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1 INTRODUCTION

This removal action area characterization (RAAC) report was prepared for the engineering
evaluation/cost analysis (EE/CA) non-time-critical removal action (NTCRA) for the Arkema Inc.
(Arkema) facility in Portland, Oregon (site). The RAAC report is required by the
Administrative Order on Consent (AOC) Statement of Work (SOW) between U.S.
Environmental Protection Agency (EPA) and Arkema, effective June 27, 2005 (Docket No.
CERCLA 10-2005-0191). The report content is pursuant to the AOC SOW; the May 23, 2008,
Final Decision on Disputes from Dan Opalski, Director, Office of Environmental Cleanup (2008
Opalski Decision; USEPA 2008; Appendix A); subsequent written comments and responses
between EPA and Legacy Site Services LLC (LSS), agent for Arkema; and the August 31, 2011
Final Decision on Disputes from Dan Opalski (2011 Opalski Decision; Opalski 2011). The
EE/CA field investigation was conducted in accordance with the Final EE/CA Work Plan for the
site which includes the EPA/Parametrix work plan (Parametrix 2007), along with a work plan
addendum (Integral 2008) and appendices (Integral 2009) that were completed in accordance
with EPA and LSS agreements between May 2007 and May 4, 2009, and EPA findings (USEPA
2008).

A brief summary of the report purpose, project background, EE/CA characterization activities,
and agreements between EPA and LSS are provided below.

1.1 PURPOSE

The purpose of this report is to present the results of the EE/CA investigation and data analysis
completed in 2009-2010, provide an updated description and summary of the nature and extent
of site constituents of interest (COIs), complete the environmental visualization software (EVS)
analysis of the updated data set for the site, and to provide a horizontal removal action area
(RAA) boundary to be used for the EE/CA evaluation based on the 5 mg/kg DDx contour as
defined by the EVS model. In accordance with the 2011 Opalski Decision, the vertical RAA
boundary will be determined after evaluating various removal action alternatives, including the
impacts of dredging or other removal actions, to a range of concentrations vertically. The
criteria for evaluating the vertical extent will include, at a minimum, the Portland Harbor
preliminary remediation goals (PRGs), the 5 mg/kg DDx contour, and mass-to-volume
relationships for selected COIs. The removal action alternatives and proposed final RAA
boundary will be presented in the EE/CA report.

1.2 PROJECT BACKGROUND

The site is located in Portland, Oregon, on the southwest bank of the lower Willamette River
between approximate river mile 6.9 and 7.6 (Figure 1-1). The upland portion of the site
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encompasses approximately 54 acres of land. The in-water portion of the site is defined as the
land below mean high water (18.1 ft City of Portland Datum?).2 The EE/CA NTCRA is
primarily focused on the in-water portion of the site. However, elements of the EE/CA removal
action will integrate portions of the riverbank above mean high water to the top of bank to
facilitate engineering and planning for construction of potential riverbank source control
measures in those areas. The remainder of the riverbank will be addressed, as needed, with the
Oregon Department of Environmental Quality (DEQ) in accordance with the Agreed Order on
Consent dated October 31, 2008. Ultimately, the timing of and coordination between the upland
source control measure and NTCRA projects will dictate under which regulatory program
selected portions of the riverbank will be addressed.

The primary objective of the 2009 EE/CA characterization field investigation was to fill data
gaps to further refine the 5 mg/kg DDx? preliminary horizontal RAA boundary. The additional
characterization falls into two general categories, defining sediment quality characteristics and
defining sediment physical and engineering characteristics. The horizontal RAA boundary
presented in this report is based on the results of the 2009 EE/CA characterization activities,
historical studies at the site, and ultimately the EPA directed boundary deemed in the 2011
Opalski Decision. This horizontal RAA boundary will be utilized throughout the remainder of
the EE/CA evaluation process.

1.3 EE/CA CHARACTERIZATION ACTIVITIES

The 2009 EE/CA characterization activities were conducted in accordance with the Final EE/CA
Work Plan for the site (except for the deviations presented in Section 2.10). The Final EE/CA
Work Plan consists of the following components:

e The EPA/Parametrix Arkema early action EE/CA work plan (Parametrix 2007)
e The EE/CA work plan addendum (Integral 2008)
e The EE/CA work plan addendum appendices (Integral 2009).

The EE/CA characterization activities were conducted from August 18 to October 30, 2009.
Sediment samples were collected from 36 roto-sonic chemistry boreholes and 3 mud rotary
geotechnical boreholes. Representatives from EPA’s consultant, CDM, collected and analyzed
split sediment samples from selected chemistry boreholes in accordance with their Draft
Sampling and Analysis Plan for Sediment Split Sampling (CDM 2009). The sediment samples were
analyzed for a number of chemical and physical parameters in accordance with the Final EE/CA

! This elevation corresponds to 20.2 ft North American Vertical Datum of 1988 (NAVDS8).
2 The in-water portion of the site below mean low tide is leased from the Oregon Division of State Lands.
3 DDx is defined as the total of 2,4’- and 4,4’-DDD, DDE, and DDT.
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Work Plan. In addition to the sediment sampling activities, 14 cone penetration test (CPT)
boreholes were advanced and a visual surface debris survey was conducted at the site.

Several rounds of chemical analysis were conducted on sediment samples in accordance with
the Final EE/CA Work Plan and EPA/LSS agreements. An initial round of sediment samples
and associated quality control samples from the 36 chemistry boreholes were analyzed in
accordance with Table 2-3 of Appendix A of the EE/CA work plan addendum (Integral 2009).
The unvalidated results for these samples were provided to the EPA team so decisions
regarding the analysis of archived sediment samples could be made in a timely manner. The
tirst round of archived sediment samples that were analyzed were from “step-out” boreholes
based on Table 2-3 (from Appendix A of Integral 2009) and subsequent agreements between
EPA and LSS. The unvalidated results from the first round of archived samples were also
provided to EPA and an agreement was reached between EPA and LSS for the analysis of a
final round of archived sediment samples.

1.4 AGREEMENTS BETWEEN EPA AND LSS

Agreements reached between LSS and EPA following completion of the EE/CA characterization
tield work are recorded in documents presented in Appendix A. A brief chronological
description of the agreements is provided below:

e March 3,2010: EPA submitted a letter to LSS proposing a 7-step process to continue
moving forward with the project prior to completing the data validation on the initial
round of chemistry sample data (Sheldrake 2010a).

e March 11, 2010: LSS submitted a letter to EPA responding to the 7-step process for the
analysis of archived sediment samples. LSS agreed to the general process outlined by
EPA and also agreed to proactively analyze all sediment samples collected from
boreholes WB-52 and WB-55 for the standard analyte list (Slater 2010a).

e March 22,2010: EPA submitted a letter to LSS accepting LSS” March 11, 2010 response to
EPA’s 7-step process for the analysis of archived sediment samples (Sheldrake 2010b).

e July 8,2010: LSS submitted a letter to EPA proposing the final round of archived
sediment sample analyses and providing the updated EVS DDx model (Slater 2010b).

e July 29, 2010: EPA submitted a letter to LSS providing comments on LSS” proposal for
the final round of archived sediment samples (Sheldrake 2010c).

e August 3,2010: EPA and LSS representatives participated in a conference call to discuss
the five summary bullets presented at the end of EPA’s July 29, 2010 letter. The
agreements reached on the conference call were recorded in an e-mail message from
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D. Livermore (Integral Consulting Inc. [Integral]) to S. Sheldrake (EPA) on August 4,
2010 and were approved by EPA with a few conditions in an e-mail message from
S. Sheldrake to D. Livermore on August 5, 2010 (Slater 2010d, Attachment 1).

e August 30, 2010: LSS submitted a letter to EPA summarizing total chlordane and
lindane (gamma-hexachlorocyclohexane) data in sediment at the Arkema site (Slater
2010d). LSS concluded in the letter that no further chlordane or lindane analyses were
needed at the site. The letter was drafted in response to a request from EPA in their
July 29, 2010 letter.

e September 8, 2010: EPA submitted a letter to LSS responding to LSS” August 30, 2010
presentation of chlordane and lindane data in sediment at the Arkema site. EPA agreed

with LSS that sufficient data on these pesticides are available to support the Arkema
EE/CA (Sheldrake 2010d).

e TFebruary 19, 2011: EPA submitted a letter to LSS providing 9 general and 22 specific
comments on the draft RAAC report (Sheldrake 2011a).

e March 21, 2011: LSS submitted a letter to EPA providing a response to EPA’s comments
on the draft RAAC report (Slater 2011a).

e May 20, 2011: EPA submitted a response to LSS” March 21, 2011 response letter. In this
letter, EPA made 8 of the 9 general comments and 16 of the 22 specific comments
provided in the February 19, 2011 letter directed comments.

e June 3,2011: LSS submitted a letter to EPA invoking the dispute resolution process
regarding the directed general and specific comments from EPA’s May 20, 2011 letter.
(Slater 2011b).

e July 8, 2011: EPA submitted a dispute position letter to D. Opalski (Sheldrake 2011c).

e July 15, 2011: LSS submitted a reply to EPA’s July 8, 2011 dispute position letter to
D. Opalski (Slater 2011c).

e July 20, 2011: EPA submitted a response to LSS’ July 15, 2011 letter replying to EPA’s
July 8, 2011 dispute position letter (Sheldrake 2011d).

e August 31, 2011: D. Opalski provided a final decision on the disputes of June 3, 2011
(Opalski 2011).

The remainder of this report is organized as follows:

e Section 2: Field Investigation Methods — This section details the methodology for the
sediment characterization and visual surface debris survey field work.
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e Section 3: Data Summary — This section briefly presents the chemistry data, geotechnical
data, and visual surface debris survey results from the 2009 EE/CA characterization
activities.

e Section 4: Nature and Extent of Constituents of Interest — This section presents the
nature and extent of COIs within the preliminary RAA boundary. Based on an analysis
of this information, the horizontal RAA boundary is provided.

e Section 5: Summary — This section summarizes the key findings presented in this report.

e Section 6: References — References cited in this document.
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2  FIELD INVESTIGATION METHODS

This section of the report summarizes the chronology and describes the methods used for the
2009 EE/CA characterization fieldwork. A description of deviations from the Final EE/CA Work
Plan is provided in Section 2.10.

2.1 FIELDWORK CHRONOLOGY

The EE/CA characterization fieldwork was conducted in five phases:

August 18-October 1, 2009 — Advanced 36 roto-sonic sediment chemistry boreholes
e  QOctober 12-20, 2009 — Advanced 14 CPT boreholes

e October 16-19, 2009 — Advanced 3 mud rotary boreholes

e October 23-27, 2009 — Conducted an in-water visual surface debris survey

e October 28-30, 2009 — Conducted a riverbank visual surface debris survey.

In support of the EE/CA characterization fieldwork listed above, two support cables on Dock 2
and a support cable between Docks 1 and 2 were disconnected by Boart Longyear and
Diversified Marine, Inc. (Diversified Marine) personnel on August 14, 2009, to allow for access
around the docks. The cables were reconnected by Boart Longyear and Diversified Marine
personnel on October 26, 2009, after the drilling work was completed.

2.2 UTILITY CLEARANCE AND NOTIFICATIONS

Prior to commencing field activities, a utility survey was conducted to identify known utilities
within the study area. LSS representatives were contacted regarding the location of the private
utilities in the study area, including stormwater outfalls and other utilities associated with
former plant operations. The Oregon Utility Notification Center (1-800-332-2344) was contacted
to locate public utilities in the study area. No public utilities were identified within the study
area. The active outfalls (Outfalls 001 through 004) and several historical outfalls were
identified by LSS representatives and the presence and location of the outfalls was discussed
with the field crew.

The portion of the site below mean low tide is leased from the Oregon Division of State Lands
(DSL). The work on DSL property was conducted in accordance with State Access Agreement
No. 35068-L1. Representatives from DSL were notified of the schedule and scope of work
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verbally on July 16, 2009, and in a letter from Integral to DSL dated August 3, 2009 (Livermore
2009, pers. comm.).

The U.S. Coast Guard was notified of the in-water work schedule and vessel information by
Integral representatives on August 12, 2009, and at the U.S. Coast Guard’s request, they were
notified by Integral representatives each day work was to be conducted in the navigation
channel.

2.3 POSITIONING AND NAVIGATION

Drilling of roto-sonic, mud rotary, and CPT boreholes in river sediments was accomplished by
drilling from a barge platform. The barge was guided to each borehole location using a
differential global positioning system (DGPS) unit with an accuracy of approximately 34 ft
using real-time differential corrections. The drilling location on the barge (i.e., moon pool) was
positioned within 20 ft of the coordinates presented in Appendix A of the EE/CA work plan
addendum (Integral 2009) for each borehole, with a few exceptions that were approved by EPA
(see Section 2.10 below).

Once the barge was secured with the spud anchoring system, the DGPS beacon was positioned
where the drilling occurred (i.e., moon pool). The horizontal location of the station was
recorded in latitude and longitude (North American Datum of 1983 [NAD 1983]) in the field
and converted to state plane coordinates (Oregon North, International Feet). The horizontal
locations were differentially corrected following completion of the field work to an accuracy of
approximately 2—- 3 feet.

Four staff gauges were attached to pilings throughout the site and surveyed to NAVDS88 by
David Evans and Associates, Inc. (DEA), an Oregon licensed professional land surveyor. The
mudline elevation at each station was calculated using the staff gauges at the site. The depth to
mudline from the river surface was measured to an accuracy of 0.1 ft using a weighted
fiberglass tape measure. The river stage elevation was estimated by reading the elevation on
one of the staff gauges that DEA installed at the site. The mudline elevation was calculated as
the river stage elevation minus the depth to mudline from the top of the river’s surface.

Selected boreholes were advanced from the riverbank. For these boreholes, the field crew
navigated to the borehole location by foot and marked the location for the drilling crew with a
wooden stake. The elevations of the boreholes advanced from the riverbank were estimated
based on land survey and bathymetric data for the site.

The differentially corrected horizontal coordinates, mudline elevation, and sediment thickness
at each borehole are presented in Table 2-1. The borehole locations are presented on Figure 2-1.
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2.4 EQUIPMENT DECONTAMINATION

All equipment was decontaminated between sample locations and prior to removing the
equipment from the site. All decontamination fluids except hexane were containerized in
properly labeled U.S. Department of Transportation (DOT)-approved 55-gallon drums. Hexane
was containerized in a separate, properly labeled 5-gallon container. Investigation-derived
waste (IDW) was managed in accordance with Section 2.5.

Decontamination activities occurred in a 4- by 8-ft decontamination pad that had a 2- by 4-in.
frame around the perimeter to contain decontamination fluids and solid materials (Photo
IMGP3554, Appendix B). The decontamination pad was lined with several layers of heavy-duty
tarp material and was surrounded on three sides (back side and both ends) with a 6-ft-tall tarp
curtain to catch spray that occurred from the decontamination activities. Water and solids were
periodically pumped or shoveled from the decontamination pad and placed into properly
labeled 55-gallon drums.

Potable water (City of Portland water) was supplied to the barge through a garden hose
attached to a water spigot on the upland portion of the site. Polyethylene tanks with potable
water were utilized when City of Portland water was not available through the garden hose.

All of the split-spoon samplers, vibracore sampler assemblies, mixing bowls and paddles, and
spoons were decontaminated using the following steps:

Potable water rinse

Liquinox™ detergent wash

Potable water rinse

Solvent rinse (if visible contamination is observed)*

AN

Laboratory-supplied deionized water rinse.

Between August 17 and 21, the drill rods, casing, and other materials that did not contact the
sediment samples were decontaminated with potable water using a hot-water pressure washer.
The water heater malfunctioned on August 21 and the drilling contractor was not able to repair
it. Beginning on August 21, the drill rods, casing, and other materials that did not contact the
sediment samples were decontaminated using the following steps:

1. Potable water rinse using the pressure washer
2. Liquinox™ detergent wash

3. Potable water rinse using the pressure washer.

4 Solvent rinse included the use of clean paper towels to remove water followed by a hexane rinse. The hexane
solvent rinse was only used if visible non-aqueous-phase liquid was observed on the sampling equipment.
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After the EE/CA characterization drilling activities were completed, the barge deck was
decontaminated using a pressure washer and a Liquinox™ detergent solution. The
decontamination fluids and debris were removed from the barge deck using a shop vacuum
and placed into a properly-labeled, DOT-approved 55-gallon drum.

2.5 INVESTIGATION-DERIVED WASTE MANAGEMENT

The IDW generated during the EE/CA characterization activities included the following:

e Sediment cuttings

Drilling mud with sediment cuttings

Decontamination water

e Hexane rinsate fluid

Personal protective equipment and miscellaneous solid waste.

The following sections briefly discuss IDW management for the EE/CA characterization
activities.

2.5.1 Sediment Cuttings and Drilling Mud

Sediment cuttings and excess or rejected sediments samples from roto-sonic drilling activities
were placed in properly labeled DOT-approved 55-gallon drums and temporarily stored on the
barge deck. Drilling mud and sediment cuttings from the mud rotary drilling activities were
also placed into properly labeled DOT-approved 55-gallon drums and temporarily stored on
the barge deck. A total of 26 drums of sediment cuttings and drilling mud were offloaded from
the barge to Dock 2 using a crane operated by Boart Longyear personnel on October 5 and 23.
The drums were transported from Dock 2 to a staging area on the upland portion of the site
using a fork lift.

Consistent with previous waste disposal activities at the site, drums with sediment cuttings and
drilling mud were profiled and properly disposed of in Waste Management’s Subtitle C
Land(fill in Arlington, Oregon.

2.5.2 Decontamination Water

Decontamination water was placed in properly labeled DOT-approved 55-gallon drums and
temporarily stored on the barge deck. The decontamination water contained small amounts of
Liquinox™ detergent, sediment, and drilling mud. A total of 40 drums of decontamination
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water were offloaded from the barge to Dock 2 using a crane operated by Boart Longyear
personnel on October 5 and 23. The drums were transported from Dock 2 to a staging area on
the upland portion of the site using a fork lift.

As previously noted, hexane was only used in the decontamination process if non-aqueous-
phase liquids were observed on the sampling equipment. A very small amount of hexane rinse
fluid (approximately 0.5 gallon) was generated during the EE/CA characterization activities and
placed in a properly labeled 5-gallon bucket with a lid for temporary storage. The majority of
the hexane rinsate fluid was deionized water that was used as a final rinse to remove residual
hexane from the sampling equipment. A sample was collected for a flash point analysis and
sent to Columbia Analytical Services (CAS) of Kelso, Washington. The sample passed the flash
point test (i.e., flashpoint was >212°F), so the hexane rinsate fluid was transferred to one of the
decontamination wastewater drums for proper disposal.

Consistent with previous waste disposal activities at the site, drums with decontamination
water were profiled and properly disposed of in Waste Management’s Subtitle C Landfill in
Arlington, Oregon.

2.5.3 Personal Protective Equipment and Miscellaneous Solid Waste

The EE/CA characterization activities generated soiled personal protective equipment and
miscellaneous solid waste. Gross contamination, if present, was removed from these items and
the items were placed in plastic garbage bags. The garbage bags were disposed of in a solid
waste dumpster on the upland portion of the site at the end of each day. Clean cardboard,
plastic bottles, and aluminum foil were placed in separate garbage bags or boxes and recycled.

2.6 HEALTH AND SAFETY MONITORING

Air monitoring in the breathing zone of sediment processing and drilling personnel was
conducted at approximately 10 minute intervals during drilling and sediment processing
activities using a photoionization detector (PID). The PID was calibrated daily using zero gas
(ambient air) and 100 parts per million (ppm) isobutylene in accordance with the
manufacturer’s recommendations.

There were no exceedances of the action level (2 ppm above background for 1 minute) specified
in the site health and safety plan (Integral 2009) during breathing zone monitoring for the
EE/CA characterization activities.
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2.7 CHEMISTRY BOREHOLE METHODS

A total of 36 chemistry boreholes were advanced as part of the EE/CA sediment investigation
from August 18 through October 1, 2009. Chemistry borehole locations, including horizontal
extent, vertical extent, and waste characterization boreholes, are shown on Figure 2-1. Borehole
logs are presented in Appendix C. One step-out chemistry borehole (WB-59) was not advanced
because it was inaccessible to the drill rig (see FCR-8 in Appendix D).

The following sections describe the drilling, sampling, and processing methods, and quality
control samples collected for the chemistry boreholes.

2.7.1 Drilling Method

The chemistry boreholes were advanced by Boart Longyear of Tualatin, Oregon, using a track-
mounted roto-sonic drill rig (Photo IMGP4773, Appendix B). A tug boat (vessel name: Crown
Z; vessel length: 45 ft) and barge (vessel name: Daniel Matheny IV; vessel size: 24 ft wide x 60 ft
long) were supplied by Boart Longyear’s subcontractor, Diversified Marine of Portland, Oregon
(Photo IMGP4294, Appendix B). A skiff equipped with an outboard motor was utilized by
Diversified Marine to move personnel and samples to and from the barge. The tug boat and
skiff were operated by a captain licensed in the State of Oregon.

The overwater boreholes were advanced through one of the two moon holes near the rear of the
barge. During advancement of the over-water boreholes, the river stage was monitored
periodically (typically every 3045 minutes) by viewing one of the four staff gauges at the site
with binoculars, and the sample intervals were adjusted based on the river stage changes. The
river stage and sample interval calculations were displayed on a white board near the drill rig
so the drilling crew could refer to them prior to collecting each sediment sample (Photo
IMGP4156, Appendix B).

A total of 6 of the 36 boreholes (WB-42, -46, -47, -52, -55, and -64) were advanced from the
riverbank (Photo IMGP4028, Appendix B). For these 6 boreholes, the track-mounted drill rig
was offloaded from the barge as close as possible to the borehole location. The roto-sonic
casing, potable water, and other equipment were offloaded from the barge and transported to
the borehole location using a skid steer. The boreholes were advanced from the riverbank
during low tide so the drill rig and ancillary equipment would be above water. Each sediment
sample was transported to the barge for processing using a skid steer.

2.7.2 Sampling Methods

Sediment samples were collected using either a 4-in.-diameter split-spoon sampler or a 3-in.-
diameter vibracore sampler. The following sections describe the sample collection method
using these sampling devices.
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2.7.2.1 Split-Spoon Sampler

At the first borehole (WB-65), sediment samples were collected in 5-ft drives using a 4-in.-
diameter by 5-ft-long split-spoon sampler (Photo IMGP4780, Appendix B). The shoe at the end
of the sampler was equipped with a flapper valve that helped keep the sediment from falling
out of the bottom of the sampler (Photo IMGP3558, Appendix B). The 5-ft drives resulted in
poor sample recovery, and it was difficult to determine which portion of the 5-ft interval the
recovered sediment represented.

For the remaining 35 chemistry boreholes, sediment samples were collected in 2-ft drives with a
4-in.-diameter split-spoon sampler to achieve better sample recovery and increase confidence in
the sample interval represented. Six-in.-diameter casing was advanced when the bearing
capacity of the sediments was sufficient to support the weight of the casing. The 6-in. casing
typically comes in 5-ft lengths, but the drilling contractor had two 2-ft-long sections of casing.
These 2-ft sections of casing were added or removed each time the casing was advanced so it
could be advanced at approximately 2-ft intervals rather than the standard 5-ft intervals. The
casing was typically advanced within 6 in. of the top of the sample interval prior to sample
collection.

Once the casing was advanced to the approximate top of the sample interval, the split-spoon
sampler was advanced ahead of the end of the casing to collect a representative sediment
sample. The split-spoon sampler was pushed to the top of the sample interval with the valve
connected to the hole inside the drill rods closed, sonic vibrations were turned on, the valve was
opened, and the sampler was advanced to the bottom of the sample interval. Once the sampler
was retrieved, the casing was advanced to the bottom of the previously sampled interval while
potable water was pumped at high pressure through the casing to keep sediment from entering
the casing. The sample intervals/casing depths were adjusted approximately every 30-45
minutes to compensate for tidal fluctuations in the Willamette River.

The casing needed to be pulled up about 2 ft each time casing was added or removed so the
clamps on the drill rig could grab onto the two sections of casing and unscrew them. The casing
was then pushed back down to the top of the next sample interval prior to collecting the
sample. As a result, slough from up to 2 ft above the target sample interval could be pushed
into the sampler. The slough was visually identified and not incorporated into the sample. In
addition, the sediment that came in contact with the split spoon sampler was scraped away to
avoid incorporating any slough that was smeared onto the sides of the sampler.

The sediment samples were processed in accordance with Section 2.7.3.

2.7.2.2 Vibracore Sampler

A vibracore sampler (Photo IMGP3735, Appendix B) was used to collect the top 5-10 ft of
sediment samples from 13 chemistry boreholes (WB-30, -31, -33, -38, -40, -44, -45, -48 -49, -50,

Integral Consulting Inc. 2-7



Arkema Early Action
Final Removal Action Area Characterization Report October 14, 2011

-51, -57, and -62) to avoid collecting samples from an uncased borehole. The roto-sonic drill rig
did not have auxiliary clamps for holding the casing in soft sediments. Collecting sediment
samples from uncased boreholes could result in excessive amounts of slough in the sampler.
The use of a vibracore sampler was approved by EPA and documented in field change request
form FCR-3 (Appendix C).

The vibracore tubes were made of aluminum and were 3 inches in diameter and approximately
12 ft long. The wall thickness of the tubes was approximately 0.06 in. A stainless steel shoe
with a sediment catcher was attached to the bottom end of the aluminum tube. A piston with a
cable attached to the top was inserted into the tube and pushed down to the shoe at the bottom
of the tube. The piston cable was attached to a winch line once the bottom of the vibracore
sampler was positioned at the mudline. The piston was held at the same elevation by the cable
as the vibracore tube was pushed into the sediment, to keep a continuous suction on the sample
so the soft sediment did not fall out the bottom of the tube. The top end of the vibracore tube
was attached to an adaptor that fit onto the sonic head on the drill rig (Photos IMGP3736 and
IMGP3737, Appendix B).

The vibracore sampler was typically pushed 2-3 ft into the soft sediment and then high
frequency sonic vibrations were used during the remainder of the push (Photo IMGP3747,
Appendix B). Sonic vibrations were utilized to allow the vibracore tube to penetrate sand layers
without packing sand into the tube, which would cause the sampler to push sediment ahead or
“pile drive” into the sediment and cause poor sample recovery.

Once the vibracore tube was pushed to depth, it was pulled up and placed on a clean piece of
aluminum foil on the logging table. Buckets were placed at each end of the tube to catch any
water that flowed from the sampler. The adapter on the top of the tube and the shoe at the
bottom of the tube were removed. The tube was cut open lengthwise using an electric metal
shear (Photo IMGP3774, Appendix B). The sediment sample was separated into the appropriate
sample intervals and processed in accordance with Section 2.7.3.

2.7.2.3 Solid Core Barrel

A solid-core barrel with a carbide button drill bit was used to collect samples of coarse gravels
and basalt bedrock (Photo IMGP3561, Appendix B). The solid core barrel was 474 in. in
diameter by 5 ft long. The penetration into basalt ranged from a few inches to a few feet,
depending on the competency of the basalt. The samples collected with the solid core barrel
were for visual inspection only and were not submitted to an analytical laboratory.

2.7.3 Sample Processing and Shipment

Sediment from each borehole was continuously collected and logged by an Oregon registered
geologist using American Society for Testing and Materials (ASTM 2000) guidelines. Each
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sample was screened for volatile organic compounds (VOCs) using a PID and photographed
prior to sample homogenization. All sediment samples were processed on the barge (Photo
IMGP4782, Appendix B).

Samples slated for VOC analysis were immediately placed into appropriate pre-labeled sample
containers, using a decontaminated stainless steel spoon, without homogenization. Each
sediment sample collected for potential non-VOC analysis was transferred to a decontaminated
stainless steel bowl and homogenized for 5 minutes using a commercial Hobart mixer (Photos
IMGP4781 and IMGP3607, Appendix B) equipped with an aluminum mixing paddle, except for
samples containing gravel. The Hobart mixer could not be used to mix gravelly sediment
because the mixer would malfunction; therefore, gravelly sediment samples were thoroughly
homogenized by hand using a stainless steel spoon. After each sediment sample was
homogenized with the Hobart mixer, a stainless steel spoon was used to mix in any remaining
sediment beyond the reach of the Hobart mixing paddles, and confirm that the sample was
mixed to a consistent texture and color.

Waste characterization sediment samples (6 to 12 ft samples) were collected from seven
boreholes between Docks 1 and 2 (WB-35, -36, -37, -39, -41, -42, and -43) for waste
characterization purposes. Two 4-oz VOC jars were filled with zero headspace from each 2-ft
interval (one for archive at the analytical laboratory and one for the composite sample) prior to
homogenization. Once the VOC jars were filled, the remaining sediment was homogenized in
accordance with the procedures described above. The homogenized sediment was placed in
one 16-oz jar and one 8-0z jar so an equal volume of sediment could be collected from each 2-ft
subsample. After all of the subsamples were collected, an equal aliquot of sediment from one
VOC jar from each subsample was quickly placed in a pre-labeled sediment sample container
with zero headspace. The 16-0z and 8-0z jars of sediment from each subsample were placed
into a stainless steel bowl and homogenized in accordance with the mixing procedures
described above. The homogenized sediment was placed in the appropriate pre-labeled
sediment sample containers as described below.

After processing®, the sediment samples were placed in the appropriate pre-labeled containers.
Additional sample jars were collected for potential analysis if visual evidence of COIs was
observed in the sediment (i.e., sheen or PID reading over 10 ppm). If sample recovery was poor
and there was insufficient sediment to fill all the sample jars, the jars slated for analysis of DDx
were preferentially filled before jars for conventional analyses. Pieces of gravel and debris
greater than approximately 0.5-in. diameter were removed from the sample prior to filling the
containers. Clear tape was placed over the sample labels to reduce the potential for the labels
becoming detached from the jars. Each container was placed in a separate plastic bag in case of
breakage. Samples for potential chemical analysis were immediately placed in a cooler with ice
for preservation. All materials contacting the sediment were decontaminated in accordance

5 With the exception of samples collected for VOCs.
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with Section 2.4. Excess sediment was transferred to properly labeled DOT-approved 55-gallon
drums and managed in accordance with Section 2.5.

All samples submitted to TestAmerica were transported to the lab by a private courier. The
samples submitted to NVL Laboratories, Inc. for asbestos analysis were shipped in a single
cooler by Federal Express.

2.7.4 Field Quality Control Samples

Field quality control samples for the EE/CA characterization activities included field duplicates,
equipment rinsate blanks, transfer blanks, and trip blanks. The following sections briefly
describe the collection methods and number of each type of field quality control sample.

2.7.4.1 Field Duplicates

Field duplicates were generated by the field team by splitting the sediment sample into two
aliquots for laboratory analysis. Data from field duplicates are used to evaluate sample
handling, processing, and analysis procedures, and used in the evaluation of precision of the
results. The field duplicates were submitted blind to the analytical laboratory (i.e., the sample
number and time were different than the parent sample). A total of 16 field duplicates were
collected during the EE/CA characterization fieldwork.

2.7.4.2 Equipment Rinsate Blanks

Equipment rinsate blanks are used to monitor equipment decontamination procedures and to
check for other sources of contamination. Equipment rinsate blanks were collected by pouring
laboratory-supplied deionized water over the decontaminated sample homogenization
equipment (i.e., mixing bowl, mixing paddles and spoons, vibracore tube, and split-spoon
sampler) and into pre-labeled sample containers (Photos IMGP4088 and IMGP3769, Appendix
B). A total of 15 equipment rinsate blanks were collected during the EE/CA characterization
tieldwork.

2.7.4.3 Transfer Blanks

A transfer blank was collected to test the laboratory-supplied deionized water for
contamination. The transfer blank was collected by filling pre-labeled sample containers
directly with laboratory-supplied deionized water. One transfer blank was collected during the
EE/CA characterization fieldwork.

2.7.4.4 Trip Blanks

Trip blanks were collected to monitor for cross-contamination during sample shipment and
storage. Trip blanks were used only for samples analyzed for volatile constituents. Trip blanks
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were included in each cooler with VOC samples. A total of 11 trip blanks were analyzed for
VOCs during the EE/CA characterization fieldwork.

2.7.5 Borehole Abandonment

The in-water boreholes were abandoned with a high-solids bentonite grout, mixed according to
the manufacturer’s specifications, and placed inside the roto-sonic casing through a tremie pipe
as the casing was withdrawn (Photos IMGP3076 and IMGP3077, Appendix B). Once each in-
water borehole was grouted, the casing and drill rods were brought to the decontamination pad
on the barge deck and decontaminated.

The boreholes advanced from the riverbank were abandoned with high-solids bentonite grout
(as described above) and/or %-in.-diameter bentonite hole plug pellets. Once each riverbank
borehole was abandoned, the casing and drill rods were transported back to the barge for
decontamination using a skid steer.

2.8 GEOTECHNICAL INVESTIGATION METHODS

The geotechnical field investigation was carried out between October 12 and October 20, 2009,
to collect geotechnical subbottom information, including sediment physical and engineering
characteristics data. The geotechnical investigation included the drilling of 3 in-water borings
and advancement of 14 CPT explorations. The locations of these explorations are shown on
Figure 2-1. Disturbed split spoon samples and relatively undisturbed thin-walled tube samples
(Shelby tubes) were collected during drilling of the 3 in-water borings for visual classification
and geotechnical laboratory testing. Rock coring was performed in 1 of the in-water borings
(SPT-1) for evaluation of the physical and engineering characteristics of the bedrock that
underlies the sediment.

2.8.1 Geotechnical Field Investigation Methods
The following methods were used as part of the geotechnical field investigation:

e CPT explorations

e Mud-rotary borings

e Standard penetration test (SPT) and visual logging of split spoon samples
¢ Thin-walled tube sampling

e Rock coring.

Descriptions of these field investigation methods are provided below.
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All of the geotechnical explorations were advanced by Boart Longyear of Tualatin, Oregon,
using a barge-mounted Mobile B-59 drill rig. A spud barge supplied by Boart Longyear’s
subcontractor Diversified Marine of Vancouver, Washington, was used as the floating platform
for the work. A tugboat and a support boat were mobilized with the barge for barge
positioning and to transport personnel to and from the work area.

The drilling and cone penetration testing were continuously observed by an engineer or
geologist from ARCADIS. Exploration logs were prepared for each exploration. Appendix C
presents soil boring and CPT data collected by ARCADIS.

2.8.1.1 Exploration Locations

A handheld Trimble GeoXT GPS unit was used to navigate to the exploration locations
provided in the field sampling plan. Some of the exploration locations were moved slightly in
the field due to access limitations. These locations were moved in accordance with Field
Change Request FCR-11, which was approved by EPA. Once on station, the barge’s spuds were
set such that deployment was generally within approximately 15 ft of the proposed location,
and another GPS reading was taken and used to provide the actual coordinates for the
exploration. Northings and eastings of the exploration locations are provided in Table 2-1.

2.8.1.2 Cone Penetration Testing

Boart Longyear and their CPT subcontractors performed 14 in-water CPT explorations with
pore pressure measurements using standardized equipment. The CPT explorations were
performed in general accordance with ASTM D 5778 — Electronic Friction Cone and Piezocone
Penetration Testing of Soils (ASTM 2009a). The CPT logs are provided in Appendix C. The soil
behavior type provided on the CPT logs was estimated based on a method developed at the
University of British Columbia (UBC 1983).

CPT subcontractor Vandehey Soil Exploration, LLC, of Banks, Oregon (Vandehey), performed
10 CPT explorations between October 12 and 15, 2009. CPT subcontractor In-Situ Engineering
of Snohomish, Washington, performed 4 CPT explorations on October 20, 2009. Boart Longyear
was forced to switch CPT contractors because Vandehey’s equipment broke down on October
15 and needed to be shipped to the manufacturer for repair. To avoid schedule impacts, Boart
Longyear retained In-Situ Engineering to finish the CPT program on October 20, 2009.
Although only 3 CPT explorations remained per the field sampling plan after the equipment
breakdown, 1 additional CPT exploration was completed by In-Situ Engineering to confirm that
Vandehey’s equipment produced valid data until it experienced problems. CPT-9R was co-
located with CPT-9. Based on comparison of the data, the validity of the data collected by
Vandehey was confirmed.
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For the testing at the Arkema site, the CPT cone and push rods were advanced into the
sediment using the same Mobile B-59 drill rig that was used for drilling of the mud-rotary
borings. A set of two concentric casings (2-in.-diameter inner casing with centralizers inside a
5-in.-diameter outer casing) were temporarily lowered from the barge to the mudline to provide
lateral rigidity to the cone and push rods to avoid damage during advancement of the
equipment. The cone was advanced into the sediment at a steady rate using the hydraulic
frame of the drill rig. A real-time data acquisition computer system continuously recorded the
parameters measured by the sensors, which enabled the CPT operator to monitor and review
the data as they were recorded.

2.8.1.3 Mud-Rotary Drilling and Geotechnical Sampling

Boart Longyear drilled three in-water geotechnical borings between October 16 and 19, 2010,
using mud rotary techniques. The boring logs are presented in Appendix C. The first
geotechnical borehole log figure presents a key to the exploration logs.

Boart Longyear used a Mobile B-59 drill rig to set casing and advance the tri-cone drill bit. To
maintain separation of drilling fluid from the surrounding water column, a 5-in.-diameter
temporary casing was lowered into the sediment. This provided a solid pipe from above the
barge deck to below mudline before drilling began. Soon after drilling began, a bentonite-based
drilling fluid was circulated into the borehole to maintain borehole stability and remove
cuttings. Cuttings and excess drilling fluid were placed in 55-gallon drums for proper disposal.

Disturbed samples were recovered using SPT split-spoon samplers. Thin-walled sampling
tubes (Shelby tubes) were used to collect relatively undisturbed samples of cohesive soils from
selected intervals.

2.8.1.4 Standard Penetration Test

SPTs were performed during drilling of the mud-rotary borings to obtain estimates of soil
density/consistency and to recover disturbed soil samples. The tests were performed in general
accordance with ASTM D1586 (ASTM 2009a) using a standard 2-in.-outside-diameter split-
spoon sampler. Before each test, the split-spoon sampler was attached to steel rods and
lowered to the bottom of the hole. The sampler was driven using a standard automatic
hammer. The number of hammer blows was recorded for each 6-in. interval of driving.
Borehole refusal was established when more than 50 blow counts were required to advance the
sampler 6 inches.

The sediments at the site were typically very soft such that the split-spoon and attached pipe
string advanced the full 18 in. under the weight of the hammer, without any blows of the
hammer. This is identified on the boring logs as “WOH"” (weight of hammer). Disturbed
sediment samples were recovered from the split-spoon sampler, visually classified, and placed
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into 16-oz polyethylene sample jars with threaded plastic lids to preserve moisture.
Photographs of the split-spoon samples are provided in Appendix B. After completion of the
geotechnical field activities, the samples were transported to a laboratory (Kleinfelder of
Beaverton, Oregon) for further geotechnical testing.

2.8.1.5 Thin-Walled Tube Sampling

Relatively undisturbed soil samples of cohesive material were recovered from the borings using
30-in.-long, 3-in.-diameter, thin-walled, seamless stainless steel sampling tubes (Shelby tubes) in
general accordance with ASTM D1587 (ASTM 2009a). The Shelby tubes were collected using a
piston sampler to minimize sample disturbance and maximize sample recovery.

Before the test, the Shelby tube, along with the piston sampler, was attached to the drill rods
and carefully lowered to the bottom of the borehole. The tube was then hydraulically pushed in
one continuous, relatively rapid motion without overfilling the tube. The tube was then
carefully removed from the hole and sealed at both ends with specially designed plugs and caps
to protect the sample and preserve moisture. After completion of the geotechnical field
activities, the Shelby tubes were taken to the geotechnical laboratory (Kleinfelder) for testing.

2.8.1.6 Rock Coring

The drilling contractor, Boart Longyear, recovered rock cores at the bottom of in-water boring
SPT-1 on October 17, 2010. The rock core was advanced to a total depth of 20 ft below the top of
bedrock.

Rock coring is the process of recovering cylindrical cores of rock by means of rotating a hollow
steel tube (core barrel) equipped with a coring bit. The drilled core is carefully collected in the
core barrel as the drilling progresses. Samples were collected for visual classification and
laboratory testing. Rock cores were collected in general accordance with ASTM D2113 (ASTM
2009a). Once bedrock was encountered in the boring, a core barrel equipped with an NX size
(2.38-in. inside diameter) diamond-impregnated core bit was used to core the bedrock. Prior to
placing the core barrel into the hole, the driller used water circulation to remove cuttings in the
boring that may clog the barrel. Drilling rods were then carefully centered in the initial
borehole, to reduce the potential for core breakage. During rock core advancement, drilling
fluid (i.e., potable water) was continuously circulated in the borehole to maintain bit pressure,
cool the bit, and clear rock cuttings. Drilling fluids were collected in a settling trough on the
barge. Drilling fluids and settled rock cuttings were placed in 55-gallon drums for proper
disposal.

A geologist visually classified the rock using the description guidelines provided on the
geotechnical boring logs in Appendix C. The descriptions are provided on the boring log for
SPT-1 (Appendix C). The core samples were placed in core boxes with increasing depths
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aligned left to right, and core runs separated by labeled paper placeholders placed at the end of
each core run. The recovered cores were photographed in the labeled core box. The photos are
provided in Appendix B. Upon completion of the geotechnical field investigation, the rock core
samples were transported to the geotechnical laboratory (Kleinfelder) for strength testing.

In addition to the visual classifications, the boring log for SPT-1 provides the following three
parameters used to define the quality of the rock:

e Total Core Recovery (TCR): TCR is the sum total length of the recovered rock pieces,
including non-intact pieces, expressed as a percentage of the total length of the core run.

e Solid Core Recovery (SCR): SCR is the sum total length of the recovered rock pieces,
excluding non-intact pieces, expressed as a percentage of the total length of the core run.

e Rock Quality Designation (RQD): The RQD is an index related to the degree of
fracturing of a rock core. The RQD is calculated by measuring the total length of all
pieces of core in a core run with lengths greater than 4 in., discounting fractures due to
drilling. These lengths are then added together and the total length is expressed as a
percentage of the length of the core run. Low values of RQD indicate closely fractured
rock, while an RQD of 100% indicates all pieces of core are longer than 4 in.

2.8.2 Sample Handling and Shipment

After completion of the geotechnical field activities, the sediment and rock samples were
transported to the geotechnical laboratory (Kleinfelder) by ARCADIS staff. Particular care was
taken to minimize disturbance to the Shelby tube samples. The Shelby tubes were placed in
boxes with soft foam padding to protect the tubes from impacts and minimize exposure to
vibrations during transport.

2.9 VISUAL SURFACE DEBRIS SURVEY METHODS

A visual surface debris survey was conducted to catalog and identify the locations of outfalls,
pilings, concrete, and other debris within the preliminary RAA boundary. The purpose of the
survey was to identify any debris or structures that could affect the implementation of the Final
EE/CA Work Plan and potential in-water removal and/or remedial actions.

The following sections briefly describe the in-water and riverbank visual surface debris surveys.

2.9.1 In-Water Debris Survey

The survey was conducted from October 23 to 27, 2009, during a relatively low river stage when
the riverbank and sediments were most visible. The in-water portion of the debris survey was
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conducted using an aluminum jet boat operated by Gravity Consulting LLC and a hand-held
DGPS unit with an accuracy of approximately 3—4 ft.

The boat was maneuvered to each structure or piece of debris and the horizontal location of the
debris was recorded in latitude and longitude (NAD 1983) in the field and converted to state
plane coordinates (Oregon North, International Feet). Each structure or piece of debris was
photographed and a brief description (e.g., type of debris, size) was recorded on field data
sheets.

2.9.2 Riverbank Debris Survey

The riverbank area was surveyed from October 28 to 30, 2009, during a relatively low river
stage after removal of some of the blackberry bushes and other vegetation on the riverbank.
The riverbank survey was conducted using a DGPS unit with an accuracy of approximately
34 ft.

The hand-held DGPS unit was positioned directly on top of the structure or debris and the
horizontal location of the debris was recorded in latitude and longitude (NAD 1983) in the field
and converted to state plane coordinates (Oregon North, International Feet). Dense areas of
debris were mapped as areas rather than discrete points. Each structure, piece of debris, or
debris area was photographed and a brief description (e.g., type of debris, size) was recorded on
field data sheets.

2.10 DEVIATIONS FROM THE FINAL EE/CA WORK PLAN

A total of 11 deviations from the Final EE/CA Work Plan occurred during the EE/CA
characterization fieldwork. Field change request forms were submitted to and approved by
EPA for each of these deviations (FCR-1 through FCR-11). Each deviation is briefly
summarized in Table 2-2. The field change request forms are presented in Appendix D.

2.11 HYDRAULIC FLUID LEAKS

Three small hydraulic fluid leaks occurred on the roto-sonic drill rig during advancement of the
chemistry boreholes on August 19, 21, and September 1, 2009. Drilling was immediately
stopped when the leaks occurred so the hydraulic fluid could be cleaned up and necessary
repairs could be made to the hydraulic system on the drill rig. The hydraulic fluid leaks did not
affect the integrity of the sediment samples collected during the EE/CA characterization
activities.

On August 19 and 21, 2009, a small amount of hydraulic fluid (a mixture of vegetable o0il and
CITGO A/W Hydraulic Oil 68) was released on the barge deck and into the water in the moon
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pool. The release on both days was due to the same faulty O-ring seal on one of the hydraulic
manifolds on the roto-sonic drill rig. The hydraulic fluid was immediately cleaned up using
absorbent pads on the barge deck and a pressure washer and Alconox™ solution to cut the oil.
Absorbent pads and a shop vacuum were used for skimming the hydraulic fluid floating on the
water in the moon pool. All decontamination materials were containerized in properly labeled
DOT-approved 55-gallon drums. The U.S. Coast Guard, Oregon Emergency Response System
(State Incident Number 20091919), and EPA were notified of the release. No additional action
was required by these agencies because the hydraulic fluid was contained on the barge deck
and inside the moon pool and immediately cleaned up. No hydraulic fluid was released to the
river outside the barge.

On September 1, 2009, a few drops of hydraulic fluid (a mixture of vegetable oil and CITGO
A/W Hydraulic Oil 68) dripped onto the barge deck. The leak was from a hydraulic cylinder on
the casing clamp on the drill rig. There was no release of hydraulic fluid to the moon pool or to
the river. A representative from EPA’s consultant, CDM, was notified of the leak, but it was not
necessary to report the leak to the U.S. Coast Guard or Oregon Emergency Response System
because there was no release to the river.
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3 DATA SUMMARY

The following sections present the 2009 EE/CA characterization chemistry and geotechnical data
and the results of the visual surface debris survey. Historical sediment sample data were
presented and screened in the EE/CA Work Plan (Parametrix 2007).

3.1 CHEMISTRY DATA

A majority of the sediment samples were analyzed for total organic carbon (TOC) and DDx
compounds (2,4~ and 4,4’-DDD, DDE, DDT), referred to as the standard analyte list. A subset
of these samples was analyzed for semivolatile organic compounds (SVOCs), polychlorinated
biphenyls (PCBs), VOCs, organochlorine pesticides, and polychlorinated dibenzo-p-dioxins and
polychlorinated dibenzofurans (PCDD/Fs). In addition, potential waste disposal
characterization sediment samples selected from the known highest concentration areas were
also analyzed by toxicity characteristic leaching procedure (TCLP) for herbicides, metals,
organochlorine pesticides, SVOCs, and VOCs. Data for the sediment samples are presented in
Tables 3-1 through 3-4 and for the waste characterization analyses in Table 3-5. Data validation
reports for the newly generated EE/CA characterization data are provided in Appendix E.

Twenty split sediment samples were collected and analyzed by EPA for SVOCs, PCBs,
PCDD/Fs, and butyltins. Thirty-five split sediment samples were analyzed for organochlorine
pesticides, 23 sediment samples were analyzed for VOCs, and four sediment samples were
analyzed for asbestos. Data from the EPA split samples and associated quality control reports
are presented in Appendix F.

Summary statistics for all samples, including the EPA split samples, are presented in Tables
3-6a and 3-6b. For this report, sediment sample data were screened against EPA Region 9
industrial PRGs for cancer and non-cancer risk®, MacDonald probable effect concentrations
(PECs), threshold effects concentrations (TECs), DEQ bioaccumulative sediment screening level
values (SLVs), DEQ eco bioaccumulative COI, and DEQ human health subsistence
bioaccumulative COI SLVs, and the results of these screenings are presented in Tables 3-7a
through 3-7g. In addition based on EPA comments on the draft RAAC report and the 2011
Opalski Decision, Portland Harbor PRGs will be used in the EE/CA to evaluate the vertical
extent of COIs within the RAA when evaluating the vertical extent of removal action
alternatives.

¢ Note that the EPA Region 9 industrial PRGs, which were used in the 2007 EPA/Parametrix work plan, have been
superseded by EPA Regional Screening Levels (RSLs). The majority of the RSL values for non-cancer risk (HG=0.1)
and a few of the cancer risk (10-°) values differ from the old Region 9 PRGs. Additional evaluation using the most
contemporary Portland Harbor PRGs will be completed in the EE/CA.
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The SLVs presented in this section are not cleanup levels. The SLV screening in this section is
provided for comparative reference only. Site-specific cleanup levels for the Portland Harbor
Superfund Site will be established in the EPA Portland Harbor Record of Decision using
applicable or relevant and appropriate requirements and risk-based levels.

3.1.1 DDx

Data for sediment samples analyzed for DDx compounds are presented in Table 3-1 and on
Figure 3-1. Summary statistics are presented in Table 3-6a.

Total DDD7” was detected in 80.7% of the sediment samples, ranging from 0.00017 to

1,200 mg/kg, with a median value of 0.043 mg/kg. The maximum concentration was detected in
borehole WB-37 at a depth of 10 to 12 ft below mudline (bml; waste characterization sample
ARK-WB-37-10-12). For the 19.3% of samples for which total DDD was not detected, detection
limits ranged from 0.00014 to 0.00032 mg/kg.

Total DDE® was detected in 68.8% of the sediment samples, ranging from 0.00014 to 22 mg/kg,
with a median value of 0.018 mg/kg. The maximum concentration was detected in borehole
WB-36 at a depth of 10 to 22 ft bml (waste characterization sample ARK-WB-36-10-22). For the
31.2% of samples for which total DDE was not detected, detection limits ranged from 0.00009 to
4 mg/kg.

Total DDT® was detected in 81.6% of the sediment samples, ranging from 0.00021 to

1,500 mg/kg, with a median value of 0.063 mg/kg. The maximum concentration was detected in
borehole WB-36 at a depth of 10 to 22 ft bml (waste characterization sample ARK-WB-36-10-22).
For the 18.4% of samples for which total DDT was not detected, detection limits ranged from
0.00013 to 0.00086 mg/kg.

Total DDx was detected in 85.4% of the sediment samples. Total DDx values range from

0.0004 mg/kg to 1,800 mg/kg, with a median value of 0.120 mg/kg. The maximum concentration
was detected in borehole WB-36 at a depth of 10 to 22 ft bml (waste characterization sample
ARK-WB-36-10-22). For the 14.6% of samples for which total DDx was not detected, detection
limits ranged from 0.00014 to 0.00086 mg/kg.

Data screening results for total DDD, total DDE, total DDT, and where applicable, total DDx
and individual DDx isomers are summarized in Tables 3-7a-g.

7 The sum of 2,4’- and 4,4’-DDD.
8 The sum of 2,4’- and 4,4’-DDE.
9 The sum of 2,4’- and 4,4’-DDT.
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3.1.2 TOC

Data for sediments analyzed for TOC are presented in Table 3-1. Summary statistics are
presented in Table 3-6a.

Organic carbon was detected in 83.1% of the sediment samples, with values ranging from 0.07
to 5.9%, with a median value of 0.48%. The maximum concentration was detected in borehole
WB-66 from 10 to 12 ft bml (sample ARK-WB-66-10-12). For the 16.9% of samples for which
organic carbon was not detected, detection limits ranged from 0.061 to 0.16% organic carbon.

3.1.3 Non-DDx Organochlorine Pesticides

Data for samples analyzed for organochlorine pesticides are presented in Table 3-4. Summary
statistics are presented in Table 3-6a.

3.1.3.1 Total Chlordanes

Total chlordanes'® were detected in 28.6% of the sediment samples, ranging from 0.062 to

1.1 mg/kg, with a median value of 0.120 mg/kg. The maximum concentration was detected in
borehole WB-35 at a depth of 0 to 10 ft bml (waste characterization sample ARK-WB-35-0-10).
For the 71.4% of samples for which total chlordanes were not detected, detection limits ranged
from 0.048 to 10 mg/kg, with a median detection limit of 0.47 mg/kg.

3.1.3.2 gamma-Hexachlorocyclohexane (Lindane)

gamma-Hexachlorocyclohexane, also referred to as lindane, was not detected in any of the
sediment samples analyzed. gamma-Hexachlorocyclohexane detection limits ranged from 0.024
to 9.9 mg/kg.

3.1.3.3 Other Non-DDx Organochlorine Pesticides

Of the remaining non-DDx organochlorine pesticides analyzed, only 6 were detected: beta-
hexachlorocyclohexane, endosulfan sulfate (a constituent of total endosulfans), endrin ketone,
heptachlor epoxide, methoxychlor, and trans-chlordane (a constituent of total chlordanes).
Detection frequencies ranged from 7.1% for endrin ketone to 28.6% for endosulfan sulfate and
trans-chlordane. The maximum detected value was 4.6 mg/kg for total endosulfans in borehole
WB-42 from 6 to 14 ft bml (waste characterization sample ARK-WB-42-6-14).

Data screening results for the non-DDx organochlorine pesticides are summarized in
Tables 3-7a-g.

10 The sum of cis-chlordane, trans-chlordane, oxychlordane, cis-nonachlor, and trans-nonachlor.
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3.1.4 SVOCs

Data for sediment samples analyzed for SVOCs are presented in Tables 3-3 and 3-4 and in
Appendix F. Summary statistics are presented in Table 3-6a. Summaries for selected SVOCs or
SVOC subgroups are provided below.

3.1.41 PAHSs

Polycyclic aromatic hydrocarbon (PAH) detection frequencies ranged from 55.9%
(acenaphthylene) to 100% (1-methylnaphthalene) with concentrations ranging from 0.0074 to
5.1 mg/kg (both for naphthalene), with the maximum concentration found in borehole WB-42 at
a depth of 6 to 14 ft bml (waste characterization sample ARK-WB-42-6-14). PAH detection limits
ranged from 0.00046 to 0.0038 mg/kg.

Data screening results for PAHs are summarized in Table 3-7a-g.

3.1.4.2 Phenols

The most frequently detected phenols were 3 & 4-methylphenol (detection frequency of 92.9%)
and 2-chlorophenol (35.3%); other phenols were not detected or had detection frequencies of
less than 10%. The maximum concentration was 0.31 mg/kg for 2-chlorophenol in borehole
WB-42 at a depth of 6 to 14 ft bml (waste characterization sample ARK-WB-42-6-14). Phenol
detection limits ranged from 0.00032 to 0.32 mg/kg.

Data screening results for phenols are summarized in Table 3-7a-g.

3.1.4.3 Phthalates

The most frequently detected phthalates were bis(2-ethylhexyl) phthalate (detection frequency
of 23.5%) and di-n-octyl phthalate (11.8%); other phthalates were not detected or had detection
frequencies of less than 10%. The maximum concentration was 0.32 mg/kg for bis(2-ethylhexyl)
phthalate in borehole 35 at a depth of 0 to 10 ft bml (sample ARK-WB-35-0-10). Phthalate
detection limits ranged from 0.0002 to 0.32 mg/kg.

No phthalate results exceeded any SLV (Table 3-7a-g).

3.1.4.4 Hexachlorobenzene

Hexachlorobenzene was detected in 26.5% of the sediment samples, ranging from 0.0067 to
0.064 mg/kg, with a median value of 0.043 mg/kg. The maximum concentration was detected in
borehole WB-39 at a depth of 0 to 8 ft bml (waste characterization sample ARK-WB-39-0-8). For
the 73.5% of samples for which hexachlorobenzene was not detected, detection limits ranged
from 0.00028 to 0.032 mg/kg.
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3.1.45 Other SVOCs

Of the other detected SVOCs, detection frequencies ranged from 2.9% (2-chloronaphthalene,
isophorone, and n-nitrosodipropylamine) to 44.1% (dibenzofuran). The maximum
concentration of 2.0 mg/kg 1,4-dichlorobenzene was found in the EPA split sample from
borehole WB-35 from 10 to 20 ft bml (waste characterization sample ARK-WB-35-10-
20_EPAsplit).

Data screening results for other SVOCs are summarized in Table 3-7a-g.

3.1.5 PCBs

Data for sediment samples analyzed for PCBs are presented in Table 3-4, Appendix F, and on
Figure 3-2. Summary statistics are presented in Table 3-6a.

PCBs were not detected in any sediment samples. PCB detection limits ranged from 0.0012 to
1.8 mg/kg. EPA’s analytical laboratory was able to achieve a lower detection limit of
approximately 0.0012 mg/kg for 20 of the analyzed sediment samples collected in upstream,
downstream, or deeper sample depths. LSS’ analytical laboratory was not able to achieve the
lower detection limit for the 14 waste characterization samples because of the chemical
interference with the DDx in the samples.

3.1.6 VOCs

Data for samples analyzed for VOCs are presented in Tables 3-3 and 3-4 and in Appendix F.
Summary statistics are presented in Table 3-6a.

Of the detected VOCs, detection frequencies ranged from 2.5% (1,2-dichloropropene and
chlorodibromomethane ) to 75% (chlorobenzene). The maximum concentration of 390 mg/kg
chlorobenzene was found in the EPA split sample from borehole WB-35 from 10 to 20 ft bml
(waste characterization sample ARK-WB-35-10-20_EPA split). Detection limits for VOCs
ranged from 0.000093 to 6.2 mg/kg.

Data screening results for VOCs are summarized in Table 3-7a-g.

3.1.7 PCDD/Fs

Data for sediments analyzed for PCDD/Fs are presented in Tables 3-2 and 3-4, Appendix F, and
on Figures 3-3 (total PCDD/F) and 3-4 (PCDD/F TEQ). Summary statistics are presented in
Table 3-6a.

PCDD/Fs were detected in 98.4 % of the sediments, with total PCDD/F concentrations ranging
from 6.11 to 425,000 pg/g, with a median value of 94.8 pg/g. The toxic equivalent (TEQ) for
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PCDD/Fs ranged from 0.0375 to 24,400 pg/g, with a median value of 3.25 pg/g. The highest total
PCDDY/F concentration and TEQ were both found in borehole WB-36 from 0 to 10 ft bml (waste
characterization sample ARK-WB-36-0-10). The detection limit for the sample without detected
total PCDD/F was 5.06 pg/g.

Data screening results for PCDD/Fs are summarized in Table 3-7a-g.

3.1.8 Tributyltin and Asbestos

Several EPA split samples were analyzed for butyltins; these data are reported in Appendix F
and summary statistics are presented in Table 3-6a. Butyltins were not detected in any
sediment samples. Tributyltin detection limits ranged from 0.013 to 0.020 mg/kg.

Data for samples analyzed for asbestos are presented in Table 3-4 and in Appendix F. Of the
14 sediment samples collected by Integral that were analyzed for asbestos, asbestos was
detected in 57.1%, ranging from 0.1 to 0.4%, with a median value of 0.3%. Chrysotile was
detected in all four of the sediments analyzed by the EPA for asbestos, ranging from a trace to
4.5% (Appendix E). The data quality review of the quantitative analysis for the LSS results
verified the accuracy of the point-count quantitation method. EPA provided their data quality
review which indicated that the asbestos quantitation combined both volumetric and weight
quantitation methodologies for different asbestos size fractions. Based on LSS’ review of the
analytical reports and data at this time, no further asbestos analyses are required and the LSS
asbestos quantitation is deemed sufficient for assessing asbestos concentrations in sediment in
the RAA. If additional data become available or additional method comparison data are
needed, additional asbestos analysis could be considered in the EE/CA and could be conducted
as part of the remedial design for the removal action.

3.1.9 Waste Characterization/Toxicity Characteristics Leaching
Procedure

Data for samples analyzed by TCLP are presented in Table 3-5. Summary statistics are
presented in Table 3-6b.

3.1.9.1 Herbicides

Herbicides were not detected in any TCLP sample.

3.1.9.2 Metals

Several metals were detected in the TCLP samples. Detection frequencies ranged from 0% for
silver to 100% for barium, and concentrations ranged from 0.00045 mg/L (mercury) to 11 mg/L
(lead). The median concentration for lead was 0.064 mg/L and the highest lead concentration
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was found in borehole WB-39 from 0 to 8 ft bml (waste characterization sample
ARK-WB-39-0-8).

3.1.9.3 Pesticides

Of the seven pesticides analyzed for in the TCLP samples, only gamma-hexachlorocyclohexane
was detected, with a detection frequency of 21.4%. Concentrations ranged from 0.00015 to
0.00035 mg/L, with a median of 0.00019 mg/L. The highest concentration was detected in
borehole WB-42 from 0 to 6 ft bml (waste characterization sample ARK-WB-42-0-6).

3.1.9.4 SVOCs
Phenols were not detected in any TCLP sample.

Hexachlorobutadiene and 1,4-dichlorobenzene were detected in the TCLP samples, with
detection frequencies of 7.1% and 35.7%, respectively. Concentrations ranged from 0.0031 to
0.036 mg/L (both 1,4-dichlorobenzene), with medians of 0.0037 pg/L for hexachlorobutadiene
and 0.005 pg/L for 1,4-dichlorobenzene. The highest concentration was detected in borehole
WB-36 from 10 to 22 ft bml (waste characterization sample ARK-WB-36-10-22).

3.1.95 VOCs

Several VOCs were detected in the TCLP samples. Of the detected VOCs, detection frequencies
ranged from 14.3% for benzene to 85.7% for chlorobenzene and concentrations ranged from
0.014 to 22 mg/L (both chlorobenzene). The median concentration for chlorobenzene was

5.1 mg /L and the highest concentration was found in borehole WB-39 from 8 to 18 ft bml (waste
characterization sample ARK-WB-39-8-18).

3.2 GEOTECHNICAL DATA

The geotechnical data collected as part of the geotechnical investigation can generally be
subdivided into the following data types:
¢ Generalized subsurface conditions as observed in the geotechnical explorations
(additionally, soil descriptions are provided on the chemistry borings logs)

o In-situ test data consisting of CPT and SPT data
e Laboratory test results.

An overview of the available geotechnical data is provided below. As is typical in geotechnical
engineering, interpretation of the test data will require the use of experience and engineering
judgment by the project engineer.
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3.2.1 Generalized Subsurface Conditions

The following geologic units were identified in the in-water geotechnical explorations and
chemistry boreholes:

3.2.1.1 River Sediment

The river sediment generally consists of two sediment types: a) very soft to soft organic silt and
silt, and b) very loose to loose sand with various amounts of silt. Gravel layers that contained
various amounts of sand and silt were encountered in a few of the explorations, typically
directly overlying the basalt bedrock. The gravel appeared to be derived from the underlying
bedrock and was typically less than 3 ft thick in the geotechnical explorations. The gravel layer
was slightly thicker in some of the chemistry borings and was typically less than 5 ft, with the
exception of borehole WB-32-2 where the observed thickness was nearly 10 feet (refer to
Appendix C). A mudline elevation map is presented in Figure 3-5.

The stratigraphy varies significantly across the site in terms of the layering of the sand and silt
units. Generally, the following typical sediment profiles were encountered in the explorations:

e Predominantly sand
e Predominantly silt

e Significant sand layer over silt deposit

e Significant silt layer over sand deposit.

3.2.1.2 Columbia River Basalt Group

Basalt bedrock was encountered in all of the boreholes at depths ranging from approximately

4 to 49 ft below sediment surface. A basalt elevation map is provided on Figure 3-6. Figure 3-7
presents a sediment thickness map, also referred to as an isopach map. Coring of the basalt
bedrock was performed in boring SPT-1. The quality of the rock generally increased
significantly with depth in the 20 ft of core that was recovered. Fracturing and weathering
generally decreased with depth. Rock quality parameters and detailed descriptions of the cores
are provided on the boring log for SPT-1 in Appendix C.

3.2.2 Geotechnical In-Situ Test Data

In-situ testing consisted of CPTs and SPTs performed in the geotechnical borings. These
methods are described in Sections 2.8.1.2 and 2.8.1.4, respectively. The SPT results (N-values)
are provided on the geotechnical boring logs in Appendix C. The CPT results are presented on
the CPT logs in Appendix C.
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Both methods provide an indication of the consistency of cohesive materials and the relative
density of cohesionless materials. In addition, CPT provides a virtually continuous record of
cone tip resistance, sleeve friction, and pore pressure. These three parameters are used to
estimate the soil behavior type, which typically correlates well with stratigraphy obtained from
drilling and sampling in a co-located boring. CPT parameters can also be correlated with other
important soil parameters used in geotechnical analysis and design, such as stress history
parameters and sediment shear strength. Three borings were co-located with CPT explorations:

e SPT-1and CPT-8
e SPT-2 and CPT-9 (CPT-9R was co-located with CPT-9 as described in Section 2.8.1.2)
e SPT-3 and CPT-13.
Laboratory testing was performed on samples from each of the borings to develop correlations

between CPT parameters and soil parameters. Information regarding the laboratory test
program is provided in Section 3.2.3.

The CPT logs in Appendix C also provide the soil behavior type that is estimated based on the
cone tip resistance and friction ratio. The soil behavior type generally correlates well with soil
classification on actual sediment samples. Some variation can occur. For example, the CPT
sometimes indicated soil behavior type “6 — sandy silt to clay silt,” but in the co-located borings,
this material was described as soil behavior type “7 — silty sand to sandy silt.”

3.2.3 Geotechnical Laboratory Test Data

Geotechnical testing was performed in general accordance with ASTM test methods (ASTM
2009a,b). The ASTM designations are provided below. The laboratory test data that was
collected as part of the geotechnical investigation can generally be subdivided into three
categories:

¢ Index properties predominantly used for soil classification and estimation of general soil
behavior:
— Moisture content determination — ASTM D2216
— Grain size analysis — ASTM D422
— Atterberg limits - ASTM D4318
— Organic content determination — ASTM D2974 (Method C)
— Specific gravity determination — ASTM D854

e Advanced testing on relatively undisturbed sediment samples (i.e., material from thin-
wall tube sampling [Shelby tube sampling]):

— Unconsolidated, undrained triaxial compressive strength test - ASTM D2850
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— Consolidated, undrained triaxial compressive strength test - ASTM D4767

— Consolidation test - ASTM D2435 (Method B)

- Hydraulic conductivity test - ASTM D5084 (Method C)

e Rock strength testing:

- Point load test - ASTM D5731

— Unconfined compressive strength test - ASTM D 7012.
A summary of the available sediment samples from the three borings and the tests performed
on the samples is provided in Table 3-8. Table 3-9 provides a summary of the tests performed

on the rock core samples. All laboratory testing was performed by Kleinfelder. Kleinfelder’s
test reports are provided in Appendix G.

3.2.3.1 Index Property Data

A summary of the index property data is provided in Table 3-10. Grain size and Atterberg limit
results were used to classify the selected sediment samples in general accordance with ASTM
D2487. The laboratory classifications were used to verify selected visual/manual classifications
performed in the field.

The fine grain sediment that was encountered in the geotechnical borings was predominantly
classified as organic silt of high plasticity, based on the Atterberg limit test results, which
included oven-dried liquid limit tests on selected samples. Moisture contents of up to 203%
indicated the presence of organic material in the samples. Organic contents ranged from 4.6 to
9.2%.

3.2.3.2 Testing on Relatively Undisturbed Sediment Samples

Shear strength, consolidation, and hydraulic conductivity testing was performed on relatively
undisturbed sediment samples as outlined above. The test data are provided in Appendix G.

3.2.3.3 Rock Strength Test Data

Point load tests and unconfined compressive strength tests were performed on rock samples as
outlined above. The rock strength test results are provided in Appendix G, along with the
laboratory test data for the sediment samples.

3.3 VISUAL SURFACE DEBRIS SURVEY RESULTS

Figure 3-8 presents selected photographs of debris that was observed and cataloged during the
visual surface debris survey. The visual surface debris survey results are presented in Figures
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3-9a, b, and c for the northern, central, and southern portions of the preliminary RAA boundary,
respectively. A summary of the field observations from the surface debris survey are provided
in Table 3-11. Photographs of the debris referenced in Table 3-11 are presented in Appendix H.

Surface debris observed on the riverbank and in-water portions of the site in the area
downstream of Dock 2 is presented in Figure 3-9a. The northern portion of this area includes a
piling field from a historical dock. Miscellaneous concrete debris, metal debris, and some logs
were also observed in this area. In addition, one active outfall and associated Parshall flume
(Outfall 004) and an inactive historical outfall were observed in this area.

Surface debris observed on the riverbank and in-water portions of the site in the area between
Docks 1 and 2 is presented in Figure 3-9b. The surface debris in this area consists primarily of
concrete, historical pilings and dolphins, metal debris, logs, and other miscellaneous debris.
Blackberry bushes were particularly thick in this area, which limited the amount of surface
debris that was visible during the survey. Two active outfalls and associated Parshall flumes
(Outfalls 002 and 003) were also observed in this area.

Surface debris observed on the riverbank and in-water portions of the site in the area between
Dock 1 and the Salt Dock is presented in Figure 3-9c. The debris in this area consists primarily
of concrete debris, with smaller amounts of scrap metal, logs, pilings, and a few dolphins also
observed in this area. In addition, one active outfall and associated Parshall flume (Outfall 001)
was observed in this area.
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4  NATURE AND EXTENT OF CONSTITUENTS OF
INTEREST WITHIN THE HORIZONTAL RAA BOUNDARY

This section of the report summarizes the nature and extent of COIs within the preliminary
RAA boundary at the site. Based on the 2008 and 2011 Opalski Decisions (USEPA 2008; Opalski
2011; Appendix A), the Final EE/CA Work Plan, and subsequent correspondence and
agreements between EPA and LSS, the primary COI for defining the horizontal RAA boundary
for the EE/CA is DDx. Section 4.1 provides a summary of the nature and extent of DDx and the
horizontal RAA boundary based on the 5 mg/kg DDx contour. Other COlIs, including PCDD/Fs
(in particular furans [PCDFs]), warranted further evaluation. Therefore, sediment samples were
also extensively analyzed for PCDD/Fs to provide additional data to evaluate the PCDD/F
distribution in sediments with respect to the RAA boundary for DDx. Finally, other COIs have
been identified by EPA (e.g., see Sheldrake 2011b), and the sediment data for each of these COIs
is summarized in this section of the report. The focus of this nature and extent section is,
therefore, on the distribution of DDx (Section 4.1), PCDD/Fs (Section 4.2), and other COls
(Section 4.3) in sediments.

A revised breakpoint analyses for DDx and a new breakpoint analysis for total PCDD/Fs are
also presented in this section of the report. The breakpoint analyses are based on the expanded
and more robust EE/CA sediment data set and EVS model analysis. Per the EPA directed
change as clarified in the 2011 Opalski Decision, the revised breakpoint analyses will not be
used at this time but will be used in the evaluation of EE/CA alternatives presented in the
EE/CA report.

4.1 DDX

DDx sediment data'! from the EE/CA investigation were incorporated into the EVS model for
the preliminary RAA at the Arkema site (Appendix I). The revised and updated EVS model
contains more than 550 DDx sediment sample results in the preliminary RAA area.

Prior to the EE/CA investigation, and based on the 2008 Opalski Decision, the focus of the
EE/CA investigation was on the 5 ppm (or mg/kg) boundary which was derived from the 90%
mass removal breakpoint in the DDx mass-to-sediment volume relationship at the Arkema site.
With the expanded and more robust data set, including an additional 321 DDx data points from
the EE/CA investigation, a reanalysis of the mass-to-volume relationship was conducted by
plotting the DDx mass and associated sediment volume results from the EVS model. The

11 At the request of EPA, the DDx data in the EVS model did not include EPA’s split sample data from the 2009
EE/CA characterization investigation. These data were rejected by EPA during their data validation process. LSS
notes that EPA DDx data were variable but in some cases were up to two orders of magnitude lower than LSS” data
presented herein.
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“breakpoint” or change in slope in the mass-to-volume relationship was then reevaluated based
on this expanded and more robust EVS model.

Figure 4-1 presents the graph of the DDx mass versus the in-place dredge volume based on the
expanded sediment data set. Based on this data set, the mass-to-volume relationship has
changed and the revised DDx breakpoint now occurs between 75 mg/kg and 100 mg/kg, which
represents approximately 90% of the DDx mass.

The horizontal extent of the 5 mg/kg DDx contours for the nominal plume using 15 anisotropy?
is presented in Figure 4-2. The 5 mg/kg DDx boundary covers the area between Docks 1 and 2
with a small strip extending upstream of Dock 1 and some small discontinuous areas
downstream of Dock 2 (Figure 4-2). The 5 mg/kg DDx boundary is similar to the 10 mg/kg DDx
boundary, except for the area downstream of Dock 2. The 5 mg/kg DDx boundary downstream
of Dock 2 is larger than the 10 mg/kg DDx boundary, especially immediately downstream of
Dock 2 and in the discontinuous areas downstream of Dock 2.

Cross sections showing the lower vertical extent of the 75 and 10 mg/kg DDx contours are
presented in Figure 4-3a. Cross sections showing the lower vertical extent of the 5 and

0.04 mg/kg DDx contours are presented in Figure 4-3b. Figure 4-3c presents a cross section that
overlays the lower vertical extent of the 75, 10, 5, and 0.04'® mg/kg contours. The highest DDx
concentrations in site sediment are between Docks 1 and 2 at a depth of approximately 10 ft
bml. The 0.04 mg/kg vertical contour extends downward to within 5-10 ft of basalt bedrock,
from the downstream portion of Dock 1 to the northern portion of the preliminary RAA
boundary. The 0.04 mg/kg DDx vertical boundary is at a shallower depth upstream of Dock 1
(Figure 4-3c).

Figure 4-3c clearly shows that the discontinuous DDx sediment areas downstream of Dock 2
have a limited vertical extent and are not contiguous. In addition, EVS model calculations show
that DDx in sediment downstream of Dock 2 represents less than 2% of the DDx mass within
the preliminary RAA. Note that as a result of the sample spacing downstream of Dock 2, there
is higher variability in the EVS model in this area and, therefore, there is some uncertainty as to
whether these discrete “islands” downstream of Dock 2 could be laterally contiguous.

The current draft Portland Harbor sediment PRGs for sum DDD, DDE, DDT, and DDx are

28 ug/kg, 31.3 ug/kg, 62.9 ug/kg, and 218 ug/kg, respectively. These SLVs along with other
relevant and appropriate levels (e.g., remedial action levels [RALs]) will be used in the EE/CA
to evaluate the vertical distribution of DDx concentrations with respect to the removal action
alternatives evaluated.

12 Anisotropy is the horizontal to vertical correlation ratio used in EVS. The default anisotropy value in EVS is 10.
13 The 0.04 mg/kg DDx value is 1,000 times the current DEQ (2007) human health subsistence bioaccumulative SLV.
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Based on the current data, the RAA boundary at the site is based on the 5 mg/kg DDx contour,
in accordance with the 2011 Opalski Decision, and is presented in Section 4.4.

4.2 PCDDI/FS

EVS was used to create a model of total PCDD/Fs in sediment data within the preliminary RAA
boundary at the site. The model incorporated EE/CA investigation and historical total PCDD/F
sediment data (Appendix I). The EVS PCDD/F model contains more than 100 total PCDD/F
sediment sample results in the preliminary RAA area.

Figure 4-4 presents a graph of the total PCDD/F mass versus the in-place dredge volume based
on the EE/CA investigation and historical data set. The mass-to-volume relationship was not
previously conducted for PCDD/Fs at the site; however, consistent with the methodology used
for DDx, a mass-to-volume relationship was developed by plotting the PCDD/F mass and
associated sediment volume results from the EVS model. The breakpoint was estimated from
the plot on Figure 4-4. The mass-to-volume relationship, based on a total PCDD/F breakpoint of
90% of the PCDD/F mass, is approximately 36,000 pg/g.

Figure 4-5 presents the horizontal extent of the 36,000 pg/g PCDD/F contour and the vertical
extent of total PCDD/Fs in sediments within the preliminary RAA boundary. The highest total
PCDD/F concentrations are present in the area between Docks 1 and 2, similar to that of DDx.
The vertical distribution of total PCDD/Fs differs from the vertical distribution of DDx. Based
on the EVS model analysis, the highest concentrations of PCDD/Fs extend to the sediment
surface, as opposed to DDx, which is found at approximately 10 ft bml. One potential factor
that may bias this analysis for total PCDD/Fs is that the PCDD/F distribution between Docks 1
and 2 is based on the waste characterization samples, which were composites of larger sample
intervals from boreholes between the docks (i.e., samples representing 6—12 ft sediment sample
intervals). Concentrations of total PCDD/Fs immediately upstream and downstream of Docks 1
and 2 are generally within the range of 100 to 1,000 pg/g (Figure 4-5).

Figure 4-6 presents the PCDD/F TEQ data for all sediment samples collected within the
preliminary RAA boundary. Figure 4-7 presents pie charts showing the fraction of PCDD and
PCDF homologues in each sediment sample within the preliminary boundary investigation
area, with the proportional PCDD homologue sum in red, and the proportional PCDF
homologue sum in blue.

Per the 2011 Opalski Decision, the Portland Harbor sediment PRG for 2,3,4,7,8-PCDF and other
appropriate and relevant levels (e.g., RALs) will be used in the EE/CA to evaluate the vertical
distribution of 2,3,4,7,8-PCDF concentrations with respect to the removal action alternatives
evaluated.
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4.3 OTHER COIS

Sediment data for other chemicals analyzed during the 2009 EE/CA investigation are
summarized in Section 3 of this report. EPA has directed additional chemicals as COlIs that
need to be evaluated further in the EE/CA. These additional COls consist of
hexachlorobenzene, PCBs, total chlordanes, tributyltin, and lindane (gamma-
hexachlorocyclohexane) (Sheldrake 2011b). Some of these chemicals (e.g., chlordane, gamma-
hexachlorocyclohexane, and PCBs) have also been the subject of additional correspondence
between EPA and LSS (Slater 2010b, 2010c; Sheldrake 2010c, 2010d; Appendix A).

While there are sporadic detections of these other COlISs in sediment samples at the Arkema site,
these detections are consistent with the deposition of upstream urban background of these
COlIs. The detections of these other COls at the Arkema site are generally outweighed by the
majority of sediment samples that do not have other COI detections. These findings are
consistent with the conceptual site model that shows there are no sources of these other COls at
the Arkema site because they were never manufactured, handled, or stored at the facility.

Each of these COIs will be considered further in the EE/CA when evaluating the vertical extent
of the RAA boundary. Provided below is a summary of the available data for each of these
COlIs within the horizontal RAA boundary and the SLVs to be used for comparison in the
EE/CA based on the 2011 Opalski Decision.

4.3.1 Total Chlordanes

Approximately 170 sediment samples within the preliminary RAA boundary have been
analyzed for total chlordanes. Total chlordanes were not detected in 66% of these samples.
Detection limits for undetected samples range from 0.000042 to 10 mg/kg. Figure 4-8 presents
the total chlordanes data for all sediment samples collected within the original preliminary
RAA boundary.

The draft Portland Harbor sediment PRG for total chlordanes as well as other appropriate and
relevant levels (e.g., RALs) will be used in the EE/CA to evaluate the vertical distribution of
total chlordane concentrations with respect to the removal action alternatives evaluated.

4.3.2 gamma-Hexachlorocyclohexane (Lindane)

Approximately 170 sediment samples within the preliminary RAA boundary have been
analyzed for gamma-hexachlorocyclohexane, also referred to as lindane. gamma-
Hexachlorocyclohexane was not detected in over 90% of these samples. Detection limits for
undetected samples range from 0.000077 to 9.9 mg/kg. Figure 4-9 presents the gamma-
hexachlorocyclohexane data for all sediment samples collected within the original preliminary
RAA boundary.
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The draft Portland Harbor sediment PRG for gamma-hexachlorocyclohexane as well as other
appropriate and relevant levels (e.g., RALs) will be used in the EE/CA to evaluate the vertical
distribution of gamma-hexachlorocyclohexane concentrations with respect to the removal
action alternatives evaluated.

4.3.3 Hexachlorobenzene

Hexachlorobenzene has been analyzed in 117 sediment samples within the preliminary RAA
boundary. Hexachlorobenzene was not detected in 44% of these samples. Detection limits for
undetected samples range from 0.00015 to 0.32 mg/kg. Figure 4-10 presents the
hexachlorobenzene data for all sediment samples collected within the original preliminary RAA
boundary.

The draft Portland Harbor sediment PRG for hexachlorobenzene, if available, as well as other
appropriate and relevant levels (e.g., RALs) will be used in the EE/CA to evaluate the vertical
distribution of hexachlorobenzene concentrations with respect to the removal action
alternatives evaluated.

434 PCBs

PCBs have been analyzed in 94 sediment samples within the preliminary RAA boundary. PCBs
were not detected in 66% of these samples. Detection limits for undetected samples range from
0.0012 to 150 mg/kg. Figure 4-11presents the total PCB data for all sediment samples collected
within the original preliminary RAA boundary.

The draft Portland Harbor sediment PRG for total PCBs as well as other appropriate and
relevant levels (e.g., RALs) will be used in the EE/CA to evaluate the vertical distribution of
total PCB concentrations with respect to the removal action alternatives evaluated.

4.3.5 Tributyltin

Tributyltin has been analyzed in 23 sediment samples within the preliminary RAA boundary.
Tributyltin was not detected in 91% of these samples. Detection limits for undetected samples
range from 0.013 to 0.020 mg/kg. Figure 4-12 presents the tributyltin data for all sediment
samples collected within the original preliminary RAA boundary.

The draft Portland Harbor sediment PRG for tributyltin as well as other appropriate and
relevant levels (e.g., RALs) will be used in the EE/CA to evaluate the vertical distribution of
tributyltin concentrations with respect to the removal action alternatives evaluated.
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4.4 EPA DIRECTED HORIZONTAL RAA BOUNDARY

Based on the analysis of the DDx data, the current horizontal RAA boundary, as directed by
EPA, is the 5 mg/kg DDx contour in the EVS model (Figure 4-13). The horizontal RAA
boundary presented on Figure 4-13 is consistent with the 2011 Opalski Decision (Opalski 2011;
Appendix A). The horizontal RAA boundary will be used to evaluate EE/CA alternatives at the
site. COlIs outside of this horizontal RAA boundary will be addressed as part of the Portland
Harbor Superfund Site remedy.
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5 SUMMARY

The EE/CA characterization activities were conducted at the site from August 18 to October 30,
2009. Sediment samples were collected from 36 roto-sonic chemistry boreholes and 3 mud
rotary geotechnical boreholes. The sediment samples were analyzed for a number of chemical
and physical parameters in accordance with the Final EE/CA Work Plan. In addition to the
sediment sampling activities, 14 CPT boreholes were advanced and a visual surface debris
survey was conducted at the site.

Several rounds of chemical analyses were conducted on sediment samples in accordance with
the Final EE/CA Work Plan and subsequent EPA/LSS agreements. Based on the results of the
EE/CA characterization and historical sediment data collected at the site, DDx was utilized to
delineate the EPA directed horizontal RAA boundary.

DDx sediment data from the EE/CA investigation were incorporated into the EVS model for the
preliminary RAA at the site. The revised and updated EVS model contains more than 550 DDx
sediment sample results in the preliminary RAA area. EVS was also used to create a model of
total PCDD/Fs in sediment within the preliminary RAA boundary at the site. The model
incorporated EE/CA investigation and historical total PCDD/F sediment data. The EVS
PCDD/Fs model contains more than 100 total PCDD/F sediment sample results in the
preliminary RAA area.

The RAA boundary to be evaluated in the EE/CA has been directed by EPA and is the 5 mg/kg
DDx contour based on EVS modeling, consistent with the 2011 Opalski Decision (Opalski 2011;
Appendix A) and the intent of the NTCRA. Also consistent with the 2011 Opalski Decision, the
vertical extent of the RAA will be defined in the EE/CA by evaluating the vertical extent of DDx
and other COlIs within the horizontal RAA boundary (Figure 4-13). Per the 2008 Opalski
Decision, the EE/CA will also evaluate various sediment remedial alternatives within the
feasible limits of dredging and considering other engineering constraints. The remainder of the
COlIs outside of the RAA boundary will be addressed, if necessary, as part of the Portland
Harbor Superfund Site remedy.
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*Where Total PCBs are detected, symbol color represents Total PCBs concentration.
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Arkema Early Action
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Table 2-1. Borehole Coordinates, Elevations, and Sediment Thickness

October 14, 2011

Approximate

Approximate

Mudline Basalt Surface Sediment

Borehole Easting Northing Elevation Elevation Thickness
Number (X)*° ()P (ft NAVD88) (ft NAVD88) (ft)
CPT-1 7627451.7 702990.8 -4.6 -23.5 18.9
CPT-2 7627672.7 703040.7 -31.2 -42.0 10.8
CPT-3 7627434.0 702870.1 -4.2 -25.4 21.2
CPT-4 7627591.4 702839.0 -2.6 -27.4 24.8
CPT-5 7627905.2 702920.4 -35.2 -42.1 6.9
CPT-6 7627786.1 702621.1 -4.3 -26.8 22.5
CPT-7 7628002.4 702619.6 -28.8 -39.3 10.5
CPT-8 7627919.7 702419.9 0.8 -23.5 24.3
CPT-9 7627990.6 702312.2 2.2 -34.7 36.9
CPT-9R 7627986.9 702311.0 20 -33.9 35.9
CPT-10 7628061.3 702290.3 -1.2 -31.9 30.7
CPT-11 7628308.1 7024791 -32.9 -40.8 7.9
CPT-12 7628340.5 702237.4 -27.7 -42.5 14.8
CPT-13 7628255.8 702105.7 -9.9 -32.5 22.6
SPT-1 7627928.2 702427.3 -1.1 -23.6 22.5
SPT-2 7627989.6 702305.5 2.3 -36.7 39.0
SPT-3 7628258.0 702131.1 -10.6 -37.1 26.5
WB-30 7628309.1 701952.2 47 -44.5 49.2
WB-31 7628272.8 702017.4 4.3 -- --
WB-31b 7628288.8 702013.8 -1.0 -45.7 44.7
WB-32 7628184.7 702137.9 -0.2 -45.2 45.0
WB-33 7628231.4 702225.5 -20.7 -39.7 19.0
WB-34 7628177.5 702328.6 -25.9 -31.9 6.0
WB-35 7628067.1 702274.2 0.8 -35.3 36.1
WB-36 7627987 .4 702305.0 3.9 -38.0 41.9
WB-37 7628025.7 702373.0 -7.4 -30.3 229
WB-38 7627961.7 702502.3 -16.3 -27.9 11.6
WB-39 7627889.5 702452.5 0.8 -24.9 25.7
WB-40 7627859.4 702601.7 -14.2 -30.1 15.9
WB-41 7627808.8 702576.7 -3.3 -26.1 22.8
WB-42 7627732.7 702517.7 9.1 -16.9 26.0
WB-43 7627701.3 702645.9 1.4 -17.6 19.0
WB-44 7627747.8 702743.5 -13.5 -28.3 14.8
WB-45 7627706.6 702789.0 -13.7 -27.7 14.0
WB-46 7627539.7 702678.4 8.0 -17.0 25.0
WB-47 7627465.2 702684.7 9.8 -13.2 23.0
WB-48 7627594.5 702831.3 -2.2 -24.1 21.9

Integral Consulting Inc.
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Arkema Early Action

Final Removal Action Area Characterization Report

Table 2-1. Borehole Coordinates, Elevations, and Sediment Thickness

October 14, 2011

Approximate

Approximate

Mudline Basalt Surface Sediment
Borehole Easting Northing Elevation Elevation Thickness
Number (X)*° ()P (ft NAVD88) (ft NAVD88) (ft)
WB-49 7627480.4 702840.2 4.2 -19.3 23.5
WB-50 7627483.3 702968.3 -5.4 -19.9 14.5
WB-51 7627392.5 702912.8 3.7 -17.8 21.5
WB-52 7627322.3 702831.6 8.2 -9.8 18.0
WB-53 7627385.0 703085.9 -8.3 -23.6 15.3
WB-54 7627300.4 703024.3 3.3 -14.7 18.0
WB-55 7627224 .4 702956.5 8.8 -12.2 21.0
WB-56 7628397.0 701865.2 4.5 - -
WB-56b 7628398.1 701871.3 1.6 -45.8 47.4
WB-57 7628400.4 701984.0 -16.9 -44.5 27.6
WB-58 7628389.7 702082.9 -25.1 -44.6 19.5
WB-60 7627702.1 702888.9 -24.4 -27.9 3.5
WB-61 7627729.7 702986.4 -30.8 -38.8 8.0
WB-62 7627599.4 703000.9 -20.5 -29.3 8.8
WB-63 7627255.1 703085.1 2.0 -14.6 16.6
WB-64 7626974.1 703146.4 9.8 -16.7 26.5
WB-65 7626993.3 703227.9 5.1 -12.9 18.0
WB-66 7627183.4 703207.9 -2.1 -19.6 17.5
Notes

-- = data not available
NAVD88 = North American Vertical Datum of 1988

@ Differentially corrected data
® State plane coordinates, North American Datum of 1983, Oregon North, International feet

Integral Consulting Inc.
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Table 2-2. Deviations from the Final EE/CA Work Plan

October 14, 2011

FCR
Number Date Title Description Recommended Change
FCR-1 8/13/2009 Station Location Shifts Station locations may need to be shifted to accommodate drilling barge width and a number of All station locations may be shifted up to 20 ft from the coordinates listed in the May 15, 2009 Arkema
of up to 20 ft obstructions at the site including old pilings, concrete, and other debris. EE/CA Field Sampling Plan. Shifts greater than 20 ft will require formal notification of EPA and/or CDM.
FCR-2 8/13/2009 Move Station WB-46 Station WB-46 is located in an area that is inaccessible by the barge. Water depth and presence of Move station WB-46 approximately 60 ft west, so it is on the west side of Outfall 003.
Approximately 60 ft to Outfall 003 are additional hindrances to the barge.
the West
FCR-3 9/11/2009 Use of a 3-inch The drilling contractor is unable to run 6-inch diameter casing with the rotosonic rig until they drill At boreholes where the sediment thickness is expected to be at least 10 ft, a 3-inch diameter aluminum
Diameter Aluminum several feet into sand, which has the bearing capacity to support the casing. The casing provides an Vibracore sampler may be used to collect sediment samples from mudline to 10 ft below mudline for
Vibracore Sampler open borehole for the sediment samples to be collected, which significantly reduces the slough in the chemical analysis. The Vibracore sampler will not be used in areas with shallow bedrock or where
sampler. The Vibracore sampler will also save time and increase production. debris is present.
FCR-4 9/11/2009 Guidance on Sample A light sheen and some low-level PID hits have been observed in some sediment samples collected as If sample volume is sufficient, an additional 4 oz (VOC) jar will be collected to be archived at the
Collection if Field part of the 2009 EE/CA sediment investigation. The field sampling plan does not provide specific laboratory for potential chemical analysis if a sheen or a PID measurement greater than 10 ppm is
Evidence of guidance on when additional VOC sample jars will be collected based on field evidence of observed. The 4 oz jar will be archived at the analytical laboratory at 4°C.
Contamination is contamination.
Observed
FCR-5 9/21/2009 Abandon 15 ft of Casing During drilling at WB-56, the tide dropped and the end of the barge became beached on the relatively Drilling and sampling at WB-56 was successfully completed to 24 ft bml. To complete this borehole to
at WB-56 and Move to steep riverbank and moved about 6 inches. The drilling crew attempted to move both the barge and the  bedrock, the barge platform will need to be moved 10-12 ft east of WB-56 so the barge does not rest on
WB-56b to Complete drill rig several times to try to realign the casing and were unsuccessful. During the process of the steep riverbank at low tide. At the new WB-56b location, the mudline elevation is approximately 3.3
Borehole unthreading the uppermost section of casing, the bottom 15 ft of casing became unthreaded and ft lower than at WB-56. Therefore, samples will be collected at WB-56b beginning at 20.7 ft bml and will
separated. This section of casing is located approximately 10—25 ft bml; the remaining casing was be analyzed in accordance with requirements for WB-56 in the FSP.
removed, and the upper 10 ft of borehole was allowed to close naturally by sloughing.
FCR-6 9/21/2009 Move Station WB-46to  As noted in FCR-2, station WB-46 is inaccessible to the barge. FCR-2 proposed moving station WB-46  Move station WB-46 approximately 50-60 ft from its original location toward the riverbank, parallel to
the Riverbank Adjacent  approximately 60 ft west, to the west side of Outfall 003, but the water depth is too shallow to Outfall 003, so it can be drilled from the riverbank.
to Outfall 003 accommodate the barge at this location.
FCR-7 9/22/2009 Abandon WB-31 and The barge was positioned on borehole WB-31 parallel to Outfall 001, which is at an angle to the Drill borehole WB-31b approximately 5 ft toward the river from WB-30. The mudline elevation will be
Move to WB-31b to riverbank. As the tide dropped, the upstream corner of the barge became beached, causing a approximately 5 ft lower at the new borehole location, so the sample intervals will be adjusted to begin
Complete Borehole misalignment in the casing. The barge could not be moved a short distance to realign the casing sampling at an elevation equivalent to 30 ft bml at WB-31. The samples from WB-31 and WB-31b will
because one corner of the barge was beached. The casing was removed and the borehole was be analyzed in accordance with the requirements for WB-31 in the FSP.
grouted.
FCR-8 9/23/2009 Preliminary Results for The location of borehole WB-59 was inaccessible to the drill rig. Borehole WB-59 is a step-out Remove borehole WB-59 from the drilling program.
WB-56/56b; Abandon borehole. According to Table 2-3 of the FSP, the sediment samples were only slated for analysis if
Installation of WB-59 there was an exceedance of 5 mg/kg DDx in any of the sediment samples from borehole WB-56/56b.
None of the preliminary sediment sample results from borehole WB-56/56b exceeded 5 mg/kg, so no
analyses of sediment samples from borehole WB-59 are necessary.
FCR-9 9/28/2009 Move Location of WB- Barge had difficulty being positioned at this station due to steep riverbank, a cutoff piling, and possibility  Drill borehole WB-39 approximately 25 ft toward the river from the FSP coordinates.
39 25 ft from Riverbank  for misalignment of the casing when the river drops due to tidal fluctuations.
FCR-10  9/30/2009 Move Location of WB- A combination of the shallow water depth and Dock 1 structure prevent the barge from being positioned  Drill borehole approximately 25 ft toward the river from the FSP coordinates.
36 Approximately 25 ft at the FSP station coordinates for WB-36. The barge will need to be positioned in deeper water away
from Riverbank from the shoreline to provide enough barge draft for drilling WB-36.
FCR-11 10/12/2009 Flexibility for Changing The locations of the co-located CPTs and SPTs were originally selected to be immediately adjacent to Move the co-located explorations closer to the existing boring locations to increase the likelihood that
Geotechnical existing borehole locations from the 2003 investigation (WB-9, WB-11, and WB-23). The new the new explorations will encounter similar conditions as the 2003 borings. Explorations may be moved
Exploration Locations exploration locations ended up being too far apart from each other and too far from the selected 2003 by up to 50 ft without further field change requests.
locations.
Notes:

bml = below mudline

CPT = cone penetration test

EE/CA = engineering evaluation and cost analysis

FCR = field change request
FSP = field sampling plan

Integral Consulting Inc.

PID = photo-ionization detector
ppm = parts per million

SPT = standard penetration test
VOC = volatile organic compound
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Table 3-1. Sediment Chemistry Data - DDx and Conventional

Analytes
Borehole Number: WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30 WB-30
Sample Date: 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/17/2009 9/18/2009 9/18/2009 9/18/2009 9/18/2009 9/18/2009 9/18/2009 9/18/2009 9/18/2009 9/18/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N N FD N N N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 0 2 4 6 8 10 12 12 14 16 18 20 22 24
Lower Depth, ft: 2 4 6 8 10 12 14 14 16 18 20 22 24 26
Constituent CAS ID Method Units Sample ID: ARK-WB-30-0-2 ARK-WB-30-2-4 ARK-WB-30-4-6 ARK-WB-30-6-8 ARK-WB-30-8-10 ARK-WB-30-10-12 ARK-WB-30-12-14 ARK-WB-79-12-14 ARK-WB-30-14-16 ARK-WB-30-16-18 ARK-WB-30-18-20 ARK-WB-30-20-22 ARK-WB-30-22-24 ARK-WB-30-24-26
Conventionals
Total organic carbon TOC SW9060 percent - - - - 0.11J 0.11J 0.13J 0.11J 0.080 J 0.070 J 0.090 J 0.061 U 0.090 J 0.061 U
Total solids TSO E160.3 percent 73 74 78 77 75 73 71 71 70 70 69 73 70 72
Grainsize
Clay GS_CLAY D422 percent - - - - 20 39 50 -- 18 14 21 10 40 12
Sieve 1 inch GS_SIEVE1 D422 percent - - - - ou ou ou - ou ou ou ou ou ou
Sieve 1.5 inch GS_SIEVE1.5 D422 percent -- -- -- -- ou ou ou -- ou ou ou ou ou ou
Sieve 10 GS_SIEVE010 D422 percent - - - - ou ou ou - ou ou ou ou ou ou
Sieve 140 GS_SIEVE140 D422 percent - - - - 10 1.3 0.50 - 1.2 12 2.3 5.6 1.2 2.1
Sieve 2 inch GS_SIEVE2 D422 percent - - - - ou ou ou - ou ou ou ou ou ou
Sieve 20 GS_SIEVE020 D422 percent - - - - 2.9 ou ou - ou ou ou 0.10 ou ou
Sieve 200 GS_SIEVE200 D422 percent - - - - 3.3 0.40 0.40 - 29 18 5.1 20 0.70 7
Sieve 230 GS_SIEVE230 D422 percent -- -- -- -- 3.7 0.40 0.30 -- 4.9 7.6 6.9 9.5 0.70 10
Sieve 3 inch GS_SIEVE3 D422 percent - - - - 0ou 0ou 0ou - 0ou 0ou 0ou ou ou 0ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent - - - - ou ou ou - ou ou ou ou ou ou
Sieve 3/8 inch GS_SIEVE3/8 D422 percent - - - - ou ou ou - ou ou ou ou ou ou
Sieve 4 GS_SIEVE004 D422 percent - - - - ou ou ou -- ou ou ou ou ou ou
Sieve 40 GS_SIEVE040 D422 percent - - - - 43 0.70 0.60 - 11 0.80 1.3 0.50 2.1 1.0
Sieve 60 GS_SIEVE060 D422 percent - - - - 15 1.4 0.40 - 0.60 0.50 0.80 0.30 1.2 0.50
Silt GS_SILT D422 percent - - - - 41 57 48 - 71 46 63 53 54 58
Pesticides
Total DDx E966176eeca SW8081A mg/kg 0.89 JT 0.47 JT 0.034 JT 0.031 JT 0.035 JT 0.00033 UT 0.00021 UT 0.00034 UT 0.00024 UT 0.0021 T 0.00054 JT 0.00038 UT 0.00086 UT 0.00049 UT
2,4'-DDD 53-19-0 SW8081A mg/kg 0.070 J 0.041 J 0.0023 J 0.0026 J 0.0011 J 0.000074 U 0.000076 U 0.000077 U 0.000077 U 0.000078 U 0.00011 J 0.000076 U 0.000078 U 0.000075 U
2,4'-DDE 3424-82-6 SW8081A mg/kg 0.026 J 0.0061 J 0.00042 J 0.00010 J 0.00053 U 0.00010 U 0.00011 U 0.00011 U 0.00011 U 0.00011 U 0.00011 U 0.00010 U 0.00011 U 0.00010 U
2,4'-DDT 789-02-6 SW8081A mg/kg 0.12J 0.040 J 0.0034 J 0.0029 J 0.0015 0.00015 U 0.00015 U 0.00015 U 0.00015 U 0.00016 U 0.00016 U 0.00015 U 0.00016 U 0.00015 U
4,4'-DDD 72-54-8 SW8081A mg/kg 0.20 0.12 0.0068 0.0073 0.0032 0.00016 U 0.00017 U 0.00017 U 0.00017 U 0.00017 U 0.00017 U 0.00016 U 0.00017 U 0.00016 U
4,4'-DDE 72-55-9 SW8081A mg/kg 0.13 0.029 J 0.0022 0.0032 0.0012 J 0.000089 U 0.000091 U 0.000092 U 0.000093 U 0.000094 U 0.000094 U 0.000091 U 0.000094 U 0.000090 U
4,4'-DDT 50-29-3 SW8081A mg/kg 0.34 0.23 0.019 0.015 0.028 0.00033 U 0.00021 U 0.00034 U 0.00024 U 0.0018 0.00033 U 0.00038 U 0.00086 U 0.00049 U
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Table 3-1. Sediment Chemistry Data - DDx and Conventional

Analytes

October 14, 2011

Constituent CAS ID Method

Borehole Number:
Sample Date:
Matrix:

Sample Type:
Tets Type:
Upper Depth, ft:
Lower Depth, ft:

Sample ID:

ARK-WB-30-26-28 ARK-WB-30-28-30 ARK-WB-30-30-32

WB-30
9/18/2009
SE
N
normal
32
34

ARK-WB-30-32-34

ARK-WB-30-34-36 ARK-WB-30-36-38 ARK-WB-30-38-40

WB-30
9/18/2009
SE
N
normal
40
42

ARK-WB-30-40-42

WB-30
9/18/2009
SE
N
normal
42
44

ARK-WB-30-42-44

ARK-WB-30-44-46 ARK-WB-30-46-48 ARK-WB-30-48-49-2

WB-31
9/21/2009
SE

N

normal

2
4

ARK-WB-31-2-4

Conventionals

0.061 U

0.77

0.76

73

80

76

23

C

0

c
c

c

c
c

0

c

c
c

0

0.60

o

0

[

(e
(e

(o

0

c c

(o
(o

5.0

4.0

cicicc
cicicc

cicicc
cicicc

cicicc

cicicc
cicicc

5
0
0
0
0
0

ciclccc

0.10

ciclcicc

0.20

0.10

48

72

0.00016

0.00033

0.064 T

8.1JT

0.000074

0.000068

0.0071

0.36 J

0.00010

0.000095

0.0019

0.068 J

0.00015

0.00014

0.0078

0.69 J

0.00016

0.00015

0.016

0.000088

0.000082

0.011

0.24

Total organic carbon TOC SW9060 percent
Total solids TSO E160.3 percent
Grainsize
Clay GS_CLAY D422 percent
Sieve 1 inch GS_SIEVE1 D422 percent
Sieve 1.5 inch GS_SIEVE1.5 D422 percent
Sieve 10 GS_SIEVE010 D422 percent
Sieve 140 GS_SIEVE140 D422 percent
Sieve 2 inch GS_SIEVE2 D422 percent
Sieve 20 GS_SIEVE020 D422 percent
Sieve 200 GS_SIEVE200 D422 percent
Sieve 230 GS_SIEVE230 D422 percent
Sieve 3 inch GS_SIEVE3 D422 percent
Sieve 3/4 inch GS_SIEVE3/4 D422 percent
Sieve 3/8 inch GS_SIEVE3/8 D422 percent
Sieve 4 GS_SIEVE004 D422 percent
Sieve 40 GS_SIEVE040 D422 percent
Sieve 60 GS_SIEVE060 D422 percent
Silt GS_SILT D422 percent
Pesticides
Total DDx E966176eeca SWB8081A mg/kg
2,4'-DDD 53-19-0 SW8081A mg/kg
2,4-DDE 3424-82-6 SW8081A mg/kg
2,4'-DDT 789-02-6 SW8081A mg/kg
4,4'-DDD 72-54-8 SW8081A mg/kg
4,4'-DDE 72-55-9 SWB8081A mg/kg
4,4'-DDT 50-29-3 SW8081A  malkg

0.00012

0.00033

clclc|c|c|c

0.020

clcccciclc
3
clclcciciclc
3

5.4

Integral Consulting Inc.
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Final Removal Action Area Characterization Report October 14, 2011
Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31b
Sample Date: 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/22/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N N N N N N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 4 6 8 10 12 14 16 18 20 22 24 26 28 247
Lower Depth, ft: 6 8 10 12 14 16 18 20 22 24 26 28 30 26.7
Constituent CAS ID Method ~ Units  SamplelD:  ARK-WB-31-4-6 ARK-WB-31-6-8 ARK-WB-31-8-10  ARK-WB-31-10-12  ARK-WB-31-12-14  ARK-WB-31-14-16  ARK-WB-31-16-18  ARK-WB-31-18-20  ARK-WB-31-2022  ARK-WB-31-22-24  ARK-WB-31-24-26  ARK-WB-31-26-28  ARK-WB-31-28-30 ARK-WB-31b-24-7-26-
Conventionals
Total organic carbon TOC SW9060  percent - - 0.26 0193 0.080 J 0.070 J 0.061 U 0.070 J 0.061 U 0.061 U 0.090 J 0.061 U 0.070 J 0.061 U
Total solids TSO E160.3  percent 73 83 73 76 69 70 70 69 69 70 72 72 70 77
Grainsize
Clay GS_CLAY D422 percent - - 3.0 13 23 11 19 17 20 16 5.4 - 20 27
Sieve 1 inch GS_SIEVE1 D422 percent - - o0u o0u o0u o0u o0u o0u o0u o0u o0u - o0u o0u
Sieve 1.5 inch GS_SIEVE1.5 D422 percent - - o0u ou ou ou ou ou ou ou ou - ou ou
Sieve 10 GS_SIEVE010 D422 percent - - ou 0.10 ou ou ou 0.30 ou ou 0.10 - ou 0.10
Sieve 140 GS_SIEVE140 D422 percent - - 24 24 1.2 8.0 2.9 43 2.0 2.1 77 - 1.9 16
Sieve 2 inch GS_SIEVE2 D422 percent - - ou ou ou ou ou o0u ou ou ou - o0u o0u
Sieve 20 GS_SIEVE020 D422 percent - - 0.50 0.50 ou ou 0.10 0.10 ou ou ou - 020 0.10
Sieve 200 GS_SIEVE200 D422 percent - - 0.69 1.6 27 13 34 14 2.0 13 20 - 33 28
Sieve 230 GS_SIEVE230 D422 percent - - 0.23 0.50 2.8 59 43 6.1 38 82 16 - 2.0 9.8
Sieve 3 inch GS_SIEVE3 D422 percent - - o0u ou ou ou ou ou ou ou ou -~ ou ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent - - ou ou ou ou ou ou ou ou ou - ou ou
Sieve 3/8 inch GS_SIEVE3/8 D422 percent - - ou ou ou ou ou ou ou ou ou - ou ou
Sieve 4 GS_SIEVE004 D422 percent - - ou ou ou ou ou 0.40 ou ou 14 - ou ou
Sieve 40 GS_SIEVE040 D422 percent - - 12 75 0.90 15 15 1.7 1.8 0.80 0.10 - 2.0 0.70
Sieve 60 GS_SIEVE060 D422 percent - - 58 32 1.4 13 22 0.80 1.3 0.50 020 - 1.4 0.80
sit GS_SILT D422 percent - - 1.7 21 68 59 67 55 69 60 49 - 69 42
Pesticides
Total DDx E966176eeca  SW8081A  mglkg 1237 130T 0.084 T 0.19 JT 0.0032 JT 0.0015 JT 0.025 JT 0.00067 UT 0.00059 UT 0.00052 U 0.0063 T 0.0013 JT 0.00040 U 0.0021 JT
2,4-DDD 53-19-0 SW8081A  mglkg 0.041 J 0.061 J 0.0075 0.023 0.00038 0.00017 J 0.0022 0.000078 U 0.000077 U 0.000078 U 0.00064 0.00018 J 0.000075 U 0.000070 UJ
2,4-DDE 3424-82-6 SW8081A  mglkg 0.0081 J 0.011J 0.0017 0.0026 J 0.00011 U 0.00011 U 0.00048 J 0.00011 U 0.00011 U 0.00011 U 0.00010 U 0.00011 U 0.00010 U 0.000097 U
2,4-DDT 789-02-6 SW8081A  mglkg 0.037 J 0131 0.028 0.018 0.00031 0.00031 0.0028 0.00016 U 0.00015 U 0.00016 U 0.00085 0.00016 U 0.00015 U 0.00014 U
4,4-DDD 72-54-8 SW8081A  mglkg 0.18 0.21 0.017 0.040 0.00081 0.00042 0.0049 0.00017 U 0.00017 U 0.00017 U 0.00095 0.00042 0.00016 U 0.00026 J
4,4-DDE 72559 SW8081A  mglkg 0.037 0.043 0.0066 0.0079 0.00021 J 0.000094 U 0.0047 0.000094 U 0.000092 U 0.000093 U 0.00052 0.00013 J 0.000090 U 0.000084 U
4,4-DDT 50-29-3 SW8081A __ mglkg 0.94 0.89 0.023 0.097 0.0014 0.00094 U 0.0096 0.00067 U 0.00059 U 0.00052 U 0.0033 0.00083 U 0.00040 U 0.0016 J
Integral Consulting Inc. Page 3 of 24
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Final Removal Action Area Characterization Report October 14, 2011
Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-31b WB-31b WB-31b WB-31b WB-31b WB-31b WB-31b WB-32 WB-32 WB-32 WB-32 WB-32 WB-32 WB-32
Sample Date: 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/22/2009 9/23/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N N N N FD N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 26.7 28.7 30.7 32.7 347 36.7 38.7 10 12 12 14 16 18 20
Lower Depth, ft: 28.7 30.7 32.7 347 36.7 38.7 40.5 12 14 14 16 18 20 22

Constituent CAS ID Method Units Sample ID:  ARK-WB-31b-26-7-28-7 ARK-WB-31b-28-7-30-7 ARK-WB-31b-30-7-32-7 ARK-WB-31b-32-7-34-7 ARK-WB-31b-34-7-36-7 ARK-WB-31b-36-7-38-7 ARK-WB-31b-38-7-40-5 ARK-WB-32-10-12 ARK-WB-32-12-14  ARK-WB-80-12-14 ARK-WB-32-14-16  ARK-WB-32-16-18 ARK-WB-32-18-20 = ARK-WB-32-20-22
Conventionals
Total organic carbon TOC SW9060 percent 0.061 U 0.070 J 0.080 J 0.10 J 0.13J 0.13J 0.061 U 1.6 0.061 U 0.070 J 0.061 U 0.061 U 0.061 U 0.090 J
Total solids TSO E160.3 percent 73 72 71 72 74 79 73 68 76 76 75 71 69 68
Grainsize
Clay GS_CLAY D422 percent 16 10 17 11 6.6 6.9 16 11 0.79 - 3.7 10 15 20
Sieve 1inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou ou - ou ou ou ou
Sieve 1.5 inch GS_SIEVE1.5 D422 percent 0ou ou 0ou ou 0ou ou 0ou 0ou 0ou - 0ou 0ou 0ou 0ou
Sieve 10 GS_SIEVE010 D422 percent ou ou ou ou ou 0.40 0.10 ou ou - ou ou u ou
Sieve 140 GS_SIEVE140 D422 percent 9.6 1.3 0.90 0.40 3.8 8.0 4.2 19 24 -- 15 9.1 1.1 1.9
Sieve 2 inch GS_SIEVE2 D422 percent ou ou ou ou ou ou ou ou ou - ou ou ou ou
Sieve 20 GS_SIEVE020 D422 percent 0ou ou 0ou ou 0.10 1.9 0.20 0.20 0.40 - 0.10 0.10 0ou 0.10
Sieve 200 GS_SIEVE200 D422 percent 17 9.4 3.0 4.5 8.4 13 20 8.1 14 - 17 15 5.9 25
Sieve 230 GS_SIEVE230 D422 percent 12 6.3 71 4.5 8.9 6.0 18 3.0 74 - 12 8.0 5.5 2.0
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou ou ou ou ou - ou ou ou ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent 0ou ou ou ou ou ou ou ou ou -- ou ou ou ou
Sieve 3/8 inch GS_SIEVE3/8 D422 percent ou ou ou ou ou ou ou ou ou - ou ou ou ou
Sieve 4 GS_SIEVE004 D422 percent ou ou ou ou 0ou ou 0ou 0ou 0ou - 0ou 0ou 0ou 0ou
Sieve 40 GS_SIEVE040 D422 percent 0.70 0.80 0.80 0.30 0.70 16 0.60 5.6 6.0 - 1.7 0.80 1.3 1.3
Sieve 60 GS_SIEVE060 D422 percent 0.80 0.40 0.50 0.10 0.40 19 0.50 17 20 - 4.5 4.2 0.60 2.9
Silt GS_SILT D422 percent 43 72 71 79 71 30 40 35 28 - 46 52 70 69
Pesticides
Total DDx E966176eeca SW8081A mg/kg 0.00063 T 0.00016 UJT 0.00017 UT 0.00016 UT 0.00050 JT 0.061 JT 0.00086 JT 5.7 JT 0.051 JT 0.035 JT 0.0097 JT 0.028 T 0.0017 JT 0.0062 T
2,4'-DDD 53-19-0 SW8081A mg/kg 0.000075 U 0.000073 UJ 0.000077 U 0.000074 U 0.000073 U 0.0081 0.00012 J 0.60 0.0041 0.0037 0.0013 J 0.0036 0.00015 J 0.00088
2,4-DDE 3424-82-6 SW8081A mg/kg 0.00010 U 0.00010 UJ 0.00011 U 0.00010 U 0.00010 U 0.00080 J 0.00010 U 0.035 U 0.00099 U 0.00020 U 0.000099 U 0.00021 U 0.00011 U 0.00012 U
2,4'-DDT 789-02-6 SW8081A mg/kg 0.00015 U 0.00015 UJ 0.00015 U 0.00015 U 0.00015 U 0.010 0.00015 U 0.61 0.0047 0.0048 0.0017 0.0041 0.00033 0.00093
4,4'-DDD 72-54-8 SW8081A mg/kg 0.00016 U 0.00016 UJ 0.00017 U 0.00016 U 0.00016 U 0.014 0.00018 J 0.92 0.0061 0.0058 0.0018 0.0057 0.00023 J 0.0015
4,4'-DDE 72-55-9 SWB8081A mg/kg 0.000090 U 0.000088 UJ 0.000093 U 0.000089 U 0.000087 U 0.0056 0.000088 U 0.063 J 0.0011 J 0.00061 0.00019 J 0.00061 0.000092 U 0.00059
4,4'-DDT 50-29-3 SW8081A mg/kg 0.00034 0.00012 UJ 0.00013 U 0.00012 U 0.00021 J 0.022 0.00039 3.5 0.035 J 0.020 J 0.0047 J 0.014 0.00087 0.0022
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Table 3-1. Sediment Chemistry Data - DDx and Conventional

Analytes
Borehole Number: WB-32 WB-32 WB-32 WB-32 WB-32 WB-32 WB-32 WB-34 WB-34 WB-34 WB-35 WB-35 WB-35 WB-35
Sample Date: 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/4/2009 9/4/2009 9/4/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N N N N N N N N FD
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 22 24 26 28 30 32 34 0 2 4 16 18 20 20
Lower Depth, ft: 24 26 28 30 32 34 36 2 4 6 18 20 23 23
Constituent CAS ID Method Units Sample ID: ARK-WB-32-22-24 ARK-WB-32-24-26 ARK-WB-32-26-28 ARK-WB-32-28-30 ARK-WB-32-30-32 ARK-WB-32-32-34 ARK-WB-32-34-36 ARK-WB-34-0-2 ARK-WB-34-2-4 ARK-WB-34-4-6 ARK-WB-35-16-18 ARK-WB-35-18-20 ARK-WB-35-20-23 ARK-WB-84-20-23
Conventionals
Total organic carbon TOC SW9060 percent 0.10 J 0.10 J 0.080 J 0.061 U 0.061 U 0.070 J 0.070 J 2213 22 2.1 - - 0.070 J 0.070 J
Total solids TSO E160.3 percent 69 69 64 70 72 73 74 44 49 50 63 69 70 69
Grainsize
Clay GS_CLAY D422 percent 16 12 9.1 14 26 17 12 22 26 31 - - 8.0J 143
Sieve 1 inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou ou ou - - ou ou
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou ou ou ou ou ou ou ou ou ou -- -- ou ou
Sieve 10 GS_SIEVE010 D422 percent ou ou ou ou ou ou 1.2 ou ou ou - - ou ou
Sieve 140 GS_SIEVE140 D422 percent 0.90 4.5 6.8 0.60 1.0 6.5 2.7 2.7 3.6 3.8 - - 1.5 1.6
Sieve 2 inch GS_SIEVE2 D422 percent ou ou ou ou ou ou ou ou ou ou - - ou ou
Sieve 20 GS_SIEVE020 D422 percent 0.10 ou ou ou 0.20 1.4 1.2 0.10 ou 0.10 - - 0.10 0.10
Sieve 200 GS_SIEVE200 D422 percent 4.0 52 21 7.6 26 8.0 3.9 3.8 4.4 6.0 - - 75 13
Sieve 230 GS_SIEVE230 D422 percent 5.0 7.0 20 8.8 1.9 4.1 6.0 2.7 4.2 3.5 -- -- 12 7.7
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou ou ou ou ou ou - - ou ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent ou ou ou ou ou ou ou 0ou 0ou ou - - ou ou
Sieve 3/8 inch GS_SIEVE3/8 D422 percent ou ou ou ou ou ou ou ou ou ou - - ou ou
Sieve 4 GS_SIEVE004 D422 percent ou ou ou ou ou ou ou ou ou ou - - ou ou
Sieve 40 GS_SIEVE040 D422 percent 0.20 0.20 0.60 0.10 0.50 2.0 27 0.50 0.20 0.50 - - 0.20 0.20
Sieve 60 GS_SIEVE060 D422 percent 0.20 0.70 1.7 0.20 0.60 1.7 2.1 0.70 0.70 0.80 - - 0.30 0.30
Silt GS_SILT D422 percent 73 70 41 69 67 59 68 67 61 54 - - 71 64
Pesticides
Total DDx E966176eeca SW8081A mg/kg 0.00066 JT 0.0013 JT 0.0024 JT 0.00017 UT 0.00073 JT 0.0075 JT 0.0080 JT 0.13 JT 0.12 JT 4.8 JT 5.7 JT 1.9JT 0.12 JT 011 T
2,4'-DDD 53-19-0 SW8081A mg/kg 0.000085 J 0.00010 J 0.00043 0.000076 U 0.00012 J 0.00053 0.0013 0.0082 J 0.011 0.54 1.3 0.43J 0.034 0.030
2,4-DDE 3424-82-6 SW8081A mg/kg 0.00011 U 0.00012 J 0.00012 U 0.00010 U 0.00011 U 0.00011 U 0.00022 J 0.0035 J 0.0050 J 0.068 J 0.026 J 0.0090 J 0.0011 U 0.0022 U
2,4'-DDT 789-02-6 SW8081A mg/kg 0.00016 U 0.00016 U 0.00031 J 0.00015 U 0.00016 U 0.00059 0.00057 0.0014 J 0.0032 0.19 0.069 J 0.025 J 0.0021 J 0.0032 U
4,4'-DDD 72-54-8 SW8081A mg/kg 0.00017 U 0.00020 J 0.00071 0.00017 U 0.00020 J 0.00089 0.0034 0.020 J 0.043 1.2 28 0.98 0.060 0.051
4,4'-DDE 72-55-9 SWB8081A mg/kg 0.000093 U 0.000098 U 0.00014 J 0.000091 U 0.000095 U 0.00014 J 0.00077 0.0078 J 0.0094 0.077 0.11J 0.034 J 0.0037 0.0019 U
4,4'-DDT 50-29-3 SW8081A mg/kg 0.00031 0.00073 0.00079 0.00013 U 0.00023 J 0.0053 0.0017 0.089 J 0.046 2.7 1.4 0.40 0.022 J 0.022
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Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-35 WB-35 WB-35 WB-35 WB-35 WB-36 WB-36 WB-36 WB-36 WB-36 WB-36 WB-36 WB-37 WB-37
Sample Date: 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009 9/29/2009 9/29/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N N FD N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 23 26 29 32 35 25 28 28 31 34 37 10 12
Lower Depth, ft: 26 29 32 35 35.6 28 31 31 34 37 40 12 14

Constituent CAS ID Method Units Sample ID: ARK-WB-35-23-26 ARK-WB-35-26-29 ARK-WB-35-29-32 ARK-WB-35-32-35 ARK-WB-35-35-35-6 ARK-WB-36-22-25 ARK-WB-36-25-28 ARK-WB-36-28-31 ARK-WB-85-28-31 ARK-WB-36-31-34 ARK-WB-36-34-37 ARK-WB-36-37-40 ARK-WB-37-10-12 ARK-WB-37-12-14
Conventionals
Total organic carbon TOC SW9060 percent 0.090 J 0.070 J 0.070 J 0.061 U 0.070 J 231 1.0 0.60 J 0.51J 0440 0.51J 0.23J - -
Total solids TSO E160.3 percent 69 71 75 73 77 67 71 75 75 74 74 77 57 60
Grainsize
Clay GS_CLAY D422 percent 22 16 5.0 11 8.9 22 5.2 4.2 - 4.2 1.8 3.1 - -
Sieve 1inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou - ou ou ou - -
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou ou ou ou ou ou ou ou -- ou ou ou -- --
Sieve 10 GS_SIEVE010 D422 percent ou ou ou ou 11 ou 0.20 0.10 - ou ou 0.30 - -
Sieve 140 GS_SIEVE140 D422 percent 1.5 14 40 8.7 16 7.0 18 32 - 33 28 23 - -
Sieve 2 inch GS_SIEVE2 D422 percent ou ou ou ou ou ou ou ou - ou ou ou - -
Sieve 20 GS_SIEVE020 D422 percent 0.10 0.10 0.10 0.10 1.1 1.0 0.60 0.30 - 0.20 0.20 0.40 - -
Sieve 200 GS_SIEVE200 D422 percent 0.90 18 22 14 12 3.0 4.5 4.2 - 4.6 3.8 12 - -
Sieve 230 GS_SIEVE230 D422 percent 1.6 6.3 9.1 6.0 9.0 2.3 2.1 2.5 - 1.4 1.6 4.7 -- --
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou ou ou ou - ou ou ou - -
Sieve 3/4 inch GS_SIEVE3/4 D422 percent ou ou ou ou ou ou ou ou -- ou ou ou - -
Sieve 3/8 inch GS_SIEVE3/8 D422 percent ou ou ou ou 2.3 ou ou ou - ou ou ou - -
Sieve 4 GS_SIEVE004 D422 percent ou ou ou ou 1.3 1.0 ou ou - ou ou ou - -
Sieve 40 GS_SIEVE040 D422 percent 1.5 0.30 0.70 0.40 34 12 9.6 6.2 - 53 8.3 4.8 - -
Sieve 60 GS_SIEVE060 D422 percent 1.2 0.60 1.5 1.2 6.9 18 29 33 - 39 42 22 - -
Silt GS_SILT D422 percent 71 44 22 59 38 34 31 17 - 12 13 30 - -
Pesticides
Total DDx E966176eeca SW8081A mg/kg 0.059 T 0.040 JT 0.33 JT 0.013 JT 0.40 JT 190 JT 0.16 JT 0.075 JT 0.10 JT 0.036 JT 0.0084 JT 0.0091 JT 1400 JT 0.25 JT
2,4'-DDD 53-19-0 SW8081A mg/kg 0.010 0.011 0.069 0.0023 0.084 18 0.020 0.0090 0.013 0.0058 J 0.0012 J 0.0018 J 420 J 0.090 J
2,4-DDE 3424-82-6 SW8081A mg/kg 0.00021 U 0.00021 U 0.0032 J 0.00010 U 0.0043 J 23U 0.0010 U 0.00098 U 0.0010 U 0.00050 UJ 0.00010 U 0.000098 U 3713 0.0034 J
2,4'-DDT 789-02-6 SW8081A mg/kg 0.016 0.0012 0.0059 0.00040 0.0077 41 0.025 0.015 0.019 0.0094 0.0014 0.0026 26 J 0.0058 J
4,4'-DDD 72-54-8 SW8081A mg/kg 0.019 0.020 0.13 0.0081 0.19 21 0.021 0.0087 J 0.014 J 0.0049 J 0.0010 J 0.0011 810 0.12
4,4'-DDE 72-55-9 SWB8081A mg/kg 0.0011 0.0011 0.0069 0.00021 J 0.0080 24 0.0018 J 0.0013 J 0.0013 J 0.00056 J 0.00031 0.00028 7.9 0.0066 J
4,4'-DDT 50-29-3 SW8081A mg/kg 0.013 0.0068 J 0.11 0.0019 0.11 110 0.089 0.041 0.056 0.015 J 0.0044 J 0.0033 170 0.021 J
Integral Consulting Inc. Page 6 of 24



Arkema Early Action

Final Removal Action Area Characterization Report October 14, 2011
Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-37 WB-37 WB-37 WB-37 WB-39 WB-39 WB-39 WB-39 WB-39 WB-40 WB-40 WB-40 WB-40 WB-40
Sample Date: 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/3/2009 9/3/2009 9/3/2009 9/3/2009 9/3/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N FD N N N N N N N N N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 14 14 17 20 14 16 18 21 24 0 2 4 6 8
Lower Depth, ft: 17 17 20 23 16 18 21 24 25.7 2 4 6 8 10
Constituent CAS ID Method Units Sample ID: ARK-WB-37-14-17 ARK-WB-83-14-17 ARK-WB-37-17-20 ARK-WB-37-20-23 ARK-WB-39-14-16 ARK-WB-39-16-18 ARK-WB-39-18-21 ARK-WB-39-21-24 ARK-WB-39-24-25-7 ARK-WB-40-0-2 ARK-WB-40-2-4 ARK-WB-40-4-6 ARK-WB-40-6-8 ARK-WB-40-8-10
Conventionals
Total organic carbon TOC SW9060 percent 3.8 3.6 0.18 J 0.061 U - - 0.24 0.78 0.061 U 291 113 0.54 J 044 J 0.50 J
Total solids TSO E160.3 percent 58 57 79 73 67 75 76 73 72 49 55 68 75 78
Grainsize
Clay GS_CLAY D422 percent 30 - 4.4 4.7 - - 2.8 5.3 4.6 11 11 2.8 2.4 2.2
Sieve 1 inch GS_SIEVE1 D422 percent ou - ou ou - - ou ou ou ou ou ou ou ou
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou -- ou ou -- -- ou ou ou ou ou ou ou ou
Sieve 10 GS_SIEVE010 D422 percent 0.50 - ou 0.30 - - 0.10 0.30 ou 1.7 0.20 0.10 ou 0.70
Sieve 140 GS_SIEVE140 D422 percent 3.3 -- 26 5.0 - - 27 25 2.6 23 21 37 40 20
Sieve 2 inch GS_SIEVE2 D422 percent ou - ou ou - - ou ou ou ou ou ou ou ou
Sieve 20 GS_SIEVE020 D422 percent 0.30 - 0.60 0.30 - - 0.70 0.70 0.10 0.20 0.10 0.10 0.10 1.4
Sieve 200 GS_SIEVE200 D422 percent 3.7 - 25 15 - - 23 4.1 18 6.4 4.4 73 4.3 0.90
Sieve 230 GS_SIEVE230 D422 percent 1.9 - 1.0 8.5 - - 1.0 1.2 11 4.1 3.0 2.5 1.2 0.30
Sieve 3 inch GS_SIEVE3 D422 percent ou - ou ou - - ou ou ou ou ou ou ou ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent ou -- ou ou -- -- ou ou ou ou ou ou ou ou
Sieve 3/8 inch GS_SIEVE3/8 D422 percent 0.70 - ou ou - - 1.8 0.30 ou 0.50 ou ou ou 0.40
Sieve 4 GS_SIEVE004 D422 percent 0.60 - ou 1.0 - - 0.20 0.10 ou 0.90 ou 0.10 ou 0.40
Sieve 40 GS_SIEVE040 D422 percent 0.90 - 14 0.40 - - 8.9 9.5 0.20 3.6 1.7 4.5 4.7 18
Sieve 60 GS_SIEVE060 D422 percent 1.2 - 41 1.3 - - 47 36 0.50 20 15 35 37 48
Silt GS_SILT D422 percent 57 - 11 63 - - 8.2 17 63 28 44 11 9.8 8.1
Pesticides
Total DDx E966176eeca SW8081A  mglkg 0.032 JT 0.022 JT 0.021 JT 0.0030 JT 0.0025 JT 0.15 JT 0.064 JT 0.0073 JT 0.0021 T 0.093 JT 0.0018 JT 0.0026 JT 0.0012 JT 0.0048 JT
2,4'-DDD 53-19-0 SW8081A mg/kg 0.0076 J 0.0081 J 0.011 0.00061 0.00064 J 0.037 J 0.019 0.0021 J 0.00060 0.022 J 0.00031 J 0.00035 J 0.000074 U 0.000070 U
2,4'-DDE 3424-82-6 SW8081A  mglkg 0.00063 U 0.00013 U 0.00048 U 0.00010 U 0.00013 J 0.0010 J 0.0022 0.0011 J 0.00010 U 0.0024 J 0.00014 U 0.00011 U 0.00010 U 0.000096 U
2,4'-DDT 789-02-6 SW8081A mg/kg 0.00091 U 0.0021 J 0.00069 U 0.00033 0.00016 UJ 0.0030 J 0.0015 0.00046 0.00027 0.0015 J 0.00020 U 0.00016 U 0.00015 U 0.00014 U
4,4'-DDD 72-54-8 SW8081A  mglkg 0.022 J 0.0086 J 0.0077 0.00087 0.0013 0.077 0.031 0.0020 0.00030 U 0.040 J 0.00040 0.00045 0.00037 0.00090 J
4,4'-DDE 72-55-9 SWB8081A mg/kg 0.00055 U 0.00041 J 0.00042 U 0.000089 U 0.000098 U 0.0032 J 0.0035 J 0.00041 0.000087 U 0.0034 J 0.00086 J 0.0013 J 0.000088 U 0.0037 J
4,4'-DDT 50-29-3 SW8081A  mglkg 0.0011 J 0.0030 J 0.0018 J 0.0011 J 0.00035 0.026 0.0067 0.0012 0.00095 0.024 J 0.00017 U 0.00038 J 0.00060 J 0.00012 U
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Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-40 WB-40 WB-40 WB-40 WB-41 WB-41 WB-41 WB-41 WB-42 WB-42 WB-42 WB-42 WB-43 WB-43
Sample Date: 9/3/2009 9/3/2009 9/3/2009 9/3/2009 9/28/2009 9/28/2009 9/28/2009 9/28/2009 9/25/2009 9/25/2009 9/25/2009 9/25/2009 9/24/2009 9/24/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N FD N N FD N N N N N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 10 12 12 14 14 14 17 20 14 17 20 23 14 16
Lower Depth, ft: 12 14 14 16 17 17 20 22.8 17 20 23 26 16 18

Constituent CAS ID Method Units Sample ID: ARK-WB-40-10-12 ARK-WB-40-12-14 ARK-WB-72-12-14 ARK-WB-40-14-16 ARK-WB-41-14-17 ARK-WB-81-14-17 ARK-WB-41-17-20 ARK-WB-41-20-22-8 ARK-WB-42-14-17 ARK-WB-42-17-20 ARK-WB-42-20-23 ARK-WB-42-23-26 ARK-WB-43-14-16 ARK-WB-43-16-18
Conventionals
Total organic carbon TOC SW9060 percent 0.32J 0.20 J 0.32J 0.070 J 0.52 0.48 0.52 0.25 0.13 J 0.12J 0.070 J 0.080 J - -
Total solids TSO E160.3 percent 75 79 78 68 75 75 74 74 76 71 70 71 71 75
Grainsize
Clay GS_CLAY D422 percent 4.0 25 3.5 6.4 8.4 5.4 3.6 7.8 0.80 7.6 23 17 - -
Sieve 1inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou ou ou ou ou - -
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou ou ou ou ou ou ou ou ou ou ou ou - -
Sieve 10 GS_SIEVEO010 D422 percent 0.20 0.30 ou ou 0.10 0.10 0.10 0.10 ou ou ou ou - -
Sieve 140 GS_SIEVE140 D422 percent 22 21 22 4.7 28 27 26 17 26 7.8 1.2 71 - -
Sieve 2 inch GS_SIEVE2 D422 percent ou ou ou ou ou ou ou ou ou ou ou ou - -
Sieve 20 GS_SIEVE020 D422 percent 0.30 0.40 0.40 0.20 0.30 0.40 0.30 1.2 0.30 ou 1.1 0.20 - -
Sieve 200 GS_SIEVE200 D422 percent 21 4.0 3.4 18 24 24 1.9 6.7 1.0 18 0.70 6.7 - -
Sieve 230 GS_SIEVE230 D422 percent 0.60 1.3 1.9 10 1.0 1.0 0.87 34 0.25 16 0.50 4.9 - -
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou ou ou ou ou ou ou ou - -
Sieve 3/4 inch GS_SIEVES3/4 D422 percent ou ou ou ou ou ou ou ou ou ou ou ou - -
Sieve 3/8 inch GS_SIEVE3/8 D422 percent ou ou ou ou 0.40 ou ou ou ou ou ou ou - -
Sieve 4 GS_SIEVE004 D422 percent ou ou ou ou ou 0.10 ou 0.20 ou ou ou 0.80 - -
Sieve 40 GS_SIEVE040 D422 percent 12 12 12 0.80 12 12 11 8.5 10 0.20 1.6 0.50 - -
Sieve 60 GS_SIEVE060 D422 percent 51 45 46 1.9 46 45 54 26 58 0.60 1.2 0.80 - -
Silt GS_SILT D422 percent 4.0 14 1" 58 1270 69J 1.7 29 34 50 70 62 - -
Pesticides
Total DDx E966176eeca SWB8081A mg/kg 0.00051 JT 0.00015 UT 0.00045 JT 0.00051 JT 1437 21JT 0.045 JT 0.0029 T 29JT 0.00087 JT 0.00087 JT 0.0032 JT 28 JT 0.0015 JT
2,4-DDD 53-19-0 SWB8081A mg/kg 0.000073 U 0.000069 U 0.000070 U 0.000081 U 0.22 0.24 0.0083 J 0.00084 0.44 0.00022 J 0.00015 J 0.00041 J 0.40J 0.00032 J
2,4'-DDE 3424-82-6 SW8081A mg/kg 0.00010 U 0.000095 U 0.000097 U 0.00011 U 0.012 J 0.021 U 0.00052 U 0.00010 U 0.020 U 0.00011 U 0.00011 U 0.00011 UJ 0.068 J 0.00010 UJ
2,4-DDT 789-02-6 SW8081A mg/kg 0.00015 U 0.00014 U 0.00014 U 0.00016 U 0.097 J 0.28 J 0.0017 J 0.00015 U 0.13 0.00015 U 0.00015 U 0.00017 J 3.9 0.00015 UJ
4,4'-DDD 72-54-8 SW8081A mg/kg 0.00016 U 0.00015 U 0.00015 U 0.00018 U 0.41 0.44 0.013 J 0.00078 0.77 0.00028 J 0.00026 J 0.00079 J 1.9 0.00033 J
4,4'-DDE 72-55-9 SW8081A mg/kg 0.000088 U 0.000083 U 0.00016 J 0.000097 U 0.019 J 0.028 J 0.0023 J 0.00044 0.025 J 0.000092 U 0.000092 U 0.000091 UJ 0.15 0.000087 UJ
4,4-DDT 50-29-3 SW8081A mg/kg 0.00022 J 0.00012 U 0.00012 U 0.00020 J 0.60 J 1.1J 0.019 J 0.00070 1.5 0.00019 J 0.00028 0.0017 J 22 0.00069 J
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Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-43 WB-45 WB-45 WB-45 WB-45 WB-45 WB-45 WB-45 WB-46 WB-46 WB-46 WB-46 WB-46 WB-46
Sample Date: 9/24/2009 9/1/2009 9/1/2009 9/1/2009 9/1/2009 9/1/2009 9/1/2009 9/1/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N N N N N N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 18 0 2 4 6 8 10 12 0 2 4 8 10 12
Lower Depth, ft: 19 2 4 6 8 10 12 14 2 4 6 10 12 14
Constituent CAS ID Method Units Sample ID: ARK-WB-43-18-19 ARK-WB-45-0-2 ARK-WB-45-2-4 ARK-WB-45-4-6 ARK-WB-45-6-8 ARK-WB-45-8-10 ARK-WB-45-10-12 ARK-WB-45-12-14 ARK-WB-46-0-2 ARK-WB-46-2-4 ARK-WB-46-4-6 ARK-WB-46-8-10 ARK-WB-46-10-12 ARK-WB-46-12-14
Conventionals
Total organic carbon TOC SW9060 percent 012 J 34 251 1.2 0.26 J 0423 0.061 UJ 0.061 UJ - - - - 22 0.080 J
Total solids TSO E160.3 percent 77 50 57 68 76 72 72 74 81 75 65 91 71 81
Grainsize
Clay GS_CLAY D422 percent 1.2 32 27 11 4.0 3.2 7.9 5.0 - - - - 22 2.5
Sieve 1 inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou - - - - ou ou
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou ou ou ou ou ou ou ou -- -- -- -- ou ou
Sieve 10 GS_SIEVE010 D422 percent ou 1.0 1.1 ou 0.10 0.30 0.30 0.20 - - - - 4.2 0.40
Sieve 140 GS_SIEVE140 D422 percent 49 71 19 40 34 38 37 57 - - - - 4.7 41
Sieve 2 inch GS_SIEVE2 D422 percent ou ou ou 0ou ou ou 0ou ou - - - - ou ou
Sieve 20 GS_SIEVE020 D422 percent 0.20 0.20 0.20 0.10 0.40 0.60 0.40 0.10 - - - - 1.3 0.30
Sieve 200 GS_SIEVE200 D422 percent 9.9 53 9.1 8.3 4.1 6.1 55 11 - - - - 71 2.1
Sieve 230 GS_SIEVE230 D422 percent 3.7 3.6 3.4 3.9 0.98 2.2 1.2 4.8 - -- -- -- 1.7 0.91
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou ou ou ou - - - - ou ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent ou ou ou ou ou ou ou ou -- -- -- -- ou ou
Sieve 3/8 inch GS_SIEVE3/8 D422 percent ou ou ou ou ou ou ou ou - - - - ou 12
Sieve 4 GS_SIEVE004 D422 percent ou 0.50 1.4 ou ou 0.80 ou ou - - - - 9.3 2.9
Sieve 40 GS_SIEVE040 D422 percent 2.9 1.0 14 26 7.0 74 3.9 0.50 - - - - 13 2.1
Sieve 60 GS_SIEVE060 D422 percent 18 2.6 6.3 23 45 36 19 4.0 - - - - 5.1 39
Silt GS_SILT D422 percent 14 47 31 11 4.8 5.0 24 18 - - - - 43 73
Pesticides
Total DDx E966176eeca SW8081A  mglkg 0.0014 T 27JT 0.18 JT 0.25 JT 0.0078 JT 0.013 JT 0.00049 JT 0.0033 JT 1.7 JT 16 JT 8.6 JT 0.067 JT 0.051 JT 0.00075 T
2,4'-DDD 53-19-0 SW8081A mg/kg 0.00040 0.21 0.023 J 0.0036 J 0.0013 0.0019 0.000076 UJ 0.00028 J 0.052 J 1.3 0.74 J 0.0019 J 0.0043 0.000070 U
2,4-DDE 3424-82-6 SW8081A  mglkg 0.000099 U 0.13J 0.013 J 0.0028 J 0.0012 J 0.0014 J 0.00010 UJ 0.00010 UJ 0.018 J 0.17 J 0.11J 0.00085 U 0.0035 J 0.000097 U
2,4'-DDT 789-02-6 SW8081A mg/kg 0.00014 U 0.24 0.0026 J 0.0081 UJ 0.00015 U 0.00017 J 0.00015 UJ 0.00015 UJ 0.25J 113 0.30 J 0.014 0.016 0.00014 U
4,4'-DDD 72-54-8 SW8081A  mglkg 0.00078 0.48 0.069 0.013 J 0.0029 0.0048 0.00017 UJ 0.00063 J 0.070 12 22 0.0026 0.0038 0.00015 U
4,4'-DDE 72-55-9 SWB8081A mg/kg 0.000086 U 0.19 J 0.019 J 0.0040 J 0.0013 J 0.0019 J 0.000091 UJ 0.000089 UJ 0.049 0.39 0.28 0.0016 J 0.0038 0.000084 U
4,4'-DDT 50-29-3 SW8081A  mglkg 0.00012 U 1.4 0.051 0.22 0.00098 0.0029 0.00020 J 0.0022 J 1.3 12 5.0 0.046 0.020 0.00048
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Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-46 WB-46 WB-46 WB-46 WB-46 WB-46 WB-47 WB-47 WB-47 WB-47 WB-47 WB-47 WB-47 WB-47
Sample Date: 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009 9/8/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N N N N N N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 14 16 18 20 22 24 0 2 6 8 10 12 14 16
Lower Depth, ft: 16 18 20 22 24 25 2 4 8 10 12 14 16 18
Constituent CAS ID Method Units Sample ID: ARK-WB-46-14-16 ARK-WB-46-16-18 ARK-WB-46-18-20 ARK-WB-46-20-22 ARK-WB-46-22-24 ARK-WB-46-24-25 ARK-WB-47-0-2 ARK-WB-47-2-4 ARK-WB-47-6-8 ARK-WB-47-8-10 ARK-WB-47-10-12 ARK-WB-47-12-14 ARK-WB-47-14-16 ARK-WB-47-16-18
Conventionals
Total organic carbon TOC SW9060 percent 0.080 J 0.12J 0.11J 0.070 J 0.061 U 0.061 U 0.061 U 0.061 U 0.080 J 0.061 U 0.061 U 0.13J 0.62 0.20
Total solids TSO E160.3 percent 80 78 79 76 74 75 95 95 74 82 78 84 71 78
Grainsize
Clay GS_CLAY D422 percent 1.8 0.28 1.5 7.4 15 71 0.31 1.7 3.4 4.5 - 0.39 13 4.2
Sieve 1 inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou ou ou - ou ou ou
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou ou ou ou ou ou ou ou ou ou -- ou ou ou
Sieve 10 GS_SIEVE010 D422 percent 4.8 1.0 0.10 ou ou ou 27 0.70 0.90 0.80 - 1.6 0.70 0.30
Sieve 140 GS_SIEVE140 D422 percent 44 29 34 22 4.8 2.9 5.3 8.6 4.6 14 - 11 13 33
Sieve 2 inch GS_SIEVE2 D422 percent ou ou ou ou ou ou ou ou ou ou - ou ou ou
Sieve 20 GS_SIEVE020 D422 percent 1.4 0.50 0.10 0.50 0.30 ou 2.7 1.9 3.9 2.3 - 3.5 1.8 0.80
Sieve 200 GS_SIEVE200 D422 percent 1.9 0.84 13 8.4 8.7 10 0.25 0.81 0.17 12 - 0.77 14 15
Sieve 230 GS_SIEVE230 D422 percent 0.77 0.18 0.29 6.0 6.7 15 0.070 0.42 0.14 0.47 - 0.21 1.2 0.40
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou ou ou ou ou ou - ou ou ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent ou ou ou ou ou ou 17 ou ou ou - ou ou ou
Sieve 3/8 inch GS_SIEVE3/8 D422 percent 2.7 ou ou ou ou ou 4.7 77 ou ou - ou ou ou
Sieve 4 GS_SIEVE004 D422 percent 0.90 1.1 ou ou ou ou 3.9 1.3 0.30 ou - 0.80 ou ou
Sieve 40 GS_SIEVE040 D422 percent 1.9 7.2 6.1 2.7 1.0 0.50 29 26 37 28 - 30 14 72
Sieve 60 GS_SIEVE060 D422 percent 36 54 53 16 1.6 2.7 32 46 49 46 - 45 23 51
Silt GS_SILT D422 percent 3.2 6.2 4.0 37 62 61 1.6 5.1 1.2 3.2 - 6.0 31 15
Pesticides
Total DDx E966176eeca SW8081A  mglkg 0.00015 UT 0.027 T 0.0022 JT 0.00016 UT 0.00016 U 0.00015 UT 0.32 JT 0.26 JT 0.90 JT 026 T 0.60 JT 0.30 JT 0.042 JT 0.016 JT
2,4'-DDD 53-19-0 SW8081A mg/kg 0.000069 U 0.0012 0.00013 J 0.000072 U 0.000073 U 0.000071 U 0.0083 J 0.0067 J 0.019 J 0.0033 U 0.018 J 0.0032 U 0.0016 J 0.0014
2,4'-DDE 3424-82-6 SW8081A  mg/kg 0.000095 U 0.00070 0.00010 U 0.00010 U 0.00010 U 0.000098 U 0.0040 U 0.0039 U 0.0020 U 0.0045 U 0.016 J 0.0044 U 0.00054 U 0.00049 U
2,4'-DDT 789-02-6 SW8081A mg/kg 0.00014 U 0.0071 0.00060 0.00014 U 0.00015 U 0.00014 U 0.071 0.042 0.086 0.040 0.11 0.039 0.0047 0.0023
4,4'-DDD 72-54-8 SW8081A  mg/kg 0.00015 U 0.0018 0.00023 J 0.00016 U 0.00016 U 0.00015 U 0.011J 0.0085 J 0.029 0.012 0.026 0.011J 0.0036 J 0.0011 J
4,4'-DDE 72-55-9 SWB8081A mg/kg 0.000083 U 0.0028 0.00020 J 0.000087 U 0.000088 U 0.000085 U 0.043 0.040 0.013 J 0.018 0.022 J 0.022 0.0022 0.0018
4,4'-DDT 50-29-3 SW8081A  mg/kg 0.00012 U 0.013 0.00095 0.00012 U 0.00012 U 0.00012 U 0.18 0.16 0.75 0.19 0.41 0.22 0.030 J 0.0088
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Table 3-1. Sediment Chemistry Data - DDx and Conventional

Analytes

October 14, 2011

Constituent

CAS ID

Method

Borehole Number:
Sample Date:
Matrix:

Sample Type:
Tets Type:

Upper Depth, ft:
Lower Depth, ft:

Units Sample ID:

ARK-WB-47-18-20 ARK-WB-73-18-20

WB-47
9/8/2009
SE
N
normal
20
22

ARK-WB-47-20-22

ARK-WB-47-22-23

WB-48
9/10/2009
SE
N
normal
2
4

ARK-WB-48-2-4

ARK-WB-48-10-12 ARK-WB-48-12-14 ARK-WB-48-14-16 ARK-WB-75-14-16 ARK-WB-48-16-18

WB-48
9/10/2009
SE
N
normal
18
20

ARK-WB-48-18-20

Conventionals

Total organic carbon

TOC

SW9060

percent

0.070 J

26

0.061 U

Total solids

TSO

E160.3

percent

73

53

74

Grainsize

Clay

GS_CLAY

D422

percent

27

Sieve 1inch

GS_SIEVE1

D422

percent

C

0

Sieve 1.5 inch

GS_SIEVE1.5

D422

percent

c

0

Sieve 10

GS_SIEVE010

D422

percent

0

Sieve 140

GS_SIEVE140

D422

percent

3.3

Sieve 2 inch

GS_SIEVE2

D422

percent

0

Sieve 20

GS_SIEVE020

D422

percent

0.20

0.10

Sieve 200

GS_SIEVE200

D422

percent

3.4

Sieve 230

GS_SIEVE230

D422

percent

3.3

Sieve 3 inch

GS_SIEVE3

D422

percent

0

Sieve 3/4 inch

GS_SIEVE3/4

D422

percent

0

Sieve 3/8 inch

GS_SIEVE3/8

D422

percent

0

Sieve 4

GS_SIEVE004

D422

percent

cicic c

0

cicic c

Sieve 40

GS_SIEVE040

D422

percent

0.40

Sieve 60

GS_SIEVE060

D422

percent

1.3

Silt

GS_SILT

D422

percent

61

Pesticides

Total DDx

E966176eeca

SWB8081A

mg/kg

0.00017

[

4.6

0.014 JT

2,4-DDD

53-19-0

SWB8081A

mg/kg

0.000076

0.18

0.0029

2,4-DDE

3424-82-6

SW8081A

mg/kg

0.00010

0.16

[

0.00010 U

2,4-DDT

789-02-6

SWB8081A

mg/kg

0.00015

0.047

oo
[

0.00035

4,4-DDD

72-54-8

SWB8081A

mg/kg

0.00017

ciclc|c

0.55

0.0068

4,4'-DDE

72-55-9

SWB8081A

mg/kg

0.000091 U

0.16

0.00074 J

4,4-DDT

50-29-3

SW8081A

mg/kg

0.00013 U

3.5

0.0030

Integral Consulting Inc.
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Arkema Early Action

Final Removal Action Area Characterization Report October 14, 2011
Table 3-1. Sediment Chemistry Data - DDx and Conventional
Analytes
Borehole Number: WB-48 WB-49 WB-49 WB-49 WB-49 WB-49 WB-49 WB-49 WB-49 WB-49
Sample Date: 9/10/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009
Matrix: SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N N FD N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal
Upper Depth, ft: 20 6 10 12 14 16 16 18 20 22
Lower Depth, ft: 21.9 8 12 14 16 18 18 20 22 235
Constituent CAS ID Method Units Sample ID: ARK-WB-48-20-21-9 ARK-WB-49-6-8 ARK-WB-49-10-12 ARK-WB-49-12-14 ARK-WB-49-14-16 ARK-WB-49-16-18 ARK-WB-74-16-18 ARK-WB-49-18-20 ARK-WB-49-20-22 ARK-WB-49-22-23-5
Conventionals
Total organic carbon TOC SW9060 percent 0.061 U 0.24 019 J 013 J 0.080 J 1.6 017 J 0.10 J 0.11J
Total solids TSO E160.3 percent 69 78 74 74 73 62 78 76 82
Grainsize
Clay GS_CLAY D422 percent 8.6 2.1 1.4 4.5 2.2 11 2.4 3.7 6.5
Sieve 1 inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou ou
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou ou ou ou ou ou ou ou ou
Sieve 10 GS_SIEVE010 D422 percent 0.20 ou 0.20 ou 0 ou 14 1.5 3.0
Sieve 140 GS_SIEVE140 D422 percent 8.3 10 12 14 9.5 12 19 19 15
Sieve 2 inch GS_SIEVE2 D422 percent ou 0 ou 0ou 0 0ou ou 0ou ou
Sieve 20 GS_SIEVE020 D422 percent 0.90 0.70 1.5 1.7 1.1 1.6 4.1 3.6 2.4
Sieve 200 GS_SIEVE200 D422 percent 11 13 0.93 0.88 0.44 1.1 0.73 0.85 14
Sieve 230 GS_SIEVE230 D422 percent 16 0.64 0.29 0.39 0.19 0.60 0.33 0.34 0.50
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou ou ou ou ou
Sieve 3/4 inch GS_SIEVE3/4 D422 percent ou ou ou ou ou ou ou ou 8.7
Sieve 3/8 inch GS_SIEVE3/8 D422 percent ou ou ou ou ou ou ou ou 0.40
Sieve 4 GS_SIEVE004 D422 percent ou ou ou ou ou ou 0.60 0.30 3.0
Sieve 40 GS_SIEVE040 D422 percent 3.7 27 34 30 30 31 23 23 14
Sieve 60 GS_SIEVE060 D422 percent 10 55 50 49 57 40 44 48 34
Silt GS_SILT D422 percent 41 3.1 -0.61 U -0.86 U -1 U 1.8 4.8 -0.4 U 11
Pesticides
Total DDx E966176eeca SW8081A  mglkg 0.0043 JT 0.88 JT 0.90 JT 022 T 0.11 JT 0.018 JT 0.0087 0.0047 JT 0.0031 JT 0.0013 JT
2,4'-DDD 53-19-0 SW8081A mg/kg 0.00082 J J 0.082 0.077 0.023 0.0023 J 0.0024 J 0.0014 J 0.00045 0.00022 J 0.00029
2,4'-DDE 3424-82-6 SW8081A  mg/kg 0.00011 U J J 0.0098 0.010 U 0.0020 U 0.0021 U 0.00077 J 0.00098 0.000097 U 0.00010 U 0.000092 U
2,4'-DDT 789-02-6 SW8081A mg/kg 0.00019 J J 0.049 0.050 0.038 0.0030 U 0.00055 0.00017 U 0.00014 U 0.00014 U 0.00013 U
4,4'-DDD 72-54-8 SW8081A  mg/kg 0.0016 J 0.22 0.27 0.062 0.0092 0.0039 0.0039 0.0013 0.00075 0.00042
4,4'-DDE 72-55-9 SWB8081A mg/kg 0.000095 U 0.021 J 0.013 J 0.0069 0.0018 U 0.0016 J 0.00010 UJ 0.00023 J 0.00011 J 0.000094 J
4,4'-DDT 50-29-3 SW8081A  mglkg 0.0016 J 0.50 0.48 0.091 0.10 0.0090 J 0.0023 J 0.0026 0.0019 0.00067 U
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Table 3-1. Sediment Chemistry Data - DDx and Conventional

Analytes
Borehole Number: WB-50 WB-50 WB-50 WB-50 WB-50 WB-50 WB-50 WB-50 WB-50 WB-51 WB-51 WB-51 WB-51 WB-51
Sample Date: 8/27/2009 8/27/2009 8/27/2009 8/27/2009 8/27/2009 8/27/2009 8/27/2009 8/27/2009 8/27/2009 8/28/2009 8/28/2009 8/28/2009 8/28/2009 8/28/2009
Matrix: SE SE SE SE SE SE SE SE SE SE SE SE SE SE
Sample Type: N N N N N FD N N N N N N N N
Tets Type: normal normal normal normal normal normal normal normal normal normal normal re-analysis normal re-analysis
Upper Depth, ft: 0 2 4 6 8 8 10 12 14 0 2 2 4 4
Lower Depth, ft: 2 4 6 8 10 10 12 14 145 2 4 4 6 6
Constituent CAS ID Method Units Sample ID: ARK-WB-50-0-2 ARK-WB-50-2-4 ARK-WB-50-4-6 ARK-WB-50-6-8 ARK-WB-50-8-10 ARK-WB-71-8-10 ARK-WB-50-10-12 ARK-WB-50-12-14 ARK-WB-50-14-14-5 ARK-WB-51-0-2 ARK-WB-51-2-4 ARK-WB-51-2-4 ARK-WB-51-4-6 ARK-WB-51-4-6
Conventionals
Total organic carbon TOC SW9060 percent 21 22 2.9 4.1 213 123 0.52 0.13J 0.061 U 153 16 J - 143 -
Total solids TSO E160.3 percent 51 54 55 56 64 68 68 75 82 56 J 52 J - 63 J -
Grainsize
Clay GS_CLAY D422 percent 16 24 26 20 11 10 6.9 7.0 - -- - -- -- --
Sieve 1 inch GS_SIEVE1 D422 percent ou ou ou ou ou ou ou ou -- -- -- -- -- --
Sieve 1.5 inch GS_SIEVE1.5 D422 percent ou ou ou ou ou ou ou ou -- - - - - -
Sieve 10 GS_SIEVE010 D422 percent 0.40 0.70 0.10 0.60 0.50 0.20 0.50 ou - - - - - -
Sieve 140 GS_SIEVE140 D422 percent 6.8 7.9 8.8 8.3 23 24 17 11 - - - - - -
Sieve 2 inch GS_SIEVE2 D422 percent ou ou ou ou ou ou ou ou - - - - - -
Sieve 20 GS_SIEVE020 D422 percent 0.20 0.20 0.20 0.20 0.20 0.10 1.8 0.20 -- -- -- -- -- --
Sieve 200 GS_SIEVE200 D422 percent 9.2 7.8 7.0 7.4 7.8 6.3 3.4 7.2 - - - - - -
Sieve 230 GS_SIEVE230 D422 percent 4.1 5.8 2.6 5.4 2.7 3.4 1.1 11 - - - - - -
Sieve 3 inch GS_SIEVE3 D422 percent ou ou ou ou ou 0ou 0ou ou - - - - - -
Sieve 3/4 inch GS_SIEVE3/4 D422 percent ou ou ou ou ou ou ou ou - - - - - -
Sieve 3/8 inch GS_SIEVE3/8 D422 percent ou ou ou 1.6 ou ou ou ou - - - - - -
Sieve 4 GS_SIEVE004 D422 percent ou ou ou 0.50 1.6 0.70 0.50 ou - - -- -- -- --
Sieve 40 GS_SIEVE040 D422 percent 0.60 0.60 29 0.60 6.7 5.8 21 6.2 - - - - - -
Sieve 60 GS_SIEVE060 D422 percent 1.5 2.0 7.5 1.7 29 28 37 16 -- - - - - -
Silt GS_SILT D422 percent 61 51 45 54 18 22 11 42 - - - - - -
Pesticides
Total DDx E966176eeca SW8081A  mglkg 093 T 9.9 JT 26 JT 17 JT 0.18 JT 0.10 JT 0.46 JT 0.0013 JT 0.0025 JT 3.0 JT 9.4 JT 10.7 JT 31J7 35JT
2,4'-DDD 53-19-0 SW8081A mg/kg 0.091 1.5 3.0 3.4 0.028 0.023 0.010 J 0.00031 0.00053 0.16 J 24 26J 4.6 6.4
2,4'-DDE 3424-82-6 SW8081A mg/kg 0.048 0.25 0.25 U 0.44 0.0036 0.0028 0.0055 U 0.00010 U 0.000092 U 0.059 J 1217 16J 0.53 0.63
2,4'-DDT 789-02-6 SW8081A mg/kg 0.041 0.10 U 0.55 J 0.22 J 0.0017 U 0.00081 U 0.0080 U 0.00015 U 0.00014 J 0.055 0.92 J 14 0.38 J 0.58 J
4,4'-DDD 72-54-8 SW8081A mg/kg 0.19 4.7 6.1 8.8 0.061 0.047 0.033 0.00060 0.00097 0.35 1.9 2113 15 197
4,4'-DDE 72-55-9 SW8081A mg/kg 0.049 0.59 J 022 U 1.0J 0.0070 0.0055 J 0.0048 U 0.000088 U 0.00013 J 0.062 0.16 J 0.17 J 0.70 J 092
4,4'-DDT 50-29-3 SW8081A mg/kg 0.51 2.8 16 2.9 0.082 J 0.025 J 0.41 0.00018 J 0.00071 2.3 2.8 2.8 J 9.8 79J
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Table 3-1. Sediment Chemistry Data - DDx and Conventional

October 14, 2011

ARK-WB-51-10-12 ARK-WB-51-12-14 ARK-WB-51-14-16 ARK-WB-51-16-18 ARK-WB-51-18-20 ARK-WB-51-20-21-5

WB-52
9/9/2009
SE
N
normal
6
8

ARK-WB-52-6-8

0.53 J

76 J

0.012 JT

0.0013

0.0014 J

0.0013

0.0019

clalala

0.00065

Analytes
Borehole Number: WB-51 WB-51
Sample Date: 8/28/2009 8/28/2009
Matrix: SE SE
Sample Type: N N
Tets Type: normal normal
Upper Depth, ft: 6 8