate containers to prevent
recontamination

Small nondisposable sampling equipment that comes in contact with NAPL will be
decontaminated as described previoudy, followed by a solvent rinse with isopropy! alcohol and
hexane.

Decontamination wash water generated from this procedure will be contained temporarily in the
buckets used for this process. The disposal of decontamination wash water and other waste
material is described in the following section.

2.9  INVESTIGATION-DERIVED WASTE

Water generated during drilling, development, and sampling will be temporarily containerized in
a Baker tank then disposed of in the installation's sanitary sewer system. Decontamination wash
water will be allowed to drain onto the ground surface. If any laboratory waste is generated, it
will be contained in alab pack then disposed of at an off-site Resource Conservation and
Recovery Act (RCRA) facility. Soil generated during drilling and exploration will be stored in a
covered stockpile at EGDY. At the conclusion of the investigation, the soil will be buried in one
of the existing trenches that is slated for follow-on thermal treatment. Persona protective
equipment (PPE) will be disposed of in a conventional dumpster to be disposed of off-sitein a
non-RCRA landfill. Necessary coordination with Fort Lewis Public Works will be done by the
USACE site representative. All facilities used for solid waste and RCRA waste will be in
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compliance with the CERCLA Off-Site Disposal Rule. The Generator EPA ID number for this
site is WA9214053465.

2.10 FIELD QUALITY CONTROL SAMPLES

Field QC samples will be collected and analyzed to evaluate data quality. QC samples are
controlled samples introduced into the analysis stream whose results are used to review data
quality and to calculate the accuracy and precision of the chemical analysis program. The
purpose of each type of field QC sample, collection and analysis frequency, evaluation criteria,
and methods of collection are described in this section.

Field QC checks are accomplished through the analysis of controlled samples that are introduced
to the laboratory from the field. Rinsate and field blanks, field duplicates, matrix spike/matrix
spike duplicates (MS/M SDs), and performance evaluation (PE) samples will be collected and
submitted to both SCAPS and Sound Analytical Services, Inc., where applicable, to provide a
means of assessing the quality of data resulting from the field sampling program. All field ITMS
and LIF QC samples will be sent to an off-site lab to assist with controlling uncertainty in data
and interpreting results.

2.10.1 Rinsate and Field Duplicates

Rinsate blanks are collected to determine the potential for cross-contamination of samples during
collection. Rinsate blanks will be collected and analyzed at the rate of 5 percent if using non-
dedicated sampling equipment. |If dedicated or disposable sampling equipment is used, field
blanks will be collected instead. Rinsate and field blanks will be submitted to the fixed
laboratory. Rinsate blanks will consist of store-bought distilled water collected from the final
rinse of sampling equipment after decontamination. Field blanks will consist of store-bought
distilled water transferred directly into sample containers in the field.

The rinsate soil blank will be collected from the stainless steel bowls that will be used to collect
soil samples prior to placing them in sample containers. After the decontamination is complete,
the bowl will be rinsed with approximately 2 gallons of distilled water, then pre-labeled sample
containers will be filled.

All rinsate or field blanks will be submitted blind to the laboratory, with sample numbers that are
indistinguishable from primary samples. Quality control criteria and corrective actions are the
same as for method blanks (as described in the QAPP). Blank samples will be analyzed for the
same parameters as the associated field samples.

2.10.2 Field Duplicates

Field duplicate samples will be used to check for sampling reproducibility. Field duplicates will
be submitted at a frequency of 10 percent of the field samples for every analytica method. Field
duplicate samples are collected in conjunction with and by the same methods as the primary
sample. Field duplicate samples will be submitted from locations having significant
concentrations of target analytes. Control limits for field duplicate precision are 30 percent
relative percent difference (RPD) for aqueous samples and 50 percent RPD for soil and NAPL
samples.
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Field duplicates samples will be submitted blind to the laboratories, with sample numbers that
are indistinguishable from primary samples. Quality control criteriafor field duplicates and
calculation and reporting of the RPD are described in the QAPP.

2.10.3 Matrix Spike/Matrix Spike Duplicates

MS/MSDs are used to assess sample matrix interferences and analytical errors, as well asto
measure the accuracy and precision of applicable analytical methods. The MS/MSDs will be
collected and analyzed at arate of 5 percent of the field samples for each applicable analytical
method or at least one for each analytical batch, whichever frequency is greater. Known
concentrations of analytes are added to environmental samples; the MS or MSD is then
processed through the entire analytical procedure and the recovery of the analytes calculated.
Results are expressed as percent recovery of the known spiked amount (and RPD for MS/MSD
pairs).

Field duplicate and MS/MSD samples will be collected from different locations. Additionally,
MS/MSD samples should not be collected from locations with potentially high concentrations of
target analytes that may mask the added MS/MSD compounds. Because of the high
concentrations of target analytes, MS/MSD samples will not be submitted with NAPL samples.

2.10.4 Performance Evaluation Samples

PE samples will be submitted to the laboratories to evaluate the accuracy of the analyses; PE
samples will be submitted blind for chemical analysis. Fiveto 10 water VOC PE samples will be
submitted to Sound Analytical Services, Inc., for VOC analysis. PE samples will also be
submitted to SCAPS lab for analysisby ITMS. The PE samples will be spiked by the
commercial supplier with the site COCs at concentrations consistent with those previously
observed in groundwater at the site. The PE sample results will immediately be compared to the
vendor’ s documented acceptable control limits by a USACE representative. Sample analysis
will not continue until the laboratory has met certified PE sample acceptance limits and approval
has been obtained from the USACE. The PE supplier will fill pre-cleaned sample bottles with
the PE material. Fictitious sample identification numbers will be assigned in the field as
described in Section3.2.

2.10.5 Temperature Blanks

One temperature blank will be prepared and submitted to the fixed laboratory with each cooler.
The temperature blank will consist of a sample jar containing water, which will be packed in the
cooler in the same manner as the rest of the samples. The temperature blank is to be used to
measure the cooler temperature upon receipt of the cooler at the laboratory.
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Table 2-1
SUMMARY OF POTENTIAL FIELD PROGRAM
SOIL GROUND- | SURFACE
FIELD TECHNIQUES LABORATORY COLUMN SOIL WATER WATER NAPL
SCAPS CPT with LIF
TPH by fluorescence SCAPS X X
Stratigraphy SCAPS X
Permeability PTS Laboratories, Inc./SCAPS X
SCAPS MIP
VOCs | SCAPS X X X X
SCAPS DSITMS
VOCs | SCAPS X X X X
SCAPS GeoVIS
Stratigraphy PTS Laboratories, Inc. X
NAPL extent None X
FLUTe Ribbon Sampler
NAPL extent | None X
SCAPS Piezometer Installation
Water level measurements | None X
Soil Borings
Grain size PTS Laboratories, Inc. X
Bulk density PTS Laboratories, Inc. X
Effective porosity PTS Laboratories, Inc. X
Cation exchange capacity PTS Laboratories, Inc. X
Total organic carbon PTS Laboratories, Inc. X
TPH-Dx Sound Analytical Services, Inc. X
VOCs Sound Analytical Services, Inc. X
SVOCs Sound Analytical Services, Inc. X
NAPL Sampling (LNAPL and DNAPL Monitoring Wells)
TPH-Dx Sound Analytical Services, Inc. X
VOCs Sound Analytical Services, Inc. X
SVOCs Sound Analytical Services, Inc. X
Viscosity/density PTS Laboratories, Inc. X
Qil/water interfacial tension PTS Laboratories, Inc. X
Boiling point distribution PTS Laboratories, Inc. X
Groundwater Sampling (Multiport Monitoring Wells)
VOCs Sound Analytical Services, X
Inc./ITMS
Water level measurements None X
Field measurements (specific None X
conductance, pH, temperature,
ORP, dissolved oxygen, and
turbidity)
Visual Logging of Cores
NAPL extent None X
Stratigraphy None X
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Table 2-2

EXISTING MONITORING WELLSAND
PIEZOMETERSIN THE GREATER EGDY AREA

NORTHING EASTING MEASURING POINT
WELL STATE PLANE| STATE PLANE STATE PLANE
ID (NAD27) (NAD27) (NGVD29)
A15 651902.165 1497340.226 278.90
A30 651895.904 1497330.587 279.00
A45 651905.628 1497334.590 278.83
B15 651937.026 1497276.482 280.88
c25 651964.785 1497229.546 279.94
C40 651964.603 1497235.287 279.89
FL-01 651256.513 1494019.450
FL-01 651256.513 1494019.450 278.24
FL-02 651333.983 1495617.278
FL-02 651333.983 1495617.278 282.42
FL-04A 652011.255 1493047.933
FL-04A 652011.255 1493047.933 279.19
FL-04B 651984.254 1492994.643
FL-04B 651984.254 1492994.643 279.64
LC-017 653475.125 1494544.937 291.14
LC-018 653004.459 1494114.614 283.71
LC-019A 653095.046 1495139.513 290.52
LC-019B 653093.530 1495135.565 290.60
LC-019C 653098.392 1495137.567 290.33
LC-020 653851.583 1495822.106 290.72
LC-021 652756.393 1496445.893 280.27
LC-024 652818.998 1497576.415 286.50
LC-026 651895.107 1497562.466 276.89
LC-026 651895.107 1497562.466 277.20
LC-026 651895.107 1497562.466 277.00
LC-026D 651916.377 1497564.783 277.78
LC-026D 651916.377 1497564.783 278.00
LC-026D 651916.377 1497564.783 277.00
LC-027 651870.479 1496425.147 279.20
LC-048 653197.871 1495468.881 290.08
LC-050A 652191.249 1495526.802 272.59
LC-050D 652149.574 1495546.617 272.80
LC-051 651777.998 1495356.476 274.07
LC-052 650532.202 1496018.168
LC-053 651926.976 1494335.902 277.14
LC-055D sh 653766.222 1497114.162 291.12
LC-055E de 653766.222 1497114.162 291.14
LC-056 652739.507 1497236.090 287.19
LC-057 650863.972 1496169.283 285.59
LC-064A 652433.380 1496587.707 278.10
LC-064B 652423.773 1496580.014 277.81
LC-108 652635.249 1496486.580 281.20
LC-133 652243.964 1496451.784 281.78
LC-134 652374.945 1496669.994 277.72
LC-135 652622.666 1496727.731 282.32
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Table 2-2 (Continued)

EXISTING MONITORING WELLSAND
PIEZOMETERSIN THE GREATER EGDY AREA

NORTHING EASTING MEASURING POINT
WELL STATE PLANE| STATE PLANE STATE PLANE
ID (NAD27) (NAD27) (NGVD29)
LC-136A 652475.363 1496351.390 279.60
LC-136B 652485.086 1496355.393 279.21
LC-137A 652684.757 1496168.412 291.46
LC-137B 652690.953 1496180.101 291.26
LC-137C 652698.795 1496191.637 291.48
LC-138 652383.610 1496552.265 279.49
LC-139 652479.863 1496623.251 278.25
LC-144A 653031.195 1495392.375 292.00
LC-145 651831.014 1497305.951 281.72
LC-146 651898.357 1497408.445 279.56
LC-146 651898.357 1497408.445 279.57
LC-147 651962.901 1497495.663 279.63
LC-147 651962.901 1497495.663 279.60
LC-148 652045.527 1497478.791 281.76
LC-148 652045.527 1497478.791 281.73
LC-149A 651051.484 1498329.690 307.67
LC-150 652558.545 1496627.186 280.78
LC-153 652513.590 1496646.897
LC-155 652401.398 1496509.116 279.05
LC-156 652355.838 1496547.894 278.77
LC-158 652493.337 1496560.880 278.09
LC-159 652493.028 1496260.420 278.13
LC-160 652435.539 1496209.546
LC-161 652298.362 1497065.288 282.62
LC-161 652298.362 1497065.288 283.48
LC-161 652298.362 1497065.288 282.62
LC-162 652338.664 1496881.865 279.43
LC-162 652338.664 1496881.865 280.40
LC-162 652338.664 1496881.865 279.43
MW-1 651427.096 1494007.292 278.13
MW-2 651483.459 1493864.746 278.76
MW-3 651473.305 1493882.832 279.14
PZ-01D 651976.496 1497189.006 279.35
PZ-01D 651976.496 1497189.006 279.44
PZ-01S 651976.418 1497188.963 279.46
PZ-02D 651985.764 1497142.759 279.45
PZ-02S 651985.621 1497142.618 279.53
PZ-03D 652031.059 1497117.550 279.40
PZ-03S 652031.222 1497117.248 279.56
PZ-04 652062.523 1497079.728 279.76
PZ-05 652067.797 1497107.465 279.73
PZ-06D 652055.749 1497165.003 280.18
PZ-06S 652055.849 1497164.770 280.27
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Table 2-2 (Continued)
EXISTING MONITORING WELLS AND
PIEZOMETERSIN THE GREATER EGDY AREA

NORTHING EASTING MEASURING POINT
WELL STATE PLANE| STATE PLANE STATE PLANE
1D (NAD27) (NAD27) (NGVD29)
S-1 651980.265 1497212.557 279.65
S-2 652354.916 1496860.314
ST-1 652222.625 1497594.262
ST-10 652107.621 1496248.775
ST-2 650645.826 1495287.297
ST-3 652072.523 1496817.770
ST-4 652425.019 1496218.873
ST-5 652274.224 1497277.964
ST-6 652118.825 1497307.665
ST-7 651947.225 1497002.869
ST-8 651839.325 1497016.770
ST-9 651968.925 1497179.668

Table 2-3
SAMPLING AND ANALYSISSUMMARY—SOIL
METHOD
METHOD REFERENCE
SCAPS Soil Sampling
TPH by fluorescence SCAPS SOP

VOCs by ITMS SW-846 8265 5035 (SCAPS SOP)
Soil Borings

SVOCs SW-846 8270C
VOCs SW-846 8260B/5035
TPH-Dx NWTPH-Dx
Grain size ASTM D 422/D4464
Permeability ASTM D5084
Density ASTM D2937
Porosity PTS SOP (API RP40)
Cation exchange capacity SW-846 9081
Total organic carbons SW-846 9060
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Table 2-4
SAMPLING AND ANALYSISSUMMARY —NAPL
METHOD

METHOD REFERENCE
VOCs SW-846 8260B
SVOCs SW-846 8270C
TPH-Dx NWTPH-Dx
Oiliwater interfacial tension ASTM D971
Viscosity/density ASTM D445/D1481
Boiling point distribution ASTM D86

Table 2-5

SAMPLING AND ANALYSIS
SUMMARY—GROUNDWATER

METHOD
METHOD REFERENCE
SCAPS Groundwater Sampling
VOCs by DSITMS SW-846 8265/5035
(SCAPS SOP)
Monitoring Well Sampling
VOCs SW-846 8260B/5035
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SECTIONTHREE Sample Handling and Documentation

This section describes sample handling and documentation procedures. The procedures
described are designed to provide a thorough record of events surrounding the collection of each
sample, and to ensure, as far as can be accomplished in the field, that data collected are useable.

3.1 FIELD LOGBOOKS

Permanently bound field books with waterproof paper will be used as field logbooks because of
their compact size, durability, and secure page binding. The pages of the logbook should be
numbered consecutively and should not be removed for any reason. Entries will be made in
black waterproof indelible ink.

Logbooks will document the procedures performed by field personnel. Each entry should be
dated, legible, and contain accurate and complete documentation of the individual’s activities.
Documentation in the field logbook will be a alevel of detail sufficient to explain and
reconstruct field activities without relying on recollection by the field team members. Because
the logbook is a complete documentation of field procedures, it should contain only facts and
observations. Language should be objective, clear, concise, and free of personal interpretation or
terminology that might be misconstrued.

No erasures will be allowed. If an incorrect entry is made, the information will be crossed out
with a single strike mark and the change initialed and dated by the team member making the
change.

Field logbooks will be identified by the project name and a project-specific number (e.g.,
“Logbook #1 for Phase Il RI, Fort Lewis East Gate Disposal Yard, Project Number
53F0074209"), and stored in the field project files when not in use. Field logbooks will be
photocopied after the field investigation, and photocopies will be stored in the project files.
After field activities are completed, logbooks will be stored in the permanent project file.

3.2  SAMPLE IDENTIFICATION AND LABELING

To provide a sample tracking mechanism, each sample collected will be given a sample
identification number. The sample identification number will include the sample type, station
number, and an identification of the type of sample (primary, field split, etc.). The site name will
not be included in the sample identification number because this information will be recorded on
the sample label and chain of custody form. Sample type, station number, and depth or date of
sampling round designations are shown in Table 3-1. A sample identification number will be
based on digits from each column, separated by dashes as shown in the table.

Matrix spike/matrix spike duplicate (MS/MSD) samples will not be designated in the primary
sample number. The sample to be used for MS/MSD will be specified in the comments section
of the chain of custody. Trip blanks will be identified with “ TB-date” (month/day/year). The
field duplicate, field/rinsate blank and PE samples will be identified with afictitious station
number of the primary sample.

The fictitious station numbers used to identify QC field duplicate, field/rinsate blanks, and PE
samples will consist of a constant integer added to the number of the primary sample location
that has been chosen as the QA station. A field duplicate sample will be designated by adding
the integer 3000 to the station number from which it was collected. A field/rinsate blank sample

.
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Sample Handling and Documentation SECTIONTHREE

will be designated by adding the integer 6000 to the station number from which the blank is
collected. A PE sample will be designated by adding the integer 9000 to the primary station
number that has been designated as the QA station. No indication that a sample is a duplicate
will be provided on the sample label or chain of custody form. Cross-references for duplicate
and blank sample numbers will be clearly recorded in the field book and field logs.

Example 1. At the second SCAPS location, LIF is used from a depth of 6 to 7 feet bgs. This
location would designated SL0002-6-7.

Example 2. A SCAPS soil sample collected from this same location from a depth of 10.5 to
11.5 feet bgs would be labeled SS0002-10.5-11.5.

Example 3: A duplicate sample collected from SS0002-10.5-11.5 would be labeled SS3002-
10.5-11.5

Example4: A groundwater sample collected from the second port from the surface of the
newly installed multiport monitoring well LC-201 on August 10, 2001, would be
labeled L C0201-02-081001.

Example5: A NAPL sample collected from the newly installed NAPL monitoring well
LC-202 on August 10, 2001, would be labeled L C0202-081001.

Example 6: A field/rinsate blank sample associated with sample L C0202-081001 would be
designated L C6202-081001.

Sample labels, whether blank or pre-printed, will contain an abbreviated summary of the logbook
entry for the sample. The following information should be included on sample container labels:

Project number (53F0074209)
Sample identification number

Date and time of sampling

Name of sampling personnel

Type of sample preservatives added
Matrix

Analysesto be performed

33 SAMPLE DELIVERY GROUP

Soil and groundwater samples will be sent to the analytical |aboratories in sample delivery
groups (SDGs). Each SDG will consist of primary samples, blind field duplicates, associated
MS/MSD samples, trip blanks, and rinsate blanks.

34  SAMPLE PRESERVATION AND HANDLING

Soil and groundwater samples (primary as well as QA/QC) will be collected in glass or plastic
containers supplied by the contract analytical |aboratories and appropriate for the respective

URS

3' 2 S:\GAYTER\EGDY\EGDY RI FSP FINAL.DOC\13-JUL-01\SEA
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analysis. The containers will have screw-type lids to assure the bottles are adequately sealed.
Teflon inserts located inside the lids of the containers will prevent sample reaction with the lid
and improve the quality of the seal. Tables 3-2 through 3-4 list the specific container types,
volumes, and number of containers required for each analysis.

3.4.1 Sample Containers

The containers will be precleaned and certified under chain of custody. Commercially available
pre-cleaned jars are acceptable. The contract laboratory’ s bottle shipment documentation will
record batch numbers for the bottles. With this documentation, bottles can be traced and bottle
wash analyses can be reviewed. The bottle wash analyses will be retained in the project file.

3.4.2 Sample Preservation

Prior to shipping sample bottles to the field, the analytical laboratory will add the required
preservatives to the sample bottles that will be used for groundwater and rinsate blanks. The
laboratory will affix waterproof labels to the bottles, on which the type of analysis and the type
and amount of preservative will be written.

Sample preservation procedures are used to maintain the original character of analytes during
storage and shipment. Regardless of the nature of the sample, absolute stability for al
constituents cannot be achieved. Preservation techniques, such as pH control and refrigeration,
may retard physicochemical and biochemical changes. As ageneral rule, analyzing the sample
as soon as possible is the best way to minimize physicochemical and biochemical changes.

All samples will be placed in the appropriate sample container and refrigerated immediately
upon sample collection. Samples will be transferred to the fixed |aboratory approximately every
1to 2 days. The analytical laboratory will meet all specified holding times and should make
every effort to prepare and analyze the samples immediately after they are received.

3.4.3 Storage Requirements

Samples will be placed in secure, on-site storage, or remain in the possession of the sampling
personnel until they are shipped or delivered to the laboratory. Immediately after collection, and
during shipment to the analytical laboratory, samples will be stored in arefrigerator in the field
office, in coolers on ice or an ice-substitute at approximately 4°C. Either ice packaged in plastic
storage bags or prepackaged ice-substitute will be used to maintain the temperature in the
shipping containers at approximately 4°C. lce will be replenished as needed to ensure adequate
cooling of samples during storage and shipping. Samples to be archived by the project
laboratory will be stored at 4°C.

3.5 SAMPLE DOCUMENTATION

Entries into the logbook or other relevant sampling forms for sampling events will include, but
not necessarily be limited to, the following:

Project name, location, and number

Rationale for collecting the sample

URS
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Date and time of sampling

Sample numbers

Cross-reference of numbers for split and blank samples

Media sampled

Geographical location of the sampling point in reference to site facilities
Physical location of the sampling point, such as depth below surface

Method of sampling, including procedures, equipment, and any departure from the
procedures specified in the Work Plan or the SAP

Rationale for any deviations from Management Plan procedures and documentation of URS
and USACE approva

Results of field measurements (e.g., PID readings)
Sample preservation
Type and quantity of container used for each sample

Weather conditions at the time of sampling and previous events which may influence the
representative nature of a sample—at a minimum, include temperature, approximate wind
speed and direction, and sky cover

Photographic information—~briefly describe what was photographed and why, the date and
time, the compass direction of the picture, number of the frame on the roll, and roll number

Sketches, when appropriate, with reference points tied to existing structures in the area (i.e.,
trees, existing monitoring wells)

Analyses requested

Disposition of the sample (i.e., where it is being shipped)

Airbill number of sample shipment, when applicable

Other pertinent observations, such as the presence of other persons on the site (those
associated with the job or members of the press, special interest groups, or passersby), and

actions by others that may affect performance of site tasks
Type of health and safety clothing/equipment used

Name(s) of sampling personnel

3.6 CHAIN OF CUSTODY PROCEDURES

Verifiable sample custody is an integral part of al field and laboratory operations associated with
this site investigation. The primary purpose of the chain of custody proceduresis to document
the possession of the samples from collection through storage and analysis to reporting. Chain of
custody forms will become the permanent records of sample handling and shipment. The Field

URS
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SECTIONTHREE Sample Handling and Documentation

Investigation Manager or his’/her designee will be responsible to the Project Manager for
monitoring compliance with chain of custody procedures.

Field sampling personnel are responsible for the care and security of samples from the time the
samples are collected until they have been turned over to the shipping agent or laboratory. A
sample is considered to be in one's custody if it isin plain view at al times, in the physical
possession of the sampler, or stored in alocked place where tampering is prevented.

Empty coolers containing ice or ice substitute will be available at the study area for use each day
in the field. Samples collected during the day will be stored in shipping coolers or a refrigerator

in the field office beginning at the time of collection. The coolers will be locked inside the field

vehicle or other secure location when sampling personnel are not present.

A chain of custody form will be filled out for samples in each cooler, starting when the first
sample of each batch is collected. Each chain of custody form will contain the following
information:

Sample identification numbers

Date and time of sampling

Type of sample and number of sample containers associated with each sampling point

Total number of sample containers in cooler

Unique cooler identification number

List of analyses requested

Name and signature of sampling personnel

Shipping air bill number, when applicable

Comments regarding MS/MSD samples, or any other information that is necessary for the lab
Spaces for transfer of custody acknowledgment

When the chain of custody forms are complete, field team members will cross-check the form for
possible errors. If samples are repackaged for shipping or delivery, one team member will cross-
check the chain of custody with the samples that are packed while another team member
packages the samples. Any corrections will be made to each record with a single strike mark that
isdated and initialed. The person who initials corrections will be the same person that
relinquishes custody of the samples. The chain of custody forms will be signed and dated,

placed in zipper-locking bags, and taped to the inside lid of the respective cooler.

3.6.1 Transfer to Project Laboratory

After a cooler of samplesis packaged and the chain of custody form has been completed, the
cooler will be closed, sealed with packing tape, and sampling personnel will affix two signed and
dated custody seals so that if it is opened the seals will be broken. Custody seals will contain the
following information:

Sample team member’ s signature (signature must match signature on chain of custody forms)

Date

.
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Coolers will be hand-delivered or shipped by Federal Express to the fixed laboratories by the
sampling team. The Federal Express shipping agent will not enter into the formal chain of
custody procedures, and therefore will not sign the chain of custody form. Copies of bills of
lading provided by the shipping agent will be kept with chain of custody formsin order to
document shipping procedures.

3.6.2 Laboratory Custody Procedures

A cooler receipt form will be filled out by the laboratory (Appendix B). Upon receipt by the
laboratory, custody seals will be inspected and the chain of custody forms signed and dated by
laboratory personnel. Laboratory personnel will verify sample numbers and the conditions of
each cooler. Shipping manifests and chain of custody forms signed and dated by |aboratory
personnel will be considered sufficient documentation of sample custody transfer from the
sampler, through the shipping agent, to the analyst in the contracted analytical |aboratory.

A copy (pink) of each chain of custody form will be retained by the sampling team for the
project file and the original (yellow and white) will be sent with the samples. Bills of lading will
also be retained as part of the documentation for the chain of custody records. In conjunction
with data reporting, the analytical laboratory will return the original chain of custody forms to
the project manager for inclusion into the central project file.

3.7 DAILY CHEMICAL QUALITY CONTROL REPORTS

Field activities will be documented via the daily chemical quality control report (DCQCR) form
(Appendix B). The reports will be prepared and submitted daily, and will summarize field and
laboratory activities and results. The DCQCR will contain at a minimum the following
information:

Project information

Work performed, samples collected including associated QA/QC samples, and personnel
involved

Wesather

Available analytical results, physical parameter measurements, calculation results, and
required QC data

Field audits performed and results

Sampling, sample handling, chemical parameter measurement problems, deviations from the
approved plan, and corrective actions taken

Signatures of field personnel completing the DCQCR and initias of personnel making
changes
Summary of verbal or written instructions for retesting or changes of work

The DCQCR will be completed at the end of each day and posted on eRoom. Copies of field

forms, pages of the field logbook completed for that day’s work, boring logs, and photographs
will be referenced on the form and attached to minimize transcription errors. Forms and

URS
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attachments will be completed within 24 hours and posted on eRoom. The USACE site
representative will be responsible for completing and posting the final DCQCR.
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Table 3-1
SAMPLE IDENTIFICATION
LOCATION TYPE SYMBOL LOCATION DEPTH OR INTERVAL SAMPLING

IDA DATE
SCAPS
SCAPS-CPT SC 0001- Top depth — bottom depth (feet bgs) none
SCAPS-LIF SL 0001- Top depth — bottom depth (feet bgs) none
SCAPS-MIP SM 0001- Top depth — bottom depth (feet bgs) none
SCAPS-groundwater SG 0001- Top depth — bottom depth (feet bgs) none
SCAPS-soil SS 0001- Top depth — bottom depth (feet bgs) none
SCAPS-FLUTe SF 0001- Top depth — bottom depth (feet bgs) none
SCAPS-GeoVis SV 0001- Top depth — bottom depth (feet bgs) none
Sonic Drilling
Sonic borings - soil RS 0001- Top depth — bottom depth (feet bgs) none
Multiport wells - groundwater LC 0169-8 Top port (01) through -mmddyy

bottom port (04)

Piezometers - groundwater LC 0170-8 none -mmddyy
Monitoring wells-NAPL LC 0171-8 none -mmddyy
Other Types
Murray Creek — surface water SWMC 0006- ¢ none -mmddyy
Exploration trenches TS 0001- Segment P and Depth (feet bgs) none
Investigation-derived waste IDW 0001 none none

Notes:

A Duplicate - add integer of 3000 to station number
Field/rinsate blank - add integer of 6000 to station number
Performance evaluation - add integer of 9000 to station number
B Monitoring wells and piezometers to be labeled beginning with the next available number (approximately LC-169)
€ Surface water sampling locations to be labeled beginning with the next available number (approximately SWMC-006)
P Trench segments to be labeled beginning with “a”

Table 3-2
SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES—SOIL
HOLDING
ANALYSIS CONTAINER PRESERVATIVE TIME
Sound Analytical Services, Inc.
TPH-Dx 8-0z glass wide mouth None 14 days to extraction/
40 days to analysis
SVOCs Use TPH-Dx jar None 14 days to extraction/
40 days to analysis
VOCs 2-0z glass wide mouth MeOH 14 days to extraction/
4+2°C 30 days to analysis
PTS Laboratories, Inc.
Density 16-0z glass wide mouth (or tube) None None
Permeability Intact sample None None
Total organic carbon Combine into two 16-0z glass 4+2°C 28 days
Grain size wide mouth (or one 4-0z if TOC None None
Porosity only) None None
Cation exchange capacity None None

RS
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Table 3-3
SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES—NAPL
REQUIRED HOLDING
ANALYSIS CONTAINER VOLUME PRESERVATIVE TIME
Sound Analytical Services, Inc.
VOCs, SVOCs, and TPH-Dx 40-mL amber 5mL 4+2°C None
glass vial
PTS Laboratories, Inc.
Viscosity 1-L amber glass <20 mL 4+2°C None
Density 100 mL
Boiling point distribution 100 mL
Qil/water interfacial tension 750 mL
Table 3-4

SAMPLE CONTAINERS, PRESERVATION,
AND HOLDING TIMES—GROUNDWATER

HOLDING
ANALYSIS CONTAINER PRESERVATIVE TIME
Sound Analytical Services, Inc.
VOCs 4-40 ml VOA vials 4+2°C 14 days to analysis
HCL pH<2
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41 PACKAGING

The procedures and material used for sample packaging must adequately protect the sample
container from accidental breakage during shipping. Sample packaging and labeling will
conform to the requirements of Appendix F of USACE Engineering Regulation ER-1110-1-263
Engineering and Design — Chemica Data Quality Management for Hazardous, Toxic,
Radioactive Waste Sites (USACE 1998b). Glass sample containers will be placed into plastic
bags, and will be wrapped and cushioned in inert packing material such as Styrofoam, closed-cell
foam packing material, or plastic bubble wrap. Plastic sample containers do not require
individual cushioning material, but should be packed well to prevent movement during transport.
Caps will be screwed on tightly. The plastic sample containers will be placed into individual,
resealable plastic bags, which will then be sedled. Ice or ice-substitute will be placed in the
container in a manner to ensure adequate and equal cooling for all samples.

42  SAMPLE SHIPPING

All sample containers will be placed inside a strong shipping container, such as a metal or plastic
picnic cooler with a hard plastic liner. The shipping container should be sufficient to prevent
leaks or spills of ice water or potentially broken sample containers. The drainage hole at the
bottom of the cooler will be taped shut so that the contents from potential broken containers of
prepackaged ice, ice substitute, or sample will not escape. The shipping container lid will be
adequately secured with tape to prevent opening during shipping. The shipping container will be
adequately cleaned between shipments to prevent cross-contamination of samples.

Transfer of samples from the project site to the project analytical laboratory is expected to be
performed by the field personnel. Deliveriesthat will arrive at alaboratory or at the courier’s
office to be picked up by laboratory personnel must be arranged with the laboratory before
shipping occurs. There will be daily communication with the laboratory to avoid overloading the
laboratory with samples. Communication with the laboratory will enable more regular delivery
of samples and smoother receipt of analytical results.

Addresses, telephone numbers, and contacts of the laboratories analyzing samples for the project
are presented in the QAPP. Samples will be hand-delivered to Sound Analytical Services, Inc.
Federal Express will be used for shipping samples to PTS Laboratories, Inc.
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1.0  Scope and Application

11

1.2

13

Introduction

This standard operating procedure (SOP) is based on several technical
reports and methods, which are referenced at the end of this document.
This SOP describes the procedures used to conduct a subsurface in-situ
petroleum hydrocarbon investigation with the Site Characterization and
Analysis Penetrometer System and Laser | nduced Fluorescence technique
(SCAPS/LIF) currently deployed by the US Army Corps of Engineers
Tulsa District.

Application
This SOP is applicable to the rapid investigation of subsurface petroleum
hydrocarbon contamination at hazardous waste sites.

Personnel and Training

| mplementation of this SOP isrestricted to use by, or under the
supervision of, field technicians experienced in the use of SCAPS
technology and familiar with cone penetrometer testing, soil boring
installation, grouting techniques, and laser-induced fluorescence.

The SCAPS manager will ensure all personnel are qualified and have
received training relevant to the equipment and instruments currently
possessed by the I nvestigations Section and used to support the District’ s
SCAPS program. Additional District technical resources (chemists,
industrial hygienists, geologists, etc.) will be used to support and enhance
SCAPS operations whenever required.

20 Method Summary

21

22
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Introduction
This SOP describes the process by which a subsurface in-situ petroleum
hydrocarbon investigation will be conducted with SCAPS/LIF system.

The SCAPS system incorporates surface geophysical methods, surveying
and mapping methods, special penetrometers with sensors for contaminant
detection, and subsurface sampling equipment to map soil characteristics
and contaminant distribution.

Cone Penetrometer System

Cone penetrometer testing (CPT) and standard penetrometer testing have
been widely used in the geotechnical industry for determining soil strength
and soil type from measurements of tip resistance and sleeve friction onan
instrumented probe. The SCAPS uses a truck-mounted CPT platform to
advance its chemical and geotechnical-sensing probe. The CPT platform
provides a 20-ton static reaction force associated with the weight of the
truck. The forward portion of the truck- mounted laboratory is the push
room. It containstherods, hydraulic rams, and associated system



23

24

25
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controllers. Underneath the SCAPS CPT push room is the steam manifold
for the rod and probe decontamination system. The rear portion of the
truck- mounted laboratory is the isolatable data collection room in which
comporents of the CPT, onboard computers, and related support
instruments are located.

Initial Site Survey

The site will be initially surveyed to locate underground utilities and
underground obstacles to prevent damage to the SCAPS, ensure crew
safety, and to prevent damage to utilities. Many sites contain a variety of
underground anomalies, such as telephone cables, ges lines, electrical
power cables, water pipes, sanitary sewer lines, drainage pipes, and steam
lines.

Once the survey has been completed, approximate locations for each
planned penretration are determined based on such factors as proximity to
suspected contaminant sources, anticipated groundwater flow patterns,
suspected underground obstacles, cultural features, topography variations,
and mobility limitations.

Dependent upon site conditions and field results, the SCAPS manager and
technical manager will modify all penetrometer locations when
appropriate.

“Dummy” Exploration

At the discretion of the SCAPS manager, a “dummy” tip will be advanced
into the subsurface soil to probe for any unarticipated anomalies, which
may hinder the intrusive exploration of the location. The “Dummy” tip
contains no sensors or sampling tools that may be damaged.

Soil Classification by Cone Penetrometer Test

A series of locations will be selected to conduct soil classifications. Soil
strength and type is determined by monitoring tip resistance and sleeve
friction whenthe CPT probe is advanced through the subsurface soil.

The combination of the SCAPS's reaction mass and hydraulics can
advance the probe into the ground at a rate of 1Lm/min in accordance with
ASTM Methods D3441 and D5778. Thetip resistance is measured by
means of a system of strain gauges that forman internal load cell as the
cone tip isadvanced. Friction developed along a floating cylindrical
sleeve, just behind the cone tip, is measured similarly as the device passes
through the soil. Tip penetration resistance and sleeve friction is measured
independently and continuously. The point and sleeve friction load cells
are independently calibrated in the field prior to cone penetrometer
operation.
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Sail classification is conducted on-board the SCAPS during field
operations using a computer-based routine that references the strain gauge
readings, the calibration curves and an empirical relationship between
cone resistance and friction. The SCAPS instruments are capable of
discriminating porous sands from tighter, finer-grade silts and clays.

Laser-I nduced Fluorescence (LIF)

A series of locations will be selected to conduct anin-situ analysis for
petroleum hydrocarbon contamination. The District’s SCAPS supports a
Laser-Induced Fluorescence (LIF) Sensor and Support System operated in
accordance with ASTM Method D6187, except when noted otherwise
within this SOP.

The SCAPS/LIF method provides data on the in-situ distribution of
petroleum hydrocarbons based on the fluorescence response induced in the
polycyclic aromatic hydrocarbon (PAH) compounds thet are components
of petroleum hydrocarbons. PAHSs in petroleum products are induced to
fluorescence by excitation with ultra-violet (UV) light. The method
provides a “detect/non-detect” field screening capability relative to a
detection limit derived for a specific fuel product on a site-specific soil
matrix. The SCAPS LIF isprimarily used, asa field screening, qualitative
method but can be semi-quantitative at concentrations within two orders of
magnitude of its detection limit for fluorescent petroleum hydrocarbons.

The LIF system uses a pulsed nitrogen laser (PTI ™ 2300) with an optical
multichannel analyzer (EG& G™ M odel 1460) and photodiode array
detector (EG& G™ M odel 1421) to meke fluorescence measurements via
optical fibers. These fibers are integrated with the penetrometer probe and
umbilical of the SCAPS. The measurement is made through a sapphire
window on the probe.

Fluorescence emission spectra are collected once per second as the probe
isadvanced into the subsurface soil. Anon-board computer is used to
generate real-time depth plots of fluorescent intensity at the spectral peak,
wavelength of spectral peak, sleeve friction and tip resistance, and soil
type characteristics as interpreted from the strain gauge data. The
fluorescent intensity in the spectral window is plotted as a function of
depth inreal time as the probe is pushed into the soil.

Borehole Abandonment and Grouting

Grouting will be performed to ensure that vertical cross contamination
does not occur in the penetration and borehole locations. To accomplish
thisasilica flour cement mixture will either be automatically pumped into
the hole as the penetrometer probe/sensor isretracted or manually placed
into the open borehole.
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Decontamination

Dependent upon push depth and number of locations, a small volume of
decontamination fluids is generated by at each location. Asthe
penetrometer/probe is retracted, a high pressure hot water/steam-cleaning
system is used to wash each rod section and remove possible
contamination. The decontamination fluid is collected in a five-gallon
bucket from under the truck and transferred to aDOT certified steel drum
or other approved container.

30 Method Limitations

31

3.2

3.3

34
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Truck-M ounted Cone Penetrometer Access Limit

The SCAPS CPT support platform is a 20-ton freightliner all-wheel-drive
diesel powered truck. The dimensions of the truck require a minimum
access width of 10 feet and a height clearance of 16 feet. Some sites, or
areas of sites, might not be accessible to a vehicle the size of the SCAPS
CPT truck. The access limits of the SCAPS CPT truck are similar to those
for conventional drill rigs and heavy excavation equipmert.

Cone Penetrometer Advancement Limits

The CPT sensors and sampling tools may be difficult to advance in
subsurface lithologies containing cemented sands and clays, buried debris,
gravel units, cobbles, boulders, and shallow bedrock. As withall intrusive
site characterization methods, it is extremely important that all
underground utilities and structures is located using reliable geophysical
equipment operated by trained professionals before undertaking activities
at asite. Local utility companies should be contacted for the appropriate
information and approval when applicable.

Response to Different Petroleum Hydrocarbons

The relative response of SCAPS LIF sensor depends on the specific
analyte being measured. The instrument’s sensitivity to different
hydrocarbon compounds can vary by as much as two orders of magnitude.

M atrix Effects

The in-situ fluorescence response of the LIF sensor to hydrocarbon
compounds is also sensitive to variations in the soil matrix. Matrix
properties that affect LIF sensitivity include soil grain size, mineralogy,
moisture content, and surface area. Each of these factors influences the
relative amount of analyte that is adsorbed on or absorbed into the soil.
Only the relative fraction of analyte that is optically accessible at the
window of the probe can contribute to the fluorescence signal.



35

Spectral | nterferences

The SCAPS LIF sensor is sensitive to any material that fluoresces when
excited with ultraviolet wavelengths of light. Although intended to
specifically target petroleum hydrocarbons, the excitation energy produced
by the LIF system s laser may cause other naturally occurring substances
to fluoresce as well.

4.0  Quality Assurance/Quality Control

4.1

4.2

4.3

SOP M-003-SWT-03
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Overview

Geotechnical and chemical data generated by field crews during the
SCAPS investigation will be reviewed by personnel possessing the
required skills necessary to evaluate and validate the results. A quality
assurance officer will be assigned to the project to ensure that all data
quality objectives for the project are adequately being met.

SCAPS CPT QA/QC

Initial system setup will require the calibration of a few components
including, but not limited to, the point and sleeve friction load cells, strain
gauges. Calibrationswill occur whenever a different probe assembly is
used.

SCAPSLIF QA/QC
Initial system setup will require the calibration of a number of components
including, but not limited to, the laser, the detector, strain gauges.

Anevaluation of the sensitivity of the LIF sensor and contamination
encountered at the site is completed by collecting a number of
confirmation soil samples from various depths, and either analyzing these
samples on-site or at an analytical laboratory. The field or laboratory
analytical tests should adequately characterize the soil sample for the
presence of petroleum hydrocarbon contaminants, especially polyaromatic
hydrocarbons. Acceptable methods include, but are not limited to, EPA
method 418.1, modified 8015, modified 8270.

Due to the nature of the in-situ measurement, duplicate samples cannot be
measured by LIF. Soil heterogeneity and variation in contaminant
distribution can be significant over short distances both horizontally and
vertically. A number of soil samples will be collected at various depths
and locations such that equal numbers of nondetects and detects relating to
the LIF readings can be adequately analyzed and evaluated.



5.0

6.0

7.0

Waste Disposal

Decontamination fluids and other investigative derived wastes (IDW) generated
during SCAPS activities will be properly containerized, staged, labeled, and
managed in accordance with the project work plan. The volume of waste will be
minimized whenever applicable. Soil, liquid, and personal protective equipment
(PPE) IDW will be separately containerized and segregated. The PPE will be
disposed of as nonhazardous waste unless it has been grossly contaminated or is
determined to be contaminated by on-site field data.

Health and Safety

A site-specific safety and health planwill be developed for SCAPS and related
SCAPS activities. All field personnel will attend safety meetings scheduled by
SCAPS field manager and industrial hygiene officer.

All field personnel will follow current OSHA standards and regulations
documented within USACE's EM385-1-1.
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1.0  Scope and Application

11

1.2

13

Introduction

This standard operating procedure (SOP) describes the procedures used to
identify and determine the concentration of volatile organic compounds
(VOCs) in the subsurface environment using the Membrare I nterface
Probe/Direct Sampling lon Trap Mass Spectrometer (MIP/DSITMYS)
system coupled with direct push techniques.

Application

This SOP is applicable to all locations where direct push techniques can be
employed. The DSITMS technique may be used to examine individual
groundwater samples properly containerized in40ml vials. The
MIP/DSITMS technique is only applicable to characterizing VOCs in the
vadose and saturated zones.

Personnel and Training

| mplementation of this SOP isrestricted to use by, or under the
supervision of, field technicians experienced in the use of mass
spectrometers and familiar with general analytical chemistry techniques,
sanmple extraction procedures, and waste management practices.

The project chemist will ensure all personnel are qualified and have
received training relevant to the equipment and instruments currently
possessed by the HTRW Design Branch and used to support the District’s
field analytical program.

20 Method Summary

21

Introduction
Samples may be introduced into the lon Trap Mass Spectrometer (ITMS)
by one of two methods:

Direct Sanpling/Vial Sparging: One of the more common techniques
which allows the analyst to introduce a sample by directly sparging a vial
containing a groundwater sample with helium and analyzing the effluent
vapor withthe DSITMS.

Membrane | nterface Probe: This in situ technique allows the analyst to
vertically profile a subsurface location for the presence of VOCs. The
MIP/DSITMS is comprised of the MIP, a metal/teflon composite
membrane that samples VOCs in situ and the DSI TMS thet identifies and
quantifies the VOCs. The MIP/DSITMS is capable of multiple, discreet
VOC measuremerts in a single penetration, sampling depths/resolution are
determined on a site-specific basis.

SOP M -0005-SWT-01
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3.0

The MIP is a permeable membrane device used to detect volatile
contaminants as it is driven to depth in soil or other unconsolidated
materials. A thin film membrane is impregnated into a stainless steel
screen on the face of the probe. This membrane is heated to 100 - 120
degrees Celsius leading to quick diffusion of VOC contaminants across
the membrane into the He carrier gas which flushes the back of the
membrane and transports the contaminants to the above ground DSITMS.

22  Background I nfor mation
Geoprobe Systems, |1 nc. (www.georprobesystems.com) developed the
MIP. The MIP/DSITMS has been used by U.S. Army Waterways
Experiment Station with a standard geophysical cone penetrometer truck
(CPT) capable of advancing direct push sampling tools but has also been
deployed using other vehicles capable of advancing direct push tools
(Geoprabe, Earth Probe, etc.).

Method Limitations and Potential | nterferences

Direct Sampling lon Trap Mass Spectrometry isa method for the quantitative
measurement, continuous real-time monitoring, and quartitative and qualitative
preliminary screening of VOCs inwater, soil, and air (Wise et al, 1997). Itis
applicable to the determination of VOCs in batch samples taken to the laboratory
and to on-site measurement and monitoring. It is best suited for the routine
guantitative monitoring of sampling locations characterized once using standard
gas chromatography mass spectrometry methods, for analyzing samples for the
presence of VOCs, and for support of site characterization and remediation
activities requiring the analysis of large numbers of samples in a short period of
time or requiring on-line continuous monitoring. It is applicable to the qualitative
and quantitative analysis of unknown (previously uncharacterized) samples
provided that the absence of interferences can be documented. This procedure is
not applicable if results are required for individual positional isomers (e.g.; ortho,
meta, para-xylenes) or individual geometric isomers (e.g., cigtrans ethenes)
unless unique operating conditions are developed and demonstrated which maeke it
possible. Isomer distribution must be determined at least once using gas
chromatography or gas chromatography mass spectrometry methods.

The DSITMS demonstrates the capability of meeting the precision and accuracy
QC performance criteria establish for water analysis by EPA Method 624 (40
CFR Part 136).

Validation data collected for insitu MIP/DSITMS data in saturated soils as
compared to data for samples collected by US EPA sampling Method 5035 and
analysis Method 8260 indicate that the system provides quantitative estimates of
subsurface contamination distribution.
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4.0

50

6.0

Health and Safety

The toxicity or carcinogenicity of chemicals used in this procedure has not been
precisely defined. Each chemical will be treated as a potential health hazard, and
exposure to these chemicals will be minimized whenever possible. The project
chemist will be responsible for maintaining awareness of OSHA regulations
regarding safe handling and disposal of chemicals.

All USACE personrel will follow current safety and health requirements
published by OSHA and stated within USACE' s EM385-1-1 Manual. Material
safety data sheets will be kept on-site regarding all reagents. Emergency numbers
and a hospital route will be openly displayed near the work area.

Sample Preservation and Handling

The MIP/DSITMS technique requires no sample handling other than the
collection of soil and groundwater samples necessary to meet project quality
assurance and quality cortrol objectives. During the direct sampling/vial sparging
method, the DSITMS requires the collection and containerization of groundwater
samples prior to analysis.

Groundwater samples will be collected in40ml certified vials (amber or clear)
with teflon liners. Samples may either be preserved (with hydrochloric acid) or
unpreserved prior to analysis. Preserved samples shall be analyzed within 14
days. Unpreserved samples may be analyzed within 7 days.

The collection of soil samples will follow the procedures set forth in SW846
Method 5035 and generally will be collected in tared and prepreserved 40ml
certified vials (amber or clear) with teflon liners. Samples may either be
preserved with methanol or sodium bisulfate dependent upon the required
guantitation limits or headspace readings from field instruments. Preserved
samples shall be analyzed within 14 days. Analternative to the prepreservation of
vials isto use the Encore sampler, which requires preservation by the laboratory
within 48 hours.

Quality Assurance/Quality Control

6.1 Mass Axis Calibration

Mass axis calibration of the DSITMS should be ran initially at start up and
checked daily using an acceptable calibration compound such as
perflourotributylamine (PFTBA). Refer to the manufactures recommendation for
frequency. Record the results of mass axis calibration for future reference.

6.2 Background Subtraction

A blank sample should be run for background subtraction, to ensure there is no
carryover in the transfer line, any time samples are run having > 500 ppmof VOC
contamination, and between analysis of samples from different sources. During
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the MIP/DSI TMS, a system blank check should be performed before and after
each set of in situ measurements.

6.3  Calibration Curve

A calibration curve should be developed using laboratory prepared standards of
known concentrations brack eting the expected contaminant concentrations for a
particular site.

Once calibration is achieved, analyze calibration check standards a minimum of
twice aday during the direct sampling method and once after each penetration is
completed while using the MIP/DSITMS. Corrective action is required whenever
the calibration factor (slope of calibration curve) varies by > 2 standard deviations
from the mean value developed during calibration (see 3.) and subsequent
analyses of calibration check standards. Corrective actions include, but are not
limited to, system leak checking, evaluation of current calibration standard
relative to the Performance Evaluation Check Standard (PECS; see 6.4 below)
and/or complete recalibration.

Operating conditions used to generate the calibration curve should not be changed
during sample analysis. Critical operating parameters that affect system
sensitivity are carrier gas flow rate of the MIP, membrane temperature and
DSITMS set points for electron multiplier voltage (EM), ionizationtime (IT) and
filament current.

6.4  Performance Evaluation Check Standards

Performance Evaluation Check Standards (externally prepared) should be run
daily at startup and at the conclusion of each day. Corrective action is required
whenever the PECS results are significantly different from the true value (i.e.
results do not fall within 2 standard deviations of the historic mean value
developed for the analytical system).

6.5 Verification Sampling

The MIP/DSITMS system is intended to be used as a high-level field screening
technique to rapidly delineate the distribution of VOC contaminants in the
subsurface. The direct sampling/vial sparging method is more amenable to low
level concentrations. The data collected can be used to accurately place a
minimum number of convertional sampling points (soil bores and/or monitoring
wells) for site characterization and monitoring. Verification sampling and off site
analysis by US EPA Method 8260 will be performed on a site-specific basis and
in accordance with the project work plan to confirm the results obtained using the
DSITMS.

Select locations and depths for verification sampling to include a range of
contaminant concentrations from non-detect to the maximum concentrations
detected DSITMS. Obtain soil for verification samples of the MIP/DSITMS by
using direct push soil sampler advanced to depth using the CPT at locations offset
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7.0

no greater than 1 to 1.5 ft horizontally from the MIP push location. Soil cores
obtained for verification sampling should be subsampled using US EPA Method
5035 (i.e. subsamples placed immediately into tarred vials containing 5 mL
methanol, or the Encore sampler). Note that clay subsamples that do not readily
break up inthe methanol when shaken should be manually broken into smaller
pieces using a stainless steel spatula urtil the sample is completely submerged by
the methanol. I soil remains above the surface of the methanol, the VOC
contaminants will escape the extract and partition into the headspace of the vial
causing erroneously low concentrations during analysis. Verification samples for
the direct sampling/vial sparging technique should be collected in 40 ml vials as
described in section 5.0. Verification samples should be place on ice until
shipped to the off site laboratory for analysis by US EPA Method 8260.

Procedure

The steps listed inthe following sections outline the general procedure for
operating the MIP/DSITMS. Operation of the DSITMS alone to characterize
individual groundwater samples is performed in accordance with Section 7.2
below and as outlined in Draft EPA Method 8265. Additional procedures are
followed in accordance with operating instructions provided by the manufacturer
and software designer.

7.1  Membrane | nterface Probe

7.1.1 Set flow rate of Heto MIP module between 80-120 mL/minute
(do not exceed 18 psi back pressure). This will cause the helium
carrier gas to flow out of the membrane.

7.1.2 Interface MIP carrier gas return line to inlet of heated (100 °C)
DSITMS interface.

7.1.3 Using the MIP controller, heat the membrane of the MIP to 120 °C
and acquire 3- minute back ground data file using the DSITMS.

7.1.4 Cool MIPto < 40 °C using air or with the aid of deionized water,
place calibration jig around membrane, simultaneously add clean
sand and water (refer to sec. 7.3.3). Acquire 3- minute soil
background data file using DSITMS. Repeat three times for
establishment of baseline.

7.2  Direct Sampling lon Trap M ass Spectrometer

7.2.1 Check DSITMS heater temperature, adjust if necessary per
instrument manufactures instructions (normally between 150 — 200
°C).

7.2.2 Check carrier gas flow rate, adjust if necessary.

7.2.3 Check critical DSITMS parameters: EM voltage, filament current
and I T, adjust if necessary per instrument manufactures
instructions.

7.24 Calibratethe DSITMS mass axis according to the manufactures
instruction. Print a hard copy of the mass axis calibration and
archive.
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71.2.5

Analyze a middle to low concentration calibration standard to
access system sensitivity (see details of calibration standard
analysis in Quantitative Calibration of M IP/DSI TM S sensor
below). Adjust DSITMS operating parameters as needed to
achieve desired sensitivity.

7.3  Quantitative Calibration of MIP/DSI TM S Sensor

731

7.3.2

733

734

SOP M -0005-SWT-01
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Prepare stock standard solutions for analytes of interest by
weighing neat (99%) VOC analytes into a 10-mL vol. flask
containing approximately 7-8 mL methanol. Be careful to ensure
that the neat analyte is dropped directly into the methanol and does
not touch the unwetted glass surface of the vol. flask. Prepare
stock solutions in the concentration ranges of 1-5 mg/mL.

Multiple analyte mixtures in a single stock solution are acceptable
as long as no analytes yielding identical m/z are mixed (see
Inferences). Details of VOC stock solution preparation can be
found in US EPA Method 8260. Alternatives to the preparation of
stock solutions can be made based on volume measurements rather
than weight.

Prepare aqueous dilutions of the calibration standards using the
equation C;V1= C,V2 inreagent water by filling a 1 liter graduated
cylinder with water and injecting a measured volume of the
methanol stock solution to obtain the desired agqueous
concentration (Note: Be sure units are the same). For the purpose
of vial sparging, 40 ml vialswill be used. A gastight syringe
should be used for this dilution (rinse thoroughly with methanol
after use). It is important to inject the methanol solution below the
water surface in the graduated cylinder/vial and gently stir to mix
the aqueous standard dilution. Vigorous shaking of the standard
dilutionwill cause low, erratic response during subsequent
analysis. A list of initial calibration concentrations is reported in
Section 7.10 of this SOP for both the MIP/DSITMS and DSITMS.
During the MIP/DSITMS, insure that the MIP heater is turned off
and the membrane is< 40 C. Place calibrationjig on MIP withthe
membrane section in the middle of the jig. Using an agqueous
standard prepared as described in 7.3.2, gently pour standard and
sand at constant rates into the calibration jig. Simultaneously turn
on MIP heater and begin DSI TMS data acquisition. For the direct
sampling/vial sparging method, immediately place the vial onthe
sparging apparatus and begin acquisition while sparging.

Analyze at a minimum of three different concentrations of
dilutions in duplicate covering the desired concentration range.
Make dilutions, one at a time as described in 7.3.2 and analy ze
immediately. Do not batch the preparation of dilutions in water as
VOCs defuse out of the water ina short period of time.



74

7.5

7.3.5

7.3.6

Analyze calibration standards at various intervals, such aswhen
problems operating instrument occur, or whenever sample
concentrations vary widely and at least once after every
penetration during the MIP/DSITMS and twice aday during the
direct sampling/vial sparging method.

Analyze a PECS at least once each day of operation when using
the MIP/DSI TMS and twice a day when using the direct
sampling/vial sparging method or after each 20 sample analyses.
Keep a continuing graphical or tabular record of daily calibration
check standards and PECS for determination of system
performance. Take corrective action whenever calibration
standards or PECS results do not meet QC criteria.

Analytical Procedure for MIP/IDSITM S

74.1
74.2

743

744

145

7.4.6

14.7

748

Analyze blank water/sand sample before each penetration.
Prepare DSITMS data acquisition files for all planned sampling
depths before penetration begins. Record data file names and
sampling depths in the field-sampling logbook.

In moderately contaminated areas, insure the M 1P membrane <40
°C. Push the MIP to the first sampling depth. Continuous heating
of the membrare is preferred when high dissolved phase or free-
phase Non Aqueous Phase Liquid (NAPL) is encountered.

Begin data acquisition as soon as depth is achieved (generally a3
minute acquisition).

Once acquisition is complete, turn off membrane heater and
prepare the next DSI TMS acquisition file before advancing to the
next sampling depth.

Repesat 7.4.2 through 7.4.5 for each sampling depth during
penetration.

Analyze a system blank and at least one calibration check standard
after retraction of MIP from penetration. Check system response
of both the blank and standard to insure no contaminant carryover
and continuing calibration.

PECS will be run at the frequency stated in section 7.3.6.

Calculate Results

751

752
753
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Determine relevant m/z values to quantify specific analytes of
interest.

Plot selected ion profiles for m/z of each analyte.

Integrate area for relevant m/z values over a consistent number of
scans (typically 50 to 100 scans). Actual sanple integration
intervals should always be the same number of scans as that used
for calibration data quantification. Print and save integrated data
file.



7.6

7.5.4 Useresponse factor determined from calibration curve for each
analyte to calculate the concentration of analyte presert in the
sanple.

7.5.5 Depending on the manufacturer of the ITMS, software for
automation of calibration and sample data reduction may be
available. Otherwise, manual integration using the DSITMS
software and common spreadsheet means can be used for
calculation of results.

M ethod Performance

7.6.1 Accuracy and Precision

The DSITMS has been shown to be capable of meeting the precision and
accuracy QC performance criteria establish for water analysis by EPA
Method 624 (40 CFR Part 136).

Validation data collected for in situ M IP/DSITMS data in saturated soils
and compared to data for samples collected by US EPA sampling Method
5035 and analysis Method 8260 indicate that the system provides
guantitative estimates of subsurface contamination distribution. However,
there appears to be a matrix moisture-content effect for vadose soils.

7.6.2 Detection Limits

Limit of detection (LOD) calculations are conducted using the U.S. EPA
method proscribed in SW 846 (U.S. EPA 1995). This method involves n
replicate measurements of a low but detectable analyte concentration,
estimation of analytical system noise as the variance of the nreplicate
measurements and calculation of LOD using the equation:

LOD =ty1, a5 S (Equation 1)

where, th.1, s iSthe student t value for nreplicates at the 95% confidence
level and S estimate of the standard deviation. For n values between 5 and
9, the t,.1, /s ranges between 2.78 and 2.23, respectively. Measuremerts for
LOD calculations are made using the entire M IP/DSI TMS sensing system,
therefore measuring the expected system performance in the direct push
well. Typical LOD values calculated for data obtained in actual field
operations are on the order of 100 to 200 ug/L (as water).

7.6.3 Time Considerations

Absolute time required for a single iteration of pushing to multiple
sampling depths and making a number of MIP/DSITMS measurements is
dependent on the total depth and sampling resolution desired. Each
DSITMS analysis requires 3 minutes to complete. Estimates of time
required for a single complete iteration range fromone hour for
penetrations < 25 ft with up to ten discrete DSITMS measurements to
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approximately 3 hours for penetrations up to 150 ft with up to 25 discrete
DSITMS measuremerts.

Critical Parameters and Troubleshooting
771 MIPDSITMS

The MIP carrier gas flow rate and system response (i.e. slope of
calibration curves) are linked. If the flow is change, re-calibration may be
needed. The MIP operating temperature is critical to sensitivity and
reproducibility. The membrane is impermeable to VOCs at temperatures
lessthan 100 C. Recommended operating temperature for the MIP is 120
[0}

C.

The transfer line may become contaminated whenever highly
contaminated soil and groundwater are analyzed (> 500 ppm). If the
analyte transfer line becomes contaminated with VOCs disconnect the
analyte transfer line and the He supply line at the DSITMS inlet. Using a
reducing union, back flush 1/8" analyte transfer line with 1/16" He supply
line. Back flush for approximately 20 minutes, check the condition of the
transfer line by reconnecting to the DSITMS inlet and analyzing system
performance blank (air or water). Repeat back flush as necessary.

Closely monitor the calibration check standards and PECS as data is
collected throughout the day. If a change is noted in the calibration check
standard response, immediately analyze a PECS. |f the PECS meets QC
limits (see Quality Control), remake the standard stock solution as
specified in Quantitative Calibration of MIP/DSITM S VOC Sensor
(section 7.3). |If the response of the PECS changes while the calibration
check standard response meets QC limits, open a new vial of PECS and
analyze. 1f the check standard and PECS both fail to meet QC limits, the
problem s likely withthe DSITMS or a leak in the MIP/DSITMS
membrane or gas carrier line. Leak check MIP membrane, if applicable.
If no leak is found and the response factors for both the check standard
and PECS are low compared to QC limits, try adjusting the EM voltage
upward to regain acceptable response. Periodic upward adjustment of the
EM over its life iscommon.

772 DSITMS

In addition to the details listed in Section 7.7.1 it should be noted that
directly purging water into the DSITMS entrains significant water vapor
and the life span of an EM in DSITMS is shorter than that of a
conventional gas chromatograph/mass spectrometer system. The analyst
should ensure to leave adequate space between the lip and neck of the
40ml vial when individual analyses are performed onthe DSITMS during
the direct sampling/vial sparging method.
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7.8

7.9

Reagents
The following reagents are required:

Helium, 99.9999% purity

Methanol, purge and trap grade

Milli-Q or equivalent Water (ASTM Type |l Reagent Water)

Neat Volatile Materials, 99% purity for standards preparation or purchased
Pre-mede stock solutions

Externally prepared performance evaluation check standard solutions

Apparatus
The following apparatus are required:

Cone penetrometer truck with direct push well capability (American
Standard Testing Methods, 1995 Annual book of ASTM standards. 04.08
(D-3441), American Society for Testing and Materials, Philadelphia).

Direct Sanmpling lon Trap Mass Spectrometer (Finnigan Magnum/I TMS
40 or Varian Saturn; retrofitted with direct sampling inlet; wise et al,
1997).

Membrare | nterface Probe and controller (Geoprobe Systems, Inc.)
Gas-Tight Syringes (10uL to 10 mL)

250 mL Volumetric flasks

10 mL volumetric flasks

1L graduated cylinder

4-10 mL screw cap vials with teflon lined caps

Flow Meter (digital type preferred)

40 mL vials for direct sampling

Silica sand for MIP

Cdlibrationjig for MIP

Leak detector for Helium gas

Uninterrupted Power Supply (UPS) - Preferred
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7.10 Initial Calibration Concentrations
The following series of calibration standards may be created to produce an
initial calibration curve for the project. Individual standards may be added
or removed to enhance the calibration curve and satisfy proj ect-specific
data quality objectives.

M IP/DSITM S (water)

100 ppb 200 ppb 500 ppb 1000 ppb 5000 ppb

DSITM S (water)

2.5 ppb 5.0 ppb 50 ppb 500 ppb 1000 ppb

8.0 Waste Disposal
All waste will be disposed of by a local certified disposal company (i.e.,
SafetyKleena ) and will be managed in accordance with the project work plan.
All waste will be properly containerized, labeled, staged, and managed. Soil and
liquid wastes will be containerized separately. Personal protective equipment
(PPE) will be disposed of as non-hazardous waste, unless otherwise noted within
the project work plan.
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Flexible Liner Underground Technologies, Lid. Co.

}-Tﬁe -subtle ;approach to ‘the " geoséiences —

6 Easy Street, Santa Fe, NM 87501

505-455-1300, or ckmist @ aol.com

Description of NAPL FLUTe system

The system once emplaced:

This system consists of an impermeable flexible liner and an exterior covering on the liner
which reacts with pure product (e.g., NAPL and DNAPL) to form a bright red dye stain on
a white background. The liner/cover system can be emplaced via several push rod
methods. The pressurized liner forces the reactive cover tightly against the hole wall. The
reactive cover is recovered from the hole by inverting/peeling the liner from the hole. In
this manner, the cover does not touch the hole wall anywhere else as it is removed. The
cover can then be examined for the presence and extent of layers, and even globules, of
NAPL in the subsurface. This technique of installation and removal of the reactive
covering through the interior of push rods provides a relatively inexpensive method for
mapping of NAPLs and DNAPLs in the source region.

The installation technique

This liner installation method can be applied to the many driven casing “drilling” methods.
The same trick is employed regardiess of the casing diameter to allow the casing to be
withdrawn without excessive drag of the liner on the casing. As the casing/rods are
withdrawn, the liner is dilated against the hole wall at high pressure to support the hole wall
against collapse and to seal the hole against vertical flow.

Experience:

This installation technique was first developed for the installation of color reactive liners for
the mapping of NAPL layers in sediments. The technique has been employed at Savannah
River Site, NC, Cape Canaveral, FL, Paducah, KY, and Murdock, NB. Only the
Murdock site (6 three port wells to 80 ft.) included miniwells in cone penetrometer holes.
The rest had liners installed via cone penetrometer rods for color mapping by inversion of
the liner from the hole (see the Mini FLUTe description for water well installations).

Procedure:

The procedure is illustrated in the attached drawing. The rods are pushed to the full depth
of interest. The liner with its reactive covering is inserted into the interior hole in the rods
to the full depth. The rods are then filled with water. The rods are raised by one rod
section to expose the hole wall. The liner is pressurized with a charge of water to hold the
hole open and to anchor the linér in the hole. More water is added to the interior of the liner
as the rods are pulled. Once the rods are fully removed, the hole is supported and sealed by
the water filled liner. The covering is pressed against the hole wall for an hour, or so, and
then the liner is inverted (peeled inside out) from the hole. The covering is therefore
interior to the inverted liner. The covering is then peeled from the interior of the liner to
reveal the stained map of the distribution of NAPLSs in the subsurface.

The liner can be reused to install another reactive covering in another pushed hole.

For information on this technique, call toll free 888-333-2433.

Note: This technique is a proprietary method devised by Flexible Liner Underground Technologies,
Ltd. Co. of Santa Fe, NM. Several patents are pending on the method and hardware for several kinds of
applications.
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FLUTe Data Sheet Dye mapping of DNAPLs

Mapping of DNAPL locations just became much easier!

The Westinghouse group at the Savannah River Site (SRS) installed a nbbon
manufactured by Flexible Liner Underground Technologies (FLUTe) in a cone
penetrometer hole, let it sit for an hour, and recovered the ribbon shown below. The
red dye marks were spectacular in the regions of high DNAPL concentrations. The
white ribbon was installed against the wall of a 1.4” hole with a FLUTe everting
liner deployed from a small pressure canister. The mbbon was recovered by
mnverting the liner from the hole. The inverting liner surrounds the ribbon and
prevents any other contact with the hole as the nibbon is recovered.

The ribbon was installed after the rod was pulled out of the ground. The ribbon is a
laminate of SUDAN IV between a hydrophobic material and a cotton material.




SUDAN IV is a brown powder that reacts with a DNAPL, or an LNAPL, to form a
red dye. The red dye causes a dramatic stain of the ribbon. With this technique
one can locate the high concentrations of pooled DNAPL in the vadose zone.

The same reactive ribbon was installed for SRS at Cape Canaveral on January 19,
1999, below_the water table. The ribbon was installed on a liner through the
interior of the CPT rod (a 1” hole!). As the rod is withdrawn (via a FLUTe trick),
the liner dilates in the hole, supporting the hole wall. After about an hour, the
ribbon was recovered by inverting the liner from the hole. The result was as
spectacular as the photo from the vadose zone installation. The DNAPL stains
were found to correlate well with core sample results from a nearby hole.

This is a brand new application of the FLUTe everting liner method. Earlier, the
FLUTe liners were also installed in CPT holes at SRS with 10 gas sampling ports
in a 100 ft. length.

For more information on the everting liner method and the gas sampling with
iiners, see the FLUTe data sheets “Basic Function” and “Vapor/Liquid
Sampling,” at our web site (www.flut.com) or call 888-333-2433 (toll free).

Flexible Liner Underground Technologies Ltd.
6 Easy Street

Santa Fe, NM 87501

505 455-1300 Fax 505 455-1300

e-mail ckmist@aol.com
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1.0  Scope and Application

11

1.2

13

Introduction

This standard operating procedure (SOP) is based on several technical
reports and methods, which are referenced at the end of this document.
This SOP describes the procedures used to monitor and sample microwells
installed with the Site Characterization and Analysis Penetrometer System
(SCAPS) currently deployed by the US Army Corps of Engineers Tulsa
District. This SOP also discusses the techniques and methods by which
soil and groundwater samples are collected as they relate to SCAPS
operations.

Within the text of this document, a microwell is defined as a small
diameter monitoring well (E1inch 1D) used to monitor groundwater
depth and quality. They may be per manent or temporary dependent
upon project needs.

Application
This SOP is applicable to the rapid investigation of subsurface
contamination at hazardous waste sites.

Personnel and Training

| mplementation of this SOP isrestricted to use by, or under the
supervision of, field technicians experienced in the use of SCAPS
technology and familiar with monitoring well installation, soil boring
installation, environmental sampling, and grouting techniques.

The SCAPS manager and environmental sampling coordinator will ensure
all personnel are qualified and have received training relevant to the
equipment and instruments currently possessed by the I nvestigations
Section and used to support the District’s SCAPS program. Additional
District technical resources (chemists, industrial hygienists, geologists,
etc.) will be used to support and augment SCAPS operations whenever
required.

20 Method Summary

21

Introduction
This SOP describes the ingtallation, monitoring, and sampling of
microwells and soil borings by SCAPS.

The SCAPS system incorporates special penetrometers with sensors for
contaminant detection and subsurface sampling equipment to map soil
characteristics and contaminant distribution.
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22

23

24

25

Cone Penetrometer System

Cone penetrometer testing (CPT) and standard penetrometer testing have
been widely used in the geotechnical industry for determining soil strength
and soil type from measurements of tip resistance and sleeve friction onan
instrumented probe. The SCAPS uses a truck-mounted CPT platform to
advance its chemical and geotechnical-sensing probe. The CPT platform
provides a 20-ton static reaction force associated with the weight of the
truck. The forward portion of the truck- mounted laboratory is the push
room. It containstherods, hydraulic rams, and associated system
controllers. Beneath the SCAPS CPT push room is the steam manifold for
the rod and probe decontamination system. The rear portion of the truck-
mounted laboratory is the isolatable data collection room in which
comporents of the CPT, onboard computers, and related support
instruments are located.

Initial Site Survey

The site will be initially surveyed to locate underground utilities and
underground obstacles to prevent damage to the SCAPS, ensure crew
safety, and to prevent damage to utilities. Many sites contain a variety of
underground hazards, such as telephone cables, gas lines, electrical power
cables, water pipes, sanitary sewer lines, drainage pipes, and steam lines.

Once the survey has been completed, approximate locations for each
planned penetration, soil boring, and microwell are determined based on
such factors as proximity to suspected contaminant sources, anticipated
groundwater flow patterns, suspected underground obstacles, cultural
features, topography variations, and mobility limitations.

Dependent upon site conditions and field results, the SCAPS manager and
technical manager will modify all penetrometer, soil boring, and
microwell locations when appropriate.

“Dummy” Exploration

At the discretion of the SCAPS manager, a “dummy” tip will be advanced
into the subsurface soil to probe for any unarticipated anomalies, which
may hinder the intrusive exploration of the location. The “Dummy” tip
contains no sensors or sampling tools that may be damaged.

Sail Classification by Cone Penetrometer Test

A series of locations will be selected to conduct soil classifications. Soil
strength and type is determined by monitoring tip resistance and sleeve
friction whenthe CPT probe is advanced through the subsurface soil.

The combination of the SCAPS's reaction mass and hydraulics can
advance the probe into the ground at a rate of Lm/min in accordance with
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2.6

ASTM Methods D3441 and D5778. Thetip resistance is measured by
means of a system of strain gauges that forman internal load cell as the
cone tip isadvanced. Friction developed along a floating cylindrical
sleeve, just behind the cone tip, is measured similarly as the device passes
through the soil. Tip penetration resistance and sleeve friction is measured
independently and continuously. The point and sleeve friction load cells
are independently calibrated in the field prior to cone penetrometer
operation.

Sail classification is conducted on-board the SCAPS during field
operations using a computer-based routine that references the strain gauge
readings, the calibration curves and an empirical relationship between
cone resistance and friction. The SCAPS instruments are capable of
discriminating porous sands from tighter, finer-grade silts and clays.

Soil Boring I nstallation

For the installation of a soil boring, the SCAPS is moved into position
over the selected location. Soil samples are collected using soil-sampling
equipment such as the Verteka or M OSTAPa sampler. These
penetrometer tools are designed to recover soil samples in a configuration
similar to the split spoon penetrometer where the soil is contained withina
split stainless steel cylindrical sleeve. These samplers (2-inch OD by 24
inch length) have conical tips that are released at the starting depth for
sampling to remain in place as the sampler cutting edge and barrel, or
tube, is pushed to the final sampling depth. The samplers require that a
lanyard must be pulled firmly upward at the beginning depth desired for
sampling to effect tip release. The samplersretrieve a 1.5-inch diameter
by 18-24 inch length (550-700 cn? internal volume capacity). The
devices have several removable parts, all of which must be
decontaminated prior to reassenbly for subsequent sampling.

26.1 Sampling Technique

Once the soil sanmpler has been retracted with the desired soil-
sampling interval, a field technician retrieves the sampler and
opens up the cylindrical sleeve. The sampling interval is logged
according to the Unified Soil Classification System (USCS) and
visually evaluated for discoloration, odors, or other indications of
contamination. Findings are documented in a field notebook.
Clean, stainless steel utensils are used to extract the soil samples.

At a predetermined interval, an equipment blank will be collected.
ASTM Type Il water is poured generously over a cleaned pair of
cylindrical sleeves and sampling utensils. This liquid is collected
and containerized. This equipment blank will be used to monitor
the decontamination procedures relating to a subsequent soil

sampling evert.
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2.7

2.8

2.6.2 Sample Preservation, Containers, Handling, and Storage
Sail samples will be collected in appropriate containers which will
be filled, preserved (when required), and chilled as soon as
possible. Headspace within the container will be minimized
whenever possible. The sampler will wear disposable latex gloves
and will change to new gloves between each soil interval depth and
location.

M icrowells I nstallation

For the installation of a microwell, the SCAPS is moved into position over
the selected location. The microwell is installed using the Power Punch™
Water Sampler. 1naddition to the standard push rods, the Power Punch™
sanmpler is comprised of a sacrificial drive point, sealing body, drive point
holder and 0.75 inch ID polyvinyl chloride (PVC) slotted screen. The
screenwill be 0.75 inch ID (1.1 inch OD) schedule 40 mill slotted,
precleaned, and wrapped PVC having 0.010 inch slots (10 slot). The
screen length will be based upon job requirements. The sampler is
attached to the push rod and advanced to the desired sampling depth. At
the desired depth of placement, PVC pipe (0.75 inch1D/1.1 inchOD) is
run down inside the penetrometer rods (1.875 inch OD) and connected to
the existing screen and tip. During retraction of the penetrometer push
rods, the sealing body is released to isolate the screened interval from the
annular space above. The body is released by rotating the push rods at
least one-half turn clockwise. The remaining push rods are then removed
from the hole. The PVC pipe extending above the ground surface is
trimmed to a height of 10 inches or less to allow the SCAPS truck to drive
off of the location.

The Power Punch™ sampler utilized by the District incorporates
innovative direct push technology developed by Geol nsight. This tool
allows the attached screen to be shielded as it is advanced through the
subsurface soil, preventing damage, carry down of contaminants, and soil
smearing of the screen. The tool automatically seals the screen inplace
and provides an annular seal so that grouting is often not necessary.

M icrowells Stabilization and M easurement

Dependent upon site activities, geologic conditions, and analytical
requirements, the microwells will be allowed to recover for a minimum of
30 minutes prior to measuring the water level and attempting to collect
any groundwater samples. Several hours may be required for the
microwells to sufficiently recover and produce an adequate groundwater

sanple.

Water level measurements will be taken after the microwells have been
allowed to stabilize for 48 hours. Measurements will be taken after the
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microwell’s cap has been removed and the well has stabilized for a
minimum of five minutes.

Water levels will be recorded by using an electronic water level indicator
capable of measuring the static water level. All meters will be properly
decontaminated between each microwell location. The water level will be
measured to the nearest 0.01 foot with respect to the established measuring
point (notch) on the microwells. The measurement will be checked
against previous water level data if available, and where an anomalous
reading is indicated, remeasurement will occur urtil the reading is within
0.02 foot. All measurements will be recorded in a field book with
indelible ink and will include the microwell number, date, time, measuring
device (serial number), and field technician initials. The depth of the
microwell will be measured and compared to the installation depth to
determine if the well is accumulating fine-grained material.

If a hydrocarbon layer is encountered, the thickness of the layer will be
measured if possible.

Groundwater Sampling

29.1 Purging Technique
The microwell will be sampled as soon as a sufficient volume of
groundwater has been collected; as determined by measuring the
water level. This will be accomplished as soon as possible,
generally within 24 hours of the microwell installation. 1f for some
reason sampling has not been conducted within the 24-hour time
limit, the microwell will be purged prior to sampling.

A minimum of 3 casing volumes will be removed and the
microwell will be allowed to recover. If the microwell does not
adeguately recover a sufficient volume of groundwater within 24
hours, the microwell will be considered to be “dry” and properly
abandoned and grouted.

Purging of the microwell may be accomplished by two methods
dependent upon water level depth. A peristaltic pump may be used
to purge the microwells where groundwater levels do not exceed a
depth of 28 feet. Small diameter disposable Teflon bailers are
generally used to collect and purge groundwater at all levels.

Small diameter stainless steel bailers may also be used to conduct
purging activities.

Dueto the generally small volume of groundwater recovered from
the SCAPS installed microwells (»500 ml), water quality
measurements such as pH, conductivity, temperature, and turbidity
are not routinely measured during purging activities. Such
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29.2

293

measurements may be collected when adequate groundwater
recovery is present.

All purge water will be properly containerized, labeled, staged and
managed in accordance with the overall project work plan.

Sampling Technique

As indicated in Section 2.8, sampling of the microwell will not
occur urtil a minimum of 30 minutes has elapsed. Purging of the
microwell will not be required if it is sampled within 24 hours of
installation.

Groundwater samples will be collected with a Teflon or stainless
steel bailer suspended from a dedicated Teflon coated
monofilament line or through an in-line sample pump with inert
tubing. All equipment, unless disposable or dedicated for that
particular well location, will be properly decontaminated prior to
sampling. Sampling equipment will be transported in sealed, clean
containers, and care will be taken to avoid contamination. Non-
disposable sampling equipment will be cleaned between well
locations.

|f a sufficient volume of groundwater is present, a sample will be
collected and analyzed for various water quality parameters. At a
mini mum, these parameters will include pH, conductance, and
temperature. Other conditions relating to odor, color, turbidity,
etc. will be noted in the field book.

Sample Preservation, Containers, Handling, and Storage
Groundwater samples will be collected in appropriate containers
which will be filled, preserved (when required), and chilled as soon
as possible. The sampler will wear disposable latex gloves and will
change to new gloves between each microwell location.
Groundwater samples will not be filtered unless directed by the
SCAPS manager or project chemist. Pre-preservation of sample
containers will be performed when applicable.

210 Microwell Abandonment and Grouting
With regards to microwell abandonment, the Power Punch™ tool utilized
by the District allows the crew to disconnect and remove most of the
microwell pipe, leaving the Power Punch™ tip and screen in place. The
excess piping is then containerized. This material will be disposed of as
non-hazardous waste dependernt site contamination and overall project
work plan. The microwell location is then grouted.
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Grouting will be performed to ensure that vertical cross contamination
does not occur in the penetration, borehole, and microwell locations.
Depending upon site conditions, the grouting material may be bentonite
pellets or a mixture of either 40% silica flour and 60% portland cement or
5% bentonite powder and 95% portland cement. The grouting material
will be extruded from the penetrometer tool during retractions or manually
placed into the hole as the PVC riser pipe and /or screen is removed.
Following push pipe retraction, additional grout will be added to bring the
grout level to ground surface.

Decontamination

Dependent upon push depth and number of locations, a relatively small
volume of decontamination fluids will be generated by SCAPS activities.
Five to ten gallons of decontamination fluids will be generated for every
50 feet pushed withthe CPT. Asthe penetrometer is retracted, a high-
pressure hot water system is used to wash each rod section and remove
possible contamination. The decontamination fluid is collected in a five-
gallon bucket and transferred to aDOT certified steel drum or other
approved container.

All equipment will be properly decontaminated prior to sampling.
Sampling equipment and utensils will be transported in sealed, clean
containers, and care will be taken to avoid contamination. Non-disposable
sampling equipment will be cleaned between sampling locations. The
decontamination process will begin with a non-phosphate detergent wash
(Liquinoxa ), followed by a series of distilled water rinses, and conclude
with an air-drying step. Additional rinses with isopropyl alcohol may be
required if gross contamination of the equipment is evident. Five to ten
gallons of decontamination fluids will be generated every one to two days
when soil samples are collected.

3.0 M ethod Limitations

31

3.2

Truck-M ounted Cone Penetrometer Access Limit

The SCAPS CPT support platform is a 20-ton Kenworth all- wheel-drive
diesel powered truck. The dimensions of the truck require a minimum
access width of 10 feet and a height clearance of 16 feet. Some sites, or
areas of sites, might not be accessible to a vehicle the size of the SCAPS
CPT truck. The access limits of the SCAPS CPT truck are similar to those
for conventional drill rigs and heavy excavation equipmert.

Cone Penetrometer Advancement Limits

The CPT sensors and sampling tools may be difficult to advance in
subsurface lithologies containing cemented sands and clays, buried debris,
gravel units, cobbles, boulders, and shallow bedrock. As withall intrusive
site characterization methods, it is extremely important that all
underground utilities and structures are located using reliable geophysical
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3.3

equipment operated by trained professionals before undertaking activities
at asite. Local utility companies should be contacted for the appropriate
information and approval when applicable.

Representative Groundwater Samples

The installation method does not provide the minimum 2-inch annular
space between the diameter of the hole and the outside diameter of the
PVC pipe, asrecommended by widely followed guidelines for the
construction of monitoring wells. Data generated fromthe analysis of
groundwater samples collected from the microwells may not be accepted
as being atruly representative groundwater sample. It should be
understood that the microwells are intended to provide a rapid and cost
effective access to groundwater and allow a sample to be screened for the
presence or absence of contamination. Formal monitoring wells may be
constructed at a later time.

4.0 Quality Assurance/Quality Control

4.1

4.2

43

Overview

Geotechnical and chemical data generated by field crews during the
SCAPS investigation will be reviewed by personnel possessing the
required skills necessary to evaluate and validate the results. A quality
assurance (QA) officer will be assigned to the project to ensure that all
data quality objectives for the project are adequately being met.

SCAPS CPT QA/QC

Initial system setup will require the calibration of a few componrents
including, but not limited to, the point and sleeve friction load cells, strain
gauges. Calibrationswill occur whenever a different probe assembly is
used.

Environmental Sampling QA/QC

The QA officer evaluates the data generated from environmental sampling
activitieswith regards to project specific quality assurance objectives, i.e.,
Precision, Accuracy, Representativeness, Comparability, Completeness,
and Sensitivity. Specific analytical sample types are selected to
adequately address overall project QA objectives. They include:

Quality Assurance/Quality Control Duplicate Samples - Dependent upon
sample volume/recovery, quality assurance (QA) and quality control (QC)
duplicate samples will be collected on a site-specific basisand in
accordance with the project work plan. The QA sample is shipped to a
separate laboratory other than the laboratory (field) performing the field
and QC sanples. Results from these samples assist in evaluating overall
sampling and analysis techniques.
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Equipment (Rinsate) Blanks - One equipment blank will be collected and
analyzed on a site-specific basis and in accordance with the project work
plan. Equipment blanks are routinely collected whenever the same
sampling equipment is used repeatedly. Results from these samples assist
in evaluating decontamination procedures and equipment cross-
contamination.

Travel (Trip)/ Temperature Blanks - Travel (trip) will accompany all
aqueous sanple shipmernts; specifically with those samples being collected
and analyzed for volatile organics. Travel (trip) blanks are collected and
analyzed to assist with evaluating cross-contamination among each
volatile organic sample shipmert.

Temperature blanks will accompany all sample shipments. Temperature
blanks are collected and submitted to evaluate the temperature of the
sample cooler upon arrival at the laboratory.

50 Waste Disposal
Decontamination fluids and other investigative derived wastes (IDW) generated
during SCAPS activities will be properly containerized, staged, labeled, and
managed in accordance with the overall project work plan. The volume of waste
will be minimized whenever applicable. Soil, liquid, and personal protective
equipment (PPE) | DW will be separately containerized and segregated. The PPE
will be disposed of as nonhazardous waste unless it has been grossly
contaminated or is determined to be contaminated by site data.

6.0 Health and Safety
A site-specific safety and health plan will be developed for SCAPS and related
activities. All field personnel will attend safety meetings scheduled by the
SCAPS field manager and industrial hygiene officer.

All field personnel will follow current OSHA standards and regulations
documented within USACE's EM385-1-1.
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STANDARD OPERATING PROCEDURE:
Installation and Development of Monitoring Wells
Phasell RI, East Gate Disposal Yard, Fort Lewis, Washington

The sonic drilling work to be performed includes drilling 19 continuous borings to varying
depths up to a maximum of 120 feet and installing wells in these borings. The borings will be
drilled to characterize the extent of NAPL contamination and define the subsurface geology.

Soil will be logged continuoudly in all the boreholes by the URS field geologist and samples will
be collected for analysis at designated intervals. Soil samples will be collected and analyzed.
Eleven of the deep wells (120 feet bgs) will be completed as multiport wells for groundwater
sampling from multiple levels. The remaining 8 monitoring wells will be completed as 2-inch
wells for NAPL monitoring and sampling.

Soil Sampling

The borings will be drilled using a 6-inch-outer-diameter casing and either a solid-tube or split-
tube core barrel to collect soil samples. The core barrel will be advanced ahead of the casing for
sampl e collection to prevent cross contamination between sample intervals. Soil samples will be
collected continuously from the surface to the total depth of the hole (determined in the field by
the geologist). Soil samples will be vibrated out of the core barrel and into a plastic Seeve,
knotted at both ends. The borings may be completed as monitoring wells to a depth to be
determined by the USACE representative, in accordance to the specifications outlined below.

The drillers and geologists shall wear clean nitrile gloves during all drilling, decontamination and
sampling activities. Gloves shall be changed prior to each soil sample collected and between
each borehole.

Precautions shall be taken to fully contain water and soil cuttings produced during borehole
drilling, sampling, backfilling, and decontamination of equipment. To minimize the potential for
surface contamination, drill cuttings will be contained using 4-millimeter thick plastic sheets
encircling the area adjacent to the drill flight. During drilling, borehole cuttings generated will
be transferred from the plastic sheets to a staging areain EGDY with a dump truck or loader
provided by the sonic contractor.

Boreholes |eft open after drilling will be covered with a minimum Y«inch plywood and safety
cones will be placed around the location until the borehole is backfilled. All completed holes
shall be backfilled by the end of each day, in accordance with this SOP.

Monitoring Well Installation

Nineteen monitoring wells may be installed in the boreholes with atotal maximum depth of
approximately 120 feet for the deepest wells. Eleven of the monitoring wells possibly will be
installed to the top of the Kitsap Formation (110 to 120 feet) and completed as multiport wells,
with the remaining 8 wells completed as standard single-casing wells. The standard monitoring
wells will be drilled using 6-inch-diameter casing. For borings advanced to the lower unit of the
upper aguifer, a 10-inch casing will be advanced into the top of the intermediate aquitard. To
avoid cross-contamination between the upper and lower aquifer units, the 10-inch hole will be
cleaned out and the bottom sealed with bentonite. The top of this grout seal must be sounded for
depth to ensure proper thickness and placement. A 6-inch casing will then be advanced into the
lower unit of the upper aquifer.
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Monitoring Well Construction

The standard (non-multiport) wells will be constructed with 2-inch-diameter schedule 80 PVC
casing with ariser, locking well cap, and pre-packed, stainless steel, wire wrapped, well screen.
The standard wells will have 10-foot screened intervals with 0.020-inch slotted PV C screen and
will be prepacked with a sand filter pack consisting of clean No. 20 Monterey sand. The No. 20
Monterey sand (filter pack) will extend at least 1 foot below the screened interval and extend 3
feet above the screen interval. The sand will be placed below and above the prepacked screen
using atremie pipe. The top of the filter pack will be continuously sounded during retraction of
the temporary casing by the drilling contractor to ensure that the filter pack remains within the
casing during removal. A bentonite clay sea will be placed above the filter pack with a
maximum thickness of 5 feet and shall not be placed within NAPL (if present). The seal will be
installed using ¥zinch-diameter bentonite pellets and the minimum hydration time for the
bentonite seal will be 1 hour. Halliburton Class G - 40% silica flour cement grout will be mixed
with a mechanical grout mixer (progressive cavity pump) and placed from the top of the clay seda
to the ground surface using atremie pipe. Centralizers will be placed at the top and bottom of
the well and every 40 feet in between. The drilling contractor shall furnish and use stainless steel
centralizers for centralizers that contact the ends of the screen and PV C centralizers for
centralizers that contact the mild steel riser.

The wells may be screened at a depth other than the final depth of the boring. The difference
between the fina depth of the boring and the bottom of the well screen may be significant and
may require the placement of a silica cement grout seal below the well screen using a tremie
pipe. Sufficient time (i.e., 72 hours) will be required to allow the grout to set before constructing
the well. The multiport monitoring well system will be built completely above ground at the
project site and inserted into the boring prior to withdrawing the temporary casing. Screened
intervals will be selected by a government representative based on the boring logs.

Each multiport well shall consist of continuous, extruded polyethylene tubing and be constructed
such that at least four sampling ports can each be accessed for groundwater sample collection
and water level measurements. The ports shall be hydraulically separate from each other and
accessible to groundwater by screensinstaled on site. The screen size shall be designed to
prevent sand and silt from entering the well ports. Each multiport well shall be self-contained;
that is, the sampling ports shall all be contained within one well stem. No “nested” wells of
multiple well stems in the same borehole will be allowed. Centralizers shall be secured to the
outside of the well stem every 40 feet. Static depth to groundwater in well locations varies from
approximately 10 to 30 feet below ground surface.

Any tubing used in the multiport well design shall be furnished at the work site in continuous
lengths to reach the required depths for sampling. Tubing lengths shall not be joined together,
but instead shall be continuous lengths between the ground surface and sampling ports. All
multiport well components, including but not limited to sampling ports, wire mesh screen,
double valve pumps, sample tubing, PV C casing or extruded polyethylene well tubing shall be
assembled in the field into a multiport well system beside the temporarily cased borehole. The
multiport monitoring well shall be installed with sand filter pack and bentonite seals between
discrete sampling ports.

Filter pack in the multiport wells shall consist of clean, washed, rounded to sub-rounded
siliceous material free from calcareous grains or material. Organic matter, soft, friable, thin, or
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elongated particles are not permissible. Quantities to complete monitoring well installations
shall be as specified in the field. The artificial filter pack (Nos. 10-20 and 20-40 silica sand)
shall be installed around the well screen from the bottom of the screen to approximately 3 feet
above the top of the well screen. A secondary filter pack consisting of a 1- to 2-foot-thick layer
of washed No. 20-40 silica sand shall be placed on top of the screen filter pack material in
conventional wells to prevent grout sealing materials from migrating down the well bore into the
filter. The finer grained, secondary filter pack will not be required for multiport well
installations.

The bentonite seal for conventional type wells (non-multiport), intended to keep grout from
entering the filter pack, shall consist of hydrated, sodium montmorillonite in pellet form
furnished in plastic-lined sacks or buckets from a commercial source and free of impurities that
adversely impact the water quality. Bentonite pellets shall be commercially formed into
approximately 3/8-inch- to ¥2-inch-diameter spherical or cylindrical shapes. Bentonite pellets
shall contain no additives such as synthetic or organic polymers. Either pumpable, high-solids
bentonite grout slurry or dry, granular bentonite made for the environmental drilling industry
shall be used for bentonite seals in multiport wells. Injection of dry, granular bentonite seals
will be allowed for multiport well construction when conditions allow. A 3- to 5-foot-thick
bentonite plug shall be placed on top of the filter pack for conventional type (non-multiport)
monitoring wells. Bentonite pellets shall be slowly poured into the annular space between the
drill casing and the well riser. The drill casing shall be pulled as the bentonite is added to
prevent creation of a bridge between the drive casing and the riser. Bentonite shall be added
until the plug is at least 3 feet thick, as verified by repeated measurements with a sounding line.
Annular grout sealant shall not be added until the bentonite plug has been alowed to hydrate at
least 1 hour.

For well seals placed above the water table, potable water shall be used to hydrate the pellets.
For multiport wells, injection of either pumpable, high-solids bentonite grout Slurry or dry,
granular bentonite shall be used for bentonite seals. The bentonite seals will be injected through
a grouting tube with its discharge at the point of placement while casing is being pulled. Sedls
shall be placed in a method that insures minimal disturbance of the filter packed zone. Sedls
shall be placed between pre-determined, sand-packed sampling zones. Thus, multiport well
bentonite seals will vary in thickness depending on the length of annulus between sampling
zones. For multiport well bentonite seals, sufficient time shall elapse to allow for either in situ
dlurry or dry bentonite swelling prior to the construction of the next filter packed zone. The top
of each bentonite seal must be sounded for depth to ensure proper bentonite emplacement.
Multiport system design and well component materials will be dependent upon the aquifer
characteristics in which the well isinstalled.

Monitoring Well Development

The deep monitoring wells will be developed by low-flow pumping. The shallow wells will not
be devel oped because these are intended to be used as NAPL sampling wells, and devel opment
would cause loss of NAPL. Due to the small diameter and fragile nature of the multiport
monitoring wells, development will include low-flow pumping until water quality parameters
stabilize.

During development, groundwater quality parameters (pH, temperature, specific conductance,
oxidation-reduction potential [ORP], dissolved oxygen, and turbidity) will be monitored.
Measurements will be collected at intervals of approximately 10 to 20 minutes. When readings
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stabilize, purging will cease. The stabilization guidelines are three successive readings within
+/- 0.1 for pH, +/- 3 percent for conductance, +/- 10 percent for temperature, turbidity, and DO,
and +/- 10 mV for ORP. A turbidity reading of 10 NTUs or lessis desirable. The information
will be documented on a monitoring well development data sheet (Appendix B). If the indicator
parameters do not stabilize, purging will cease at the discretion of the USACE.

At the end of development, the drillers will clean all sediment from the bottom of the well. The
development water will be pumped into 55-gallon drums and transported to EGDY to be placed
into a government-provided Baker tank. Liquid will be subsequently pumped off into the Fort
Lewis sanitary sewer system after sufficient time has passed to allow solids to settle out. Wells
with NAPL present will not be developed, at the discretion of the USACE representative.

Well Completion

Flushmount or steel riser completions shall be determined in the field by the USACE
representative and shall depend on the site conditions. Wells will be completed using a 5-foot
length of steel casing. Stedl riser completions shall extend 2.5 feet above ground surface. The
casing will be installed on the same day the grout is placed. A 4-foot square protective concrete
pad approximately 6 inches thick and 3 inches below ground surface will be poured around the
steel casing. The pad shall ope away from the casing to prevent water from pooling adjacent to
the casing. A locking cover will be installed on top of the protective casing. Padlocks and
survey markers will be provided by the government and will be placed on each monitoring well.

Decontamination

The drilling contractor will decontaminate all equipment that will be placed into the borehole and
all equipment that may come in contact with soil samples. Equipment will be decontaminated
prior to and after each boring. All decontamination water can be alowed to infiltrate on the
ground surface near the borehole. The drilling contractor will provide 5-gallon buckets and three
clean brushes for decontamination of the split spoon sampler. The drilling contractor will wear
clean nitrile gloves during decontamination activities. Decontamination procedures for drilling
equipment are as follows:

Rinse with a pressure steam cleaner

If visible dirt or oil is present on the equipment, wash with detergent and potable water, and
rinse with pressure steam cleaner

Air dry

The drilling contractor will decontaminate sampling equipment, including samplers and sample
sleeves prior to sample collection. Decontamination procedures are as follows:

Wash with Alconox and water solution
Rinse with potable water
Rinse with distilled water
Air dry
Borehole Abandonment

Once sampling of the borehole has been completed, the drilling contractor will abandon the
borehole if a monitoring well will not be installed. Halliburton Class G - 40% silica flour cement
grout shall be used to abandoned the boreholes, with 7.5 to 9 gallons of water per 90-pound sack
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of cement. Grouting material will be mixed with a mechanical grout mixer and pumped through
atremie pipe in one continuous operation from the bottom of the interval to be sealed to the top.
Boreholes will be abandoned in compliance with the state and county well abandonment
requirements.
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LOW-FLOW GROUND WATER PURGING AND SAMPLING
USING DEDICATED BLADDER PUMP SYSTEM

STANDARD OPERATING PROCEDURES

1.0 PURPOSE

This Standard Operating Procedure provides general information on low flow minimal draw
down ground water purging and sample acquisition from a HTRW monitoring well with
dedicated (left in place) bladder pump system. This SOP is intended to provide field personnel
with a uniform approach to routine ground water sampling tasks using the low flow method.

2.0 SCOPE

This guideline describes equipment and method for the low flow purging and collection of
ground water sample from the saturated zone. Review of these guidelines will also assist in the
development and execution of a low flow purging and sampling plan that will provide
meaningful and representative data.

3.0 DEFINITION

Low flow purging and sampling using dedicated bladder pumps is an EPA recommended method
and is an acceptable method to use for USACE projects. The low flow purging and sampling
technique induces laminar (non-turbulent) flow in the immediate vicinity of the sampling pump
intake, thus drawing fresh ground water directly from the aquifer, horizontally through the well
screen and into the sampling device. Low flow pumping rates are in the approximate range of
0.1 to 0.5 liter/minute. These low flow rates minimize disturbance in the aquifer, resulting in:
(2)minimal production of artificial turbidity and oxidation; (2)minimal mixing of chemically
distinct zones; (3)minimal loss of volatile organic compounds; and (4)collection of representative
samples while minimizing purge volume.

4.0 GUIDELINES

4.1 General

Efficiency and cost-effectiveness of a sampling program will be increased by planning before
starting the sampling operation. Well construction must be reviewed in order to specify the
equipment and procedures to be used during purging and sampling. A table of well specifications
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that includes at least the well depths, casing diameters, screened intervals, recovery rates, and
water level measurements is to be provided in the Project Sampling and Analysis Plan.
Mobilization of equipment will be faster if accessibility of each well location is verified, the
wells are accurately plotted on a site map, and the sampling order is determined in advance.

4.2 Purging, Sampling, and Monitoring Supplies and Equipment

The following is a general list of supplies and equipment that will be required when sampling
monitoring wells.

Accident Prevention Plan
Project Sampling and Analysis Plan

Personal protective equipment (e.g., gloves, rain gear or Tyvek-type disposable paper suits,
steel toe boots, safety glasses)

First aid kit

Keys for well locks

Dedicated purge and sample equipment (Well Wizard or equivalent dedicated pump with
stainless steel casing and Teflon bladder, stainless steel inlet screen, Teflon-lined
polyethylene twin bonded tubing with 3/8” OD sample tube and ¥.” OD air line, 2” or 4”
well caps with 3/8” OD discharge and ¥2” OD air supply fittings and access hole for water
level measurements, 3/8” OD dura-flex discharge adapter)

In-line flow cell with multi-parameter meter that measures and displays pH, conductivity,
temperature, dissolved oxygen, and oxygen-reduction potential (MicroPurge Flow Cell
Model FC4000 or equivalent in-line flow cell which allows for interchanging of sensor
probes).

Pump controller (MicroPurge  Smart Controller Model 400 or equivalent)

12 volt DC air compressor, 0.21 SFM @ 100 psi; maximum lift of 75 feet

Oilless Air Compressor, 4.3 SCFM @ 100 psi; maximum lift of 200 feet

Turbidity meter (LaMotte Turbidity Meter Model 2008 or equivalent)

Photoionization detector (MicroTip Model HL-2000 or equivalent)

Combustible gas indicator ( Cannonball Biosystems. Inc. or equivalent)
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Electric water level measurement meter

Standards and gasses for calibration (e.g., pH, conductivity, turbidity, PID, CGI)
Pyrex measuring cup

Stop watch

Calculator

Temperature and trip blanks, as specified in the SAP

Sample preservation(e.g., deionized water, acids, pipettes, pH paper)

Sample containers(e.qg., glass or polyethylene of specific volumes)

Sample shipment ice chest coolers

Cold packs or ice for sample preservation in shipment coolers

Plastic freezer bags to contain ice

Bubble wrap plastic bags for sample containers

Packing material to prevent sample containers from breakage during shipment
Fiber and clear tape

Chain-of-custody labels, record forms, custody seals, and ground water purging and sampling
log sheets. Ground water purging and sampling log sheet is attached.

Measuring tape
Log book and indelible ink pen

Decontamination equipment(e.g., tap and distilled water, non-phosphate soap, buckets,
sponges, brushes)

Camera and film
Tool box

D.O.T. approved gasoline storage container for air compressor
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» Paper towels and/or rags

» Plastic sheeting (Visqueen)

» Distilled water sprayer used for decontamination
» Scissors and/or razor knife

e Trash bags

» Extra batteries and/or battery packs

Express mail air bills

Once all the equipment is gathered and checked to determine that it is clean, properly packaged
and in working order, the actual procedures for obtaining the samples must be selected. Well
sampling is discussed in the next eleven sections in the order that it is performed:

1)  Sample Preservation

2)  Trip Blanks

3) Equipment Calibration

4)  Well Condition Check and Contamination Prevention
5)  Air Monitoring

6) Water Level Measurement and Monitoring
7)  Initial Pump Installation

8) Low-Flow Purging

9) Sample Collection

10) After Completion of Sampling

11) Decontamination

4.3 Sample Preservation

The appropriate sample containers will be prepared in advance of actual sample collection for
analytes of interest and include sample preservative where necessary. Preservatives will be
added to the sample containers in a controlled setting prior to entering the field in order to reduce
introducing field contaminants into the sample container while adding the preservatives. The
preservatives will be transferred from the chemical bottle to the sample container using a
disposable pipette. The pipette will be used for only one preservative type and then discarded
after adding the specific preservative in the required group of sample containers. The pH of
VOA samples will be checked by filling an extra vial with sample water and checking the pH
with pH paper once per sampling event.
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4.4 Trip Blanks

Trip blanks are used to assess the potential induction of contaminants from sample containers or
during the transportation and storage procedures. Trip blanks are not opened in the field. Trip
blanks are prepared only when VOC samples are taken and are analyzed for VOC analytes. Trip
blanks will be prepared in the USACE Seattle District laboratory by filling 40 ml volatile organic
analyses (VOA\) vials with reagent grade water prior to commencement of field work. Trip blanks
will be preserved following the same procedure as investigative samples. One trip blank will
accompany each cooler containing VOC samples sent to the laboratory for analysis.

4.5 Equipment Calibration

Prior to and following each day of sampling, all sampling device and monitoring equipment will
be calibrated according to manufacturer's recommendations. Calibration documentation
including date, time, and the initials of the person that performed the calibration will be recorded
in the logbook.

A MicroPurge Flow Cell Model FC4000 or equivalent will be used to simultaneously measure
the pH, conductivity, water temperature, dissolved oxygen (DO), and oxidation reduction
potential (Eh) of the water and aqueous solutions. The pH sensor will be calibrated at 2 points.
One at neutral point (pH 7 buffer) and the second at pH 4 if the sample is expected to be acidic
or pH 10 if the sample is expected to be basic. The conductivity sensor should be calibrated with
a standard close to the conductivity range as the water to be sampled and performed at a
temperature close to 25 degrees centigrade. This will minimize temperature compensation errors.
Before calibrating the DO sensor, check condition of the membrane and change it if bubbles are
visible under the membrane, if significant deposits of dried KCL electrolyte are visible on the
membrane or O-ring, and/or if the probe shows unstable readings or other malfunction. For DO
sensor calibration follow the detailed calibration procedure found in the MicroPurge Flow Cell
Model FC4000 User Guide manual or equivalent.

A dissolved oxygen Hach limnology kit or equivalent will be used on a site-specific basis as a
quality control check on the DO sensor. The temperature and Eh sensors are factory calibrated,
but should be checked on a regular basis. The temperature sensor should be checked by
immersing it in water at a known temperature value. The Eh sensor should be checked by
immersing it in a solution with a known oxidation reduction potential value, “Zobell” solution is
recommended. Temperature and Eh sensors that cannot be factory recalibrated should be
replaced if readings vary more than 10 percent.

A MicroTIP, Model HL-2000, or equivalent hand held air monitor/photoionization detector(PI1D)
will be used to measure the total concentration of airborne photoionizable gases and vapors
released from the wells. The PID will first be calibrated to zero air followed by isobutylene span
gas at 100 ppm +/- 5%.
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A LaMotte Turbidity Meter, Model 2008, or equivalent will be used to measure the turbidity of
the ground water. Turbidity standards, AMCO Turbidity Standard 0.5 NTU or 5.0 NTU, will be
used to calibrate the meter.

A combustible gas indicator(CGl), Biosystems,Inc. Cannonball, or equivalent that will respond
to all combustible gases and vapors will be used when specified in the Project Sampling and
Analysis Plan. The CGI will first be calibrated to zero air followed by LFL propane span gas at
52.4 %.

4.6 Well Condition Check and Contamination Prevention

Check and record the condition of the well for any damage or evidence of tampering. To prevent
contamination of the surface soils and the equipment, lay out a plastic sheeting around the
wellhead and place the monitoring, purging and sampling equipment on the sheeting.

4.7 Air Monitoring

Measure total organic vapors upwind from the well to obtain a background reading using a PID
equipped with a 10.6 eV lamp. Unlock well and remove well cap. Measure head space with the
PID. For wells installed on a landfill or sites where combustible gas may be present, also
measure head space with a CGI. If measurements indicate it is not safe, take necessary
precautions noted in Health and Safety Plan.

4.8 Water Level Measurement and Monitoring

An electric water level meter will be used to measure the water level in the wells before purging,
during purging, and after sampling. The water level probe should be carefully lowered down the
well to minimize disturbance. Check water level periodically to monitor draw down as a guide to
flow rate adjustment. The goal is minimal draw down, less than 4 inches during purging. This
goal may be difficult to achieve under some circumstances due to geologic heterogeneities within
the screened interval and may require adjustment based on site-specific conditions.

Measure the water level to the nearest 0.01 foot. Water level will be measured from the notch
located at the top of the well casing. If well casing is not notched, measurement will be taken
from the north edge of the top of the well casing, and a notch will be made using a
decontaminated metal file.

Well depth should be obtained from well logs prior to entering the field. If well depth
measurement is required, measure depth after sampling is complete.
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4.9 Initial Pump Installation

The pump intake shall be positioned in the middle of the screened interval for wells with screen
lengths less than or equal to 5-feet. For wells with longer screens, the pump intake shall be
placed within the most productive zone. Therefore, the geologic log for each well shall first be
consulted to determine the most productive zone. If at all possible, the pump intake shall not be
placed within 2-feet of the well bottom or low water level.

4.10 Low-Flow Purging

Set up air compressor, pump controller, and in-line low flow cell to manufacturer specifications.

Begin purging at rate of 0.1 to 0.5 liters/minute. The appropriate and final purge rate will be
determined by monitoring ground water draw down controlled by site specific conditions. If in-
line flow meters are not used, pumping rates should be determined by collecting a measured
aliquot of purge water over a period of at least one minute. The discharge during purging and
sampling must produce a non-pulsating flow. The water level should stabilize and ideally the
pump rate should be sufficiently low to allow an equal or greater amount of water to recharge the
well so little or no water level draw down is observed.

Measure and record ground water levels at least every 2 to 5 minutes until stabilization occurs.
After stabilization, measure water levels at regular intervals. If significant draw down occurs,
more than 4 inches, lower the speed of the pump and repeat discharge and water level
measurements. Repeat until the water level stabilizes to closely match the recharge rate. Record
pumping rate and any adjustments and depths to water on the purging and sampling log sheet.

Prior to and during purging, historic water quality parameter data shall be used to assist with
evaluating stabilization. Any significant deviations will be recorded in the field sampling log
book.

During purging, water chemistry indicator parameters will be measured continuously, every 2 to
5 minutes, until the parameters have stabilized. The water chemistry indicator parameters
monitored shall include pH, temperature, conductivity, redox potential (Eh) and dissolved
oxygen (DO). Turbidity shall also be measured, but shall not used as a stabilizer indicator.
However, turbidity values should not exceed 10 NTU’s. The required indicator parameters to be
monitored will be specified in the Project Sampling and Analysis Plan. As a guideline for
stabilization, all indicator parameters should have stabilized for three successive readings. The 3
successive readings should be within +/- 0.1 for pH, +/- 3% for conductivity, +/- 10% for
temperature, DO, and Eh. Eh and DO usually require the longest time for stabilization. The
above stabilization guidelines are provided as estimates and will not be appropriate for use in all
circumstances. The purge stabilized indicator parameter trends are generally obvious and follow
either an exponential or asymptotic change to stable parameter values during purging. Purging
will continue until the indicator parameters have stabilized to within the specified tolerance for
each parameter and graph out asymptotically. It is important to establish specific well
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stabilization criteria and then consistently follow the same methods thereafter particularly with
respect to draw down, flow rate, and sampling device. Fifteen to 30 minutes of purging at a rate
of 0.1 to 0.5 liter/minute may be required to reach stabilization. Purging will cease if the
indicator parameters do not stabilize within 60 minutes of elapsed purging time.

The ground water should not be exposed to the atmosphere prior to measurement of the
parameters because turbulence, degassing, aeration, heating, and depressurization can all cause
significant changes in Eh, conductivity, and DO concentrations. Therefore, an in-line multi-
parameter flow-through cell will be utilized when monitoring the indicator parameters.

All water produced during purging will be containerized and stored pending evaluation of
acceptability for discharge or treatment.

Unless absolutely necessary, the pump will not be turned off between the purging and sampling
process.

Wells installed in very low permeability formations(<0.1 L/min recharge) will require alternative
purging and sampling methods. Use of the usual low flow techniques may be impractical in this
type of environment, because devices to pump at such low flow rates are not readily available.
The primary consideration is to avoid de-watering of the well screen and exposing the filter pack
or formation in the saturated zone to atmospheric conditions. This may entail acquiring the
sample with no or very little purging(volume of the tubing and pump chamber) and repeated
recovery of the water. This may require that the water chemistry parameters be measured more
frequently(every 1 to 2 minutes). Satisfying the usual sample volume requirements may also be a
problem and some latitude will be needed on the part of the end-users. To ensure that the
appropriate technique and methodology for purging and sampling collection is used, information
on well construction and development is needed prior to the start of field activities. The decision
on the purging and sampling collection technique and methodology to employ will be dictated by
site specific conditions and objectives covered in the Project Sampling and Analysis Plan.

4.11 Sample Collection

Sampling can be initiated after the water chemistry indicator parameters have stabilized. Before
collecting samples, sampling personnel will don clean, Nitrile or equivalent protective gloves.
Sampling should occur in progression from least to most contaminated well if this is known.
Samples will be collected directly from the end of the discharge tubing maintaining the
established low flow purge rate. The sequence in which the different types of samples are
collected is immaterial.

While filling the sample vial for VOC analysis, formation of air bubbles, aeration, and turbulence

should be minimized by using the established low flow rate. A meniscus should be formed over
the mouth of the vial to eliminate formation of air bubbles and head space prior to capping.
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When pouring the sample from the discharge tubing into the sample bottle, the sample water will
be poured gently down the inside of the bottle with minimal turbulence. After filling the sample
container, the Teflon-lined cap will be screwed tightly to prevent the container from leaking. A
sample label will be filled out and placed on the sample container as specified in the Project
Sampling and Analysis Plan. The samples will be stored and shipped at 4°C. All samples will
be shipped to the laboratory within 48 hours of collection.

The intent of low flow purging and sampling is to minimize disturbance in the well and thus
eliminate the need for filtering samples for inorganic analyses. The unfiltered sample is meant to
represent the total mobile contaminant load. However, filtering of samples collected for
inorganic analyses may be recommended in some instances. The decision to filter samples will
be dictated by site specific sampling objectives covered in the Project Sampling and Analysis
Plan.

If filtering is performed, in-line filters will be used. The filters must be pre-rinsed following
manufacturer's recommendations. If there are no recommendations for rinsing, pass through a
minimum of one liter of ground water following purging and prior to sampling.

4.12 After Completion of Sampling

The air inlet and discharge lines shall be carefully removed from their respective well cap fittings
Place protective cap on the air inlet and discharge fittings. Close and lock the well. Between all
sampling locations, all sampling equipment that comes in contact with the well water(eg. water
level meter, turbidity vials) will require decontamination. All non-dedicated supplies and
equipment will be gathered and disposed of properly.

4.13 Decontamination

The water level meter and water chemistry parameter indicator sensors will be decontaminated
according to the following procedures:

1. The water level meter will be hand washed with phosphate free detergent with a scrubber or
sponge, then thoroughly rinsed with distilled water.

2. The parameter indicator meter probes will be rinsed with clean tap water after each
measurement. No other decontamination procedures are necessary or recommended for these
instrument probes and vials since they are very sensitive, and they do not contact in-situ well and
sample water. After the sampling event, the flow cell chamber and sensors will be cleaned and
maintained as necessary according to the care and maintenance procedures found in the
MicroPurge Flow Cell Model FC4000 User Guide manual or equivalent.

End of Standard Operating Procedures

72166\9904.028\FSP LowFlow.doc 9
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Appendix B
Standard Fleld Forms

SCAPS Tulsa District Corps of Engineers CPT/LIF Report Form
HTRW Drilling Log

Groundwater Sampling Data Sheet

Well Development Report

EPA Region 10 Field Sample Data and Chain of Custody Sheet
Cooler Receipt Form

Daily Chemical Quality Control Report

NAPL Thickness/Sampling Form
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SCAPS

Tuilsa District Corps of Engineers

CPT/LIF Report Form
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GROUNDWATER SAMPLING DATA SHEET

Project Name: Sample Number:
Project/Task No.: Station Type:
Date: Station Number:
Weather: Well Condition:
Samplers: Well Diameter:
Purge Method: Screen Interval:
Sample Method: Measunng Point (MP):
Sampling Device: Elevation of MP:
Tubing Type: Elevation of Water:
Pump Intake Depth: Depth to bottorn:
Water Disposal/quantity: Depth to water:
Field Test Kit Results: Depth to NAPL.:
PID: NAPL thickness:
DO Meter Information: Model Calib. Date
Alkalinity: pH:
Ferrous fron: Eh:
Other: Conductwity:
DO Meter:
Turbidity:
Containers: Temperature:
Analvsis Tvpe #-Primarv { #-MS/MSD Other:
' QA/QC Samples:
Duplicate:
Replicate:
MS/MSD:
Blank:
Ficld 0
Parametcrs Units Minutcs Minutcs Minutes Minutes Minutes Minutes Minutes
Temperature
H
Conducuvity
Eh
DO
Turbiditv
Time
Water Level
Flow Rate
Ficld Sample
Parametcrs Units Minutes Minutcs Minutcs Minutes Minutes Minutes
Temperature
H
Conduclivity
Eh
DO
Turbadity
Time
Water Level
Flow Rate

newficldlorms xis 5/99

URS Greiner Woodward-Clyde



Prbject

WELL _DEVELOPMENT REPORT

Well No. Depth Datum
" Contractor Rig Operator Inspector
R Discharge Sediment
- Date | Method Duration Depth Rate % sand Grain size Volume Remarks




SEP FIELD SAMPLE DATA ANy . AAIN OF CUSTODY SHEET
EPA Regeon 19 .
Semewaseny  Case No.: O Enforcement/Custody Miscellaneous: Sampling Crew:
Project Code:*l\ccounl:____ O Data Confidential
Name/Location : "0 Possible Toxic/Hazardous ' T . —_
{ Lab : Livave antrad ) . .
Proj. Ofl.. i el.¥ O Data for STORET - " S - Recorder: : L
Matrix__| # CONTAINERS UAB STORET STATION SAMPUNG TRAFFIC REPORT . JSAM -PL_“ER'SITN Y T NDESCRIFTION — 1
3 NUMBER NUMBER. DATE & TIME NUMBERS INITIALS ‘
3] k5 . AR R -
Xy | 30 g g : T . e s ) .
A0 Ug'-‘-’n-g Vr.TWKT Seq Yr [Mo [Oy [ Time O Tnorg.
LAB DEPT OL] QA TEMPI pH CNOCTVTY COMPOSITE ONLY Condition ol Samnpies upon eceipt at Lab:
NUMBER cooE | pEa -
CcD DS umha/cm Cuslody Seals intact: G yes Q no 0 none
H' ; ERDNG aTE CHAIN OF CUSTODY RECORD
- elinquished by: (signensre) ﬁmlvod by: (signatre Dater T
Yr Wk Seq s & Mo. J0ay | Time [iypelFreq] ’ -
nqul ? (vigneture} Recelved by: (signature) Datefime
qui Y: (signaire) ecelved by: sipnarure) Date'Time
¢linquished by: (signature) ecelved by Moblle ale/Time |
For Fleld Analysis: {signature)
Dispatched by: fsgnarre) UsterTime [ Hacelved Tor (3b by: Datatime |
l (signature)
[] of Shipment |
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COOLER RECEIPT FORM

LIMS #
Contractor Cooier
QA Lob Cooler #
Nymber of Cooiers

PROJECT: DATE RECEIVED:

USE OTHER SIDE OF THIS FORM TO NOTE DETAILS CONCERMNING CHECK-IN PROBLEMS.

A. PRE[IMINARY fXAMINATIQN PHASE: Date cooler wQs opened:

By: ( print ) {sign)

1. oiacooue«comwnnamipphgsip(oibueﬁ:.)z YES NO

7.

8.

9.

10.

i YES. enier comier nome & or bill number here:

. Were custody seols on outside of cooler? : .YES NO
How many & where: Seol dote: Seol nome;

. Were cusiody seols unbroken ong intact at fhelooie ond time of onivalt..........................YES NO

- Did you screen sompies for radioactivity using the Geiger COUNIEIT ... YES NO

. Were custodly papers sealed in o plostic bog & toped inside lothe kd? ..o, YES NO

. Were Cusiodf papers flied out properly (ink. signed, etc.}? YES NO
Did you sign custody papers in the approprioie ploce? YES NO
Was project identifiable from custody papers? ¥ YES, enter project name at top of this form. YES  NO

i requied. was €nough i USED? ... Type of ice: YES NO

Have designoled person iniliol here 10 acknowiedge receipt of cooler: (cate)

8. LOG-IN PHASE: Dale sampies were logged-in: -

By

(RN

{print) _Lsign)

Describe type of pocking in cooler:

12 were ol botties secled in seporale piastic bogs? YES NO
13. Did ol botties amve unbroken & were labals in pood condition? YES NO

14. Were ol bottle labels compiete (ID, dote. fime sigholure, preservalive., eic)e................ YES NO
15. Did oll botile labets agree with cuslody popers? YES NO
16. Were conect containers used for Ihe jests indicoted? YES NO
17. Were conect preservatives odded 1o sompies? YES NO

18. Was o sutficient amount of sampie sent for tests indicaled? YES NO
19. Were bubbies absent in VOA sampiles? H NO, list by QAw: YES NO
20. Was project manager coted & stotus discussed? It YES, give delois on the bock of lorm. YES NO
21. Who was coled?

By whom? (cote)




DAILY CHEMICAL QUALITY CONTROL REPORT

Project Name: Date

Day| s [MIT[w][Ta] F [ s

Humidity { Dry

Weather | Bright | Qlear | Overcast Rain Snow
Project No.: Sun
1 Temp | To32 | 32-50 | 5070 | 70-85 | 85up
Wind | Stll Mod. High Report No.
Mod. { Humid

Personnel and Visitors on Site (List names and affiliations):

Equipment on Site:

Work Performed Today (Include tasks performed and progress/delays):

Safety (Include any infractions of approved safety plan or instructions from Government personnel. Specify

corrective action taken):

Attached Forms (check box and describe):

[J HTRW Drilling Log

L] Groundwater Sampling Data Sheet

[l Well Development Data Sheet

0 EPA Region 9 Laboratory Analyses Required

[0 Well Development Pata Sheet

o Field Sample Data and Chain of Custody Sheet
[J_Laboratory Data — [ SCAPS . OFASP, [ Fixed

D:\Projects\WCFS\Wyckoff (7216 T\Mi Plan\Field Sampling Plan\Wyckoff DCQC Report Form.doc\05-19-90SEA

Sheet 1 of 2
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DAILY CHEMICAL QUALITY CONTROL REPORT

Project Name:

Project No./Task No.:

Date:

Samples Collected (Field and QA)/Requested Analyses/Laboratories Performing Work:

Field Audit Results/Problems Encountered/Corrective Actions Taken:

Instructions to Contractors (Include names, reactions, and remarks):

By Title

(Signature/Printed Name)

I'\Projects\ WCFS\Wyckoff (72107 Management Plan\Field Sampling PlaniWyckeff DCQC Report Form.doc\05-19-00SEA

Sheet 2 of 2



NAPL Thickness/Sampling Form

A-5

A-6

A-8

A-10

DSW-1D

DSW-4B
DSW-4C

DSW-4D

DSW-4E
DSW-5B
DSwW-6B

DSW-6C

OFS-4D

OFS-4E

ONS-1B

ONS-1C

ONS-2A

* All measurements are in feet below ground surface for flush mounted wells or feet belo top casing for wells with casing stickup above ground surface.
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SECTIONONE Introduction

This Quality Assurance Project Plan (QAPP), in conjunction with the Field Sampling Plan
(FSP), composes the Sampling and Analysis Plan (SAP), which is an integral part of the
Management Plan for the East Gate Disposal Yard (EGDY) Phase |1 Remedial Investigation (RI)
field exploration. The purpose of the SAP is to ensure production of high-quality data that meet
project objectives and requirements and accurately characterize measurement parameters. The
SAP provides protocols for collecting samples, measuring and controlling data, and documenting
field and laboratory methods so that the data are technically and legally defensible. The SAP
was prepared in accordance with guidelines set forth by the U.S. Army Corps of Engineers
(USACE) requirements (USACE 2001 and 1998).

The SAP has two major components: Part | - the Field Sampling Plan (FSP) and Part |1 - the
Quality Assurance Project Plan (QAPP). The FSP presents the detailed scope of work associated
with field activities (e.g., sampling types, sampling locations) and specifies the procedures to be
used for sampling and other field operations. The QAPP describes the analytical data quality
objectives, field and laboratory analytical procedures, quality assurance/quality control (QA/QC)
procedures, and data quality evaluation criteria.

Sampling and analysis procedures for the field exploration are designed to satisfy the data quality
objectives (DQOs) identified in Section 6 of the Work Plan. This plan presents the analytical
methods and associated QA/QC procedures selected to meet the DQOs.

.
L i l L l E S:\\GAYTER\EGDY\EGDY QAPP FINAL.DOC\19-JUL-01\SEA 1'1



SECTIONTWO Analytical Data Quality Objectives

The primary objective of thisfield exploration isto collect data required to better define the
extent of trichloroethene (TCE) and nonagueous-phase liquid (NAPL) contamination, which will
be evauated and integrated into the EGDY conceptual site model (CSM).

A dynamic investigation approach with atoolbox of sampling and analytical options has been
developed for this investigation. Each investigation approach is based on the need to locate and
characterize very high levels of contamination and to aid in the design of a method for
successfully removing NAPL from the subsurface. The overall project DQOs are as follows:

DQO 1 — Obtain data required for design of athermal remedial action for NAPL source area
treatment

DQO 2 — Obtain data required to complete an evaluation of options for optimization of the
existing pump and treat system

DQO 3 — Obtain data required to complete an evaluation of reactive barrier wall placement
options

DQO 4 — Provide analytical results that can be used to segregate and classify investigation-
derived waste as solid, hazardous, or dangerous waste according to Resource Conservation
and Recovery Act (RCRA) and Washington state Dangerous Waste Regulations

DQO 5 — Ensure that the turnaround time for the field-generated data supports the real-time
decision making needs of the dynamic work plan

21 CHEMICALS OF CONCERN

EGDY is the source for widespread TCE contamination at the Fort Lewis Logistics Center. The
source of two TCE-contaminated groundwater plumes is believed to be liquid waste containing
mixtures of petroleum hydrocarbons and solvents. Previous activities at the site indicate that
three distinct product types have been observed at the site:

Product Type A — Heavy, viscous, dark brown waste oil with TCE
Product Type B — Light, iridescent ail
Product Type C — Pure TCE

Chemical and physical testing of these observed product types, plus any additional product types
observed during this investigation, will be performed to identify specific chemicals of potential
concern associated with these products (e.g., polycyclic aromatic hydrocarbons [PAHS], vinyl
chloride, noncarcinogenic total petroleum hydrocarbons [ TPH] fractions).

2.2  DATA COLLECTION APPROACH

A dynamic sampling and analysis process was developed to generate data to meet project
objectives. A logical chain of reasoning will be followed so that the data gathered support the
conclusions made by the technical staff. Thisinvestigation allows for changes in the number of
locations/samples as the investigation progresses. Results from the early stages will be evaluated

URS

S:\\GAYTER\EGDY\EGDY QAPP FINAL.DOC\19-JUL-01\SEA 2' 1



Analytical Data Quality Objectives SECTIONTWO

and incorporated in refining the CSM prior to additional data collection. A more detailed
description of the sampling rationale and project DQOs can be found in Section 6.2 of the Work
Plan.

Site information will be gathered and data gaps filled by using a toolbox of sampling and
analytical options:

Geophysics — ground-penetrating radar (GPR) and/or electrical resistivity imaging
Drilling — sonic drilling techniques and monitoring well installation

On-site physical and chemical measurements — Site Characterization and Analysis
Penetrometer System (SCAPS), cone penetrometer testing (CPT), GeoV IS soil video
imaging, laser-induced fluorescence (L1F), membrane interface probe (MIP) with direct
sampling ion trap mass spectrometer (DSITMS), Flexible Liner Underground Technologies
(FLUTe) ribbon samplers

Groundwater elevation measurements
Soil, groundwater, and NAPL sampling

Off-site analytical laboratory analysis — soil, groundwater, and/or NAPL chemical and
physical testing

Field monitoring — air, groundwater, and NAPL measurements
Surveying — Global Positioning System (GPS) and traditiona survey

All measurements will be made according to standard operating procedures (SOPs) documented
in the SAP. Field sampling SOPs are included in Appendix A to the FSP. Laboratory analysis
SOPs are included in Appendix A to this QAPP. This section describes the approach toward
data generation in the field and off site, and describes sources of uncertainty and how uncertainty
will be managed. The quality control program associated with this approach and documented in
this QAPP has been developed to address these uncertainties.

2.2.1 Geophysics

GPR is used to characterize with high definition the surface topography of the intermediate
aquitard (30 to 40 feet below ground surface [bgs]) and other less continuous shallow aquitards.
Electrical resistivity imaging (including induced polarization) is used to characterize the
definition of deeper stratigraphic units. These methods would allow the technical team to
indirectly determine the aquitard thickness, composition, continuity, lateral extent, and
physical/hydrogeologic properties. These methods provide highly defined data about the
aquitard characteristics, they are non-invasive, and the results are immediate. This would allow
the technical team the ability to change the sampling scope and add information to the CSM.

If these geophysical tools will be used in the RI, a separate management plan will be developed
specifically for the geophysical investigation.
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2.2.2 Field Measurements

Chemical field measurement results will be used to assess site conditions for worker health and
safety (e.g., volatile organic compounds [VOCs]), measure the stability of groundwater
conditions prior to sample collection, determine the extent of NAPL in soil (e.g., SCAPS LIF,
FLUTe and GeoV1S), determine the extent of TCE in groundwater (e.g., SCAPS MIP/DSITMS),
and determine geol ogic/hydrogeol ogic properties of soil (e.g., SCAPS CPT).

Methods and equipment have been selected to give rapid assessments of site conditions and
therefore have a higher degree of uncertainty than more rigorous methods. The inherent
uncertainty of these methods is acceptable for this project because the rapid assessment allows
for immediate assessment of site conditions and a greater number of measurements (e.g., SCAPS
CPT, LIF, and MIP). The SCAPS MIP/DSITMS instrument reporting limits (100 to 200
micrograms per liter [ng/L] for TCE) are higher than the risk-based screening level of 5 ng/L.
Reporting limits (sensitivity) are limited by the MIP delivery system and the dissolved phase
concentration indicative of NAPL. The estimated reporting limit for the DSITMSis 2 pg/L,
which is lower than the risk-based screening level of 5 ug/L. This uncertainty in concentration is
acceptable for this project bec