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Executive Summary

This Final In Situ Soil Remediation Treatability Study Report (Report) summarizes activities
performed by International Paper Company (International Paper) associated with treatability
studies conducted on soil excavated from test pits within the Port of Longview’s (Port’s)
Maintenance Facility Area (MFA). Treatability studies were performed to support evaluation of
cleanup action alternatives being considered in a remedial investigation/feasibility study (RI/FS)
report that International Paper is currently finalizing.

Activities described in this Report include:
e Excavating two test pits, collecting soil samples, and characterizing site soil;

e Conducting an in situ solidification (I1SS) treatability study, and evaluating study results;
and

e Conducting an in situ thermal remediation (ISTR) treatability study, and evaluating study
results.

This Report also presents conclusions resulting from the above characterization and evaluation
activities, and describes how those conclusions will be incorporated into the Final Revised RI/FS
Report.

Two test pits were excavated in two distinct areas within the MFA. Test pit TP-01 was located
to the north of the Port’s Mechanics Shop in an area previously characterized as less impacted.
Test pit TP-02 was located east of the Port’s Mechanics Shop in an area previously characterized
as more impacted, and where dense non-aqueous phase liquid (DNAPL) would likely be
encountered. Field observations made during test pit excavation were recorded on geologic test
pit logs, and samples were collected for chemical analysis as well as delivery to treatability
laboratories. Test pit TP-02 was observed to be significantly more impacted than test pit TP-01,
and free product was observed collecting at the base of test pit TP-02 after excavation was
completed.

The ISS treatability study was conducted by Kemron Environmental Services of Atlanta,
Georgia in accordance with Interstate Technology Regulatory Council (ITRC) guidance (ITRC
2011). This study included both preliminary ISS evaluation testing of 25 test mixes and
additional optimization ISS evaluation testing of variations of one preliminary test mix as well as
6 newly developed test mixes. Tests were performed to evaluate test mixes for strength,
leachability, and hydraulic conductivity criteria. Multiple test mixes were identified that could
meet these criteria, and this Report presents the following ISS treatability study conclusions:

e |ISS results indicate that soil from test pit TP-01 can be expected to meet remediation
goals with simple test mixes.

e Soil from test pit TP-02 was also able to meet remediation goals in multiple test mixes,
including Mix 28 (8 percent slag cement/2 percent bentonite/0.5 percent caustic soda)
and Mix 17 (12.5 percent slag cement/2 percent bentonite/2 percent organoclay).

The ISTR treatability study testing described herein was conducted by Global Remediation
Solutions of Longview, Washington. The study included both boiling flask and soil cell testing.
Tests were performed to evaluate the following: physical behavior of non-aqueous phase liquid
(NAPL); reductions of COC concentrations in heating soil using both dry heating and steaming
methods; and whether special construction considerations (e.g., heat tracing of process piping)
would be required for thermal treatment of soil in the MFA.
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Executive Summary

ISTR results indicate that polynuclear aromatic hydrocarbon (PAH) concentrations in highly-
impacted soil collected from test pit TP-02 could be reduced by 45 percent with 5 days of steam
heating, and that diesel-range organics (DRO) concentrations could be reduced by 50 percent
with 5 days of steam heating. Continued heating through 15 days resulted in an additional 23
percent reduction in DRO concentrations, and negligible additional reduction was observed in
PAH concentrations. If these treatability study reduction percentages were realized in the MFA
during field implementation, 13 of 17 locations that currently exceed the applicable total toxicity
equivalent concentration (TTEC) cleanup level would have TTEC concentrations reduced to
below the cleanup level. In addition, no special construction requirements were identified during
the ISTR treatability study.

The results and conclusions presented in this Report will be incorporated into further evaluation
of RI/FS cleanup action alternatives, and this evaluation will be presented in a Final Revised
RI/FS Report in August 2014,
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SECTIONONE Introduction

This Final In Situ Soil Remediation Treatability Study Report (Report) presents the rationale,
approach, objectives, methods, and results related to collecting soil samples and performing
bench-scale testing of two cleanup action technologies being evaluated for remediation of soil
located adjacent to the Treated Wood Products (TWP) Area formerly owned by International
Paper Company (International Paper) in Longview, Washington. The primary technology
evaluated in this Report includes the recommended cleanup action alternative technology (in situ
solidification [ISS]) presented in International Paper’s Draft Revised Remedial
Investigation/Feasibility Study (RI/FS) Report (URS 2011). Solidification is the process of
encapsulating contaminants and reducing the mobility of contaminant constituents in a treated
material. The second technology evaluated (in situ thermal remediation [ISTRY]) in this Report
was also highly ranked in the RI/FS and was a significant element of other cleanup action
alternatives being considered. ISTR uses heat primarily to mobilize contaminants from the
subsurface and capture them for treatment and/or disposal at the surface. ISTR affects physical,
chemical, and biological processes that can also reduce contaminant concentrations in situ.

This Report describes activities that were conducted on the contiguous parcel of land adjacent to
and northwest of the former TWP Area, which is known as the Port of Longview’s (Port’s)
Maintenance Facility Area (MFA). Both the TWP Area and the MFA are currently owned by
the Port. Historical site activities discussed in this document were conducted first under Agreed
Order No. DEHS-S437 (1997) and then under Consent Decree 97-2-01088-9 (1997) between
International Paper and the Washington State Department of Ecology (Ecology).

The ISS treatability study described herein was discussed with Ecology and the Port following
submittal of the Draft Revised RI/FS report, which included ISS in the preferred cleanup action
alternative. A scoping call between International Paper and Ecology was held on June 8, 2011,
to discuss details related to sample collection and other details related to the ISS treatability
study. The results of that scoping call and subsequent comments were incorporated into the
Final ISS Treatability Study Work Plan (Work Plan, URS 2011).

The Work Plan focused on sample collection and ISS treatability study activities. In September
2011, after completion of the Work Plan and field sampling effort, comments were received from
Ecology in regards to a separate investigation being conducted at the Port’s Mechanics Shop. In
addition, comments were also received from Ecology which indicated the Port’s desire to include
a more aggressive treatment approach to address contamination under the Mechanics Shop. Both
ISS and ISTR are being considered to address this concern. Treatment using ISTR technology
was considered in two alternatives included in the RI/FS, and one of those included treatment
under the Mechanics Shop. A vendor was identified that could perform bench-scale testing of
electrical resistive heating (ERH) using soil already excavated for bench testing. In response to
comments, International Paper, after communicating with Ecology, determined to also perform a
treatability study for ISTR technology. Therefore, treatability study results related to ISTR are
also included in this Report.

URS Corporation (URS) is assisting International Paper with development of this Report in
accordance with relevant Washington State Model Toxics Control Act (MTCA) regulations (as
revised in November 2007) pertaining to treatability studies (WAC 173-340-350(9)(c)).
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SECTIONONE Introduction

1.1 REPORT CONTENT

This Report summarizes the background, purpose, objectives, methodology, and results related
to treatability study activities that were conducted in the MFA in accordance with the Work Plan
(URS, 2011). Information is presented as follows:

e Section 1 Introduction

e Section 2 Field Work Objectives, Methods, and Results

e Section 3 ISS Treatability Study Objectives, Methods, and Results

e Section 4 ISTR Treatability Study Objectives, Methods, Approach, and Results
e Section 5 Treatability Study Conclusions and Future RI/FS Activities

e Section 6 References

1.2 SITE LOCATION AND DESCRIPTION

The former International Paper Longview facility is located in Sections 8.0 and 9.0, Township 7
North, Range 2 West, in Cowlitz County, in Longview, Washington (Figure 1-1). The facility is
located near the north shore of the Columbia River, approximately 66 miles upriver from the
Pacific Ocean. This location is located less than 2 miles downstream (west) of the confluence of
the Columbia and Cowlitz Rivers. The facility lies within a 100-year floodplain but is protected
by control levees. The site area is relatively level and ranges in elevation from 10 to 15 feet
above mean sea level (msl).

Port maintenance operations border the former TWP Area to the west in the MFA, a formerly
active Port grain terminal borders the TWP Area to the south, a paved storage area used by Port
tenants is located to the northwest of the TWP Area, and additional vacant Port property is
located to the northeast of the TWP Area. The Columbia River is located approximately 300 feet
southwest of the former TWP Area.

Vehicles operated by the Port are serviced and washed at the Port’s Mechanics Shop in the MFA.
The Mechanics Shop measures approximately 15,000 square feet in area, and includes separate
areas for maintenance, washing, storage, and office space. According to Port personnel, no
underground storage tanks are present beneath or in the vicinity of the building. A security fence
surrounds the building, parking lot, and the immediately surrounding area, as shown on

Figure 1-2.

The area northeast of the security fence is used by the Port’s tenants for storage. The area is flat
and paved with asphalt. A linear feature (lineament) observed in historic aerial photographs of
this area, taken between 1957 and 1965, has been interpreted to be a trench connecting the
former TWP Area wastewater ponds with former off-site impoundments (Figure 1-2).

1.3  SITE GEOLOGY AND HYDROGEOLOGY

Native soil materials are chiefly poorly graded fine to medium sands with layers of silt occurring
at three distinct depths. In the vicinity of the site, the Upper Silt is located approximately 10 feet
below ground surface (bgs), the Intermediate Silt is located approximately 40 feet bgs, and the

Lower Silt is located at approximately 100 feet bgs. The Upper Sand is located above the Upper
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SECTIONONE Introduction

Silt, and the Lower Sand is located below the Upper Silt. Two groundwater units are located
between the silt layers. Aquifer A is located between the Upper Silt and the Intermediate Silt.
Aquifer B is located between the Intermediate Silt and the Lower Silt. Previous investigations
have shown that groundwater potentiometric heads fluctuate due to both tidal and seasonal
influences, but that groundwater generally flows toward the north-northeast (Woodward-Clyde
1996).

1.4 SITE AND INVESTIGATION HISTORY

The former International Paper Longview facility and the surrounding area were undeveloped in
1919 (USGS 1919). Long Bell operated a saw mill at the site beginning in the early 1920s until
1964. The former TWP Area wood treating facility was active from 1937 to 1982. International
Paper purchased Long Bell in 1956. The TWP operation included a treatment building,
wastewater plant, boiler house, pentachlorophenol (PCP) mix tank, two PCP work tanks, four
creosote and carrier oil tanks, and two unlined surface impoundments (Ponds 1 and 2).

The TWP Area became inactive in 1982. As part of RCRA corrective action and closure
activities, soil was removed from several locations within the former TWP Area in 1985; the
former ponds and process areas were capped with an engineered cover, including a high-density
polyethylene (HDPE) liner in 1989 (J.L. Grant 1990).

In 1997, Ecology requested additional corrective action at the TWP Area that included the
physical containment of chemicals of concern (COCs) by construction of a subsurface barrier
wall and an additional engineered cover system; removal of light non-aqueous-phase liquids
(LNAPL) within the contained area; and in situ treatment of contaminants using a combined
system of active biosparging wells and passive bioventing wells. These cleanup actions were
implemented during 1997 and 1998 and are described in the engineering design report
(Woodward-Clyde 1997d) and cleanup action report (URS Greiner Woodward-Clyde 1999¢)
prepared for the former TWP Area.

In a letter dated November 7, 1997, Ecology noted three areas of concern that were identified
during barrier wall construction activities in the fall of 1997. During a conference call on
October 24, 2006, Ecology (Ecology 2006) requested that a RI/FS report be produced for the
MFA to document the historical investigation and evaluation efforts conducted in accordance
with the requirements of both the WAC Dangerous Waste (DW) Regulations (173-303-646) and
the MTCA Cleanup Regulations (173-340-350 through 440 and 700 through 760). In January
2007, a draft MFA RI/FS report was submitted to Ecology to summarize historic site activities
conducted under both Agreed Order DEHS-S437 (1997) and Consent Decree 97-2-01088-9
(1997). As requested by Ecology, that report presented the results of previous investigations and
evaluation efforts conducted for the MFA area, and a table (Table 1-1 of that report) was
included to cross-reference between MTCA regulatory requirements and those previous
historical site actions that were conducted to satisfy those requirements.

Comments received from Ecology on the January 2007 draft RI/FS report were subsequently
received and incorporated into a revised document that was submitted to Ecology in May 2007.
International Paper received comments from Ecology in March 2008 that requested additional
investigation in the MFA to further delineate affected site media and to further quantify affected
media for evaluation of cleanup action alternatives (Kaia Petersen, personal communication
2008). Subsequently, URS prepared an Additional Investigation Work Plan (URS 2008b), which
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SECTIONONE Introduction

was submitted to Ecology in June 2008. The results of that additional investigation as well
previous investigations and cleanup actions were presented in the Draft Revised RI/FS Report
(URS 2011), which also evaluated future cleanup action alternatives for the MFA. Based on
previous investigation results and the evaluation of cleanup action alternatives in the Draft
Revised RI/FS Report, the selected preferred cleanup action alternative for affected MFA soils
was ISS outside the footprint of the Port’s Mechanics Shop. Institutional controls and monitored
natural attenuation are recommended as the long-term cleanup action alternative for affected
groundwater in the MFA following solidification of source soil.

1.5 TREATABILITY STUDY PURPOSE AND OBJECTIVES

The purpose of the treatability studies described in this Report was to evaluate the effectiveness
and field parameters associated with in situ soil remediation technologies at the International
Paper Longview site. Both the preferred cleanup action alternative technology (ISS) and also
highly-ranked in situ soil remediation technology (ISTR) were evaluated using excavated soil
from the site. Treatability studies used representative soil samples that were collected from two
different site areas to bracket the range of anticipated cleanup conditions. A list of cleanup
alternatives presented in the Draft Revised RI/FS Report (URS 2011) is presented below along
with a summary description of the two technologies being evaluated in this treatability study
report along with specific treatability objectives.

1.5.1 RI/FS Soil Cleanup Alternatives

This section summarizes the cleanup action technologies and the associated alternatives for soil
presented in the Draft Revised RI/FS Report. The cleanup alternative components that were
considered and retained for use in developing complete alternatives are listed below.

e Excavation
e ISS
e ERH (one form of in situ thermal remediation)

e Containment (but not as a stand-alone cleanup alternative for soil containing dense non-
aqueous phase liquid [DNAPL])

Each of the component technologies above were developed into complete alternatives as shown
below and discussed further in Section 7.3 of the Draft Revised RI/FS Report.

e Alternative S1 — Baseline Alternative for Soil — Comprehensive Excavation
e Alternative S2 — Comprehensive Excavation Outside Building Footprint
e Alternative S3 — DNAPL Excavation Outside Building Footprint

e Alternative S4 — DNAPL Excavation Outside Building Footprint, Limited Excavation
Inside

e Alternative S5 — Solidification Outside Building Footprint
e Alternative S6 — DNAPL Treatment by Electrical Resistance Heating

e Alternative S7 — DNAPL Excavation and Electrical Resistance Heating
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SECTIONONE Introduction

1.5.2 ISS - Soil Cleanup Alternative Description and Treatability Study Objective

The Draft Revised RI/FS Report identified Alternative S5 (Solidification Outside Building
Footprint) as the preferred soil cleanup action alternative. Alternative S5 consists of in-place
mixing of solidifying agents with MFA soil outside the footprint of the Port’s Mechanics Shop
that contains NAPL and/or the primary COCs (polynuclear aromatic hydrocarbons [PAHs] and
diesel-range organics [DRQ]) concentrations exceeding associated cleanup levels (Figure 2-1).
The mixing agent would be selected to bind the COCs within a modified matrix exhibiting
significantly lower permeability compared to the surrounding soil. This treatment reduces the
likelihood of contaminant migration by diverting groundwater around the treated matrix and
chemically binding the contamination within the matrix. Solidification of soil beneath the
Mechanics Shop was not included in this alternative. Residual, unsolidified soil containing
COCs would remain beneath the building, with the building structure and the solidified soil
outside the building acting as containment to limit water infiltration and thus mobilization of
residual COCs.

Alternative S5 for soil included the following estimated quantity assumptions:
e 32,200 square feet of solidification area
e 8,100 cubic yards total volume of site materials within solidification area

e 3,500 cubic yards of clean overburden fill materials to be excavated, segregated, and
stockpiled

The main objective for this ISS treatability study was to reduce the permeability of site soil
through the use of common and readily available binding reagents. To achieve this two
representative soil samples from the site were collected and mixed using different admixtures
and ratios to determine the following:

e Hydraulic conductivity
e Leachability of COCs (PAHs and DRO)
e Soil strength

e Other geotechnical properties of treated soil

1.5.3 ISTR - Soil Cleanup Alternatives Description and Treatability Study Objective

The Draft Revised RI/FS Report included two alternatives (S6 and S7) that incorporated ERH
technology. These two ERH alternatives ranked high in the RI/FS evaluation, second only to the
ISS alternative. Alternative S6 primarily includes soil treatment by ERH throughout the area of
DNAPL occurrence (including beneath Mechanics Shop) and preservation of the existing
engineered cap (approximately 6 inches of asphalt, 2.5 feet of gravel, and geotextile) over soil
containing COCs at concentrations exceeding the cleanup level. Alternative S7 includes
excavation and off-site landfill disposal or incineration of soil at the MFA located outside the
footprint of the Mechanics Shop that contains DNAPL and ERH treatment of soil within the
building footprint.

These alternatives would require installation of an array of electrodes throughout the treatment
area and passing electricity into the array. The resistance of the soil to the electrical conduction
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between the electrodes results in heating soil and perched groundwater to near boiling (<100
degrees C), causing transfer of contaminants with lower boiling points into the vapor phase. A
multi-phase extraction system (wells, piping, and pumps) removes volatilized contaminants for
treatment prior to discharge. Extracted liquids would also be cooled and treated prior to
discharge.

The main objective for ISTR treatability study was to determine if conditions are suitable to
applying ERH at the site and if heating the samples would reduce COC concentrations to below
cleanup levels. Other objectives include the following:

Determine whether changes occur in NAPL density during ERH treatment
Determine whether heavier constituents can be steam stripped from the soil matrix

Determine the degree of COC reduction (PAHs and DRO) that can be achieved during
heating

Evaluate whether volatilization, steam stripping, multi-phase extraction, chemical, and
biological are viable treatment processes for implementation of ERH for MFA soil

Determine the rate of COC reduction to estimate duration of ERH field implementation
in the MFA

Determine whether recovered liquids and vapors solidify upon cooling, and whether any
special construction considerations (e.g. heat tracing of process piping) might be
necessary for implementation of ERH for MFA soil
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This section summarizes the objectives and methods related to field work presented in this
Report.

2.1 FIELD WORK OBJECTIVES
The overall objectives for field work related to the treatability study were the following:

e Observe and document the physical characteristics of soil being considered for treatment
within open test pits

e Assess the workability of soil being considered for treatment

e Collect representative samples from material being considered for treatment

e Collect enough sample volume as necessary to perform multiple tests

2.2  FIELD WORK METHODS

Two locations were evaluated by advancing test pits to the top of the Upper Silt layer
(approximately 6 to 8 feet bgs) using an excavator. One test pit location (TP-01) was excavated
within an area where DNAPL has not been encountered. The second location (TP-02) was
excavated within an area where DNAPL has been encountered previously. The two test pit
locations are shown on Figure 2-1.

2.2.1 Field Work Preparation

Prior to initiating field activities, test pit locations were identified and a private subcontractor
(APS of Issaquah, Washington) surveyed the site to identify potential concerns with subsurface
structures and/or utilities. In addition to test pit locations TP-01 and TP-02, three contingency
test pit locations were also identified and checked for utilities. A public utility locate was also
performed (following a ‘one-call’ notification) prior to field mobilization.

2.2.2 Test Pit Excavation

Excavator operation and other field construction services were performed by Cowlitz Clean
Sweep (CCS) of Longview, Washington. Geologic cross-section alignments D-D’ and E-E’ are
identified relative to sampling locations on Figure 2-1. The asphalt surface was saw cut at both
test pit locations, and asphalt was removed in an area measuring approximately 10 feet by 10 feet
(100 square feet) at each location. Removed asphalt was segregated and transported to an off-
site facility for recycling.

A small excavator was then used to slowly remove the upper clean gravel fill materials at test pit
TP-01 and stockpile them on plastic sheeting. The upper gravel layer was clearly distinct and
separated from the Upper Sand by a layer of geotextile filter fabric. Upper Sand soil from
beneath the clean fill layer was then excavated to the top of the Upper Silt. Geologic cross-
section D-D’ is shown on Figure 2-2 and identifies the approximate thicknesses and locations of
geologic layers that were encountered during excavation at test pit TP-01. Soil samples were
field screened in the excavator bucket and then placed in a roll-off container. Sample collection
details are described in the following Section 2.2.3 Test Pit Characterization. Photographs of
each test pit are presented in Appendix A.
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Test pit TP-02 was completed in a similar manner as TP-01, by first removing and stockpiling
the upper clean gravel fill materials on plastic sheeting. Soil from beneath the clean fill layer
was then excavated. Within 1 foot bgs (immediately below the asphalt cover) a concrete pipe
was encountered. After consulting with Port personnel, the pipe within the test pit was removed,
and excavation continued to the top of the Upper Silt. Upon reaching the top of the Upper Silt,
free product was observed flowing into the pit from the test pit sidewalls (see photos in
Appendix A). Geologic cross-section E-E’ is shown on Figure 2-3 and identifies the
approximate thicknesses and locations of geologic layers that were encountered during
excavation at test pit TP-02. Soil samples were screened in the excavator bucket and then placed
in a roll-off container. Soil containing DNAPL and soil exhibiting stronger field indications
(e.g., odor, staining, or elevated photoionization detector [P1D] readings) of contamination were
kept segregated within the roll-off container. Sample collection details are described in the
following section.

2.2.3 Test Pit Characterization and Sampling

Test pit logs were prepared for both test pits, and they are provided in Appendix B. The logs
identify soil types and field observations made while screening soil samples collected using the
excavator. The test pit logs include observations for the full depth of the Upper Sand. The
excavator bucket was used to collect two samples from each test pit after excavation was
completed at each test pit, and the excavator bucket was decontaminated between test pit
locations. One sample from each test pit was collected across the full depth of Upper Sand
material below the clean gravel fill, which is the depth interval being considered for treatment by
ISS. This was done by scraping a thin layer of material from the excavation sidewall across the
desired depth interval. The second sample from each test pit was taken from material
immediately above the Upper Silt layer, which is typically the depth at which highest
concentrations have been observed in historical samples. The following samples were taken
from the test pits at the depths indicated:

e TP-01 (2to 7.5 feet bgs)
e TP-01 (7.5 feet bgs)
e TP-02 (2 to 6.5 feet bgs)
e TP-02 (6.5 feet bgs)

Both samples from each test pit were submitted to Columbia Analytical Services (CAS) of
Kelso, Washington for laboratory analysis. Soil samples from the entire-depth interval proposed
for treatment within the Upper Sand were analyzed for PAHs and total petroleum hydrocarbons
(TPH) in both site soil and in leachate resulting from synthetic precipitation leaching procedure
(SPLP) and toxicity characteristic leaching procedure (TCLP) extraction methods. The samples
from the bottom of each test pit were also analyzed for PAHs and TPH. The purpose of
analyzing soil collected from the entire depth interval proposed for treatment was to develop
baseline concentrations for comparison against treatability results (both soil and leachate). The
purpose of analyzing soil collected from the bottom of the test pits was to develop upper end
concentrations to bracket the range of anticipated soil concentrations requiring treatment at those
test pit locations (soil only).
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Five 1-gallon containers were also filled with soil from each test pit and submitted to Kemron
Environmental Services, Inc. (Kemron) of Atlanta, Georgia for the ISS treatability study. The
soil submitted to Kemron from each test pit was collected from the full-depth interval of the
Upper Sand at each test pit, to be representative of the depth interval being considered for
treatment by ISS.

2.2.4 Test Pit Backfilling

Test pit TP-01 was backfilled immediately following the completion of sample collection and
backfill was then compacted in lifts using native soil from the roll-off container. A log providing
a description of backfilling methods and a record of compaction testing is included as Appendix
C. New geotextile fabric was placed over the surface of the native soil materials to overlap the
existing surrounding geotextile fabric, and then the upper clean gravel fill was replaced to the
elevation of the base of the asphalt surfacing. Test pit TP-01 was backfilled to the base of the
asphalt prior to commencing excavation at test pit TP-02. All excavated materials were replaced
at test pit location TP-01.

Test pit TP-02 was backfilled following sample collection using compacted lifts. Clean imported
fill amended with cement was used as backfill at the bottom of the excavation due to the
presence of free-product and perched groundwater. After backfilling above the elevation of the
free-product and perched groundwater was completed, backfilling continued using previously
excavated native soil stockpiled in the roll-off container. New geotextile fabric was placed over
the surface of the native soil materials to overlap the existing surrounding geotextile fabric, and
then the upper clean gravel fill was replaced to the elevation of the base of the asphalt surfacing.
Approximately five drums of excess soil remained in the roll-off container after backfilling of
test pit TP-01 was completed. This soil was drummed and stored within the secure chain-link
fenced area containing the MFA remediation system enclosure.

Asphalt restoration was performed the following morning (Thursday, August 23, 2011) by
Lakeside Industries of Longview, Washington. Asphalt was placed and compacted in two lifts.

2.3  FIELD WORK RESULTS

This section summarizes the field observations made during test pit excavation and also presents
the analytical results for samples collected from the two test pits.

2.3.1 Test Pit Observations

Both test pits generally consist of an asphalt surface 7 to 9 inches thick overlaying a gray, coarse
gravel fill to approximately 2 feet bgs. A geotextile fabric is located below the gravel and marks
the top of the Upper Sand layer. The Upper Sand geologic unit varies in color from light to dark
brown and is gray in places. The sand is fine to medium in size and is moist. The Upper Silt
unit is gray in color and is located below the Upper Sand. Some differences observed for
subsurface conditions at the two test pits are described below.

No odor was noticed in test pit TP-01; conversely TP-02 was documented to have strong
creosote odor, with PID readings of 70 to 170 parts per million (ppm). The Upper Sand unit was
found to have a higher percentage of silt (SM vs SP) in test pit TP-01. The Upper Silt unit was
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observed at a depth of 7.5 feet bgs in test pit TP-01 and at a depth of 6.5 feet bgs in test pit
TP-02. A significant difference in observations between the two test pits was observed near the
bottom of test pit TP-02, where significant staining was observed and free product flowed into
the excavation from the side walls.

2.3.2 Analytical Chemistry Results

Two soil samples from each test pit TP-01 and TP-02 (four total) as indicated in Section 2.2.3
were collected and submitted to CAS for chemical analyses. These field samples were submitted
for analyses indicated in Table 2-1. Analytical results for these field samples submitted to CAS
indicate that test pit TP-02 has significantly higher COC concentrations than test pit TP-01.
Furthermore, the samples collected at the bottom of the test pits (TP-1 at 7.5 feet bgs and TP-2 at
6.5 feet bgs) generally contained higher COC concentrations than the samples collected from a
broader range of depths at the same test pit.

Analytical laboratory results for field soil samples from each test pit are summarized in
Table 2-2 and in a more detailed data summary table included in Appendix D. Analytical
laboratory reports are provided in Appendix E. Following the receipt of analytical laboratory
reports, URS conducted quality assurance reviews of the submitted data. Summaries of these
reviews are provided in Appendix F.
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As described in Section 2, test pit samples were delivered to Kemron for ISS Treatability Study
immediately following test pit excavation on August 22, 2011. This section includes a
description of the objectives, methods, approach, and results of the treatability study testing
performed by Kemron. A summary of the decisions made during the study are also presented in
this section. Specific details of work performed by Kemron are presented in their final report
dated September 26, 2012, which is provided in Appendix G. All ISS testing performed during
the ISS treatability study was conducted at Kemron’s facilities located in Atlanta, Georgia. All
analytical testing was performed by CAS located in Kelso, Washington for analytical
consistency.

3.1 ISSTREATABILITY STUDY OBJECTIVES

This section describes the objectives of ISS treatability study conducted by Kemron. The
primary objective of the treatability study was to evaluate whether amendment of site soil with
solidification reagents could achieve typical ISS goals related to reduced hydraulic conductivity
and leachability of COCs from the site soil. A secondary objective was to evaluate the
improvement of physical properties including unconfined compressive strength (UCS) and
volumetric expansion for the treated materials in relation to goals expressed by the Port. The
specific goals related to the objectives of reduced hydraulic conductivity, reduced leachability,
and optimal strength were identified as follows:

e Reduce hydraulic conductivity (K) to the order of 10° cm/sec

e Reduce contaminant concentrations in groundwater in contact with solidified soil to
below MTCA Method A (TPH) or MTCA Method C (PAHS) cleanup levels for
groundwater.

e Achieve soil strengths between 50 and 200 psi to provide enough strength to allow
current use for storage of materials and operation of heavy equipment, as well as to allow
for future site development using standard excavating equipment.

3.2 ISSTREATABILITY STUDY METHODS

The following sections describe specific test methods that were performed during the 1SS
treatability study. They are consistent with industry standard practices for ISS site applications
and with the example performance tests identified in ITRC guidance (ITRC 2011) and as
summarized in Table 3-1.

3.2.1 Physical Properties

The following physical properties were tested by the identified methods during the ISS
treatability study:

e Grain Size by ASTM Method D422/D1140
e Moisture Content by ASTM Method D2216
e Loss on Ignition (Organic Content) by ASTM Method D2974

e Volumetric Expansion
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Additional details on these properties methods are included in Appendix G. Soil samples also
were logged according to soil classification and descriptions by Unified Soil Classification
System (USCS) Method D2487.

3.2.2 Strength

Strength testing was performed on ISS test mixes to evaluate whether treatment goals could be
met. The following strength tests were performed by the methods identified below during the
ISS study:

e Strength by pocket penetrometer
e Strength by the Unconfined Compressive Strength (UCS) by ASTM Method D2166

The pocket penetrometer is a factory-calibrated, hand-held instrument used to determine the
relative strength of a solidified or cohesive material. The penetrometer instrument is pressed into
the surface of the test specimen, and the resistance to penetration of the specimen is then
displayed on the penetrometer in units of tons per square foot (TSF). The penetrometer is
typically used as a guide to estimate the potential setting characteristics of a solidified material.
The standard penetrometer instrument provides approximate resistance strengths ranging from
0.0 to 4.5 TSF. Materials which exhibit extreme resistance to penetration may display
penetrometer strengths greater than 4.5 TSF. Penetrometer testing alone was used to estimate
potential initial strengths during initial curing intervals.

UCS is a measure of the shear strength of the treated material. Testing is performed on
cylindrical specimens with a diameter to height ratio of 1:2. Typical sample measurements
performed by Kemron are 2 inches in diameter and 4 inches in height or 3 inches in diameter and
6 inches in height. As specified by ASTM Method D2166, testing was performed at a strain rate
of 1 percent per minute. Testing was terminated at sample failure or at an overall sample
deformation of 15 percent, whichever occurred first.

3.2.3 Leachability

Three primary test methods were used for evaluating leachability:
e TCLP by EPA Method 1311
e SPLP by EPA Method 1312

e Mass Flux by American Nuclear Society (ANS) Method ANS 16.1 (Revised and Updated
2008) - Measurement of the Leachability of Solidified Low-Level Radioactive Wastes by
a Short-Term Test Procedure

The TCLP test was developed to simulate the more aggressive extraction that occurs in
municipal landfills where the waste decomposition can produce organic acids. Generally, one of
two leaching fluids is used based on the buffering capacity of the material being tested. TCLP
procedures include particle-size reduction to pass a 9.5-mm sieve following sample crushing.
The test sample is then tumbled in the presence of the appropriate TCLP leaching fluid. The
fluid is then separated from the solid portion of the sample and analyzed for the COCs.
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The SPLP test is similar to the TCLP test, but uses an inorganic acid that simulates leaching by
acid rain, rather than the organic acid that is used in the TCLP test. The SPLP test also requires
crushing of the sample to create particles with diameters measuring less than 3/8-inch
(approximately 9.5-mm) for the test.

Both the TCLP and SPLP tests are very conservative (results are biased high) for use in
evaluating ISS leachability. The crumbling of samples exposes contaminants to leaching which
may have been otherwise completely encapsulated in the treated monolith in the field. In
addition, the acid used as a leachant in these tests is much more aggressive than would be typical
for groundwater at an ISS site. These tests, however, are commonly used for screening and
developing relative comparisons between multiple ISS test mixes. More direct comparison to
anticipated groundwater concentrations following ISS implementation can be evaluated using
mass flux methods such as ANS 16.1.

The ANS 16.1 leaching procedure utilizes 7 leaching intervals, including cumulative times of 2,
7, and 24 hours; and 2, 3, 4, and 5 days. The procedure uses a sample of the treated test mix
material which is moved between baths of de-ionized (DI) water at the interval indicated. The
resulting leachate can be analyzed for COCs and the solidified test specimen is placed into a new
bath of DI water for additional leaching. For this project, chemical analysis was typically
performed on the final 5-day interval for all ANS 16.1 tests. Complete ANS 16.1 testing was
performed on three optimization test mixes with leachate from each of the seven test intervals
indicated above.

Leachate from each of the above three leachability test methods was analyzed by EPA Method
8270 for PAHSs and by Ecology Method NWTPH-Dx for TPH, including both DRO and residual-
range organics (RRO). URS conducted quality assurance reviews of all analytical data.

3.2.4 Hydraulic Conductivity

Hydraulic conductivity is the quantitative measure of soil’s ability to transmit water when
subject to a hydraulic gradient. It is a function of both the porous medium (e.g., soil) and a fluid
(e.g., groundwater). Hydraulic testing as outlined in ASTM D5084 was performed to estimate
the flow rate of water through ISS test mixes under saturated conditions. Kemron performed
hydraulic conductivity testing on cylinders measuring approximately 3 inches in diameter and

2 inches in height at an effective confining pressure of 10 psi.

3.3 ISSTREATABILITY STUDY APPOACH

The overall approach guiding typical ISS treatability studies as identified in ITCR guidance
(ITCR 2011) can be broken down into three categories as listed below and shown on Figure 3-1:

e Physical Properties Characterization and ISS Reagent Selection (Figure 3-3)
e Preliminary ISS evaluation (Figure 3-4)
e Optimization ISS evaluation (Figure 3-5 and Figure 3-6)

A more detailed overview of the activities performed under each of the above approach
categories is provided in a process flow diagram presented in Figure 3-2. Descriptions for each
step performed for the ISS treatability study are presented below.

L:\MFA CAP\MFA RI-FS\2012 In-Situ Soil Stabilization Treatability Testing\Task 40 - Final Report\Final ISR Treatability Study Report - 062813.doc 3'3



SECTIONTHREE ISS Treatability Study Objectives, Methods,
Approach, and Results

3.3.1 Physical Properties Characterization and ISS Reagent Selection

Following delivery to Kemron, soil samples submitted from each test pit were individually
homogenized by blending in an open pan using a stainless steel spoon. These untreated but
homogenized samples were then submitted for analytical testing at CAS to develop baseline
concentrations against which to measure leachability concentration reductions for future test
mixes. The soil samples were analyzed for PAHs, TPH, as well as leachate samples for PAHs
and TPH from SPLP and TCLP methods.

In addition to analytical characterization, samples were also characterized for physical properties
by testing for moisture content, loss on ignition (carbon content), and particle size distribution.

A process flow diagram representing the activities associated with this phase of the treatability
study is presented on Figure 3-3. The diagram includes a list of reagent materials that were
delivered to Kemron from various suppliers to be mixed with site soil for the ISS treatability
study. The materials selected were based on a combined Kemron and URS evaluation of
physical properties, COC concentrations, material availability, and experience on similar
projects. The ISS materials selected are commonly utilized in solidification treatment and would
be readily available for delivery to the project site during potential field implementation.
Detailed descriptions of the reagents selected are included in Appendix G and vendor supplied
material safety data sheets are provided in Appendix H.

3.3.2 Preliminary ISS Evaluation

A process flow diagram illustrating the activities associated with the preliminary ISS evaluation
and their relationships is presented on Figure 3-4. The preliminary ISS evaluation consisted of
first incorporating reagents selected as described above with site soil to create various test mixes.
These test mixes were made by precisely measuring reagents, mixing them with water in a
commercial blender to create a pumpable slurry, mixing the reagent slurry with site soil, and then
pouring that test mix into cylindrical molds for curing. Numerous test mixes were created from
reagents by changing the admixture type (different reagent combinations) and dosage (amount of
reagent added). Sample material from TP-01 was used to create 9 preliminary ISS test mixes,
and 16 preliminary ISS test mixes were created using TP-02 sample material. Therefore, a total
of 25 preliminary test mixes were created.

The preliminary ISS evaluation approach included strength testing both by pocket penetrometer
and UCS methods. Pocket penetrometer testing was performed on all 25 test mixes following 1,
3,5, 7, and 14 days of cure time; and UCS testing was performed on 24 of the 25 test mixes after
approximately 8 days cure time. One test mix (test mix 0397-007 or “Mix 7”) had extremely low
penetrometer data and, therefore, was not tested for UCS. Leachability testing was also
conducted during the preliminary ISS evaluation phase and consisted of analyzing leaching from
the test mixes for PAHs and TPH using the SPLP method. SPLP testing was performed on 11 of
the 16 mixes created from sample material from TP-02. Because TP-01 soil concentrations were
much lower than TP-02 concentrations, no SPLP testing was performed on mixes generated from
TP-01. Test mixes capable of meeting leachability criteria for TP-02 soil concentrations would
also be assumed to be capable of meeting leachability criteria for TP-01 soil concentrations. In
the case of five test mixes (Mix 10, Mix 16, Mix 17, Mix 19, and Mix 24), hydraulic
conductivity testing was also performed as an extension of the preliminary ISS evaluation.

L:\MFA CAP\MFA RI-FS\2012 In-Situ Soil Stabilization Treatability Testing\Task 40 - Final Report\Final ISR Treatability Study Report - 062813.doc 3'4



SECTIONTHREE ISS Treatability Study Objectives, Methods,
Approach, and Results

Additional details regarding preliminary ISS evaluation test methods and approach are included
in Appendix G.

3.3.3 Optimization ISS Evaluation

A process flow diagram illustrating the activities associated with the optimization ISS evaluation
and their relationships related to Mix 17 (Mix 17Dup and Mix 17A) is presented on Figure 3-5.
A similar process flow diagram illustrating the activities associated with the optimization ISS
evaluation and their relationships related to the six additional test mixes (Mix 26 to Mix 31)
developed for the optimization ISS evaluation is presented on Figure 3-6.

The optimization ISS evaluation consisted of developing new test mixes based upon results
obtained from the preliminary ISS evaluation, as well as conducting additional testing on select
test mixes previously evaluated during the preliminary ISS evaluation. Based upon information
received from organoclay supplier CETCO, additional testing was conducted to further evaluate
Mix 17 (Mix 17Dup and Mix 17A), since Mix 17 had yielded the greatest reduction in COCs for
preliminary test mixes evaluated for leachability using the SPLP screening evaluation. Testing
of Mix 17Dup and Mix 17A was performed to evaluate two different methods for mixing of
CETCO’s organoclay with the remainder of the test mix materials. Mix 17A differs from

Mix 17 in that the organoclay was hydrated separately prior to combining it with the remaining
reagents (slag cement and bentonite). Mix 17A also required less water (113 percent by reagent
weight) to create a pumpable slurry than Mix 17 (150 percent by reagent weight).

In addition to the optimization testing performed related to Mix 17, six new optimization test
mixes (Mix 26 to Mix 31) were developed using TP-02 soil. Optimization test mixes were
evaluated for strength, leachability, hydraulic conductivity, and volumetric expansion. All six of
the new optimization test mixes (along with Mix 17Dup and Mix 17A) were evaluated for
strength, leachability, and volumetric expansion, with UCS and volumetric expansion testing
generally being conducted after approximately 7, 14, 28, and 56 days of cure time. Hydraulic
conductivity testing was completed on four test mixes (Mix 17A, Mix 26, Mix 27, and Mix 28)
during the optimization ISS evaluation.

3.4 ISS TREATABILITY STUDY RESULTS

The following sections summarize results from the various elements of the ISS Treatability
Study. A table summarizing analytical results is included in Appendix D.

3.4.1 Test Soil Characterization Results

Results for test pit TP-01 soil that had been homogenized by Kemron and submitted to CAS for
the purpose of identifying baseline concentrations in untreated soil are presented in Table 3-2.
For comparison, Table 3-2 also includes results for test pit TP-01 soil samples that were
submitted directly to CAS from the site immediately following the test pit excavation and
sampling. Similar results are presented for test pit TP-02 baseline soil samples in Table 3-3.
Physical properties characterization results are presented in Table 3-4.

Baseline analytical results identify significantly higher COC concentrations in test pit TP-02 than
in test pit TP-01. Comparison of field samples to Kemron’s homogenized samples show that
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COC concentrations are similar and that Kemron’s baseline COC concentrations are generally
representative of site COC concentration. However, two analytes (naphthalene and

2 methylnaphthalene) had substantially higher concentrations (an order of magnitude for
naphthalene) in Kemron’s test pit TP-02 homogenized soil sample. Large variability in
naphthalene concentrations has also been observed in samples collected previously at this site.
However, comparison of TCLP and SPLP results between the field soil samples and Kemron’s
baseline soil samples show no significant differences. In general, Kemron’s homogenized soil
samples appear representative of site conditions based on field sample results.

Physical property characterization results indicate that soil samples collected from the full
treatment interval within the Upper Sand solil in test pit TP-01 and test pit TP-02 yielded similar
moisture and carbon contents. Particle size distribution results, however, indicated grain size
differences between soil samples collected from the two test pits. Test pit TP-01 soil was
determined to have a significantly higher percentage of fines (23 percent) than test pit TP-02 soil
(9 percent). The resulting USCS classification for TP-01 is SM, and the resulting USCS
classification for TP-02 soil is SP-SM, as presented in Table 3-4.

3.4.2 Preliminary ISS Evaluation Results

The preliminary 1SS evaluation included testing of strength and leachability for nearly all test
mixes. Strength testing included both pocket penetrometer and UCS methods. Pocket
penetrometer testing was performed on all 25 mixes following 1, 3, 5, 7, and 14 days of cure
time (Table 3-5). UCS testing was performed on 24 of the 25 mixes after approximately 8 days
cure time (Table 3-6). Leachability testing was performed by performing SPLP extraction and
analysis of PAHs and DRO for 11 of the 16 test mixes created from TP-02 soil (Table 3-7).

Evaluation of SPLP leachability data (Table 3-7) indicated better results for 4 test mixes

(Mix 16, Mix 17, Mix 19, and Mix 24) and the preliminary ISS evaluation was expanded to
include additional long-term (67- or 69-day) UCS testing (Table 3-5) and hydraulic conductivity
testing (Table 3-8) on those test mixes. Additional testing was also performed on Mix 10 (12.5
percent Portland Cement) to develop a baseline with which to compare other more complex test
mixes. Leachability testing was also expanded to include ANS 16.1 mass flux testing on Mix 16
(5-day interval only) and Mix17 (all 7 intervals). ANS 16.1 results are summarized in Table 3-9
(Mix 16) and in Table 3-10 (Mix 17), as well as in the comprehensive table that summarizes all
project ANS 16.1 results included as Appendix D. Additional details regarding ANS 16.1 testing
methodology and results are included in Appendix G. A discussion of the optimization
evaluation is presented in the next section. Preliminary ISS evaluation of Mix 17 was also
expanded to include volumetric expansion testing, and those results are presented in Table 3-11.

Preliminary ISS evaluation strength results indicate that most test mixes would likely meet the
minimum strength goal of 50 psi. Conversely, multiple test mixes exceed the maximum strength
goal of 200 psi or would likely if tested after longer cure times. Strengths of these mixes could
be further reduced by decreasing cement percentages in the optimization ISS evaluation.

Leachability testing using the SPLP method on the preliminary test mixes indicated that Mix 17
achieved the highest percent reduction in COCs (DRO and PAHs[naphthalene]) by nearly a
factor of two over most test mixes (Figure 3-7). Mix 17 showed an approximately 60 percent
reduction in both naphthalene and DRO concentrations when compared to untreated soil from
test pit TP-02 (Table 3-7). Naphthalene is presented on Figure 3-7 as a representative indicator
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of the most mobile PAHs. The percent reduction was calculated by comparing test mix SPLP
concentrations to baseline soil SPLP concentrations. Mix 16, Mix 17, Mix 19, and Mix 24
yielded better SPLP results (Figure 3-7); the preliminary ISS evaluation for these test mixes,
along with baseline Mix 10, was expanded to also include additional hydraulic conductivity and
long-term strength testing.

3.4.3 Optimization ISS Evaluation Results

The eight test mixes (six new test mixes and two test mixes associated with preliminary Mix 17)
included in the optimization ISS evaluation were tested for strength (UCS testing), leachability
(SPLP and ANS 16.1), hydraulic conductivity, and volumetric expansion. The non-chemical
results (i.e., strength [UCS], hydraulic conductivity, and volumetric expansion) are summarized
in Table 3-11.

UCS results for test mixes included in the optimization ISS evaluation ranged between 50 psi
and 450 psi at the end of their cure time (see Figure 3-8). All UCS results met the minimum
strength goal of 50 psi. Although cement percentages had been reduced during development of
new test mixes during the optimization ISS evaluation, some UCS results exceeded the
maximum strength goal of 200 psi. Strength could likely be further reduced with additional
reduction of cement percentages, as well as with an increase in bentonite percentages. An
increase in the amount of bentonite included in an ISS mix would be expected to reduce strength
while potentially also reducing hydraulic conductivity and leachability. UCS results for Mix 19,
Mix 24, and Mix 26 were within ISS treatability study minimum and maximum strength goals.

Leachability was tested using both SPLP and ANS 16.1 methods during the optimization 1SS
evaluation. Leachability results indicate that all test mixes significantly reduce leaching of
COCs (compared to untreated soil SPLP results). Two test mixes (Mix 16 and Mix 17) yielded
leachate concentrations at or below MTCA Method C cleanup levels for groundwater using the
ANS 16.1 method. Given the conservative nature of the tests, other test mixes may also meet
cleanup levels if implemented at the site.

As shown on Figure 3-9, SPLP results indicate that Mix 17Dup and Mix 17A achieve the highest
percent reduction in COCs (DRO and PAHSs [as shown by mobile indicator naphthalene]).
Complete SPLP results (including other PAHS) for Mix 17A, Mix 17Dup, and Mix 28 are
summarized in Table 3-12. Mix 17 and Mix 28 also yielded better SPLP results than other test
mixes. These test mixes were selected for further leachability testing using ANS 16.1 methods.

5-Day ANS 16.1 results for Mix 17Dup and Mix 26 are shown in Table 3-13. Analytical data for
the 5-day interval indicate that two test mixes, including one duplicate (Mix 16 and Mix 17/Mix
17Dup) were able to reduce leachate concentrations to at or below applicable MTCA Method A
or C cleanup levels (see Figure 3-10). Mix 17A and Mix 28 yielded leachate concentrations that
met MTCA Method C cleanup levels for PAHSs, but contained concentrations of DRO that
slightly exceeded MTCA Method A cleanup levels. ANS 16.1 results for the complete seven
intervals of testing on Mix 17A are shown on Figure 3-11 to illustrate the decrease in leachate
concentrations of DRO and naphthalene over time. Similar concentration trends are presented
for Mix 17 and Mix 28 on Figure 3-12 and Figure 3-13, respectively, and complete (seven
interval) ANS 16.1 results for Mix 17A and Mix 28 are summarized in Table 3-14 and

Table 3-15, respectively. Figure 3-11, Figure 3-12, and Figure 3-13 all illustrate the typical
phenomenon identified in the ANS 16.1 test methodology as the “initial rapid removal of mobile

L:\MFA CAP\MFA RI-FS\2012 In-Situ Soil Stabilization Treatability Testing\Task 40 - Final Report\Final ISR Treatability Study Report - 062813.doc 3'7



SECTIONTHREE ISS Treatability Study Objectives, Methods,
Approach, and Results

surface contamination (wash off).” The lower concentrations illustrated at later test intervals on
Figure 3-11 are indicative of lower long-term diffusion rates, as also described in the ANS
methodology. ANS concentrations are related to both the diffusivity rate and the volume of
water into which diffusion occurs.

The results summarized above indicate that leachate concentrations would be expected to be
lower with increased time, and this is consistent with the discussion in Kemron’s report
(Appendix G) on page 13, which states “in many cases the contaminant concentrations continue
to reduce with extended leaching intervals.” In addition, leachate concentrations would be
expected to be lower with increased distance from a treated monolith (due to increase leachate
volume), as would be the case with a monitoring well located at a typical point of compliance at
some distance from the ISS remediation area.

Hydraulic conductivity results met the goal of 1 x 10 cm/sec in all test mixes analyzed by at
least one order of magnitude, as shown in Table 3-11.

Volumetric expansion results varied from 26 to 48 percent, as shown in Table 3-11. For a 7-foot
ISS treatment interval this would equate to an additional 1.8 to 3.4 feet of bulking during
treatment. It is important to note, however, that volumetric expansion testing was performed in a
small cylinder on a test interval measuring slightly more than one inch in depth and that no
compaction was conducted during curing.

In addition to the testing described above, a wipe test was performed on Mix 28. Wipe sampling
was performed on a 100 square centimeter area on a cured Mix 28 test cylinder. Results are
presented in Table 3-16. PAHSs were detected in the wipe sample at quantities generally less than
1 pg (concentrations less than 0.01 pg/cm?). However, it is important to note that wipe testing
was performed on a sample surface immediately after it had been removed from a mold. This,
again, would be biased by “initial rapid removal of mobile surface contamination (wash off),” as
identified in the ANS 16.1 test methodology.
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As described in Section 2, test pit samples were collected for the ISS treatability study from two
test pit excavations on August 22, 2011 and after the completion of backfilling excess soil from
test pit TP-02 was drummed on site. Also as previously discussed, comments were received
from Ecology in September 2011 indicating that the Port had requested additional development
of alternatives to address treatment of contamination beneath the Mechanics Shop. Treatment
using ISTR technology had been considered in two alternatives included in the Draft Revised
RI/FS Report (URS 2011), and one of those alternatives included treatment of impacted areas
beneath the Mechanics Shop. Global Remediation Services (GRS) of Longview, Washington,
was retained to perform bench-scale testing of ERH using soil already excavated for bench
testing. In response to Ecology comments, International Paper expanded the scope of the
treatability study to include evaluation of ISTR technology. Communication regarding the ISTR
treatability study included an e-mail from URS to Ecology on behalf of International Paper on
May 9, 2012. Drummed soil from the TP-02 excavation, as well as purge water and NAPL from
site well BV-13, were transported by CCS to ETEC, LLC of Portland, Oregon in May 2012,
Both CCS and GRS are two of several divisions of PNE Corporation of Longview, Washington.
ETEC, LLC is a bioremediation services company with treatability laboratory facilities that GRS
utilized for this ISTR treatability study.

This section describes the objectives, testing methods, and results for the ISTR treatability study.
A summary of ISTR treatability study activities is presented in this Report. Additional details
regarding work performed by GRS are presented in their letter report dated September 14, 2012
and summary letter dated November 2, 2012, provided in Appendix I.

41 ISTR TREATABILITY STUDY OBJECTIVES

The main objective of ISTR treatability study was to evaluate the use of ISTR to treat site soil
and determine if ISTR and included multi-phase extraction (MPE) processes are viable
components of future cleanup action alternatives for the site. The following six basic questions
and associated test goals were developed to evaluate this main objective:

1. Will DRO and PAHs transition off the soil matrix during heating?

- Test Goal: Evaluate the effectiveness of bubble floatation and MPE.
2. If so, will a LNAPL or a DNAPL be produced?

- Test Goal: Evaluate design options for contaminant extraction.
3. How much DRO and PAH can be boiled off the soil matrix?

- Test Goal: Evaluate the effectiveness of steam stripping during ISTR.
4. Will recovered liquids and vapors solidify upon cooling?

- Test Goal: Evaluate options for system materials and construction.
5. Issite NAPL primarily lighter or denser than water?

- Test Goal: Evaluate the effectiveness of MPE and bubble floatation.
6. Does the density of site NAPL change upon heating?

- Test Goal: Evaluate the effectiveness of MPE and bubble floatation.
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GRS conducted treatability testing using methodology as described below to develop data to
answer the questions above and evaluate the test goals identified above, and to evaluate the
overall objective of evaluating whether ISTR would be effective at treating site soil.

42 ISTR TREATABILITY STUDY METHODS

Table 4-1 summarizes the test questions and associated test goals presented above, as well as the
associated test methods discussed in this section. GRS initiated treatability testing in May 2012
by sorting drummed soil and characterizing it by degree of impact. Following site soil
characterization, soil was submitted for chemical analysis to obtain baseline concentrations
against which to compare results of the ISTR treatability study. Next, two types of thermal
heating methods were performed to address the six goal questions identified above. One method
involved steam heating using boiling flask tests, and one method involved dry heating using soil
cell tests. Additional discussion regarding these methods is presented below.

4.2.1 Test Soil Characterization

Soil from test pit TP-02 was prepared for testing by emptying the drums received and
segregating soil into the following three categories based upon visual observations, PID readings,
and odor characteristics.

e Less-impacted soil
e Impacted soil
e Highly-impacted soil

Soil classified as less-impacted soil was placed back into drums for disposal and was not used for
testing. Impacted soil and highly-impacted soil were homogenized separately in large mixing
containers. Approximately 600 pounds of impacted soil and 75 pounds of highly-impacted soil
were produced for characterization and testing using this method of segregation. Homogenized
soil from both the impacted soil and highly-impacted soil categories were sent to an independent
analytical laboratory for chemical analysis. Soil samples were submitted for the following
analyses.

e DRO by Ecology Method NWTPH-Dx
e PAHSs by EPA Method 8270-SIM
e Percent Dry Weight by ASTM D2216-80

A total of five soil samples were submitted for chemical analysis, three samples from the
impacted soil category (BL1, BL2, and BL3) and two samples from highly-impacted soil
category (BL4 and BL5). Total toxicity equivalent concentrations (TTEC) were calculated for
each sample using PAH results. In addition, one sample of highly-impacted soil was also
submitted for SPLP extraction by EPA Method 1312 and subsequent chemical analysis of PAH
and DRO. A process flow diagram identifying site soil segregation and characterization
activities is presented on Figure 4-1.
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4.2.2 Boiling Flask Testing

Treatability study boiling flask tests were performed on site soil to address questions

1,2, 4,5, and 6 presented both above and in Table 4-1. Two types of boiling flask tests were
performed on highly-impacted soil using 500-ml flasks. One test used a half-filled (250 ml of
tap water) flask with an additional 50 ml of NAPL to evaluate the effects of heating on NAPL
viscosity and density. The second test used a layer of glass beads at the bottom of the flask and
covered the beads with highly-impacted soil. The flask was then filled with tap water until the
soil was saturated and covered by approximately 1 inch of water. A water-cooled condenser and
vacuum source were then attached to the boiling flask in order to evaluate the effects of cooling
on extracted vapors.

Boiling flask tests were performed as short-duration tests. Flasks were heated to approximately
100 degrees Celsius while observations were documented. A process flow diagram identifying
boiling flask testing activities, their relationships, and associated chemical analyses is shown on
Figure 4-2.

Additional details on the boiling flask test methods used by GRS are presented in Appendix I.

4.2.3 Soil Cell Testing

Treatability study soil cell tests were performed on site soil to address question 3 (i.e., How much
DRO and PAH can be boiled off the soil matrix?) presented both above and in Table 4-1. A total
of 12 soil cell tests were performed as part of the treatability study as follows:

e Dry Heating Impacted Soil — 7 tests
e Dry Heating Highly-Impacted Soil — 3 tests
e Steaming Highly-Impacted Soil — 2 tests

The tests listed above were performed on both impacted and highly-impacted soil. Ten of the
tests involved dry heating of the soil over different time intervals. In addition, two soil cell tests
involved steaming of highly-impacted soil to which water was added to the soil cell throughout
testing. A summary of the soil cell testing performed is provided below.

Soil cell tests were performed over 5-, 15-, and 25-day intervals on impacted soil and over 5- and
15-day intervals for highly-impacted soil. Soil cell tests were performed on approximately 1,100
to 1,200 grams of soil. The soil cells were placed in an oil bath heated to approximately 104
degrees Celsius for the time interval specified above; they were then removed for cooling,
homogenization, and sampling for chemical analysis. In addition to sampling of soil from the
soil cells, one condensate sample recovered from soil cell testing of highly-impacted soil was
also submitted for chemical analysis. Soil cell testing activities, their relationships, and
associated chemical analyses are also identified in the process flow diagram shown on

Figure 4-2.
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43 ISTR TREATABILITY STUDY RESULTS

4.3.1 Test Soil Characterization Results

Characterization testing results are presented in Table 4-2 for samples of impacted and highly-
impacted soil. The average for three impacted soil samples (BL1, BL2, and BL3) submitted for
testing indicate baseline DRO concentrations of 1,310 mg/kg and naphthalene (as an indicator of
mobile PAHSs) concentrations of 2,810 pug/kg. The average baseline concentrations for two
highly-impacted soil samples (BL4 and BL5) indicate DRO concentrations of 862 mg/kg and
naphthalene concentrations of 800 ug/kg. Baseline results for total PAHSs indicated
concentrations of 113,036 pg/kg for impacted soil and 137,295 ug/kg for highly-impacted soil.
Both impacted soil and highly-impacted soil came from similar soil excavated from test pit
TP-02. Sorting of impacted and highly-impacted soil was performed primarily using visual and
olfactory observations; and concentrations resulting from chemical analyses did not vary
significantly between the two soil types. This was also the case for benzo(a)pyrene results and
the TTEC value calculated for cPAHs. The benzo(a)pyrene concentration in impacted soil and
the corresponding TTEC value were 4,423 ug/kg and 6,005 ug/kg, respectively, while
corresponding results for highly-impacted soil were 4,625 pg/kg and a TTEC value of 6,547
pa/kg, respectively.

4.3.2 Boiling Flask Test Results
Boiling flask test results answer test questions 1, 2, 4, 5, and 6 as follows:

1. Will DRO and PAHs transition off the soil matrix during heating?
Yes

2. If so, will a LNAPL or a DNAPL be produced?
LNAPL will be produced

4. Will recovered liquids and vapors solidify upon cooling?
No

5. Issite NAPL primarily lighter or denser than water?
NAPL was observed to exist as DNAPL (denser than water) in the field, but to
transition off the soil matrix and convert to LNAPL (lighter than water) upon
heating to between 80° and 90°C.

6. Does the density of site NAPL change upon heating?
Yes, the DNAPL present converts to LNAPL and floats

Boiling flask testing results indicates that COCs can be liberated from site soil via heating and
that DNAPL converts to LNAPL at temperatures near boiling. The conversion of DNAPL to
LNAPL has also been observed when implementing ISTR at other sites impacted with creosote
and diesel. This conversion can increase the ease with which that NAPL can be extracted from
the subsurface.

In some cases heat tracing of aboveground process piping is required to prevent crystallization of
extracted vapors when implementing ISTR, but treatability results indicate that this requirement
would not be anticipated during implementation in the MFA.
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4.3.3 Soil Cell Test Results
Soil cell test results answer test question 3 as follows:

3. How much DRO and PAH can be boiled off the soil matrix?
Reductions in concentrations were as follows:

a. PAH concentrations in impacted soil were reduced by 55 percent with 5 days of
dry heating. Continued dry heating produced a 60 percent reduction in 25 days.
A 42 percent reduction in PAH concentrations was observed in highly-impacted
soil with 5 days of dry heating, and no appreciable additional reductions were
observed at subsequent test intervals.

b. DRO concentrations in impacted soil were reduced by 74 percent with 5 days of
dry heating, and by 82 percent with 25 days of dry heating. A 64 percent
reduction in DRO concentrations was observed in highly-impacted soil with 5
days of dry heating, and no appreciable additional reductions were observed at
subsequent test intervals.

c. Steaming of highly-impacted soil resulted in greater reduction of both PAH
(46 percent) and DRO (73 percent) concentrations at 15 days than for tests
involving dry heating only.

A summary of analytical results for soil cell tests for both dry heating of impacted soil and
steaming of highly-impacted soil are presented in Table 4-3 and Table 4-4, respectively.
Variability of results in test cell C6 was attributed to a “tar ball,” that was observed in the initial
homogenization of test soil. These “tar balls” were observed to be generally eliminated
eventually with longer duration of treatment. The percent reductions in DRO and naphthalene
during dry heating of impacted soil, dry heating of highly-impacted soil, and steaming of highly-
impacted soil are shown on Figure 4-3, Figure 4-4, and Figure 4-5, respectively. If these percent
reductions of COC concentrations observed during the ISTR treatability study were realized in
the MFA, site soil TTEC cleanup levels would be reduced to below MTCA Method C cleanup
levels for soil at 13 of the 17 boring locations where those values currently exceed those cleanup
levels.

The ISTR bench tests described herein indicated that DNAPL will convert to LNAPL during
heating, and that NAPL will transition off the soil matrix. Historically, results from ISTR bench
tests designed to measure percentage reduction in contaminant concentrations with heating have
correlated well with actual results achieved in the field. There is a high probability that the
percentage reductions achieved in the laboratory would also be observed in the field. Existing
bench test data can be used to design and implement a field application of steam heating
technology to incorporate ERH, MPE, and a soil saturation system.
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This section summarizes the conclusions of the treatability studies presented in this Report and
describes the further evaluation and schedule related to incorporation of treatability results into
the Final Revised RI/FS Report.

51 TREATABILITY STUDY CONCLUSIONS

Results developed during the ISS and ISTR treatability studies summarized in this Report
indicate that both ISS and ISTR could be applicable cleanup technologies warranting further
consideration as components of cleanup action alternatives addressing MFA soil. This section
provides a summary of results and conclusions for each treatability study.

5.1.1 ISS Treatability Study Results Summary and Conclusions

ISS treatability study results indicate that there are multiple test mixes that would be expected to
meet remediation goals at the site. Evaluation of test mixes with both TP-01 and TP-02 soil
indicate that hydraulic conductivity goal of 1 x 10°® cm/sec could be met for all samples tested.
For the area representative of TP-01, a basic mix of Portland cement and bentonite would likely
be sufficient to reduce leachable COC concentrations to below applicable MTCA Method A or C
cleanup levels for groundwater. Test mixes for TP-02 soil were also identified for which
leachability tests yielded COC concentrations that met MTCA Method C cleanup levels for
groundwater. In addition, results indicate that concentrations would continue to decrease with
time, and concentrations would also be expected to decrease with distance from the treated
material since increased distance results in an increased volume of groundwater into which
diffusion from the treated material would occur.

Mix 16, Mix 17, and Mix 28 all appear to be test mixes capable of meeting remediation goals at
the site based upon the results of this ISS treatability study. All three of these mixes met
hydraulic conductivity criterion, with permeability results of 3.2 x 10® cm/sec (Mix 16), 3.0 x
10 cm/sec (Mix 17), and 1.9 x 107 cm/sec (Mix 28). All three of these mixes also met
leachability criterion, with ANS 16.1 5-Day results meeting MTCA Method C groundwater
cleanup levels, with the exception of DRO in Mix 28. Finally, these three mixes also had long-
term UCS results of 321.5 psi (Mix 16 at 67 days), 443.7 psi (Mix 17 at 101 days), 355.3 psi
(Mix 28 at 86 days). All three mixes met the minimum strength criterion, and also met the long-
term maximum strength criterion at 28 days. Mixes continued to cure on the bench after 28
days, however. Mix 16 (12.5 percent NewCem slag cement, 2 percent bentonite, and 0.5 percent
organoclay). The volumetric expansion result was 43 percent for Mix 17 and 35 percent for Mix
28 at 28 days. This is primarily attributed to the relatively larger quantity of additives in Mix 17
(12.5 percent NewCem slag cement, 2 percent bentonite, and 2 percent organoclay) than in Mix
28 (8 percent NewCem slag cement, 2 percent bentonite, and 0.5 percent caustic soda). In
general, the most favorable combination of results (low leachability, low strength, and low
volumetric expansion) would likely be attributed to the least amount of additives that still met
leachability goals. Mix 16, Mix 17, and Mix 28 all met permeability goals with a safety factor of
at least an order of magnitude. A lower percentage of additives, therefore, would likely still
meet permeability and leachability criteria while also having more favorable strength and
volumetric expansion results.

The relationship between an ISS treatability study and other components of an ISS cleanup
action is outlined in the ITRC guidance (ITRC 2011) and is shown on Figure 5-1.
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5.1.2 ISTR Treatability Study Results Summary and Conclusions

Based on the results from ISTR treatability study boiling flask tests and soil cell tests, ISTR
including subsurface hydration and multi-phase extraction (MPE) also appears to be an
applicable cleanup technology warranting further consideration in future evaluation of cleanup
action alternatives for vadose zone soil in the MFA. DNAPL was observed to both desorb from
soil and to convert to LNAPL during the ISTR study, and this could result in efficient removal of
NAPL from the site subsurface. Achieving the equivalent percent reductions in COC
concentrations in the field as observed in the ISTR treatability study would be expected to reduce
13 of 17 locations that currently exceed TTEC cleanup levels to below those values. In addition,
ISTR treatability study results indicate that no special construction considerations (e.g., heat
tracing of process piping) would be required for the COCs located in the MFA.

52  FUTURE RI/FS ACTIVITIES

This section describes the incorporation of information gained through the treatability studies
presented in this Report into a Final Revised RI/FS Report.

5.2.1 Future Cleanup Action Alternative Evaluation

Draft Revised RI/FS Report Alternative S5 includes ISS, and Alternatives S6 and S7 include
ISTR components. Information gained during the treatability study of these two technologies
will be incorporated into further evaluation of these three cleanup action alternatives and
adjustments made, as appropriate. No additional treatability testing is anticipated during future
cleanup action alternative evaluation prior to submittal of the Final Revised RI/FS Report.

5.2.2 Final Revised RI/FS Report Schedule
The following schedule is proposed through delivery of the Final Revised RI/FS Report:

June 28, 2013 Final Treatability Study Report submitted to Ecology

August 30, 2013 Draft Final Revised RI report sections submitted to Ecology

September 20, 2013 Cleanup Action Alternatives Conceptual Technical Memorandum
submitted to Ecology

November 13, 2013 Meeting at Port of Longview to discuss Cleanup Action
Alternatives Conceptual Technical Memorandum, and operational
logistics

February 28, 2014 Draft Final Revised FS report sections submitted to Ecology

June 13, 2014 Draft Final Revised RI/FS Report submitted to Ecology

August 15, 2014 Final Revised RI/FS Report submitted to Ecology
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Table 2-1
Summary of Chemical Analyses for Field Soil Samples

Parameter TP-1 TP-1 TP-2 TP-2
Analysis (Method) (2to 7.5 ft bgs) | (7.5 ft bgs) | (2to 6.5 ft bgs) | (6.5 ft bgs)

PAHs (EPA 8270)

TPH (DRO and RRO by NWTPH-Dx)
TCLP PAHSs (EPA 8270)

TCLP TPH (N\WTPH-Dx)

SPLP PAHSs (EPA 8270)

SPLP TPH (NWTPH-Dx)

x| X| X| X| X| X
x| X| X| X| X| X

Notes:

ft bgs — feet below ground surface

DRO - diesel-range organics

TCLP - toxicity characteristic leaching procedure
TP — test pit

TPH — total petroleum hydrocarbons

PAHSs — polynuclear aromatic hydrocarbons

RRO - residual-range organics

SPLP — synthetic precipitation leaching procedure

IP Tables 2-1,3-1, 3-4, 3-7, and 4-1 thru 4-4.docx URS CORPORATION



Table 2-2
Summary of Analytical Results for Field Soil Samples
International Paper Longview Site

Sample ID: MTCA Screening Levels Alternative TP-01 TP-02
Sample Depth (ft bgs): Treatment 2.0-7.5 7.5 2.0-6.5 6.5
Date Collected:]  Method B Method C Standards ' 8/22/2011 8/22/2011 8/22/2011 8/22/2011
oM Groundwater S"é'c,n?;zct So”Gr:::::::t: " °f| Groundwater wake Total | TCLP | SPLP Total Total TCLP SPLP Total
(HglL) (mglkg) (mg/kg) ® (HglL) (mg/kg) | (ug/L) | (Mg/L) (mglkg) (mglkg) (HglL) (HglL) (mglkg)
Diesel 500 * 2,000 NE 500 * NE 45 270U | 250 U 56 9,000 | 25,000 27,000 9,300
Qil 500 ¢ 2,000 * NE 500 ¢ NE 390 530U | 500U | 160J 1,800 J| 500 U 510 2,000 J
vt | v | g po  Gon) | pok | pek)  met | con | pov
Naphthalene 160 70,000,000 9,700 350 56,000 110 15J 12J | 220 35,000 | 13,000 12,000 46,000
Acenaphthylene NE NE 210,000 NE 34,000 2.0 020U | 020UJ| 57 1,100 10 10 1,200
Acenaphthene 960 210,000,000 210,000 2,100 34,000 200 16J 13 UJ| 430 81,000 460 420 82,000
Fluorene 640 140,000,000 220,000 1,400 34,000 84 0.35J | 028UJ| 130 85,000 230 210 90,000
Phenanthrene NE NE 5,000,000 NE NE 44 020U | 020UJ| 110 240,000 210 210 240,000
Anthracene 4,800 1,050,000,000 5,000,000 10,500 34,000 43 020U | 020UJ| 35 45,000 18 31 77.000
Fluoranthene 640 140,000,000 1,400,000 1,400 34,000 7.7 020U | 0.20UJ| 380 120,000 21 40 130,000
Pyrene 480 105,000,000 1,400,000 1,050 82,000 54 020U | 0.20UJ| 260 74,000 1 23 77,000
Benz(a)anthracene 2 0.12 180,000 8,600 1.2 34,000 1.9 020U | 020UJ| 80 17,000 0.36 3.8 20,000
Chrysene 2 12 18,000,000 960,000 120 34,000 3.1 020U | 0.20UJ| 130 14,000 0.35 3.4 17,000
Benzo(b)fluoranthene 0.12 180,000 30,000 1.2 68,000 47 020U | 020UJ| 170 7,900 0.20 U 1.7 10,000
Benzo(k)fluoranthene 2 1.2 1,800,000 300,000 12 68,000 14J | 020U | 020UJ| 46 2,700 0.20 U 0.67 3,000
Benzo(a)pyrene 2 0.012 18,000 2,300 0.12 34,000 6.1 020U | 020 UJ| 160 4,400 0.20 U 1.0 5,400
Indeno(1,2,3-cd)pyrene 0.12 180,000 83,000 12 34,000 5.8 020U | 020UJ| 180 1,300 0.20 U 0.36 1,800
Dibenz(a,h)anthracene 2 0.012 18,000 4,300 0.12 82,000 1.8 U 0.20 U 0.20 UJ 27 310 0.20 U 0.20 U 420
Benzo(g,h,i)perylene NE NE 1,400,000 NE 18,000 6.1 020U | 020UJ| 170 1,100 0.20 U 0.39 1,500
2-Methylnaphthalene 32 14,000,000 4,200 70 NE 45 033J | 023J 79 48,000 | 1,100 1,000 38,000
Dibenzofuran 16 3,500,000 3,700 35 NE 96 0.38J | 029UJ| 150 60,000 260 240 58,000
TTEC (screening criteria based on benzo(a)pyrene) 7.5 NA NA 212 7,461 0.04 1.7 9,092

Notes:

Soil (mg/kg or ug/kg) numbers in bold font meet or exceed a MTCA soil protection of groundwater cleanup level. Underlined numbers meet or exceed the Alternative Treatment Standard (10 x UTS') for contaminated soils.

ANS 16.1 and BV-13 water numbers in bold font meet or exceed a MTCA C groundwater cleanup level. TCLP and SPLP numbers are not bolded.

Model Toxics Control Act (MTCA) Cleanup Regulation, chapter 173-340 WAC; MTCA Method A, B, and C from Ecology website downloaded

November 2011 (https://fortress.wa.gov/ecy/clarc/Reporting/CLARCReporting.aspx).
" Alternative Treatment Standards are 10 times the Universal Treatment Standards (UTS, 40 CFR 268.48) for contaminated soils.

2These compounds are carcinogenic PAHs and are subject to TTEC calculations.
3 Values were calculated using MTCA workbook tools with default parameters. Chemical specific properties were obtained from the CLARC database
(http://www.ecy.wa.gov/programs/tcp/tools/toolmain.html) except for dibenzofuran and 2-methylnaphthalene which were obtained from the J&E model (USEPA 2004).
‘TPH Cleanup levels are based on the MTCA Method A industrial cleanup standards.
ft bgs - feet below ground surface
NA - not applicable, not analyzed, or not available
PAHs - Polynuclear Aromatic Hydrocarbons

J - estimated value
mg/kg - miligram per kilogram
NE - not established

SPLP - Synthetic Precipitation Leaching Procedure
TPH - Total Petroleum Hydrocarbons

Hg/kg - microgram per kilogram

Table 2-2 - Test Pit Sample Results (NO SHADING).xIs

(I) - Industrial land use

TCLP - Toxicicity Characteristic Leaching Procedure
TTEC - Total Toxic Equivalent Concentration

Mg/L - microgram per liter
U - Compound was analyzed for but not detected above the reporting limit shown.
UJ - Compound was analyzed for but not detected above the reporting limit shown. The reporting limit is an estimated value.

(R) - Unrestricted land use

URS CORPORATION



Table 3-1
ITRC Example Performance Tests

Treatability Study

Performance Performance Example performance test(s)
parameter measurement

Strength Compressive Strength | ASTM D1633

Hydraulic Hydraulic Conductivity | ASTM D5084 (constant head)
Conductivity ASTM D5084 (falling head)
Leachability LSP as function of pH | PreMethod 1313

LSP as function of L/S
Mass transfer (flux)

PreMethods 1314, 1316
PreMethods 1315, 1315 (modified); ANSI 16.1

Consistency Testing

LSP at natural pH,
mass transfer (flux)

PreMethod 1316, SPLP, abbreviated flux tests

Notes:

LSP - liquid-solid partitioning,
L/S - liquid-solid ratio

ITRC - Interstate Technology & Regulatory Council
SPLP - synthetic precipitation leaching procedure

Source: Table 3-3 from Development of Performance Specifications for Solidification/Stabilization,
Prepared by the Interstate Technology & Regulatory Council Solidification/Stabilization Team. July 2011.

IP Tables 2-1,3-1, 3-4, 3-7, and 4-1 thru 4-4.docx
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Table 3-2

Summary of Analytical Results for Untreated Soil from Test Pit TP-01
International Paper Longview Site

Sample ID: MTCA Screening Levels Alternative TP-01 (Field Samples) TP-01 (Kemron Samples)
Sample Depth (ft bgs): Treatment 2.0-75 7.5
Date Collected:]  Method B Method C Standards * 8/22/2011 8/22/2011 9/1/2011
Groundwater Soil - Direct | Soil - Protection of Groundwater Total TCLP SPLP Total Total TCLP SPLP
TPH (HglL) Gontact Groundwater (hg/L) nakg (malkg) | (ugiL) (oL) | (mokg) | (moke) | (ugiL) (HglL)
(mg/kg) (mg/kg) 3
Diesel 500 * 2,000 * NE 500 * NE 45 270 U 250 U 56 42 250 UJ 280 U
Qil 500 * 2,000 * NE 500 * NE 390 530 U 500 U 160 J 120 J 500 UJ 560 U
Total TCLP SPLP Total Total TCLP SPLP
PAHS vall narkg nakg halt narkg (bgkg) | (ugit) (bg/L) mgkg) | (okg) | (g (ug/L)
Naphthalene 160 70,000,000 9,700 350 56,000 110 157 1.2 220 140 1.7 U 0.49
Acenaphthylene NE NE 210,000 NE 34,000 2.0 0.20 U 0.20 UJ 5.7 11 0.20 U 0.20 U
Acenaphthene 960 210,000,000 210,000 2,100 34,000 200 1.6 J 1.3 UJ 430 220 20U 1.3
Fluorene 640 140,000,000 220,000 1,400 34,000 84 0.35 J 0.28 UJ 130 84 0.57 U 0.39
Phenanthrene NE NE 5,000,000 NE NE 44 0.20 U 0.20 UJ 110 100 0.30 U 0.21
Anthracene 4,800 1,050,000,000 5,000,000 10,500 34,000 4.3 0.20 U 0.20 UJ 35 39 0.20 U 0.20 U
Fluoranthene 640 140,000,000 1,400,000 1,400 34,000 7.7 0.20 U 0.20 UJ 380 100 0.20 U 0.20 U
Pyrene 480 105,000,000 1,400,000 1,050 82,000 5.4 0.20 U 0.20 UJ 260 80 0.20 U 0.20 U
Benz(a)anthracene 2 0.12 180,000 8,600 1.2 34,000 1.9 0.20 U 0.20 UJ 80 29 0.20 U 0.20 U
Chrysene * 12 18,000,000 960,000 120 34,000 3.1 0.20 U 0.20 UJ 130 59 0.20 U 0.20 U
Benzo(b)fluoranthene 2 0.12 180,000 30,000 1.2 68,000 4.7 0.20 U 0.20 UJ 170 290 0.20 U 0.20 U
Benzo(K)fluoranthene 2 1.2 1,800,000 300,000 12 68,000 1.1J 0.20 U 0.20 UJ 46 49 0.20 U 0.20 U
Benzo(a)pyrene 2 0.012 18,000 2,300 0.12 34,000 6.1 0.20 U 0.20 UJ 160 300 0.20 U 0.20 U
Indeno(1,2,3-cd)pyrene 2 0.12 180,000 83,000 1.2 34,000 5.8 0.20 U 0.20 UJ 180 300 0.20 U 0.20 U
Dibenz(a,h)anthracene 2 0.012 18,000 4,300 0.12 82,000 1.8 U 0.20 U 0.20 UJ 27 40 0.20 U 0.20 U
Benzo(g,h,i)perylene NE NE 1,400,000 NE 18,000 6.1 0.20 U 0.20 UJ 170 260 0.20 U 0.20 U
2-Methylnaphthalene 32 14,000,000 4,200 70 NE 45 0.33 J 0.23 J 79 92 0.49 U 0.20 U
Dibenzofuran 16 3,500,000 3,700 35 NE 96 0.38 J 0.29 UJ 150 110 0.74 U 0.50
(screening criteria based on
benzo(a)pyrene) 7.5 NA NA 212 371 NA NA
Notes:

Soil (mg/kg or pg/kg) results in bold font meet or exceed a MTCA soil protection of groundwater cleanup level. Underlined numbers meet or exceed the Alternative Treatment Standard (10 x UTS') for contaminated soils.

Water results in bold font meet or exceed a MTCA C groundwater cleanup level. TCLP and SPLP numbers are not bolded.

! Alternative Treatment Standards are 10 times the Universal Treatment Standards (UTS, 40 CFR 268.48) for contaminated soils.
2These compounds are carcinogenic PAHs and are subject to TTEC calculations.
% values were calculated using MTCA workbook tools with default parameters. Chemical specific properties were obtained from the CLARC database
“TPH Cleanup levels are based on the MTCA Method A industrial cleanup standards.

ft bgs - feet below ground surface

J - estimated value
mg/kg - miligram per kilogram

NA - not applicable, not analyzed, or not available

PAHs - Polynuclear Aromatic Hydrocarbons

SPLP - Synthetic Precipitation Leaching Procedure

TCLP - Toxicicity Characteristic Leaching Procedure

TPH - Total Petroleum Hydrocarbons

TTEC - Total Toxic Equivalent Concentration
Hg/kg - microgram per kilogram
Hg/L - microgram per liter

U - Compound was analyzed for but not detected above the reporting limit shown.
UJ - Compound was analyzed for but not detected above the reporting limit shown. The reporting limit is an estimated value.
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Table 3-2

Summary of Analytical Results for Untreated Soil from Test Pit TP-01
International Paper Longview Site

Sample ID: MTCA Screening Levels Alternative TP-01 (Field Samples) TP-01 (Kemron Samples)
Sample Depth (ft bgs): Treatment 2.0-75 7.5
Date Collected:] Method B Method C Standards ! 8/22/2011 8/22/2011 0/1/2011
Groundwater | SOiI - Direct | Soil - Protectionof | /(o0 Total TCLP SPLP Total Total TCLP SPLP
TP (Ho/L) contact Groundwater (h/L) nako (makg) | (ugiL) (o) | (moko) | (moke) | (agl) )
(mg/kg) (mg/kg) ®
Diesel 500 * 2,000 * NE 500 * NE 45 270 U 250 U 56 42 250 UJ 280 U
Qil 500 * 2,000 * NE 500 * NE 390 530 U 500 U 160 J 120 J 500 UJ 560 U
PAHs Mg/l ng/kg Hg/kg Ho/L ng/kg (ng/kg) (Hg/L) (Hg/L) (ng/kg) (Hg/kg) (Hg/L) (Hg/L)
Naphthalene 160 70,000,000 9,700 350 56,000 110 1.5J 1.2 220 140 1.7 U 0.49
Acenaphthylene NE NE 210,000 NE 34,000 2.0 0.20 U 0.20 UJ 5.7 11 0.20 U 0.20 U
Acenaphthene 960 210,000,000 210,000 2,100 34,000 200 1.6J 1.3 UJ 430 220 20U 1.3
Fluorene 640 140,000,000 220,000 1,400 34,000 84 0.35 J 0.28 UJ 130 84 0.57 U 0.39
Phenanthrene NE NE 5,000,000 NE NE 44 0.20 U 0.20 UJ 110 100 0.30 U 0.21
Anthracene 4,800 1,050,000,000 5,000,000 10,500 34,000 4.3 0.20 U 0.20 UJ 35 39 0.20 U 0.20 U
Fluoranthene 640 140,000,000 1,400,000 1,400 34,000 7.7 0.20 U 0.20 UJ 380 100 0.20 U 0.20 U
Pyrene 480 105,000,000 1,400,000 1,050 82,000 5.4 0.20 U 0.20 UJ 260 80 0.20 U 0.20 U
Benz(a)anthracene 2 0.12 180,000 8,600 1.2 34,000 1.9 0.20 U 0.20 UJ 80 29 0.20 U 0.20 U
Chrysene 2 12 18,000,000 960,000 120 34,000 3.1 0.20 U 0.20 UJ 130 59 0.20 U 0.20 U
Benzo(b)fluoranthene ? 0.12 180,000 30,000 1.2 68,000 47 0.20 U 0.20 UJ 170 290 0.20 U 0.20 U
Benzo(K)fluoranthene 2 1.2 1,800,000 300,000 12 68,000 1.1J 0.20 U 0.20 UJ 46 49 0.20 U 0.20 U
Benzo(a)pyrene ? 0.012 18,000 2,300 0.12 34,000 6.1 0.20 U 0.20 UJ 160 300 0.20 U 0.20 U
Indeno(1,2,3-cd)pyrene 2 0.12 180,000 83,000 1.2 34,000 5.8 0.20 U 0.20 UJ 180 300 0.20 U 0.20 U
Dibenz(a,h)anthracene 2 0.012 18,000 4,300 0.12 82,000 1.8 U 0.20 U 0.20 UJ 27 40 0.20 U 0.20 U
Benzo(g,h,iperylene NE NE 1,400,000 NE 18,000 6.1 0.20 U 0.20 UJ 170 260 0.20 U 0.20 U
2-Methylnaphthalene 32 14,000,000 4,200 70 NE 45 0.33J 0.23J 79 92 0.49 U 0.20 U
Dibenzofuran 16 3,500,000 3,700 35 NE 926 0.38 J 0.29 UJ 150 110 0.74 U 0.50
TTEC (screening criteria based
on benzo(a)pyrene) 7.5 NA NA 212 371 NA NA

Notes:
Soil (mg/kg or pg/kg) results in bold font meet or exceed a MTCA soil protection of groundwater cleanup level. Underlined numbers meet or exceed the Alternative Treatment Standard (10 x UTS') for contaminated soils.

Water results in bold font meet or exceed a MTCA C groundwater cleanup level. TCLP and SPLP numbers are not bolded.

* Alternative Treatment Standards are 10 times the Universal Treatment Standards (UTS, 40 CFR 268.48) for contaminated soils.
2These compounds are carcinogenic PAHs and are subject to TTEC calculations.
% Values were calculated using MTCA workbook tools with default parameters. Chemical specific properties were obtained from the CLARC database
“TPH Cleanup levels are based on the MTCA Method A industrial cleanup standards.

ft bgs - feet below ground surface

J - estimated value

mg/kg - miligram per kilogram

NA - not applicable, not analyzed, or not available
PAHs - Polynuclear Aromatic Hydrocarbons

SPLP - Synthetic Precipitation Leaching Procedure
TCLP - Toxicicity Characteristic Leaching Procedure

TPH - Total Petroleum Hydrocarbons

TTEC - Total Toxic Equivalent Concentration

ua/kg - microgram per kilogram

Mg/L - microgram per liter

U - Compound was analyzed for but not detected above the reporting limit shown.

UJ - Compound was analyzed for but not detected above the reporting limit shown. The reporting limit is an estimated value.
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Table 3-3
Summary of Analytical Results for Untreated Soil from Test Pit TP-02
International Paper Longview Site

Sample ID: MTCA Screening Levels Alternative TP-02 (Field Samples) TP-02 (Kemron Samples)
Sample Depth (ft bgs): Treatment 2.0-6.5 6.5
Date Collected:] Method B Method C Standards ® 8/22/2011 8/22/2011 0/1/2011
Groundwater | SOiI - Direct | Soil - Protectionof | o /o0 Total TCLP SPLP Total Total TCLP SPLP
TP (Ho/L) contact Groundwater (HolL) Hoka | mgkg) | (o) mon) | (mokg) | (moke) | (uo) (HolL)
(mg/kg) (mg/kg) ®
Diesel 500 * 2,000 * NE 500 * NE 9,000 25,000 27,000 9,300 8,500 26,000 26,000
Qil 500 * 2,000 NE 500 * NE 1,800 J 500 U 510 2,000 J 1,600 J 530 U 560 U
PAHs Mg/l ug/kg ng/kg Mg/l Hg/kg (Hg/kg) (Hg/L) (Hg/L) (Hg/kg) (ng/kg) (Hg/L) (Hg/L)
Naphthalene 160 70,000,000 9,700 350 56,000 35,000 13,000 12,000 46,000 420,000 12,000 12,000
Acenaphthylene NE NE 210,000 NE 34,000 1,100 10 10 1,200 1,800 11 12
Acenaphthene 960 210,000,000 210,000 2,100 34,000 81,000 460 420 82,000 110,000 460 540
Fluorene 640 140,000,000 220,000 1,400 34,000 85,000 230 210 90,000 97,000 250 300
Phenanthrene NE NE 5,000,000 NE NE 240,000 210 210 240,000 260,000 240 360
Anthracene 4,800 1,050,000,000 5,000,000 10,500 34,000 45,000 18 31 77,000 49,000 25 51
Fluoranthene 640 140,000,000 1,400,000 1,400 34,000 120,000 21 40 130,000 130,000 22 73
Pyrene 480 105,000,000 1,400,000 1,050 82,000 74,000 11 23 77,000 74,000 11 42
Benz(a)anthracene ? 0.12 180,000 8,600 1.2 34,000 17,000 0.36 3.8 20,000 20,000 0.43 7.9
Chrysene 2 12 18,000,000 960,000 120 34,000 14,000 0.35 3.4 17,000 17,000 0.41 7.1
Benzo(b)fluoranthene 0.12 180,000 30,000 1.2 68,000 7,900 0.20 U 1.7 10,000 9,300 0.20 U 3.3
Benzo(K)fluoranthene 2 1.2 1,800,000 300,000 12 68,000 2,700 0.20 U 0.67 3,000 3,300 0.20 U 1.0
Benzo(a)pyrene 0.012 18,000 2,300 0.12 34,000 4,400 0.20 U 1.0 5,400 5,500 0.20 U 1.8
Indeno(1,2,3-cd)pyrene 2 0.12 180,000 83,000 1.2 34,000 1,300 0.20 U 0.36 1,800 1,700 0.20 U 0.38
Dibenz(a,h)anthracene 0.012 18,000 4,300 0.12 82,000 310 0.20 U 0.20 U 420 410 0.20 U 0.20 U
Benzo(g,h,i)perylene NE NE 1,400,000 NE 18,000 1,100 0.20 U 0.39 1,500 1,400 0.20 U 0.36
2-Methylnaphthalene 32 14,000,000 4,200 70 NE 48,000 1,100 1,000 38,000 140,000 1,100 1,200
Dibenzofuran 16 3,500,000 3,700 35 NE 60,000 260 240 58,000 73,000 280 320
TTEC (screening criteria based
on benzo(a)pyrene) 7,461 0.04 1.7 9,092 9,141 0.05 3.1
Notes:

Soil (mg/kg or pg/kg) numbers in bold font meet or exceed a MTCA soil cleanup level. Underlined numbers meet or exceed the Alternative Treatment Standard (10 x UTS) for contaminated soils.
Water results in bold font meet or exceed a MTCA C groundwater cleanup level. TCLP and SPLP numbers are not bolded.

* Alternative Treatment Standards are 10 times the Universal Treatment Standards (UTS, 40 CFR 268.48) for contaminated soils.

2These compounds are carcinogenic PAHs and are subject to TTEC calculations.

% Values were calculated using MTCA workbook tools with default parameters. Chemical specific properties were obtained from the CLARC database

“TPH Cleanup levels are based on the MTCA Method A industrial cleanup standards.

ft bgs - feet below ground surface TPH - Total Petroleum Hydrocarbons

J - estimated value TTEC - Total Toxic Equivalent Concentration

mg/kg - miligram per kilogram ug/kg - microgram per kilogram

NA - not applicable, not analyzed, or not available Hg/L - microgram per liter

PAHs - Polynuclear Aromatic Hydrocarbons U - Compound was analyzed for but not detected above the reporting limit shown.

SPLP - Synthetic Precipitation Leaching Procedure UJ - Compound was analyzed for but not detected above the reporting limit shown. The reporting limit is an estimated value.

TCLP - Toxicicity Characteristic Leaching Procedure
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Summary of Physical Properties Results for Untreated Soil

Table 3-4

Testing Test TP-01 (2-7.5) TP-02
Parameter Method Unit Results Results
Moisture Content ASTM D2216
ASTM Moisture Content % 31.85 24.72
Percent Solids % 75.85 80.18
Loss on Ignition ASTM D2974 % 1.93 1.16
Particle Size Distribution ASTM D422/D854
Gravel % 1.0 0.0
Sand % 76.5 91.0
Silt % 21.3 8.3
Clay % 1.2 0.3
e . V. Dk Grey poorly
Sample Description USCS (D2487) Dark grey silty sand graded sand with silt
Sample Classification USCS (D2487) SM SP-SM

Notes:

% - Percent
Sample descriptions based on the Unified Classification System. Where atterberg limits were not tested, the description
is based on an assumed PI < 4.

Sample color determined by the Munsell Soil Color Charts.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation,

Seattle, WA, September 26, 2012.

IP Tables 2-1,3-1, 3-4, 3-7, and 4-1 thru 4-4.docx
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Table 3-5

Preliminary ISS Evaluations - Penetrometer Results

Kemron Untreated Reagent Water Penetrometer Testing
Sample Material Reagent Addition % by | Addition % by (tons/ft?)

No. Type Type Reagent ID wet soil wt. Reagent wt. 1Day | 3Day | 5Day | 7 Day | 14 Day
0397-001 TP-01 Portland Cement 842 - - 7.5 50 >4.5 >4.5 >4.5 >4.5 >4.5
0397-002 TP-01 Portland Cement 842 - - 12.5 50 >4.5 >4.5 >4.5 >4.5 >4.5
0397-003 TP-01 Portland Cement / Bentonite 842 | 807 - 125/2 150 3.5 4.5 >4.5 >4.5 >4.5
0397-004 TP-01 Portland Cement / Hydrated Lime 842 | 917 - 75/75 77 1.5 3.25 3.75 3.75 3.75
0397-005 TP-01 Portland Cement / Bentonite / Organoclay SS 199 842 | 807 922 12.5/2/0.5 150 >4.5 >4.5 >4.5 >4.5 >4.5
0397-006 TP-01 Portland Cement / Class "C" Flyash 842 | 921 - 75/75 50 3.75 >4.5 >4.5 >4.5 >4.5
0397-007 TP-01 NewCem Slag Cement / Bentonite 920 | 807 - 15/2 132 0.0 0.0 0.0 0.0 0.25
0397-008 TP-01 50:50 TerraCem 916 - - 12.5 50 4.25 >4.5 >4.5 >4.5 >4.5
0397-009 TP-01 50:50 TerraCem / Bentonite 916 | 807 - 15/2 135 1.25 3.50 4.25 >4.5 >4.5
0397-010 TP-02 Portland Cement 842 - - 12.5 50 >4.5 >4.5 >4.5 >4.5 >4.5
0397-011 TP-02 Portland Cement / Bentonite 842 | 807 - 12.5/2 150 3.25 >4.5 >4.5 >4.5 >4.5
0397-012 TP-02 Portland Cement / Bentonite 842 | 807 - 175/2 125 >4.5 >4.5 >4.5 >4.5 >4.5
0397-013 TP-02 Portland Cement / Hydrated Lime 842 | 917 - 75175 75 3.25 >4.5 >4.5 >4.5 >4.5
0397-014 TP-02 Portland Cement / Hydrated Lime 842 | 917 - 75/125 75 1.25 25 3.0 3.75 4.25
0397-015 TP-02 Portland Cement / Hydrated Lime 842 | 917 - 10/12.5 75 2.5 3.75 >4.5 >4.5 >4.5
0397-016 TP-02 NewCem Slag Cement / Bentonite / Organoclay SS 199 920 | 807 922 125/2/0.5 150 0.0 0.0 25 4.25 >4.5
0397-017 TP-02 NewCem Slag Cement / Bentonite / Organoclay SS 199 920 | 807 922 125/2/2 150 0.0 0.0 1.25 3.0 >4.5
0397-018 TP-02 NewCem Slag Cement / Bentonite / Organoclay SS 199 920 | 807 922 17.5/2/0.5 150 0.5 3.75 >4.5 >4.5 >4.5
0397-019 TP-02 Portland Cement / Bentonite / Organoclay SS 199 842 | 807 922 10/2/0.5 150 3.25 4.5 >4.5 >4.5 >4.5
0397-020 TP-02 Portland Cement / Bentonite / Organoclay SS 199 842 | 807 922 15/2/0.5 150 3.25 >4.5 >4.5 >4.5 >4.5
0397-021 TP-02 Portland Cement / Class "C" Flyash 842 | 921 - 10/10 50 >4.5 >4.5 >4.5 >4.5 >4.5
0397-022 TP-02 NewCem Slag Cement / Class "C" Flyash 920 | 921 - 10/10 50 1.0 1.75 3.25 3.75 3.75
0397-023 TP-02 NewCem Slag Cement / Bentonite 920 | 807 - 15/2 132 0.0 3.25 4.5 >4.5 >4.5
0397-024 TP-02 50:50 TerraCem / Bentonite / Organoclay SS 199 916 | 807 922 15/2/0.5 135 2.75 3.25 4.25 >4.5 >4.5
0397-025 TP-02 50:50 TerraCem / Bentonite 916 | 807 - 15/2 135 1.25 2.5 4.0 4.5 >4.5
0397-026 TP-02 Portland Cement #842/Bentonite 842 | 807 - 8/2 150 4.50 - >4.5
0397-027 TP-02 NewCem Slag Cement/ Portland Cement/Bentonite 920 | 842 807 6/2/2 150 4.25 - >4.5
0397-028 TP-02 NewCem Slag Cement/Bentonite/Caustic Soda 920 | 807 926 8/2/0.5 175 0.75 - >4.5

NewCem Slag Cement/Bentonite/Organoclay SS 199/Caustic
0397-029 TP-02 Soda 920 | 807 |922/926 8/2/0.5/0.5 175 0.75 - >4.5
0397-030 TP-02 NewCem Slag Cement/Bentonite/Caustic Soda 920 | 807 926 10/2/0.5 175 1.25 - >4.5
NewCem Slag Cement/Bentonite/OrganoClay SS199 /Caustic
0397-031 TP-02 Soda 920 | 807 |922/926| 10/2/0.5/0.5 175 2.00 - >4.5
Notes:

* Mixes 003, 005, 007, 009, 011, 012, 016, 017, 018, 019, 020, 023, 024, and 025-031 were subjected to an initial bentonite slurry where water was added to bentonite and allowed to hydrate under continuous
stirring overnight. The additional reagents were added the next day to the hydrated bentonite with the water additions to make a pumpable slurry.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.
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Preliminary ISS Evaluations

Table 3-6

UCS Results
Reagent Water Unconfined Compressive Strength (tons/ft2)
Kemron Untreated Addition % by | Addition % by | Cure Moisture Bulk Dry ucs
Sample No. [ Material Type Reagent Type Reagent ID ‘wet soil wt Reagent wt. Days | Content (%) | Density (Ib/ft?) | Density (Ib/ft*) (Ib/in?)
0397-001 TP-01 Portland Cement 842 - - 7.5 50 9 32.7 111.6 84.1 69.2
0397-002 TP-01 Portland Cement 842 - - 12.5 50 9 31.7 1144 86.9 169.3
0397-003 TP-01 Portland Cement / Bentonite 842 | 807 - 125/2 150 8 474 107.9 73.2 44.9
0397-004 TP-01 Portland Cement / Hydrated Lime 842 | 917 - 75175 77 9 39.3 1115 80.0 271
0397-005 TP-01 Portland Cement / Bentonite / Organoclay SS 199 842 | 807 | 922 125/2/0.5 150 8 444 108.6 75.2 70.3
0397-006 TP-01 Portland Cement / Class "C" Flyash 842 | 921 - 75175 50 8 32.3 117.3 88.7 64.5
0397-007 TP-01 NewCem Slag Cement / Bentonite 920 | 807 - 15/2 132 NT NT NT NT NT
0397-008 TP-01 50:50 TerraCem 916 - - 12.5 50 9 34.2 113.8 84.8 58.7
0397-009 TP-01 50:50 TerraCem / Bentonite 916 | 807 - 15/2 135 8 48.8 105.6 71.0 29.4
9 241 1271 102.4 285.0
0397-010 TP-02 Portland Cement 842 - - 125 50 59 232 1228 997 3062
0397-011 TP-02 Portland Cement / Bentonite 842 | 807 - 125/2 150 8 39.1 110.7 79.6 47.6
0397-012 TP-02 Portland Cement / Bentonite 842 | 807 - 175/2 125 8 41.4 108.8 77.0 78.1
0397-013 TP-02 Portland Cement / Hydrated Lime 842 | 917 - 75/75 75 9 30.8 1151 88.0 324
0397-014 TP-02 Portland Cement / Hydrated Lime 842 | 917 - 75/125 75 9 34.2 110.6 82.4 14.9
0397-015 TP-02 Portland Cement / Hydrated Lime 842 | 917 - 10/12.5 75 9 34.3 110.8 82.5 31.9
0397-016 TP-02 NewCem Slag Ci t / Bentonite / O lay SS199 | 920 | 807 | 922 125/2/0.5 150 8 44.5 108.7 75.2 364
- - ewCem Slag Cement / Bentonite / Organoclay . . 57 387 917 6.1 3515
8 42.5 107.7 75.6 31.7
0397-017 TP-02 NewCem Slag Cement / Bentonite / Organoclay SS 199 | 920 | 807 | 922 125/2/2 150 67 41.3 106.6 75.5 326.0
101 38.3 106.1 76.7 443.7
0397-018 TP-02 NewCem Slag Cement / Bentonite / Organoclay SS 199 | 920 [ 807 | 922 17.5/2/05 150 8 42.7 109.0 76.4 76.6
; 8 40.3 109.1 77.8 35.2
0397-019 TP-02 Portland Cement / Bentonite / Organoclay SS 199 842 | 807 | 922 10/2/0.5 150.0 &7 385 1009 728 )
0397-020 TP-02 Portland Cement / Bentonite / Organoclay SS 199 842 | 807 | 922 15/2/0.5 150.0 8 431 106.1 74.2 60.8
0397-021 TP-02 Portland Cement / Class "C" Flyash 842 | 921 - 10/10 50.0 8 24.9 121.0 96.9 143.6
0397-022 TP-02 NewCem Slag Cement / Class "C" Flyash 920 [ 921 - 10/10 50.0 8 29.6 1184 91.3 15.2
0397-022 TP-02 NewCem Slag Cement / Class "C" Flyash 920 [ 921 - 10/10 50.0 17 30.0 122.0 93.8 141
0397-023 TP-02 NewCem Slag Cement / Bentonite 920 | 807 - 15/2 132 8 4141 107.9 76.5 61.3
. 8 38.4 108.6 78.5 37.7
0397-024 TP-02 50:50 TerraCem / Bentonite / Organoclay SS 199 916 | 807 | 922 15/2/0.5 135 57 366 1054 772 577
0397-025 TP-02 50:50 TerraCem / Bentonite 916 | 807 - 15/2 135 8 39.4 110.7 79.4 32.4
Notes:

NT - Not Tested

* Mixes 008, 009, 017, and 018 were subjected to an initial bentonite slurry where water was added to bentonite and allowed to hydrate under continuous stirring overnight. The additional
reagents were added the next day to the hydrated bentonite with the water additions to make a pumpable slurry.
Shaded rows indicate mixes that were carried over to the optimization phase.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.
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Table 3-7

Preliminary ISS Evaluations
TCLP and SPLP Results

Testing Parameter

Untreated TP-02 2.0-6.5

Homogenized

Treated Mixes with Percent Reduction in Contaminants Compared to Untreated TP-02 sample (2.0-6.5, homogenized)

TCLP SPLP 0397-010 (SPLP) 0397-011 (SPLP) 0397-013 (SPLP) 0397-016 (SPLP) 0397-017 (SPLP) 0397-019 (SPLP) 0397-021 (SPLP) 0397-022 (SPLP)
PAHSs (ug/L)
Naphthalene 12,000 12,000 7,500 38% 7,400 38% 7,700 36% 6,800 43% 4,400 63% 6,400 47% 7,000 42% 7,900 34%
2—Methyl naphthalene 1100 1,200 840 30% 890 26% 820 32% 780 35% 460 62% 740 38% 860 28% 770 36%
Acenaphthylene 11 12 9.5 21% 9.1 24% 8.5 29% 7.3 39% 3.6 70% 71 41% 8.6 28% 8.7 28%
Acenaphthene 460 540 420 22% 430 20% 380 30% 400 26% 260 52% 380 30% 420 22% 380 30%
Dibenzofuran 280 320 270 16% 270 16% 240 25% 230 28% 98 69% 210 34% 260 19% 240 25%
Fluorene 250 300 240 20% 240 20% 210 30% 210 30% 92 69% 180 40% 230 23% 210 30%
Phenanthrene 240 360 240 33% 250 31% 210 42% 210 42% 15 96% 210 42% 240 33% 220 39%
Anthracene 25 51 35 31% 33 35% 29 43% 30 41% 12 76% 30 41% 31 39% 30 41%
Fluoranthene 22 73 22 70% 20 73% 19 74% 22 70% 6.6 91% 20 73% 19 74% 20 73%
Pyrene 11 42 11 74% 10 76% 9.1 78% 11 74% 0.3 99% 10 76% 9.2 78% 9.3 78%
Benz(a)anthracene 0.43 7.9 0.42 95% 0.57 93% 0.36 95% 0.47 94% 0.23 97% 0.4 95% 0.32 96% 0.35 96%
Chrysene 0.41 71 0.4 94% 0.28 96% 0.31 96% 0.38 95% 0.026 J > 99% 0.35 95% 0.32 95% 0.34 95%
Benzo(b)fluoranthene <0.2 3.3 <0.20 > 94% 0.046 J > 99% 0.037J > 99% 0.062 J > 98% <0.20 > 94% 0.03J > 99% <0.20 > 94% 0.03J > 99%
Benzo(k)fluoranthene <0.2 1 <0.20 > 80% <0.20 > 80% <0.20 > 80% 0.037J > 96% <0.20 > 80% <0.20 > 80% <0.20 > 80% <0.20 > 80%
Indeno(1,2,3-cd)pyrene <0.2 0.38 <0.20 > 47% <0.20 > 47% <0.20 > 47% 0.031J > 92% <0.20 > 47% <0.20 >47% <0.20 >47% <0.20 >47%
TPH (ug/L)
DRO' 26,000 26,000 19,000 27% 20,000 23% 20,000 23% 18,000 31% 11,000 58% 17,000 35% 19,000 27% 20,000 23%
RRO' <530 < 560 <550 - 570 - 610 - <500 - <500 - <500 - 510 - 660 -
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Table 3-7 (Cont.)
Preliminary ISS Evaluations
TCLP and SPLP Results

Testing Parameter

Untreated TP-02 2.0-6.5
Homogenized

Treated Mixes with Percent Reduction in Contaminants Compared to Untreated TP-02 sample (2.0-6.5, homogenized)

TCLP SPLP 0397-023 (SPLP) 0397-024 (SPLP) 0397-025 (SPLP) 0397-28 (TCLP) 0397-28 (SPLP)
PAHSs (ug/L)
Naphthalene 12,000 12,000 7,300 39% 6,500 46% 9,400 22% 5100 58% 5400 55%
2—Methyl naphthalene 1100 1,200 760 37% 860 28% 800 33% 750 32% 790 34%
Acenaphthylene 11 12 8.7 28% 7.2 40% 8.1 33% 8.4 24% 9 25%
Acenaphthene 460 540 390 28% 400 26% 380 30% 420 9% 440 19%
Dibenzofuran 280 320 220 31% 250 22% 240 25% 260 7% 290 9%
Fluorene 250 300 190 37% 220 27% 210 30% 230 8% 250 17%
Phenanthrene 240 360 210 42% 220 39% 210 42% 260 -8% 270 25%
Anthracene 25 51 34 33% 28 45% 31 39% 31 -24% 36 29%
Fluoranthene 22 73 23 68% 22 70% 18 75% 22 0% 24 67%
Pyrene 11 42 11 74% 11 74% 8.2 80% 13 -18% 13 69%
Benz(a)anthracene 0.43 7.9 0.41 95% 0.41 95% 0.29 96% 0.58 -35% 0.71 91%
Chrysene 0.41 71 0.4 94% 0.4 94% 0.29 96% 0.48 “17% 0.46 94%
Benzo(b)fluoranthene <0.2 3.3 0.034 J > 99% 0.044 J > 99% 0.024 J > 99% 0.063 J - 0.049 J 99%
Benzo(k)fluoranthene <0.2 1 <0.20 > 80% <0.20 > 80% <0.20 > 80% 0.034 J - 0.028 J 97%
Indeno(1,2,3-cd)pyrene <0.2 0.38 <0.20 > 47% <0.20 > 47% <0.20 > 47% 0.22 - 0.21 45%
TPH (ug/L)
DRO' 26,000 26,000 18,000 31% 18,000 31% 23,000 12% 15,000 42% 17,000 35%
RRO' <530 < 560 540 - < 500 - 580 - < 540 - 920 -
Notes:

Values represented as “<” (less than) indicate that the compound was not detected at a concentration above the listed detection limit. The “J” qualifier indicates that the compound was detected at the
estimated concentration which was between the analytical reporting limit and the method detection limit. A “>” (greater than) indicates that the value was calculated using a detection limit (or a value

less than the analytical reporting limit) rather than a known compound concentration because the compound was not detected or was detected below the analytical reporting limit.

'—TPH cleanup levels are based on the MTCA Method A industrial cleanup standards.

NE - not established

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.
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Table 3-8
Preliminary ISS Evaluations
Hydraulic Conductivity Results

Hydraulic Conductivity (k)
Kemron Untreated Reagent Water Cure (cm/sec)
Sample Material Reagent Addition % by [ Addition % by| Days Moisture Bulk Dry Hyd. Cond.
No. Type Type Reagent ID wet soil wt. Reagent wt. Content (%)| Density (Ib/ft?) | Density (Ib/ft®)[ (cm/sec)
0397-010 TP-02 Portland Cement 842 - - 12.5 50 69 25.2 123.9 98.9 7.1E-07
*0397-016 ** TP-02 NewCem Slag Cement / Bentonite / Organoclay SS 199 | 920 | 807 | 922 | 125/2/0.5 150 67 39.3 110.2 79.1 3.2E-08
*0397-017 TP-02 NewCem Slag Cement / Bentonite / Organoclay SS 199 [ 920 [ 807 [ 922 125/2/2 150 67 42.6 105.4 73.9 3.0E-08
*0397-019 TP-02 Portland Cement / Bentonite / Organoclay SS 199 842 | 807 | 922 10/2/0.5 150 67 40.2 108.9 77.7 7.4E-07
*0397-024 TP-02 50:50 TerraCem / Bentonite / Organoclay SS 199 916 | 807 | 922 15/2/0.5 135 67 38.7 106.6 76.9 3.0E-07
Notes:

* Mixes 016, 017, 019, and 024 were subjected to an initial bentonite slurry where water was added to bentonite and allowed to hydrate under continuous stirring overnight. The additional
reagents were added the next day to the hydrated bentonite with the water additions to make a pumpable slurry.

** Preliminary Data

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.

Table 3-8 - Hydraulic Conductivity.xlsx URS CORPORATION



Table 3-9
Optimization ISS Evaluations
5-Day ANS 16.1 Results

Mix 16
MTCA Cleanup Levels, Sample 0397-016
Groundwater (ug/L) 5-Day

Testing Parameter Method B | Method C Results (ug/L) | MRL | MDL
TPH
Diesel Range Organics (DRO) 500" 500" 500 Z 260 -
Residual Range Organics (RRO) 500" 500" <520 520 -
PAHs
Naphthalene 160 350 100 D 1,800 370
2-Methylnaphthalene 32 70 780 D 89.0 11.0
Acenaphthylene NE NE 0.13 4.50 0.490
Acenaphthene 960 2,100 10D 89.0 9.40
Dibenzofuran 16 35 6.7 D 89.0 11.0
Fluorene 640 1,400 6.8D 89.0 11.0
Phenanthrene NE NE 17D 89.0 19.0
Anthracene 4,800 10,500 1.7 4.50 0.380
Fluoranthene 640 1,400 4D 89.0 12.0
Pyrene 480 1,050 1.7 4.50 1.10
Benz(a)anthracene 0.12 1.2 0.1 4.50 0.450
Chrysene 12 120 0.1 4.50 0.850
Benzo(b)fluoranthene 0.12 1.2 0.013 4.50 0.330
Benzo(k)fluoranthene 1.2 12 0.004 J 4.50 0.540
Benzo(a)pyrene 0.012 0.12 0.0062 4.50 0.540
Indeno(1,2,3-cd)pyrene 0.12 1.2 0.0015 J 4.50 0.580
Dibenz(a,h)anthracene 0.012 0.12 0.00086 J 4.50 0.590
Benzo(g,h,i)perylene NE NE 0.0019 J 4.50 0.470
Notes:

' TPH cleanup levels are based on the MTCA Method A cleanup standards.

Bolded values meet or exceed MTCA Method C (PAHs) or MTCA Method A (TPH) groundwater cleanup levels.
MRL - Method Reporting Limit

MDL - Method Detection Limit

PAHs - polynuclear aromatic hydrocarbons

TPH - total petroleum hydrocarbons

pg/L - micrograms per liter

D - The reported result is from a dilution.

J - The result is an estimated value.

Z - The chromatographic fingerprint does not resemble a petroleum product.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation,
Seattle, WA, September 26, 2012.
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Table 3-10
Optimization ISS Evaluations
Complete ANS 16.1 Results

Mix 17
MTCA Cleanup Levels, Sample 0397-017
Groundwater (ug/L) 2-Hour 7-Hour 24-Hour 2-Day 3-Day 4-Day 5-Day
resting Parameter Method B | Method C R(Ezlflit)s MRL MDL R(Ezlflit)s MRL | MDL R(Ezlflit)s MRL MDL R(EZ‘/JISS MRL | MDL R(EZ‘/JISS MRL | MDL R(ﬁzll‘it)s MRL | MDL R(EZ‘/JLH)S MRL | mDL

TPH
Diesel Range Organics (DRO) 500 ' 500 ' ND 260 ND 300 500 Z 290 550z | 280 12 600 Z 280 12 660z | 270 | 12.00 | 420z | 280
Residual Range Organics (RRO) 500 ' 500 ' ND 520 ND 600 ND 570 754 550 21 534 550 21 55J | 530 | 2000 [ ND | 560
PAHs
Naphthalene 160 350 7D | 0036 | 00074 | 23D | 0.068 | 0.015 84D 0180 | 0037 | 110D | 044 | 0065 | 150D | 046 | 0069 | 140D | 042 | 0.062 | 68D | 043 | 0.064
2-Methylnaphthalene 32 70 0.890 | 0.0036 | 0.00042 | 34D | 0.068 | 0.008 11D 0.180 | 0.021 13D 044 | 0050 | 19D 046 | 0053 | 19D | 042 | 0.048 | 89 |0.022]0.0025
Acenaphthylene NE NE 0.040 | 0.0036 | 0.00039 | 0.057 | 0.0034 | 0.00037| 0130 | 0.004 | 000039 | 019 | 0022 | 00037 | 023 | 0023 | 00039 | 022 |o0021| 00036 | 013 |0.022]| 0.0037
Acenaphthene 960 2,100 1.200 | 0.0036 | 0.00038 | 31D | 0.068 | 0.0072 | 89D 0.180 | 0.019 11D 044 | 0095 | 15D 046 | 0.10 14D | 042 | 0.091 83 |0.022 | 0.0047
Dibenzofuran 16 35 0.840 0.0036 | 0.00044 1.7 0.0034 | 0.00042 54D 0.180 0.022 6.3 0.022 | 0.0050 8.0 0.023 0.0053 7.7 0.021 | 0.0048 5D 0.43 0.098
Fluorene 640 1,400 0.670 0.0036 | 0.00044 1.3 0.0034 | 0.00042 34D 0.180 0.022 4.6 0.022 | 0.0041 55 0.023 0.0044 5.0 0.021 | 0.0040 3.5 0.022 | 0.0041
Phenanthrene NE NE 420D | 0036 | 00075 | 45D | 0068 | 0015 | 9.0D 0.180 | 0.038 11D 044 | 0.11 13D 046 | 0.12 12D | 0420 | 0.11 10 | 0.022 | 0.0054
Anthracene 4,800 10,500 | 0.590 | 0.0036 | 0.0003 | 0.540 | 0.0034 [0.00029 | 1.1 0.0036 | 0.0003 1.2 0022 | 0.0039 | 1.4 0023 | 00041 | 12 [o0021]00038| 030 [o0.022] 0.0039
Fluoranthene 640 1,400 | 240D | 0.036 | 0.0048 11 | 0.0034 |0.00046 | 1.7 0.0036 | 0.00048 | 2.0 0022 | 0.0048 | 2.2 0023 | 00050 | 20 |[0021]00046| 21 |0.022] 00047
Pyrene 480 1,050 1.300 | 0.0036 | 0.00081 | 0.690 | 0.0034 |0.00078 | 1.1 0.0036 | 0.00081 1.3 0022 | 00038 | 1.3 0023 | 00040 | 13 [0021]00037| 1.1 [o0.022] 00038
Benz(a)anthracene 0.12 1.2 0.390 | 0.0036 | 0.00036 | 0.120 | 0.0034 | 0.00034 | 0.140 | 0.0036 | 0.00036 | 0.092 | 0.022 | 0.0028 | 0.091 | 0.023 | 0.0030 | 0.079 |o0.021| 00027 | 012 [0.022] 0.0028
Chrysene 12 120 0.360 | 0.0036 | 0.00068 | 0.120 | 0.0034 | 0.00065| 0.120 | 0.0036 | 0.00068 | 0.052 | 0.022 | 0.0037 | 0.058 | 0.023 | 0.0039 | 0.056 | 0.021 | 0.0036 | 0.092 |[0.022 | 0.0037
Benzo(b)fluoranthene 0.12 1.2 0.200 | 0.0036 | 0.00026 | 0.055 | 0.0034 |0.00025| 0.052 | 0.0036 | 0.00026 | 0.0144 | 0.022 [ 0.0025 | 0.014J | 0.023 | 0.0027 | 0.015J | 0.021 | 0.0024 | 0.04X | 0.022 | 0.0025
Benzo(k)fluoranthene 1.2 12 0.078 | 0.0036 | 0.00043 | 0.019 | 0.0034 | 0.00041 0 0.0036 | 0.00043 | 0.006J | 0.022 | 0.0027 | 0.0048J | 0.023 | 0.0029 | 0.00554 | 0.021 | 0.0026 | NDX [ 0.022 | 0.0027
Benzo(a)pyrene 0.012 0.12 0.100 | 0.0036 | 0.00043 | 0.031 | 0.0034 | 0.00041 0 0.0036 | 0.00043 | 0.0062J | 0.022 | 0.0047 | 0.0069J | 0.023 | 0.0049 | 0.0066 J | 0.021 | 0.0045 | 0.012J | 0.022 | 0.0046
Indeno(1,2,3-cd)pyrene 0.12 1.2 0.050 | 0.0036 | 0.00046 | 0.010 | 0.0034 | 0.00044 0 0.0036 | 0.00046 | 0.0045J | 0.022 | 0.0028 | ND 0023 | 00030 | ND [ 0.021 | 00027 | 0.00884 | 0.022 | 0.0028
Dibenz(a,h)anthracene 0.012 0.12 0.021 | 0.0036 | 0.00047 | 0.0034 | 0.0034 | 0.00045 | 0.0032J | 0.0036 | 0.00047 | ND 0022 | 00027 | ND 0023 | 00020 | ND |[0021]00026| ND [o0.022] 00027
Benzo(g,h,i)perylene NE NE 0.041 | 0.0036 | 0.00038 | 0.0088 | 0.0034 | 0.00036 | 0.009 | 0.0036 | 0.00038 | 0.0066J | 0.022 | 0.0032 | ND 0023 | 00033 | ND [0.021] 00030 |0.0065J | 0.022 | 0.0031
Notes:

T TPH cleanup levels are based on the MTCA Method A cleanup standards.
Bolded values meet or exceed MTCA Method C (PAHs) or MTCA Method A (TPH) groundwater cleanup levels
MRL - Method Reporting Limit

MDL - Method Detection Limit

PAHSs - Polynuclear Aromatic Hydrocarbons

TPH - Total Petroleum Hydrocarbons

Mg/L - micrograms per liter

ND - Not Detected

D - The reported result is from a dilution.

J - estimated value

U - The analyte was analyzed for, but was not detected at or above the MRL/MDL.
X - See case narrative.

Z - The chromatographic fingerprint does not resemble a petroleum product.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.
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Table 3-11
Optimization ISS Evaluations
UCS, Hydraulic Conductivity, and Volumetric Expansion Results

Water Addition Unconfined Compressive Strength Hydraulic Conductivity (K)
Kemron Untreated Reagent Reagent Addition % by Reagent Cure Volumetric (tons/ft) (cm/sec)
Sample No. |Material Type Type Reagent ID % by Wet Soil wt. wt Days Expansion Moisture Bulk Dry ucs Moisture Bulk Dry Perm
i Content (%) Density (Ib/ft?) Density (Ib/ft*) (Ib/in?) Content (%) Density (Ib/ft*) Density (Ib/ft’) (cm/sec)
NewCem Slag Cement / 7 323 117.5 88.9 237
0397-017A TP-02 Bentonite / 920 | 807 922 12571212 150*
Organoclay SS 199 28 30.36 33.2 115.5 86.8 184.5 34.9 106.2 78.0 5.5E-07
3 48.21
NewCem Slag Cement /
0397-017DUP TP-02 Bentonite / 920 | 807 922 12.5/2/2 150 7 42.86
Organoclay SS 199
28 42.86 36.4 106.1 778 180.2
7 28.57 33.8 103.3 772 31.9
14 33.0 105.6 79.4 449
0397-026 TP-02 P;B'Zg;‘; cf"‘;’”' 842 | 807 - 812 150
entonite 28 31.25 33.2 106.8 80.2 243.3* 302 102.0 78.0 2.6E -07
56 27.55 32.7 104.2 78.5 777
7 25.80 34.1 106.1 791 68.8
14 34.1 106.1 79.2 127.7
0397-027 TP-02 PNr:w(;e(r;n S'ag‘f;mt‘*”‘." 920 | 842 | 807 6/212 150
ortiand Lement/Sentonite 28 29.64 34.6 104.9 78.0 239.8 334 106.0 79.5 3.3E-07
56 31.21 32.7 105.6 79.6 333.1
7 36.61 39.7 100.7 721 91.7
14 37.9 102.7 745 1191
NewCem Slag
0397-028 TP-02 Cement/Bentonite/Caustic 920 | 807 926 8/2/0.5 175 28 34.82 376 103.0 748 2455 38.0 102.0 741 1.9E-07
Soda
56 36.07 36.0 102.6 75.4 383.5
86 25.51 349 102.1 75.7 355.3
7 35.71 39.7 105.1 75.2 448
NewCem Slag 14 38.3 106.3 76.8 117.7
0397-029 TP-02 Cement/Bentonite/Organoclay | 920 | 807 | 922/926 8/2/0.5/0.5 175
SS 199/Caustic Soda 28 37.86
56 38.21 35.1 103.5 76.6 358.3
7 40.18 39.3 106.1 76.2 120.8
NewCem Slag 14 37.9 104.1 755 192.0
0397-030 TP-02 Cement/Bentonite/Caustic 920 | 807 926 10/2/0.5 175
Soda 28 40.80
56 40.09 35.8 100.9 743 341.1
7 40.18 38.6 106.6 76.9 1271
NewCem Slag 14 37.8 105.5 76.5 2215
0397-031 TP-02 Cement/Bentonite/OrganoClay| 920 | 807 | 922/926 10/2/0.5/0.5 175
S$S199 /Caustic Soda 28 40.45
56 42.59 35.5 104.6 772 433.9
Notes:

* For Mix 0397-017A, the mixing procedure used by CETCO was replicated. Cetco based on a 150% water addition by Slag Cement weight only. This resulted in a 113.6% water additon rate by total reagent weight
** This result was determined to be inaccurate.

- Not Tested

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.
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Optimization ISS Evaluations

Mixes 17A, 17Dup, and 28

Table 3-12

SPLP Results

Testing Parameter Unit 0397-017A 0397-017 DUP 0397-028

SPLP PAH

Naphthalene pg/L 1,800 1,700 5,400 J
Acenaphthylene pg/L 3.4 3.6 9.0J
Acenaphthene pg/L 280 250 440 J
Fluorene pg/L 99 J 94 250 J
Phenanthrene pg/L 140 140 270 J
Anthracene pg/L 17 18 36 J
Fluoranthene pg/L 16 16 24 J
Pyrene pg/L 9.3 9.4 13 J
Benz(a)anthracene pg/L 0.43 0.43 0.71J
Chrysene pg/L 0.35 0.38 0.46 J
Benzo(b)fluoranthene pg/L 0.046 J 0.045 J 0.049 J
Benzo(k)fluoranthene pg/L 0.20 U 0.20 U 0.028 J
Benzo(a)pyrene pg/L 0.20 U 0.20 U 0.21 U
Indeno(1,2,3-cd)pyrene pg/L 0.031 J 0.20 U 0.21 U
Dibenz(a,h)anthracene pg/L 0.20 U 0.20 U 0.21 U
Benzo(g,h,i)perylene pg/L 0.040 J 0.20 U 0.21 U
2-Methylnaphthalene pg/L 380 340 790 J
Dibenzofuran pg/L 97 J 95 290 J
SPLP TPH

Diesel Range Organics (DRO) Mg/l 6,700 6,900 17,000 J
Residual Range Organics (RRO) Mg/l 520 U 510 U 920 J

Notes:

PAHSs - polynuclear aromatic hydrocarbons
SPLP - synthetic precipitation leaching procedure

TPH - total petroleum hydrocarbons

ug/L - micrograms per liter
J - estimated value

U - The analyte was analyzed for, but was not detected at or above the outlined value.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation,

Seattle, WA, September 26, 2012.
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Table 3-13
Optimization ISS Evaluations
5-Day ANS 16.1 Results
Mixes 17 Dup and 26

MTCA Cleanup Levels Sample 0397-017 DUP Sample 0397-026
Groundwater (ug/L) 5-Day 5-Day
Testing Parameter Method B | Method C Results MRL MDL Results
(ug/L) (pa/L)
TPH
Diesel Range Organics (DRO) 500" 500" 500 260 - 1,300
Residual Range Organics (RRO) 500 ' 500 ' ND 550 - < 560
PAHs
Naphthalene 160 350 81D 1.5 0.31 170
2-Methylnaphthalene 32 70 15D 0.07 0.0087 0.54
Acenaphthylene NE NE 0.20 0.0037 0.00041 21
Acenaphthene 960 2,100 15D 0.074 0.0079 16
Dibenzofuran 16 35 8.2D 0.074 0.0092 44
Fluorene 640 1,400 9.3D 0.074 0.0092 57
Phenanthrene NE NE 15D 0.074 0.016 11
Anthracene 4,800 10,500 1.6 0.0037 0.00032 5.9
Fluoranthene 640 1,400 2.1 0.0037 0.0005 0.56
Pyrene 480 1,050 1.3 0.0037 0.00085 0.47
Benz(a)anthracene 0.12 1.2 0.830 0.0037 0.00037 0.085
Chrysene 12 120 0.0700 0.0037 0.00071 <0.039
Benzo(b)fluoranthene 0.12 1.2 0.0120 0.0037 0.00028 < 0.039
Benzo(k)fluoranthene 1.2 12 0.0036 J 0.0037 0.00045 <0.039
Benzo(a)pyrene 0.012 0.12 0.0055 0.0037 0.00045 < 0.039
Indeno(1,2,3-cd)pyrene 0.12 1.2 0.0086 J 0.0037 0.00048 <0.039
Dibenz(a,h)anthracene 0.012 0.12 ND 0.0037 0.00049 30
Benzo(g,h,i)perylene NE NE 0.0076 J 0.0037 0.00040 15

Notes:

- TPH cleanup levels are based on the MTCA Method A cleanup standards.

Bolded values meet or exceed MTCA Method C (PAHs) or MTCA Method A (TPH) groundwater cleanup levels.

MRL - Method Reporting Limit
MDL - Method Detection Limit
PAHSs - Polynuclear Aromatic
Hydrocarbons

TPH - Total Petroleum
Hydrocarbons

ug/L - micrograms per liter

D - The reported result is from a dilution.

J - estimated value

"<" indicates that the compound was not detected above the value presented.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle,

WA, September 26, 2012.
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Table 3-14
Optimization ISS Evaluations
Complete ANS 16.1 Results

Mix 17A
MTCA Cleanup Levels Sample 0397-017A
: Groundwater (ug/L) 2-Hour 7-Hour 24-Hour 2-Day 3-Day 4-Day 5-Day
Testing Parameter
Results Results Results Results Results Results Results

Method B | Method C (Lg/L) MDL (Lg/L) MDL (Lg/L) MDL (Lg/L) MDL (Lg/L) MRL (Lg/L) MRL (Lg/L) MRL
TPH
Diesel Range Organics (DRO) 500 ' 500 390Z 12.00 7102 12 1,600 Z 12 1,600 Z 12 1,100 Z 270 1,100 Z 270 570 Z 290
Residual Range Organics (RRO) 500" 500" 35J 21.00 33J 20 53J 21 56 J 20 ND 540 ND 540 ND 570
PAHs
Naphthalene 160 350 71D 0.15 130 D 0.15 340 D 0.29 310D 0.30 270D 0.8 310D 0.77 100 D 1.5
2-Methylnaphthalene 32 70 13D 0.0042 22D 0.0840 57D 0.1700 55D 0.1700 48D 0.8 56 D 0.77 17D 0.074
Acenaphthylene NE NE 0.16 0.00039 0.22 0.00039 0.40 0.00038 0.37 0.00039 0.57D 0.040 0.63D 0.039 0.23 0.0037
Acenaphthene 960 2,100 12D 0.0038 16D 0.0038 41D 0.150 38D 0.0076 36D 0.80 42D 0.77 16 D 0.074
Dibenzofuran 16 35 6.5D 0.0044 84D 0.0044 21D 0.0086 20D 0.0089 17D 0.040 19D 0.039 9.2D 0.074
Fluorene 640 1,400 82D 0.0044 10D 0.0044 25D 0.0086 23D 0.0089 20D 0.040 22D 0.039 11D 0.074
Phenanthrene NE NE 13D 0.0075 12D 0.0076 28 D 0.015 28 D 0.016 29D 0.80 31D 0.77 18D 0.074
Anthracene 4,800 10,500 1.7 0.0003 1.5 0.00031 43D 0.006 4.2D 0.0062 3.8D 0.040 41D 0.039 2.00 0.0037
Fluoranthene 640 1,400 27D 0.0048 1.8 0.00048 41D 0.0094 4.2D 0.0097 45D 0.040 47D 0.039 35D 0.074
Pyrene 480 1,050 1.6 0.00081 1.0 0.00082 2D 0.016 22D 0.017 26D 0.040 28D 0.039 1.7 0.0037
Benz(a)anthracene 0.12 1.2 0.13 0.00036 0.10 0.00036 0.18 0.00035 0.180 0.00036 0.15D 0.040 0.17D 0.039 0.11 0.0037
Chrysene 12 120 0.064 0.00068 0.055 0.00068 0.085 0.00067 0.080 0.00069 0.087 D 0.040 0.1D 0.039 0.088 0.0037
Benzo(b)fluoranthene 0.12 1.2 0.011 0.00026 0.019 0.00027 0.023 0.00026 0.018 0.00027 0.018 J,D 0.040 0.026 J,D 0.039 0.015 0.0037
Benzo(k)fluoranthene 1.2 12 0.0034 J 0.00043 0.0079 0.00043 0.0078 0.00042 0.0048 0.00044 0.0065 J,D 0.040 0.0083 J,D 0.039 0.0047 0.0037
Benzo(a)pyrene 0.012 0.12 0.0066 0.00043 0.013 0.00043 0.013 0.00042 0.0098 0.00044 0.0081 J,D 0.040 0.012J,D 0.039 0.008 0.0037
Indeno(1,2,3-cd)pyrene 0.12 1.2 0.00078 J 0.00046 0.0036 J 0.00046 0.003 J 0.00045 0.0017 J 0.00047 ND 0.040 ND 0.039 0.0013J 0.0037
Dibenz(a,h)anthracene 0.012 0.12 ND 0.00047 0.0011 J 0.00047 0.0012J 0.00046 0.00063 J 0.00048 ND 0.040 ND 0.039 0.00053 J 0.0037
Benzo(g,h,i)perylene NE NE 0.00068 J 0.00038 0.0029 J 0.00038 0.0026 J 0.00037 0.0014 J 0.00038 ND 0.040 ND 0.039 0.001 J 0.0037

Notes:

' TPH cleanup levels are based on the MTCA Method A cleanup standards.
Bolded values meet or exceed MTCA Method C (PAHs) or MTCA Method A (TPH) groundwater cleanup levels.

MDL - Method Detection Limit
MRL - Method Reporting Limit

PAHSs - polynuclear aromatic hydrocarbons

TPH - total petroleum hydrocarbons

Mg/L - micrograms per liter
ND - not detected

D - The reported result is from a dilution.

J - estimated value

Z - The chromatographic fingerprint does not resemble a petroleum product.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.
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Table 3-15
Optimization ISS Evaluations
Complete ANS 16.1 Results

Mix 28
MTCA Cleanup Levels Sample 0397-028
Groundwater (pg/L) 2-Hour 7-Hour 24-Hour 2-Day 3-Day 4-Day 5-Day
. Results Results Results Results Results Results Results

Testing Parameter Method B | Method C (Lg/L) MDL (Lg/L) MDL (ug/L) MDL (ug/L) MDL (ug/L) MRL (ug/L) MRL (Lg/L) MRL
TPH
Diesel Range Organics (DRO) 500 " 500 520 Z 270 570 Z 280 930 Z 250 9107 280 920 Z 310 1,000 Z 310 860 Z 290
Residual Range Organics (RRO) 500 " 500 ' ND 540 ND 550 ND 500 ND 550 ND 610 ND 610 ND 580
PAHs
Naphthalene 160 350 30D 0.015 64 D 0.071 170 D 0.079 120 D 0.071 140 D 0.071 120 D 0.071 100 D 0.071
2-Methylnaphthalene 32 70 61D 0.008 12D 0.0400 34D 0.0440 23D 0.0400 29D 0.04 26D 0.04 22D 0.04
Acenaphthylene NE NE 0.12 0.00037 0.19 0.00037 0.41 0.00041 0.30 0.00037 0.44D 0.0037 0.390 D 0.0037 0.34D 0.0037
Acenaphthene 960 2,100 6.0D 0.0072 11D 0.036 29D 0.040 20D 0.036 24D 0.0360 19D 0.0360 17D 0.0360
Dibenzofuran 16 35 41D 0.0084 6.6 D 0.042 19D 0.047 14 D 0.042 14 D 0.0042 12D 0.0042 11D 0.0042
Fluorene 640 1,400 46D 0.0084 8.3D 0.042 22D 0.047 16 D 0.042 16 D 0.0042 14D 0.0042 13D 0.0042
Phenanthrene NE NE 72D 0.015 13D 0.072 42D 0.08 35D 0.072 41D 0.072 35D 0.072 31D 0.072
Anthracene 4,800 10,500 0.980 D 0.00029 1.4 0.00029 56D 0.032 54D 0.029 53D 0.0029 4.7D 0.0029 44D 0.0029
Fluoranthene 640 1,400 1.0 0.00046 1.7 0.00046 69D 0.051 7.0D 0.046 8.2D 0.0046 73D 0.0046 7.7D 0.0046
Pyrene 480 1,050 0.660 0.00078 1.1 0.00078 43D 0.086 43D 0.078 48D 0.0078 42D 0.0078 45D 0.0078
Benz(a)anthracene 0.12 1.2 0.094 0.00034 0.12 0.00034 0.33 0.00038 0.350 0.00034 0.390 D 0.0034 0.330 D 0.0034 0.380 D 0.0034
Chrysene 12 120 0.071 0.00027 0.100 0.00027 0.270 0.000372 0.270 0.00027 0.390 D 0.0065 0.320 D 0.0065 0.380 D 0.0065
Benzo(b)fluoranthene 0.12 1.2 0.027 0.00025 0.030 0.00025 0.068 0.00028 0.052 0.00025 0.0065 D 0.0025 0.048 D 0.0025 0.058 D 0.0025
Benzo(k)fluoranthene 1.2 12 0.012 0.00041 0.0110 0.00041 0.0230 0.00046 0.0160 0.00041 0.0026 JD 0.0041 0.022 JD 0.0041 0.025 JD 0.0041
Benzo(a)pyrene 0.012 0.12 0.019 0.00041 0.017 0.00041 0.034 0.00046 0.0240 0.00041 0.0034 D 0.0041 0.023 JD 0.0041 0.029 JD 0.0041
Indeno(1,2,3-cd)pyrene 0.12 1.2 0.0057 0.00044 0.0045 0.00044 0.0095 0.00049 0.0047 0.00044 0.0020 JD 0.0044 0.0096 JD 0.0044 0.0081 JD 0.0044
Dibenz(a,h)anthracene 0.012 0.12 0.0015J 0.00045 0.0013J 0.00045 0.0025 J 0.0005 0.0012J 0.00045 0.0011 JD 0.0045 0.0059 JD 0.0045 ND 0.0045
Benzo(g,h,i)perylene NE NE 0.0052 0.00036 0.0041 0.00036 0.0074 0.0004 0.0032 J 0.00036 0.0023 JD 0.0036 0.0097JD 0.0036 0.0088 JD 0.0036

Notes:

- TPH cleanup levels are based on the MTCA Method A cleanup standards.

Bolded values meet or exceed MTCA Method C (PAHs) or MTCA Method A (TPH) groundwater cleanup levels.

MDL - Method Detection Limit
MRL - Method Reporting Limit

PAHSs - polynuclear aromatic hydrocarbons

TPH - total petroleum hydrocarbons
pg/L - micrograms per liter
ND - not detected

D - The reported result is from a dilution.

J - estimated value

Z - The chromatographic fingerprint does not resemble a petroleum product.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for URS Corporation, Seattle, WA, September 26, 2012.
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Table 3-16
Optimization ISS Evaluations
Other Analytical Results

Mix 28
0397-028
Testina Parameter WIPE Results Total Results | TCLP Results | SPLP Results
9 (Hg/Wipe) (mglkg) (Mg/L) (na/L)
PAHs
Naphthalene 0.48 J 150,000 J 5,100 J 5,400 J
Acenaphthylene 0.010 1,300 J 8.4J 9.0J
Acenaphthene 0.26 J 91,000 J 420 J 440 J
Fluorene 0.28 86,000 J 230 J 250 J
Phenanthrene 1.1 250,000 J 260 J 270 J
Anthracene 0.21 48,000 J 31J 36 J
Fluoranthene 0.62 110,000 J 22 J 24 J
Pyrene 0.44 74,000 J 13J 13J
Benz(a)anthracene 0.13 17,000 J 0.58 J 0.71J
Chrysene 0.12 19,000 J 0.48 J 0.46 J
Benzo(b)fluoranthene 0.085 9,600 J 0.063 J 0.049 J
Benzo(k)fluoranthene 0.033 3,600 J 0.034 J 0.028 J
Benzo(a)pyrene 0.090 J 6,100 J 0.22 U 0.21 U
Indeno(1,2,3-cd)pyrene 0.024 2,000 J 0.22 U 0.21 U
Dibenz(a,h)anthracene 0.0065 510 J 0.22 U 0.21 U
Benzo(g,h,i)perylene 0.022 1,600 J 0.22 U 0.21 U
2-Methylnaphthalene 0.18 J 84,000 J 750 J 790 J
Dibenzofuran 0.20 67,000 J 260 J 290 J
TPHs
Diesel Range Organics
(DRO) 500 U 4,300 J 15,000 J 17,000 J
Residual Range Organics
(RRO) 560 J 1,000 J 540 U 920 J
Notes:

PAHSs - Polynuclear Aromatic Hydrocarbons

SPLP - Synthetic Precipitation Leaching Procedure
TCLP - Toxicity Characteristic Leaching Procedure
TPH - Total Petroleum Hydrocarbons

Mg/L - micrograms per liter
J - estimated value

U - The analyte was analyzed for, but was not detected at or above the outlined value.

Source: Kemron Environmental Services, Longview Site Treatability Study Final Report, Prepared for
URS Corporation, Seattle, WA, September 26, 2012.
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Table 4-1

ISTR Study Test Questions, Methods, and Goals

Test Question

Test Method

Test Goal

1. Will DRO and PAHs transition off the soil
matrix during heating?

Heating and visual observations

Evaluate the effectiveness of bubble flotation
and MPE

2. If so, will a LNAPL or a DNAPL be
produced?

Heating and visual observations

Evaluate design options for contaminant
extraction

3. How much DRO and PAH can be boiled off
the soil matrix?

Chemical analysis before and after heating

Evaluate the effectiveness of steam stripping
during ISTR

4. Will recovered liquids and vapors solidify
upon cooling?

Heating, extraction, and visual
observations

Evaluate options for system materials and
construction

5. Is site NAPL primarily lighter or denser than
water?

Heating and visual observations

Evaluate the effectiveness of MPE and bubble
flotation

6. Does the density of site NAPL change upon
heating?

Heating and visual observations

Evaluate the effectiveness of MPE and bubble
flotation

Source: Global Remediation Solutions, LLC Letter Report: ISTR Bench Scale Study - Creosote Site in Washington State. Prepared for
URS Corporation, Seattle, WA, September 14, 2012.
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Table 4-2

ISTR Baseline Soil Concentrations

Analyte Unit Impacted Soil? Highly-Impacted Soil® |Highly-Impacted SPLP*| Expected Cleanup

Concentration Concentration Concentration Target1

DRO mg/kg 1,310 862 5.9 2,000

Benzo(a)pyrene pg/kg 4,423 4,625 1.9 2,300

Naphthalene pa’kg 2,810 800 0.52 9,700

Total PAHs pg/kg 113,036 137,295 NA NA

TTEC® ug/kg 6,005 6,547 209 2,300

Notes:

1

groundwater except for DRO which is protective of direct contact.

2_ Average of three sample results BL1, BL2, and BL3.

3 _ Average of three sample results BL4 and BL5.

4

5

DRO - diesel-range organics

NA — not applicable-

PAHSs - polynuclear aromatic hydrocarbons

mg/kg — milligrams per kilogram

pg/kg — micrograms per kilogram

Source:

- Total Toxicity Equivalent Concentration (TTEC) based on benzo(a)pyrene.

- Based upon Washington State Department of Ecology (Ecology) requirements to be protective of

— SPLP concentrations are from sample BL4 and are shown in pg/L, except for DRO which is in mg/L.

Global Remediation Solutions, LLC Letter Report: ISTR Bench Scale Study - Creosote Site in Washington State. Prepared for URS
Corporation, Seattle, WA, September 14, 2012.
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Table 4-3
ISTR Dry Heating Test Results — Impacted Soil

Analvie Unit Baseline (Avg)y 5 Days * 5 Days* 15 Days 15 Days® 25 Days 25-Days®
nalyte ni

Y Concentration Concentration (% Reduction) Concentration (% Reduction) Concentration (% Reduction)
|DRO mg/kg 1,310 338 74.2% 317 75.8% 237 81.9%
IBenzo(a)pyrene pg/kg 4,423 4,025 9.0% 2,620 40.8% 3,460 21.8%
INaphthaIene pg/kg 2,810 383 86.4% 246 91.2% 375 86.7%
Total PAHs pg/kg 113,036 50,578 55.3% 56,032 50.4% 45,535 59.7%
Notes:

T Analytical Methods: Diesel = NWTPH-Dx; PAHs = SW8270D.

2. Average of three sample results: BL1, BL2, and BL3 for impacted soil.

3. Average results from cells C7 and C12.

DRO - diesel-range organics

PAHSs - polynuclear aromatic hydrocarbons

mg/kg — milligrams per kilogram

ug/kg — micrograms per kilogram

Source: Global Remediation Solutions, LLC Letter Report: ISTR Bench Scale Study - Creosote Site in Washington State. Prepared for URS Corporation, Seattle, WA,
September 14, 2012.
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Table 4-4

ISTR Dry Heating Test Results — Highly-Impacted Soil

] Baseline 5 Days 5 Days 15 Days 15 Days
Analyte* Unit o, . . . .
Concentration Concentration (% Reduction) Concentration (% Reduction)
Diesel mg/kg 1,030 371 64.0% 418 59.4%
Benzo(a)pyrene pa’kg 4,990 3,160 36.7% 2,470 50.5%
Naphthalene pg’kg 807 257 68.2% 127 84.3%
Total PAHs pg/kg 169,337 98,907 41.6% 99,170 41.4%
Notes:

' - Analytical Methods: Diesel = NWTPH-DX; PAHs = SW8270D.

2 _ Results from the analysis of sample BL4 for highly-impacted soil.

DRO - diesel-range organics

PAHSs - polynuclear aromatic hydrocarbons

mg/kg — milligrams per kilogram

pg/kg — micrograms per kilogram

Source: Global Remediation Solutions, LLC Letter Report: ISTR Bench Scale Study - Creosote Site in Washington State. Prepared for URS
Corporation, Seattle, WA, September 14, 2012.
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Table 4-5

ISTR Steaming Test Results — Highly-Impacted Soil

] Baseline 5 Days 5 Days 15 Days 15 Days
Analyte* Unit o, . . . .
Concentration Concentration (% Reduction) Concentration (% Reduction)
DRO mg/kg 693 384 44.6% 190 72.6%
Benzo(a)pyrene pa’kg 4,260 2,180 48.8% 2,890 32.2%
Naphthalene pg’kg 793 61 92.3% 48 93.9%
Total PAHs pg/kg 105,253 58,394 44.5% 56,342 46.5%
Notes:

' - Analytical Methods: Diesel = NWTPH-DX; PAHs = SW8270D.

2 _ Results from the analysis of sample BL5 for highly impacted soil.

DRO - diesel-range organics
PAHSs - polynuclear aromatic hydrocarbons
mg/kg — milligrams per kilogram

pg/kg — micrograms per kilogram

Source: Global Remediation Solutions, LLC Letter Report: ISTR Bench Scale Study - Creosote Site in Washington State. Prepared for
URS Corporation, Seattle, WA, September 14, 2012.
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» Tier 1
* Physical tests UCS, and Hydraulic Conductivity using
candidate reagents, narrow the range of reagents.

» Tier 2
* Testing the selected reagents and combination of reagents
and additives (if used) to assess contaminant immobilization.

» Tier 3

* Optimizing the reagents and additives to minimize the
quantity required to meet the performance criteria.

» Tier 4

* Scale-up considerations, development of QC parameters,
baseline consistency tests, and performance criteria
acceptance limits.

Source: Slide 53 from ITRC Training Class Presentation of Solidification/Stabilization. Prepared by Interstate Technology & Regulatory Council Solidification/Stabilization Team, July
2011.

Figure 3-1. ITRC Bench-Scale Testing Tiered Testing Approach



Figure 3-2
ISS TREATABILITY STUDY APPROACH

Process Flow Diagram

33763156_02.indd

Figure 3-3
PHYSICAL PROPERTIES CHARACTERIZATION & ISS REAGENT SELECTION
Process Flow Diagram

Figure 3-4
PRELIMINARY ISS EVALUATION
Process Flow Diagram
Screening of Initial 25 Test Mixes (Mix 1 to Mix 25)

Review Preliminary Results and Compare to
Strength, Leachability, and Hydraulic Conductivity Goals

Figure 3-5
OPTIMIZATION ISS EVALUATION
Process Flow Diagram
Mix 17 (NewCem Slag Cement / Bentonite/ Organoclay SS 199, 12.5/2/2)

Review Optimization Results and Compare to
Strength, Leachability, and Hydraulic Conductivity Goals




Figure 3-3
PHYSICAL PROPERTIES CHARACTERIZATION & ISS REAGENT SELECTION

Process Flow Diagram
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Figure 3-4
PRELIMINARY ISS EVALUATION
Process Flow Diagram
Screening of Initial 25 Test Mixes (Mix 1 to Mix 25)
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Figure 3-5
OPTIMIZATION ISS EVALUATION

Process Flow Diagram
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Mix 17 (NewCem Slag Cement / Bentonite/ Organoclay SS 199, 12.5/2/2)
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Figure 3-6
OPTIMIZATION ISS EVALUATION
Process Flow Diagram
Additional Mixes (Mix 26 to Mix 31)
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Percentage Reduction from Baseline SPLP Data

Figure 3-7
Preliminary Leachability Evaluation
after 8 to 9 Day Cure Time - SPLP Results
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UCS Strength (PSI)

Figure 3-8
Unconfined Compressive Strength vs Cure Time
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Notes:
1. Typical PCC (ordinary concrete) mix has 443.7
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Percentage Reduction from Baseline SPLP Data

Figure 3-9
Percentage Reduction in DRO and Naphthalene - SPLP Results
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Figure 3-10
5-Day ANS 16.1 DRO and Naphthalene Concentrations
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Figure 3-11
Mix 17A ANS 16.1 Results
DRO and Naphthalene Concentrations vs Sample Time
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Figure 3-12
Mix 17 ANS 16.1 Results
DRO and Naphthalene Concentrations vs Sample Time
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Figure 3-13
Mix 28 ANS 16.1 Results
DRO and Naphthalene Concentrations vs Sample Time
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Figure 4-1
ISTR TREATABILITY STUDY SITE SOIL CHARACTERIZATION

Process Flow Diagram
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Figure 4-2
ISTR TREATABILITY STUDY APPROACH
Process Flow Diagram
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