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ARKEMA QUARTER 4, 2022, GROUNDWATER MONITORING REPORT INTRODUCTION
Arkema Inc. Facility, Portland, Oregon

1. INTRODUCTION

ERM-West, Inc. (ERM) has prepared this Quarter 4, 2022, Groundwater Monitoring Report (Report) on
behalf of Legacy Site Services, LLC (LSS), agent for Arkema Inc. (Arkema). This Report summarizes the
groundwater sampling results for the Quarter 4, 2022, groundwater monitoring at the former Arkema
Portland Plant at 6400 NW Front Avenue, Portland, Oregon (the Site). Implementation of the quarterly
groundwater monitoring is in accordance with the Oregon Department of Environmental Quality (ODEQ)
31 May 2019 review of the Draft Groundwater Extraction and Treatment System Effectiveness Evaluation
Report (ODEQ 2019) and the subsequent meeting held on 2 July 2019. In their review, the ODEQ
requested the development of an analytical monitoring program for groundwater contaminants of concern
(COCs). Subsequent to that letter, LSS, ERM, and the ODEQ held a meeting on 2 July 2019, during
which ERM and LSS agreed to commence groundwater monitoring.

Following the ODEQ 19 July 2021 review of the 2021 Groundwater Extraction and Treatment System
Effectiveness Evaluation Report (ODEQ 2021; ERM 2021), the current monitoring program is focused on
areas of potential migration of volatile organic compounds (VOCSs), perchlorate, and chloride around or
below the groundwater barrier wall (GWBW) in the Shallow, Intermediate, and Deep hydrogeological
Zones.

Details of the previous Quarter 2, 2022, groundwater monitoring event are described in the Arkema
Quarter 2, 2022, Groundwater Monitoring Report (ERM 2022a).

Following the August 2022 email correspondence with the ODEQ, the Quarter 3, 2022, groundwater
monitoring event was excluded from the 2022 groundwater monitoring scope due to construction of the
Groundwater Extraction Enhancement (GEE) system onsite.

1.1 Objectives

The objective of this groundwater monitoring program is to evaluate changes to groundwater conditions
for groundwater COCs in the vicinity of the groundwater source control measures (GW SCM) consisting
of the GWBW and the groundwater extraction and treatment (GWET) system.

This Report provides the field procedures, groundwater level data, and analytical results from the
Quarter 4, 2022, groundwater monitoring event.

1.2 Background

The Site’s operational and remedial history was documented in the Revised Upland Feasibility Study
Work Plan (ERM 2017). Installation and construction of the GW SCM was completed in December 2013
and the GWET system was started in May 2014. Construction of the GEE system started in July 2022
and the system was started in November 2022. The GW SCM and GWET system, including the newly
constructed GEE system, are described in Section 1.2.2.

1.2.1 Site Description

The Site is located at 6400 NW Front Avenue in the Northwest Industrial Area of Portland, Oregon. The
facility is bounded by Front Avenue on the north and west, the Willamette River on the east, and an
asphalt roofing manufacturer on the south. The Site lies on the southwest bank of the lower Willamette
River between river mile 6.9 and river mile 7.6, immediately upstream of the Burlington Northern Santa Fe
Railroad Bridge. The property is adjacent to the Portland Harbor Superfund site.
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1.2.2 Groundwater Source Control Measures
The current GW SCM at the Site consists of the following primary components:
m The GWBW to physically separate the affected upland portions and in-water portions of the Site;

m A series of extraction wells, including seven extraction trenches, designed to provide hydraulic
capture to minimize flow of groundwater containing unacceptable concentrations of COCs around,
over, and under the GWBW:; and

®  Management/treatment of extracted groundwater through a GWET system with treated effluent
discharged to the Willamette River under a National Pollutant Discharge Elimination System permit.

Prior to construction of the GEE system, hydraulic capture consisted of 13 groundwater recovery wells
screened in the Shallow Zone and 9 recovery wells screened in the Intermediate Zone. Following the
construction and implementation of the GEE system, the current GW SCM includes 4 pre-existing
recovery wells and 7 groundwater extraction trenches installed in 2022. The extraction trenches contain
14 extraction wells designed to increase the amount of water extracted from the subsurface. Hydraulic
gradients across the GWBW are evaluated through data collected from a network of 36 piezometers used
to monitor the groundwater elevation in the Shallow, Intermediate, and Deep Zones. These hydraulic
gradients are used to evaluate hydraulic capture performance in the vicinity of the GWBW. The GW SCM
are described in the Revised Final Performance Monitoring Plan—Groundwater Source Control Measure
(ERM 2015) and the GEE system is described in further detail in the Final Design Report (ERM 2022b).

ERM evaluated the GW SCM performance by utilizing data from the piezometers to calculate hydraulic
gradients; these data are presented in monthly progress reports and GWET System Effectiveness
Evaluation (SEE) reports (ERM 2018, 2020, 2021, 2022c).

To further evaluate performance of the GW SCM, ERM assesses groundwater conditions, including
COCs, in the vicinity of the GWBW. ERM collects COC data on a quarterly basis and assesses
groundwater conditions in the area of the GWBW on an annual basis. The annual assessment is included
in the Annual SEE Report.

On 22 May 2022, the GW SCM was temporarily shut down and operated intermittently while the new GEE
system was installed to process water from the construction project. Discharge to the river from the
GWET system resumed on 27 November 2022.
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2. FIELD PROCEDURES

ERM collected groundwater elevation data from 114 well locations on 4 November 2022 and samples
from 29 well locations between 7 and 10 November 2022. The locations of all monitoring wells and
piezometers are presented on Figure 1. A summary of groundwater level and sampling locations and
analyses are displayed in Table 1.

ERM performed field sampling in accordance with the procedures outlined in the GMWP and addenda.
These procedures cover well purging, field parameter collection, analytical requirements, and quality
assurance / quality control (QA/QC) protocols.

Groundwater monitoring fieldwork included collecting groundwater level measurements, water quality
parameters, and groundwater samples for laboratory analysis.

2.1 Groundwater Level Measurements

As shown in Table 1, ERM collected groundwater elevation data on 4 November 2022 from 114 well
locations out of 121 planned well locations using a combination of transducer and manual measurements.
Manual measurements were measured to the nearest 0.01 foot using a water level indicator in
accordance with the GMWP. For locations with functioning transducers, transducer data were used for
reporting in lieu of collecting manual measurements. Locations unable to be measured included well
locations under water due to seasonal rainfall or in need of repair.

2.2 Groundwater Sample Collection Procedures

ERM collected groundwater samples from 29 well locations, including 8 monitoring wells and 21
piezometers (Table 1). Sample collection procedures pertaining to the 29 well locations under ERM’s
monitoring program are included below.

All wells and piezometers were sampled with a bladder or peristaltic pump using low-flow techniques and
sample collection procedures as described in the GMWP. Field water quality measurements (i.e.,
temperature, pH, specific conductivity, dissolved oxygen, oxygen-reduction potential) were collected with
calibrated field water quality meters. Turbidity was collected utilizing 3-way valves and Hach
turbidimeters. ERM recorded field notes taken during sampling in field logs; field forms are provided as
Appendix A.

After well-purging criteria were satisfied, ERM disconnected the in-line flow cell and collected
groundwater samples in the appropriate containers for the analyses as shown in Table 1. For VOCs,
low-level analyses were performed if historical results were non-detect by standard methods.

After sampling, ERM removed the pump and associated tubing from the well, discarded disposable
tubing, and decontaminated reusable equipment as described in the GMWP.

2.3 Sample Shipping and Investigation-Derived Waste

After sample collection, ERM labeled samples with the required data and entered the data into the
chain-of-custody record to facilitate proper tracking and control. Samples were delivered under
chain-of-custody to the Eurofins Beaverton Service Center and then shipped to their respective Eurofins
laboratory in sealed containers, accompanied by the chain-of-custody record.

Investigation-derived waste generated during the groundwater monitoring included groundwater purged
from monitoring wells, personal protective equipment, and disposable sampling equipment.
Decontamination fluids and purge water were contained in 5-gallon buckets and then processed in the
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GWET system. Disposable sampling equipment and used personal protective equipment were disposed
of as non-hazardous solid waste.

2.4 Quality Assurance and Quality Control and Data Validation

As described in the GMWP, the analyses were performed in accordance with the Quality Assurance
Project Plan (QAPP) and the 2009 and 2011 QAPP addenda, as described in the GMWP.

ERM collected field QA/QC samples in accordance with the QAPP and associated addenda (listed
below). QA/QC samples—including trip blanks, field duplicates, and rinsate samples—were collected,
controlled, and shipped in the same manner as normal field samples.

®  Trip blanks were included in each cooler that contained VOC samples.
m  Field duplicate samples were collected for every 20 samples.

m  Rinsate blank samples were collected for every 20 samples to verify efficacy of bladder pump
decontamination.

ERM completed data validation after receiving the laboratory analytical reports. Appendix B includes
laboratory analytical reports and Appendix C includes data validation memos. QA/QC issues during the
Quarter 4, 2022, groundwater monitoring event included samples analyzed by Eurofins lab outside of hold
time and detected concentrations of select VOCs in lab method blanks and collected rinsate blanks.
Associated sample analyte results were qualified during data validation and additional details regarding
any QA/QC issues are included in the data validation memos. Based on the results of the data validation,
the qualified data are acceptable for decision making and meet the overall objectives of the monitoring
program. These data will be utilized in the annual statistical evaluation to be included in the SEE report to
be submitted in Quarter 1, 2023.

There were no deviations outside of the ODEQ-approved GMWP and modified scope during the Quarter
4, 2022, groundwater sampling event.
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3. GROUNDWATER MONITORING RESULTS

3.1 Groundwater Elevations

On 4 November 2022, ERM manually measured depth to groundwater to the nearest 0.01 foot in 62 wells
at the Site using an electronic water level indicator.

For the additional 52 wells with functioning transducers, ERM collected transducer groundwater elevation
data on 4 November 2022 to calculate an average groundwater elevation for each location, which was
then used for developing potentiometric surface maps. To calculate average groundwater elevation, ERM
used transducer data recorded in the respective Shallow Zone, Intermediate Zone, and Deep Zone
aquifer wells during the time period that manual water level measurements were collected. Table 2
presents groundwater elevations and the time period used for averaging transducer groundwater
elevation data.

Groundwater beneath the Site occurs in five zones: Shallow Zone, Shallow-Intermediate Silt Zone,
Intermediate Zone, Deep Zone, and Gravel/Basalt Zone. Potentiometric surface maps for the Shallow,
Intermediate, and Deep Zones are presented on Figures 2 through 4, respectively.

The generalized flow direction indicated by the potentiometric surface maps show overall groundwater
flow toward the GWBW. A potentiometric separation is noticeable exterior to the GWBW, indicating the
GWBW is functioning by impeding groundwater flow. The Deep Zone potentiometric map also indicates
flow toward the GWBW. River elevations from the Willamette River (river mile 12.8) gauge are shown on
the potentiometric surface maps in an inset (Figures 2 through 4) and depict stage movement during
November 2022.

3.2 Groundwater Sampling Results

From 7 to 10 November 2022, ERM personnel completed groundwater sampling at 29 monitoring well
and piezometer locations in accordance with the performance monitoring scope and the ODEQ-approved
program. Results from the groundwater sampling and analyses of the well locations included in ERM'’s
monitoring program are presented in further detail below.

3.2.1 Field Parameter Results

ERM measured and recorded field parameters during well purging. Table 3 presents the results of the
field parameter measurements.

Fifteen monitoring locations did not stabilize for turbidity during the Quarter 4, 2022, groundwater
monitoring event. Given the nature of analytes included in the monitoring program scope, primary
indicator parameters (dissolved oxygen, oxidation-reduction potential, specific conductance, and pH)
consistent with ASTM International Standard D6771 (2018) as well as temperature were stabilized.

3.2.2 Analytical Results

Tables 4 and 5 present analytical results from the Quarter 4, 2022, groundwater monitoring event specific
to ERM’s groundwater monitoring program. Appendix B presents laboratory analytical reports and
Appendix C presents data validation memos. A discussion of select COCs is provided in the subsequent
sections and figures are presented in this Report based on historical analytical results that were
presented previously in the Sitewide Groundwater Monitoring Report—August 2009 Monitoring Event
(ERM 2010). Appendix D includes previous groundwater monitoring data, beginning in October 2019,
from well locations associated with the reduced scope groundwater monitoring program. Appendix E
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includes historical groundwater data associated with the Site prior to implementation of the groundwater
monitoring program in October 2019.

3.2.2.1 VOCs

Table 4 presents the results for VOCs. Results for the Shallow, Intermediate, and Deep Zones are
presented on the figures for chlorobenzene, 1,2-dichlorobenzene, tetrachloroethene (PCE),
trichloroethene (TCE), cis-1,2-dichloroethene (cis-1,2-DCE), and vinyl chloride, as described below.

The results for chlorobenzene in the Shallow, Intermediate, and Deep Zones are presented on Figures 5
through 7, respectively. Chlorobenzene was detected in 9 out of 31 primary and duplicate samples. The
highest detected concentration of chlorobenzene was 26,000 micrograms per liter (ug/L) at Deep Zone
piezometer PA-30d.

The results for 1,2-dichlorobenzene in the Shallow, Intermediate, and Deep Zones are presented on
Figures 8 through 10, respectively. 1,2-Dichlorobenzene was detected in 5 out of 31 primary and
duplicate samples. The highest detected concentration of 1,2-dichlorobenzene was 0.22 pg/L at
Intermediate Zone piezometer PA-32i.

The results for PCE, TCE, and their de-chlorination daughter-products cis-1,2-DCE and vinyl chloride, in
the Shallow, Intermediate, and Deep Zones, are presented on Figures 11 through 13, respectively. A
summary of highest detected concentrations is as follows below.

m  PCE was detected in 9 of 31 primary and duplicate samples. The highest detected concentration of
PCE was 16 ug/L at Shallow Zone monitoring well MWA-63.

m  TCE was detected in 9 of 31 primary and duplicate samples. The highest detected concentration of
TCE was 5.5 pg/L at Shallow Zone monitoring well MWA-63.

m cis-1,2-DCE was detected in 9 of 31 primary and duplicate samples. The highest detected
concentration of cis-1,2-DCE was 17 ug/L at Deep Zone monitoring well PA-19d.

®  Vinyl chloride was detected in 3 of 31 primary and duplicate samples. The highest detected
concentration of vinyl chloride was 0.31 ug/L at Intermediate Zone monitoring well PA-32i.

3.2.2.2 Perchlorate

Table 5 presents the results for perchlorate. Perchlorate results for the Shallow, Intermediate, and Deep
Zones are presented on Figures 14 through 16, respectively. Perchlorate was detected in 6 out of 31
primary and duplicate samples. The highest detected concentration of perchlorate was 97,000 ug/L at
Deep Zone monitoring well MWA-31i(d).

3.2.2.3 Chloride

Table 5 presents the results for chloride. Chloride results for the Shallow, Intermediate, and Deep Zones
are presented on Figures 17 through 19, respectively. Chloride was detected in 31 out of 31 primary and
duplicate samples. The highest detected concentration of chloride was 32,000 milligrams per liter at Deep
Zone piezometer PA-24d.
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4. RECOMMENDATIONS

Following the Quarter 4, 2022, groundwater monitoring event, no changes are recommended to the

GMWP at this time. Any proposed changes in scope will be included in the Annual SEE Report submitted
March 2023.
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Table 1

Groundwater Sampling Matrix

Arkema Quarter 4, 2022, Groundwater Monitoring Report
Arkema Inc. Facility
Portland, Oregon
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Analytical Method| 8260C 8260C_LL! 300 314
Aquifer Groundwater Level

Location ID Classification Measurement Comments
MWA-02 Shallow X* - - - -
MWA-15r Shallow X - - - -
MWA-18 Shallow X - - - -
MWA-19 Shallow X* - - - -
MWA-20 Shallow X - - - -
MWA-22 Shallow X - - - -
MWA-24 Shallow X - - - -
MWA-29 Shallow X - - - -
MWA-33 Shallow X - - - -
MWA-40 Shallow X -- - - -
MWA-41 Shallow X - X X X
MWA-42 Shallow X -- - - -
MWA-43 Shallow X -- - - -
MWA-46 Shallow X -- - - -
MWA-47 Shallow X* -- - - -
MWA-61 Shallow X -- - - -
MWA-63 Shallow X X - X X
MWA-69 Shallow X* -- - - -
MWA-71 Shallow X -- - - -
MWA-72 Shallow X -- - - -
MWA-73 Shallow X -- - - -
MWA-82 Shallow X - X X X
PA-03 Shallow X* - X X X
PA-04 Shallow X* - X X X
PA-05 Shallow X* - - - -
PA-06 Shallow X* - - - -
PA-07 Shallow X* - - - -
PA-08 Shallow X* - X X X
PA-09 Shallow X* - X X X
PA-28 Shallow X* - - - -
PA-31 Shallow X -- X X X
PA-33 Shallow X - - - -
PA-35 Shallow X -- - - -
PA-36 Shallow X - - - -
PA-38 Shallow X -- - - -
PA-41 Shallow X - - - -
PA-42 Shallow X -- - - -
PA-43 Shallow X - - - -
RP-02-31 Shallow X -- - - -
RP-10-30 Shallow X -- - - -
RW-05 Shallow X* -- - - -
RW-07 Shallow X -- - - -
RW-08 Shallow X -- - - -
RW-10 Shallow X -- - - -
RW-12 Shallow X -- - - -
RW-14 Shallow X* -- - - -
RW-15 Shallow X -- - - -
RW-17 Shallow X* -- - - -
RW-18 Shallow X* -- - - -
RW-20 Shallow X -- - - -
RW-22 Shallow X* -- - - -
RW-23 Shallow X* -- - - -
RW-25 Shallow X* -- - - -
MWA-07(i) Intermediate X -- - - -

ERM
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Groundwater Sampling Matrix
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ERM

Q Q

g g
2 | 28 | g | &
= = = =
8 £ 8 E o o
Analyte g 8 g 8 5 g

Analytical Method| 8260C 8260C_LL! 300 314
Aquifer Groundwater Level
Location ID Classification Measurement Comments
MWA-08i Intermediate X* -- - - -
MWA-16i Intermediate X -- - - -
MWA-34i Intermediate X* - - - -
MWA-49i Intermediate X -- -- - -
MWA-53i Intermediate X -- -- - -
MWA-54i Intermediate X -- -- - -
MWA-66i Intermediate X* -- - - -
MWA-70i Intermediate X -- -- - -
MWA-74i Intermediate X -- -- - -
MWA-75i Intermediate X - - - -
MWA-81i Intermediate X -- X X X
PA-10i Intermediate X* - X X X
PA-11i Intermediate X* - - - -
PA-12i Intermediate X* -- - - -
PA-13i Intermediate X* - - - -
PA-14i Intermediate X* -- - - -
PA-15i Intermediate X* - X X X
PA-16i Intermediate X* - X X X
PA-17iR Intermediate X* -- X X X
PA-29i Intermediate X* -- - - -
PA-32i Intermediate X -- X X X
PA-34i Intermediate X -- -- -- --
PA-37i Intermediate X -- - - -
PA-39i Intermediate X -- -- -- --
PA-40i Intermediate X -- - - -
PA-44i Intermediate X -- X X X
RW-06i Intermediate X* - - - -
RW-09i Intermediate X -- - - -
RW-11i Intermediate X -- - - -
RW-13i Intermediate X -- - - -
RW-16i Intermediate X -- - - -
RW-19i Intermediate X -- - - -
RW-21i Intermediate X -- - - -
RW-24i Intermediate X -- - - -
RW-26i Intermediate X -- - - -
MWA-11i(d) Deep X - X X X
MWA-12i(d) Deep X - - - -
MWA-31i(d) Deep X X - X X
MWA-56d Deep X X - X X
MWA-58d Deep X* X - X X
PA-18d Deep X* -- - - -
PA-19d Deep X* X - X X
PA-20d Deep X* X -- X X
PA-21d Deep X* X - X X
PA-22d Deep X* X -- X X
PA-23d Deep X* X - X X
PA-24d Deep X* X -- X X
PA-25d Deep X* -- X X X
PA-26d Deep X* -- X X X
PA-27d Deep X* X - X X
PA-30d Deep X* X -- X X
MWA-76g Gravel X - - - -
MWA-77g Gravel X - - - -
Notes:

* = indicates locations where groundwater level measured with transducer

' = low level test

NTU = nephelometric turbidity unit
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Table 2

Groundwater Elevation Results

Arkema Quarter 4, 2022, Groundwater Monitoring Report

Arkema Inc. Facility

Portland, Oregon

ERM

Top of Casing Groundwater
Elevation (ft Elevation (ft
Well ID Date Time Aquifer Unit NAVD88) Depth to Water (ft) NAVD88)
MWA-02* 11/4/2022 * Shallow 36.20 - 8.57
MWA-15r 11/4/2022 8:52:00 AM Shallow 36.06 21.40 14.66
MWA-18 11/4/2022 9:16:00 AM Shallow 39.43 30.75 8.68
MWA-19* 11/4/2022 * Shallow 38.26 - 8.73
MWA-20 11/4/2022 9:01:00 AM Shallow 40.95 24.81 16.14
MWA-22 11/4/2022 8:45:00 AM Shallow 36.59 20.40 16.19
MWA-24 11/4/2022 10:10:00 AM Shallow 37.58 20.85 16.73
MWA-29 11/4/2022 9:29:00 AM Shallow 44.42 34.84 9.58
MWA-33 11/4/2022 10:06:00 AM Shallow 37.26 17.51 19.75
MWA-40 11/4/2022 10:15:00 AM Shallow 36.96 17.20 19.76
MWA-41 11/4/2022 10:01:00 AM Shallow 45.14 32.49 12.65
MWA-42 11/4/2022 8:53:00 AM Shallow 37.24 20.95 16.29
MWA-43 11/4/2022 9:50:00 AM Shallow 44.53 34.22 10.31
MWA-46 11/4/2022 9:11:00 AM Shallow 36.67 28.00 8.67
MWA-47** 11/4/2022 9:25:00 AM Shallow 39.02 30.33 8.69
MWA-61 11/4/2022 8:32:00 AM Shallow 36.21 27.65 8.56
MWA-63 11/4/2022 9:29:00 AM Shallow 36.29 27.27 9.02
MWA-69* 11/4/2022 * Shallow 33.73 - 8.61
MWA-71 11/4/2022 9:02:00 AM Shallow 34.82 6.03 28.79
MWA-72 11/4/2022 9:19:00 AM Shallow 34.16 5.38 28.78
MWA-73 11/4/2022 9:54:00 AM Shallow 36.01 7.42 28.59
MWA-82 11/4/2022 10:03:00 AM Shallow 37.74 22.54 15.20
PA-03* 11/4/2022 * Shallow 37.10 -- 24.65
PA-04* 11/4/2022 * Shallow 36.67 -- 25.03
PA-05* 11/4/2022 * Shallow 37.22 -- 11.07
PA-06* 11/4/2022 * Shallow 38.03 -- 15.33
PA-07* 11/4/2022 * Shallow 39.30 -- 11.43
PA-08* 11/4/2022 * Shallow 40.47 - 13.76
PA-09* 11/4/2022 * Shallow 40.24 -- 12.13
PA-28* 11/4/2022 * Shallow 38.58 - 16.29
PA-31 11/4/2022 9:34:00 AM Shallow 36.25 11.15 25.10
PA-33 11/4/2022 9:37:00 AM Shallow 36.29 14.02 22.27
PA-35 11/4/2022 - Shallow 35.91 NM NM
PA-36 11/4/2022 8:12:00 AM Shallow 36.90 21.42 15.48
PA-38 11/4/2022 9:43:00 AM Shallow 42.93 27.49 15.44
PA-41 11/4/2022 - Shallow 40.26 NM NM
PA-42 11/4/2022 9:47:00 AM Shallow 40.60 26.75 13.85
PA-43 11/4/2022 9:55:00 AM Shallow 40.41 26.40 14.01
RP-02-31 11/4/2022 8:46:00 AM Shallow 42.49 32.30 10.19
RP-10-30 11/4/2022 8:53:00 AM Shallow 37.47 9.85 27.62
RW-05** 11/4/2022 10:34:00 AM Shallow 34.80 12.64 22.16
RW-07 11/4/2022 11:00:00 AM Shallow 33.98 18.60 15.38
RW-08 11/4/2022 10:54:00 AM Shallow 34.21 18.50 15.71
RW-10 11/4/2022 10:57:00 AM Shallow 34.33 13.22 21.11
RW-12 11/4/2022 10:45:00 AM Shallow 35.58 19.25 16.33
RW-14* 11/4/2022 * Shallow 36.08 -- 16.15
RW-15 11/4/2022 10:38: