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1 BACKGROUND

This groundwater source control evaluation was prepared for the Arkema Inc. facility in
Portland, Oregon (Figure 1). Integral Consulting Inc. (Integral) is conducting this work
under contract with Legacy Site Services LLC (LSS), agent for Arkema Inc. On December
15, 2006, LSS submitted to the Oregon Department of Environmental Quality (DEQ) a
source control memorandum that provided the outline and rationale for completing the
screening and source control evaluation pursuant to the December 2005 Portland Harbor
Joint Source Control Strategy (JSCS) for the Arkema Portland Plant (Integral 2006a). DEQ
provided comments on the memorandum during a meeting held between DEQ and LSS
on April 3, 2007, and in a letter dated January 22, 2007 (McClincy 2007). This
groundwater source control evaluation document addresses the comments from DEQ and
also follows JSCS guidance (DEQ 2005). In agreement with DEQ, source control
evaluations for stormwater and erodable soils will be submitted separately in order to
include data from sampling of site stormwater and riverbank soils that is currently
ongoing. These latter documents will be submitted after sampling is completed in spring
or early summer 2007. In addition, LSS is conducting a site-wide groundwater
monitoring event, and once the data are received they will be incorporated into this
evaluation as an addendum to this report.

This section includes a brief site description and history, regulatory history, history of
hazardous chemical releases, and summaries of historical, ongoing, or planned interim
remedial measures (IRMs) or other actions that are planned to address the historical
chemicals of interest (COls) at the site. Additional information is presented in the
remedial investigation (RI) report (ERM 2005), the revised engineering evaluation and
cost analysis (EE/CA) work plan (Integral 2006b), and other IRM documents that have
presented information on the ongoing or planned source control measures at the site.

1.1 SITE DESCRIPTION

The Arkema property is located on the southwest bank of the lower Willamette River
(LWR) between River Mile (RM) 6.9 and RM 7.6, immediately upstream of the Burlington
Northern Santa Fe (BNSF) Railroad Bridge in the northwest industrial area of Portland,
Oregon (Figure 1). The property is located within Portland Harbor, part of which was
designated as a federal Superfund site in 2000 by the U.S. Environmental Protection
Agency (EPA) based on sediment contamination.

Integral Consulting Inc. 1 Source Control Eval_04_17_07.doc
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1.2 SITE HISTORY

Inorganic chemicals were manufactured at the Arkema site from 1941 until 2001, when
the facility was closed and chemical manufacturing was discontinued. For most of the
site’s history, the chemical activities involved electrolytic decomposition of brine solutions
to manufacture inorganic chemicals, including sodium chlorate, chlorine, sodium
hydroxide, hydrogen, and hydrochloric acid. Other chemical manufacturing processes
during the site’s operational history included the production of dichloro-diphenyl-
trichloroethane (DDT) from 1947 to 1954 and ammonium perchlorate from 1958 to 1962
(ERM 2005).

Decommissioning and removal of the manufacturing infrastructure were completed in
early 2005. The only structure remaining is the office building at the site entrance on
Front Street and some concrete floor slabs left in place as environmental caps. Arkema
maintains leases from the Oregon Department of State Lands (DSL) for the docks in the
Willamette River, but the docks are not currently in use. Current and historical upland
contaminant sources are shown on Figure 2, and estimated boundaries of COIs in
groundwater are shown in Figure 3.

Arkema (formerly known as ATOFINA Chemicals, Inc., Elf Atochem North America, Inc.,
and the Pennwalt Corporation) has conducted investigations and performed a number of
IRMs in the upland portion of the site since 1994. In 1995, Arkema (then known as Elf
Atochem) submitted an intent to participate in the DEQ Voluntary Cleanup Program, an
agreement that was later signed with DEQ in 1996. In 1998, Arkema signed a voluntary
agreement with DEQ to complete a remedial investigation and feasibility study (RI/FS) of
the former DDT manufacturing area. The RI/FS was later expanded to include other areas
and chemicals at the site (e.g., hexavalent chromium and perchlorate). The final RI report
was submitted to DEQ in December 2005 (ERM 2005). For the RI, Arkema completed two
phases of in-river investigations to assess the extent of chemicals from the former DDT
manufacturing process in nearshore Willamette River sediments and groundwater. In
addition to the RI work, the Lower Willamette Group (LWG) has conducted a number of
investigations that included sample stations adjacent to the Arkema site as part of the
Portland Harbor RI/FS. Brief descriptions of these investigations are provided in the draft
EE/CA work plan (Section 3.1, Integral 2006b). In addition, following the submission of
the final RI Report, DEQ and EPA issued the Portland Harbor Joint Source Control
Strategy guidance document. LSS notes that the Portland Harbor JSCS by its own terms is
not a promulgated rule, and as stated on the cover page of the document, “may not be
relied upon to create a right or benefit, substantive or procedural, enforceable in law or
equity, by any person including the DEQ or EPA.” LSS has concerns about how the JSCS
information will be used in the context of its obligations for both in-water and upland
work and, in particular, disagrees with the usefulness of many of the SLVs included in the
strategy. Many of the SLVs are overly conservative and of little practical value in

Integral Consulting Inc. 2 Source Control Eval_04_17_07.doc
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prioritizing sites and informing source control determinations. Many of the SLVs are
below analytical method detection limits, are not risk based, and none of them take into
consideration site-specific exposure and risk factors. However, despite its reservations
about the usefulness and application of the JSCS, LSS has agreed to conduct this ground
water source control evaluation pursuant to the JSCS in the hope that such an evaluation
will engender a meaningful discussion among and between EPA, DEQ and LSS about
practical, protective and achievable source control goals for the Arkema property.

Arkema and EPA entered into an Administrative Order on Consent (AOC) on June 27,
2005, for the in-water portion of the site. The draft EE/CA work plan was submitted to
EPA and stakeholders (the government team) on September 26, 2005, for review and
comment. A revised work plan that incorporated responses to comments received from
the government team was submitted to the government team on July 14, 2006 (Integral
2006b). The revised work plan included screening results for sediments, riverbank soils
and groundwater, transition-zone water (TZW), and surface water at the Arkema site.
EPA is in the process of modifying the revised work plan, but has not provided LSS a
projected completion schedule for this draft revision.

1.3 SOURCE CONTROL MEASURES

Since 1989, Arkema has conducted a number of source control measures to improve soil,
stormwater, groundwater, and sediment quality at the site. Several groundwater source
control measures were completed. Others were discontinued pending different source
control measures that are currently under development. A chronological summary of
source control measures that have been completed or that are ongoing at the site is
presented in the revised EE/CA work plan (Section 4.1.5, Integral 2006b). A
comprehensive description of the IRMs conducted on the upland portion of the site is
provided in the upland RI report (Section 7 and associated figures, ERM 2005).

The schedule that EPA envisions for the in-water EE/CA does not allow for the use of the
innovative in situ technologies that were previously utilized and/or were in the early
implementation stages for the upland IRMs conducted at the site. Instead, a technology
that controls the contaminant flux is required to meet EPA timelines.

In December 2006, a preliminary draft groundwater source control IRM scoping
memorandum was submitted to DEQ and is currently under review (ERM 2006). The
draft memorandum proposed physical and hydraulic containment to achieve
groundwater source control to meet the source control objectives in the EPA-required
timeframe for the EE/CA removal action. The proposed containment barrier wall will
physically separate the in-water and upland portions of the site. The proposed barrier
will be placed near the top of bank adjacent to the river and will possess “wing walls” to
help prevent migration around the ends of the wall (Figure 3). Hydraulic control
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(groundwater extraction and treatment) will prevent groundwater COlIs from moving
around, over, or under the barrier wall.
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2 GROUNDWATER SOURCE CONTROL EVALUATION

This groundwater source control evaluation follows the JSCS guidance document (DEQ
2005). The primary objective of the JSCS is to identify and evaluate sources of
contamination that may impact the Willamette River in a manner that is consistent with
the Portland Harbor RI/FS (DEQ 2005). The JSCS guidance includes the groundwater,
stormwater, and erodable soil pathways to the river. This document is directed at the
groundwater pathway only. Stormwater and erodable soil pathways to the river will be
evaluated in separate documents. Whenever any potentially complete contaminant
pathway to the river is identified, site-specific contaminant concentrations for that
pathway are initially compared to the highly conservative SLVs provided in the JSCS
guidance document.

An exceedance of an SLV does not necessarily indicate the upland source of
contamination poses an unacceptable risk to human or ecological receptors, but instead
requires only further consideration using a weight-of-evidence approach. A weight-of-
evidence approach is used to evaluate the magnitude of the priority for each medium or
area of the site where source control actions are being considered. If warranted, based on
the weight of evidence evaluation, COlIs are then proposed to be carried forward into the
RI/FS process for subsequent evaluations such as fate and transport, human health and
ecological risk assessments, the focused feasibility study (FFS) for the current
groundwater IRM, and ultimately evaluated in the site-wide FS.

On March 5, 2007, DEQ verbally approved a phased approach to the source control
evaluation due to the scheduled riverbank soil sampling and the ongoing stormwater
sampling in support of the stormwater IRM work plan (Integral 2006¢). This document
presents the screening and analysis of groundwater data collected at the site. Follow-up
source control evaluations of the stormwater and erodable soils media will be submitted
to DEQ following the validation of the data from the riverbank soil sampling and four
stormwater sampling events. The riverbank soil sampling was completed on March 23,
2007, and the stormwater sampling events are scheduled to be completed (weather
permitting) in April 2007. The source control evaluations for these pathways will
incorporate these new data. In addition, LSS is conducting a site-wide groundwater
monitoring event and once the data are received they will be incorporated into this
evaluation as an addendum to this report.

No in-water data were screened as part of this evaluation. As discussed in Section 1.2, the
in-water data screening results were presented in the revised EE/CA work plan and will
be addressed in the EE/CA removal action (Integral 2006b). If warranted, based on this
source control evaluation, COlIs retained for groundwater will then be further assessed
and addressed using additional risk evaluation tools such as comparison to in-water
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values, fate and transport analysis, site-specific ecological and human health risk
assessment, and ultimately the Portland Harbor risk assessment.

The remainder of this section presents the site hydrogeology, conceptual site model,
groundwater screening results, and weight-of-evidence analysis of the screening data.

2.1 SITE HYDROGEOLOGY

The following sections briefly describe the upland and in-water hydrogeology.
Additional details are presented in the upland RI report (ERM 2005) and the revised draft
EE/CA work plan (Integral 2006b).

2.1.1 Upland Hydrogeology

Detailed cross-sections that link the upland source areas to the in-water portion of the site
are provided in Figures 4 through 7. Groundwater occurs in four distinct zones, referred
to as the shallow, intermediate, deep, and basalt groundwater zones (ERM 2005). The
shallow and intermediate groundwater zones are separated by a 6-in. to 4-ft thick silt
layer present at approximately 35 to 36 ft below ground surface (bgs). This silt layer
appears to be continuous in the Acid Plant Area, but becomes discontinuous toward the
east side of the Chlorate Plant Area. The silt horizons (aquitards) separating the
groundwater zones vary in thickness from approximately several inches to 5 ft. The
distinct groundwater zones have been observed in most parts of the site, with the
exception of the southeastern portion. In that area, downgradient of the Chlorate Plant
Area, the silt aquitard tends to become discontinuous, and the shallow and intermediate
groundwater zones tend to coalesce.

The shallow groundwater zone aquifer is unconfined and consists of alternating layers of
silts and sands with varying amounts of silt. The intermediate groundwater zone aquifer
is confined or semi-confined and consists of alluvial black and dark gray-brown sands
located beneath the four uppermost alternating sand and silt layers (ERM 2005).

The deep groundwater zone aquifer is confined and consists of finer-grained deposits of
silt with some clay and fine sand. Basalt zone groundwater is situated beneath the
alluvial deposits up to the maximum depth explored at the site (76 ft at well MWA-21b).
The basalt observed at well MWA-21b was vesicular to massive, poorly to moderately
indurated, fractured with varying amounts of secondary mineralization, and it contained
some brecciated zones.

Potentiometric surface maps for the shallow and intermediate groundwater zones are
provided in Figures 8 through 11. In general, the depth to groundwater increases from
west to east across the site (from Front Avenue toward the Willamette River). Shallow
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groundwater at the site is recharged by precipitation that infiltrates at and to the west of
the site. Vertical hydraulic gradients between groundwater zones are primarily
downward, with occasional upward gradients observed for well pairs near the Willamette
River.

Results of tidal influence monitoring suggest that the river fluctuations are propagated
inland through the intermediate and deep groundwater zones, but do not significantly
alter the groundwater flow at the site (ERM 2005). Shallow groundwater in close
proximity to the Willamette River rises in direct response to large increases in Willamette
River stage (e.g., during a flood). In general, these short-term perturbations do not affect
shallow groundwater flow directions, with the exception of short-term groundwater flow
reversals in very close proximity to the river (i.e., the transition zone).

2.1.2 In-Water Hydrogeology

With increasing distance from the shoreline (eastward), sediments overlying the basalt
become finer-grained, thickness of the sediment layers decrease, and sand horizons
become more limited in vertical extent. The increased thickness of sediments on the
landward side of the docks is likely due to several factors, including increased deposition
because of the sheltering effect of the docks, natural sedimentation, dredging, and filling
activities in the vicinity of the docks. In general, the sediments represent a fining upward
sequence (i.e., coarser sediments at the bottom and finer sediments at the top of the
sequence) and become thinner toward the east.

Thin layers (i.e., less than 1 ft thick) of sand and silt were observed in a number of the
boreholes during the Stage 1 and 2 investigation (Integral 2003) and are shown on the
cross sections. Although available data suggest that many of these layers are
discontinuous, some of these horizons may nonetheless serve as important controls on the
migration of COlIs (Integral 2003). Some of these layers appear to dip to the east,
consistent with the slope of the basalt surface. A basalt surface contour map is provided
in the Stage 1 and 2 investigation report (Figure 3, Integral 2003)

Sediment groundwater was studied at the Arkema site during three investigations, the
Phase II Stage 1 and 2 in-water sediment and groundwater investigation (Integral 2003),
the Groundwater Pathway Assessment Pilot Study (Integral 2005), and the Round 2
Groundwater Pathway Assessment (Integral 2006d). The pilot study and Round 2
assessment focused on shallow sediment groundwater in the transition zone, and the
Stage 1 and 2 investigation focused on deeper sediment groundwater. Summaries of the
in-water investigations are presented in the revised draft EE/CA work plan (Integral
2006b)

Integral Consulting Inc. 7 Source Control Eval_04_17_07.doc
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2.2 CONCEPTUAL SITE MODEL

Detailed conceptual site models were presented in the upland RI report (ERM 2005;
Section 6) and in the revised draft EE/CA work plan (Integral 2006b; Section 4). A
conceptual model diagram of the groundwater plumes from the upland portion of the
Acid Plant Area is shown in Figure 12. A conceptual model diagram of the Chlorate Plant
Area is presented in Figure 13. Detailed cross sections of the upland source areas and the
in-water portion of the site are provided in Figures 4 through 7.

Site groundwater flows from the upland portion of the site to the river under a hydraulic
gradient. As discussed in Section 2.1.1, the results of the tidal influence survey and
potentiometric responses to large increases in river stage indicated that the shallow,
intermediate, and deep groundwater zones are connected to the river. The in-water
sediments contain significant amounts of fines (silts with varying amounts of clays and
sands) with generally thinner layers of sand. Some of the sand layers in the in-water
portion of the site, however, are not continuous.

2.3 JSCS SCREENING RESULTS

Groundwater samples from monitoring and pump test wells located throughout the site
were used to identify groundwater that represents a potential source of COls to the
Willamette River. Groundwater data have been collected from 94 monitoring wells and 3
pump test wells at the site (Figure 3; Table 1). The 94 monitoring wells include two
clusters of wells on Lots 1 and 2 that were sampled by Rhone-Poulenc/SLLI to monitor
their contaminant plumes (Figure 3).

The screening evaluation was performed in two steps. The first step was to compare the
most recent groundwater data available for 97 monitoring and pumping wells at the site
to the highly conservative JSCS SLVs for the constituents listed in Table 3-1 of the JSCS
guidance document (DEQ 2005). The second step of the screening evaluation focused on
the wells/areas currently envisioned to be beyond the influence of the proposed barrier
wall/hydraulic containment IRM. In addition, in order to provide a more
realistic/commonly utilized endpoint evaluation, LSS compared COI concentrations to the
JSCS-listed maximum contaminant levels (MCLs) (or preliminary remediation goals
[PRGs] in the case of there not being an MCL) to develop MCL exceedance quotients. As
stated in LSS’s technical scoping memo, MCL exceedance quotients would be considered
by LSS for identifying COls, which may require further evaluations. Data from the well
clusters that Rhone-Poulenc/SLLI sampled on Lots 1 and 2 (i.e., RP-2 and W-19) were
included in this analysis. The most recent data are appropriate to use in the screening
process because IRMs conducted at the site have significantly decreased the
concentrations of a number of COls at the site. Reconnaissance groundwater data were
not included in the screening because the reconnaissance data were collected from
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temporary monitoring points (i.e., Geoprobe®) and thereby are typically a turbid mixture
of soil and water that would not be representative of actual dissolved groundwater
conditions at the site. Reconnaissance data are also typically collected prior to installing a
monitoring well, and therefore are temporally “older” than the data collected from many
of the monitoring wells at the Arkema site.

2.3.1 Lots1and 2

The most recent data from two well clusters monitored for the Rhone-Poulenc RI (RP-2
and W-19) were screened against the most conservative JSCS SLVs. Non-detected data
were included in the screening evaluation at the laboratory reporting limit. The data and
screening results are presented in Table 2, and exceedance quotients for all exceedances
(detected and undetected) are provided in Table 3. Exceedance quotients’ for the most
conservative SLVs for detected chemicals are presented in Figures 14 through 18.

MCL exceedance quotients? were calculated for constituents detected above the most
conservative JSCS SLVs at well clusters RP-2 and W-19 and are presented in Table 4 and
Figure 19. MCL exceedance quotients were calculated because MCLs are frequently used
as SLVs. Also included in Table 4 are subsequent evaluations that are proposed to
address each MCL exceedance at RP-2 and W-19. It is envisioned that any of the
subsequent evaluations would be conducted in either the FFS for the current groundwater
IRM or in the site-wide FS, or in the case of the Rhone-Poulenc site-related chemicals of
potential concern (COPCs), by Rhone Poulenc/SLLI in their source control evaluation.
Analysis of the screening results is presented in Section 2.4.1.

2.3.2 Lots3 and 4

The most recent data from 91 monitoring and pumping wells (Table 1) were screened
against the most conservative JSCS SLVs. Non-detected data were included in the
screening evaluation at the laboratory reporting limit. The data and screening results are
presented in Table 2 and exceedance quotients for all exceedances are provided in Table 3.
Exceedance quotients for the most conservative SLVs for detected chemicals are presented
in Figures 14 through 18.

Of the 91 wells located on Lots 3 and 4, only one monitoring well, MWA-63, is currently
envisioned outside of the footprint of the proposed groundwater barrier wall and

! An exceedance quotient is defined in this report as the detected chemical concentration or
chemical detection limit, divided by the smallest SLV by receptor type—ecological or human
health. The exceedance quotients represent maximum values, which were calculated using the
smallest SLVs based on the JSCS hierarchical approach.

2 Preliminary remediation goals were used for 4,4’-DDT and nickel because there are no MCLs for
these constituents.
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extraction and treatment system being evaluated (see Sections 1.3 and 2.4.2). The
exceedance quotients for each of these wells are presented in Tables 2 and 3 and in
Figures 14 through 18 (for detected chemicals); however, an additional focused evaluation
of well MWA-63 was conducted because it is the only Lot 3 well that is not within the
proposed groundwater barrier wall and extraction system footprint. MCL exceedance
quotients were calculated for the detected constituents that exceeded the more
conservative SLVs in well MWA-63 and are presented in Table 4 and Figure 19. Also
included in Table 4 are subsequent evaluations that are proposed to address each MCL
exceedance. It is envisioned that any of the subsequent evaluations would be conducted
in either the FFS for the current Groundwater IRM, or in the site-wide ES, or in the case of
the Rhone-Poulenc site-related COPCs, by Rhone-Poulenc/SLLI in their source control
evaluation. Analysis of the screening results is presented in Section 2.4.2.

2.4 WEIGHT-OF-EVIDENCE ANALYSIS

A JSCS weight-of-evidence analysis takes into consideration several lines of evidence
including monitoring well chemical concentration data and other relevant information
that must be considered in determining whether an area of groundwater is considered a
source or requires source control. Based on JSCS guidance, weight-of-evidence elements
that can be considered for groundwater include the following;:

e Nature and extent of groundwater COPCs in each affected water-bearing zone

e DPotential presence of nonaqueous phase liquid or sheen

e DPresence of bioaccumulative chemicals

e Magnitude of groundwater quality exceedance at each sampling point and the
location of wells within the groundwater plume

e Regional background concentrations for naturally occurring chemicals (i.e.,
metals)

e Stability of the groundwater plume (e.g., predictive modeling)

e Fate and transport of groundwater COPCs

e Estimate of potential contaminant loading to the river

e DPotential hydraulic connection between site groundwater and surface water and
sediments

¢ Consideration of available in-water data (e.g., sediment, bioassay)

e Potential for groundwater discharge to result in an accumulation in sediments
above protective concentrations (i.e., potential for groundwater discharge to result
in sediment contamination or recontamination following sediment cleanup).

In some cases, many of these lines of evidence will not be relevant or necessary to
consider in the source control analysis. However, any of these lines of evidence or others
not listed above may be relevant. The following sections provide an initial weight-of-
evidence analysis for groundwater sources on Lots 1 and 2 and Lots 3 and 4.
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2.4.1 Lots1and 2

SLLI is scheduled to prepare a comprehensive source control evaluation report for the
Rhone-Poulenc site (environmental cleanup site information [ECSI] No. 155) once data
gaps have been addressed. This source control evaluation is expected to address the
Rhone-Poulenc site’s groundwater plumes on Lots 1 and 2. Currently known
contamination on Lot s 1 and 2 that originated from the Rhone-Poulenc site is covered
under DEQ’s Contaminated Aquifer Policy (McClincy 2003).

The following is a list of chemicals that are preliminary COPCs at the Rhone-Poulenc site
(AMEC 2003):

e 1,1,2,2-Tetrachloroethane

e 1,1-Dichloroethane

e 1,2-Dichloroethane

e 1,2-Dichlorobenzene (W-19)

e 1,3-Dichlorobenzene

e 1,4-Dichlorobenzene (W-19and RP-2)
e Benzene (W-19)

e Chlorobenzene (W-19)

e Chloroform (RP-2)

e cis-1,2-Dichloroethene

e Ethylbenzene

e Isobutyl Alcohol

e Methylene Chloride

e Trichloroethene (W-19, and RP-2)
e Tetrachloroethene

e Toluene

e Vinyl chloride (W-19, and RP-2).
e Xylene

e 24 6-Trichlorophenol

e 2,4-Dichlorophenol

¢ 2,4-Dinitrophenol

e 2-Chlorophenol

e Pentachlorophenol

e 44-DDT

e 44-DDE

e 44-DDD

e Aldrin

e alpha-BHC
e beta-BHC

e Chlordane
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e delta-BHC
e Dieldrin
e Endrin

e gamma-BHC (Lindane)
e Heptachlor

e Hexachlorobenzene

e Toxaphene

e Arsenic (RP-2)

e Cadmium (RP-2)

e Chromium

e Copper (RP-2 and W-19)
e Lead (RP-2 and W-19)

e Mercury

e Nickel (RP-2 and W-19)
e Vanadium

e Zinc (RP-2 and W-19)

e 245T

e 2,45-TP (Silvex)
e 24D

o 24-DB

e Bromoxynil

¢ Dichloroprop

e Dinoseb

e PCDD/PCDF (RP-2)
e PCBs (Aroclor 1254)

The chemicals that were detected in the RP-2 and W-19 well clusters during the latest
sampling events are listed above in boldface type followed by the wells in which they
were detected. These detected chemicals likely originated from the Rhone-Poulenc site or
are naturally occurring and are expected to be addressed in Rhone-Poulenc’s
groundwater source control evaluation.

Manganese was detected in the groundwater samples collected from wells W-19-1, W-19-
D, and RP-2-66, and aluminum was detected in wells W-19- and W-19-D. Although
manganese and aluminum are not currently listed as preliminary COPCs for the Rhone-
Poulenc site, they may have originated from the Rhone-Poulenc site or these
concentrations could also represent naturally occurring concentrations of these metals in
the environment. There is no known historical use of manganese or aluminum as raw
materials (or in finished goods) at the Arkema site.
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A number of volatile organic compounds (VOCs) that were not detected in the
groundwater sample collected from well RP-2-31 had detection limits that were above the
most conservative SLVs used for the initial step (Table 3). Other than upgradient
groundwater plumes, there are no known VOC sources on Lot 1. In addition, the
exceedance quotients based on analytical detection limits were either relatively minor or
were based on the very conservative SLVs. Based on this information, no additional (i.e.,
step two MCL quotient analysis) by LSS is necessary.

Total arsenic in groundwater samples from wells RP-2-31 and W-19-S exceeded human
health SLVs by factors of 3,111 and 1,911, respectively (Table 3; Figure 17h). Dissolved
arsenic in the groundwater sample from W-19-S exceeded the human health SLV by a
factor of 22.9 (compared to 1,911 for total arsenic), indicating the arsenic concentrations
are largely influenced by particulates and the dissolved phase is a relatively small
proportion of the total. There is no known historical source of arsenic at the Arkema site
(Patterson 2004), but it is a known COPC at the Rhone-Poulenc site. Arsenic is also a
naturally occurring constituent of soils in this area and may also be associated with
dredged fill materials in the vicinity of the well.

Detected concentrations of copper, nickel, lead, and zinc in the groundwater samples
collected from well RP-02-31 exceeded the ecological and/or human health SLVs by
factors of 1.1 to 79.1 (Table 3; Figures 17b, e, and g). Detected concentrations of copper,
nickel, lead, chromium, and zinc in groundwater samples collected from well W-19-5
exceeded ecological and/or human health SLVs by factors of 2.0 to 551.9 (Table 3;
Figures 17b, e, f, and g). There are no known sources of these metals at the Arkema site;
however, copper, nickel, lead, chromium, and zinc are all preliminary COPCs at the
Rhone-Poulenc site (AMEC 2003). These concentrations could also represent naturally
occurring concentrations of these metals in the environment.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) and TCDD toxicity equivalents in the
groundwater sample collected from well RP-2-31 exceeded the human health SLVs by
factors of 607.8 and 2000, respectively, (Table 3; Figure 18b). There were no other
dioxin/furan exceedances in samples collected from monitoring wells on Lots 1 and 2.
There are no known sources of 2,3,7,8-TCDD on Lots 1 and 2; however, the Rhone-
Poulenc site is a known source of 2,3,7,8-TCDD and wastes from the Rhone-Poulenc site
could be associated with the dredged fill materials on Lots 1 and 2. LSS expects that
Rhone-Poulenc/SLLI will be addressing their dioxin/furan issue on Lots 1 and 2.

MCL exceedance quotients were calculated for the detected constituents that exceeded the
most conservative SLVs in wells RP-2-31 andW-19-S (Table 4; Figure 19). Arsenic and
lead detected in well RP-2-31 exceeded the MCLs by factors of 14 and 2.85, respectively.
Arsenic, chromium, and lead detected in well W-19-S exceeded the MCLs by factors of
8.6,2.03, and 19.87, respectively. The exceedance factors for lead in well RP-02-31 and

Integral Consulting Inc. 13 Source Control Eval_04_17_07.doc


http:Source�Control�Eval_04_17_07.doc�

Draft
Groundwater Source Control Evaluation April 17, 2007

chromium in well W-19-S were less than 10 and these metals are naturally occurring in
the soils and in the fill materials in this portion of the site; therefore, no further evaluation
is recommended. If the results of the site-wide groundwater monitoring event scheduled
in April 2007 show similar arsenic concentrations in well RP-02-31 and lead
concentrations in well W-19-S and/or exceed the MCL Quotient of 10, further evaluation
of fate and transport processes and/or other analyses (i.e., naturally occurring background
levels) may be recommended. Since these are Rhone-Poulenc’s COPCs, LSS expects that
Rhone-Poulenc/SLLI would conduct any further evaluations as part of their source control
evaluation. In addition, the Portland Harbor risk assessments will also be utilized when
completed to evaluate the potential risks posed by these metals.

2.4.2 Lots3 and 4

As discussed in Section 1.3, a physical and hydraulic containment system has been
proposed on Lot 4 and the southern portion of Lot 3 to meet the EPA-mandated
timeframe for the EE/CA removal action. The proposed containment system will consist
of a containment barrier wall (Figure 3) and a groundwater extraction and treatment
system that will prevent groundwater COlIs that EPA considers a substantial source of
recontamination to the river or river sediments from moving around, over, or under the
barrier wall (ERM 2006). The proposed system will be designed to contain groundwater
from all monitoring and pumping wells located on Lots 3 and 4, except well MWA-63.

Well MWA-63 is located just outside of the proposed barrier wall (Figure 3).
Groundwater data from well MWA-63 had some exceedances of the most conservative
human health SLVs for a few VOCs including chloroform, tetrachloroethene (PCE), and
trichloroethene (TCE) (exceedance quotients of 1,582, 3,290, and 3,546, respectively; Table
3; Figures 14c and d). The SLV values for many of the detected VOCs are extremely
conservative. MCL exceedance quotients were calculated for the detected constituents
that exceeded the most conservative SLVs in well MWA-63. A total of four constituents
(chloroform, cis-1,2-dichloroethene, tetrachloroethene, and trichloroethene) detected at
well MWA-63 exceeded the MCLs (Table 4; Figure 19). Chloroform and cis-1,2-
dichloroethene exceeded the MCLs by factors of 3.36 and 2.97, respectively. The
constituents with exceedance factors less than 10 are expected to rapidly attenuate, so no
further evaluation is recommended. PCE and TCE exceeded the MCLs by factors of 65.80
and 19.86, respectively. If the results of the site-wide groundwater monitoring event
scheduled in April 2007 show similar PCE and TCE concentrations in well MWA-63,
and/or an MCL exceedance quotient greater than 10, then further evaluation of fate and
transport processes and/or other analyses will be considered in the FFS for the current
groundwater IRM. The Portland Harbor risk assessment will also be utilized when it is
completed to evaluate the potential risks posed by these VOCs.
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Many physical and chemical factors will influence the behavior of a chemical as it
migrates in groundwater. Distance is one of these factors. MWA-63 is located
approximately 100 ft from the Willamette River. During groundwater movement and
chemical transport, VOCs typically attenuate due to a number of fate and transport
processes (e.g., adsorption to organic carbon within the aquifer matrix, degradation,
volatilization, dispersion). The concentrations of VOCs in groundwater that discharges to
the river are expected to be substantially lower and therefore would not require active
source control. In addition, any VOC:s still remaining in groundwater when it reaches the
river would also rapidly attenuate. For example, chlorinated solvents such as PCE and
TCE degrade more rapidly in surface water than groundwater (Howard 1991). Also,
VOC:s are not bioaccumulative and do not have a tendency to accumulate in sediment and
therefore would not present a significant re-contamination risk to post EE/CA sediments.

The closest in-water station to well MWA-63 where a reconnaissance groundwater sample
was collected is WB-18 (Figure 3). As noted in Section 2.3, reconnaissance data were
collected from temporary monitoring points (i.e., Geoprobe®) and thereby are typically a
turbid mixture of soil or sediment and water that would not be representative of actual
dissolved groundwater conditions for many constituents such as pesticides and metals.
However, because VOCs do not have an affinity for particulates and do not tend to
accumulate in sediments, the reconnaissance VOC concentrations are probably less biased
and more representative of the actual groundwater quality than for pesticides or metals.
The groundwater sample collected from shallowest interval at station WB-18 (screened
from 5-9 ft below mudline) provides a reasonable estimation of the VOC concentrations in
groundwater discharging to the river in the vicinity of well MWA-63. Chloroform, cis-1,2-
dichloroethene, PCE, and TCE were not detected in the shallow groundwater sample
collected from station WB-18. This suggests these chemicals are indeed naturally
attenuating to levels well below MCLs and below the analytical detection limits during
transport from well MWA-63.

Groundwater from well MWA-63 also had ecological and human health SLV exceedances
for 4,4’-DDT (exceedance factors of 53.3 and 242.3 for ecological and human health SLVs,
respectively; Figures 16a and c) and a number of other pesticides that were undetected
with detection limits greater than the SLVs (Table 3). Most of the undetected pesticides
were not manufactured at the site and it is unlikely they would be present even at
concentrations below the reported detection limit and above the SLVs. It is also very
important to note and understand the implication that the detection of 4,4’-DDT in well
MWA-63 was based on a total rather than a dissolved concentration. The total pesticide
concentrations in groundwater can be biased high compared to dissolved concentrations
because suspended fine-grained particulates in the groundwater (i.e., total suspended
solids [TSS]) generally contain the highest portion of the detected laboratory reported
pesticides. Therefore to obtain an accurate, biologically available dissolved phase DDT
concentration for this screening, either filtered groundwater samples or samples collected

Integral Consulting Inc. 15 Source Control Eval_04_17_07.doc



Draft
Groundwater Source Control Evaluation April 17, 2007

using regenerated cellulose dialysis membrane (RCDM) samplers would be necessary to
provide accurate and representative dissolved phase DDT data.

Notwithstanding the above, MCL (PRG in this case) exceedance quotients were calculated
for DDT in well MWA-63. The DDT exceedance quotient is 0.27, therefore total DDT from
the MWA-63 area is not considered a potential source and no additional analysis is
necessary. In addition, fate and transport processes (e.g., adsorption to organic carbon,
degradation, etc.) that will occur during transport that will also decrease the DDT
concentrations prior to reaching the river.
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3 CONCLUSIONS AND RECOMMENDATIONS

The installation of the proposed barrier wall and associated hydraulic control along the
riverbank adjacent to Lot 4 and the southern end of Lot 3 will physically cut off
groundwater flow from this portion of the site to the Willamette River. No additional
investigations or source control evaluations are proposed for this portion of the site in
advance of the proposed groundwater IRM. In addition, the presence of the barrier wall
and extraction wells potentially located within the perimeter and near the ends of the
“wing walls” of the barrier will also influence groundwater flow directions and transport
rates outside of the footprint of the wall. For example, the rate of groundwater movement
in the vicinity of monitoring well MW A-63 could very likely be slowed by pumping of
extraction wells at or near the corner of the northern “wing wall”, thereby providing
additional residence time for natural biological degradation and/or sequestration to occur.

MCL exceedance quotients were calculated for the detected constituents that exceeded the
most conservative SLVs in well MWA-63. Only two constituents, PCE and TCE, exceeded
the MCLs by more than a factor of 10 in well MWA-63. The PCE and TCE concentrations
are expected to attenuate rapidly during transport through dispersion, degradation,
adsorption to organic carbon, volatilization, and other processes during transport. In
addition, VOCs are not bioaccumulative and do not have a tendency to accumulate in
sediment. Furthermore, the closest in-water station to well MWA-63 where groundwater
was sampled is WB-18. Chloroform, cis-1,2-dichloroethene, PCE, and TCE were not
detected in the shallow groundwater sample collected from station WB-18, indicating
significant natural attenuation of these chemicals is occurring during transport to the
river.

Not withstanding the above, if the PCE and TCE concentrations at well MWA-63
observed during the site-wide monitoring event in April 2007 are similar and remain
above the MCL exceedance quotient of 10, then further evaluation of fate and transport
processes and/or other analyses will be conducted as part of the FFS for the currently
envisioned groundwater IRM. In addition, the Portland Harbor risk assessment will also
be utilized when it is completed to evaluate the potential risks posed by these VOCs.

Groundwater contamination on Lot 1 that has been attributed to an offsite source is
covered under DEQ’s Contaminated Aquifer Policy (McClincy 2003). SLLI is scheduled
to prepare a comprehensive source control evaluation report for the Rhone-Poulenc site
once data gaps have been addressed. This source control evaluation is expected to
address the Rhone-Poulenc site’s groundwater plumes on Lots 1 and 2. To this end,
Rhone-Poulenc/SLLI installed three additional wells clusters on Lots 1 and 2 that have not
been sampled (i.e., RP-08, RP-09, and RP-10). These well clusters are scheduled to be
sampled by LSS as part of the site-wide monitoring event in April 2007. The data from
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these wells will be screened against the appropriate JSCS SLVs and recommendations will
be made for additional groundwater evaluations in this area for chemicals attributed to
the Arkema site, if appropriate.

MCL exceedance quotients were calculated for the detected constituents that exceeded the
most conservative SLVs in wells RP-2-31 andW-19-S. Only arsenic in well RP-2-31 and
lead in well W-19-S exceeded the MCLs by more than a factor of 10. These metals are
known COPCs at the Rhone-Poulenc site and may also be naturally occurring in the soils
and in the fill materials in this portion of the site. If the arsenic concentrations in well RP-
2-31 and the lead concentrations in well W-19-S detected during the site-wide monitoring
event in April 2007 are similar or exceed the MCL quotient by a factor of 10, further
evaluation of fate and transport processes and/or other analyses (i.e., background levels)
may be recommended. Since these are Rhone-Poulenc’s COPCs, LSS expects that Rhone-
Poulenc/SLLI would conduct any further evaluations as part of their source control
evaluation. In addition, the Portland Harbor risk assessment may also be utilized when it
is completed to evaluate the potential risks posed by these metals.
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Shallow-zone groundwater surface (approximate)
“ June 2003; based on monitoring well data only.
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Tables




Draft

Table 1. Groundwater Monitoring and Pump Test Wells Used for JSCS Screening.

April 17, 2007

Well Installation Depth
Number Date Northing Easting Drilled (ft)
MWA-1* 12/11/96 702098.30 7627585.80 33.5
MWA-2 12/11/96 702507.29 7627621.41 32.3
MWA-3 12/12/96 702397.18 7627719.72 32.1
MWA-4 12/13/96 702332.25 7627775.98 32.0
MWA-5 1/12/99 702549.01 7627419.13 39.0
MWA-6r 8/5/99 702150.87 7627942.75 34.0
MWA-7 1/12/99 701726.90 7627124.30 33.0

MWA-15r 2/7/01 702211.10 7627673.20 325
MWA-18 2/6/01 702056.87 7628041.35 29.5
MWA-19 2/6/01 701963.23 7628180.37 355
MWA-20 2/7/01 701925.54 7627952.11 35.5
MWA-22 6/7/01 702232.00 7627516.00 36.0
MWA-23 10/8/01 701387.76 7627481.85 26.0
MWA-24 10/9/01 701875.73 7627721.74 36.0
MWA-25 10/10/01 701745.03 7627925.14 34.0
MWA-26 10/8/01 701505.76 7627976.05 315
MWA-27 10/10/01 701712.46 7628112.45 36.0
MWA-29 3/8/02 701587.00 7628359.88 35.2
MWA-30 3/6/02 701832.68 7628278.84 30.0
MWA-33 5/30/03 701623.46 7627679.75 30.0
MWA-35 11/20/03 701787.63 7627880.24 35.0
MWA-36 11/20/03 701697.73 7627950.94 34.0
MWA-37 11/21/03 701730.43 7627917.34 335
MWA-38 11/21/03 701619.63 7627873.44 32.0
MWA-39 4/12/05 701532.86 7627527.05 26.5
MWA-40 4/12/05 701767.86 7627584.45 31.0
MWA-41 4/6/05 701404.34 7628138.42 35.0
MWA-42 4/20/05 702036.96 7627820.55 335
MWA-43 4/5/05 701513.44 7628269.72 35.0
MWA-44 4/11/05 701935.04 7628149.67 355
MWA-45 4/7/05 701889.74 7628106.47 35.0
MWA-46 4/15/05 702029.70 7628129.61 30.5
MWA-47 4/7/05 701773.75 7628336.57 35.0
MWA-60 7126/05 702476.30 7627514.40 38.0
MWA-61 7/26/05 702455.71 7627686.02 335
MWA-62 7127105 702185.90 7627837.90 30.5
MWA-63 7/25/05 702637.66 7627291.45 30.5
MWA-69 7127105 702314.52 7627836.40 30.0
NMP-1D 5/14/01 702247.30 7627690.20 36.0
NMP-2D 5/15/01 702263.50 7627701.90 37.0
NMP-3D 5/15/01 702280.10 7627713.00 37.0
NMP-4D 5/16/01 702281.80 7627666.30 36.0
NMP-5D 5/16/01 702273.20 7627684.40 35.5
NMP-6D 5/16/01 702259.90 7627730.00 36.0
NMP-1S 7/13/01 702255.40 7627696.30 30.5
NMP-2S 7/13/01 702271.20 7627707.60 30.5
NMP-3S 7/13/01 702287.50 7627718.30 30.5
NMP-4S 7/13/01 702290.70 7627672.40 30.5
NMP-5S 7/13/01 702281.50 7627689.70 30.5
NMP-6S 7/13/01 702251.90 7627724.50 30.5

Integral Consulting Inc.
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Draft

Table 1. Groundwater Monitoring and Pump Test Wells Used for JSCS Screening.

April 17, 2007

Well Installation Depth
Number Date Northing Easting Drilled (ft)
PMP-1 9/22/03 702220.30 7627682.50 35.0
PMP-2 9/22/03 702254.40 7627654.50 35.0
PMP-3 9/18/03 702279.20 7627643.20 35.0
PMP-4 10/21/04 702363.60 7627608.90 335
PMP-5 10/20/04 702353.10 7627683.10 34.0
PMP-6 10/20/04 702326.20 7627724.10 36.5
PT-1 4/11/06 701621.79 7627691.94 31.0
PT-2 4/11/06 701748.68 7627933.80 345
PT-3 4/12/06 701958.78 7628170.24 29.5
MWA-17si 8/12/99 702401.37 7627703.14 35.3
MWA-67si 7/26/05 702458.92 7627681.48 38.0
MWA-68si 7127105 702312.58 7627839.61 34.0
MWA-8i 1/11/99 702500.54 7627628.33 47.3
MWA-9i 11/17/98 702389.92 7627725.77 48.0
MWA-10i 11/23/98 702324.43 7627782.24 46.8
MWA-11i 12/3/98 702172.18 7627634.01 51.0
MWA-12i 1/4/99 701735.80 7627117.50 52.0
MWA-14i 12/17/98 702559.95 7627409.59 49.3
MWA-16i 8/14/99 702127.25 7627944.39 45.3
MWA-32i 05/22/03 701837.47 7628275.46 44.0
MWA-34i 05/29/03 701968.03 7628174.50 38.0
MWA-48i 4/15/05 701736.53 7627921.34 47.5
MWA-49i 4/18/05 702029.26 7628137.40 44.0
MWA-50i 4/18/05 701731.05 7628334.53 47.0
MWA-51i 4/19/05 702046.99 7628047.09 44.0
MWA-52i 4/14/05 701650.56 7628143.25 445
MWA-53i 4/13/05 701590.84 7628364.82 44.5
MWA-54i 4/20/05 702030.36 7627823.95 41.5
MWA-55i 4/11/05 701827.34 7628044.37 44.0
MWA-64i 7/21/05 702462.46 7627678.56 49.0
MWA-65i 7/26/05 702224.70 7627830.20 47.0
MWA-66i 7122105 702309.97 7627843.28 49.0
MWA-70i 4/13/06 701611.69 7627691.20 46.5
MWA-13d 1/6/99 702406.83 7627709.92 53.8
MWA-28i(d) 10/6/01 701750.93 7627920.44 59.2
MWA-31i(d) 3/8/02 701826.17 7628283.95 60.0
MWA-56d 4/21/05 702022.47 7628117.01 61.0
MWA-57d 4/20/05 701835.04 7628038.87 66.0
MWA-58d 4/25/05 701974.54 7628179.53 63.0
MWA-59d 4/26/05 701719.72 7628320.74 61.0
MWA-21b 10/19/01 702383.66 7627729.66 76.0
RP-02-31 2/3/00 703244.97 7626668.96 31.0
RP-02-49 2/3/00 703287.25 7626678.39 49.7
RP-02-66 2/2/00 703250.76 7626663.32 66.5
W-19-S 6/21/90 703466.76 7626354.07 25.0
W-19-I 6/20/90 703474.44 7626339.31 50.0
W-19-D 7/12/90 703466.76 7626354.07 68.0

* All wells active ecept MWA-1, which has been abandoned.

Integral Consulting Inc.
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