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1 INTRODUCTION 

This engineering evaluation and cost analysis (EE/CA) was prepared in support of a non-time-
critical removal action (NTCRA) for the Arkema Inc. facility in Portland, Oregon (Figure 1-1), 
under the Comprehensive Environmental Response, Compensation and Liability Act of 1980 
(CERCLA).  The EE/CA 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 and August 31, 2011 Final Decision on Disputes from Daniel Opalski, 
Director, EPA Office of Environmental Cleanup (Opalski Decision; USEPA 2008; Opalski 2011), 
and subsequent written agreements between EPA and Legacy Site Services LLC (LSS), agent for 
Arkema.  This report partially fulfills the requirements under Section 3 of the AOC SOW.1

Consistent with the AOC SOW for the Arkema NTCRA, this EE/CA was prepared following 
EPA’s Guidance for Conducting Non-Time-Critical Removal Actions under CERCLA (USEPA 1993).  
This EE/CA report follows the preparation of the final removal action area characterization 
(RAAC) report (Integral and ARCADIS 2011) that filled data gaps identified in the EE/CA work 
plan (Parametrix 2007) and work plan addendum (Integral 2008).   

 

The Arkema NTCRA site is part of the Portland Harbor Superfund site.  The EPA-directed 
horizontal removal action area (RAA) for the Arkema site is located within a portion of 
sediment management area (SMA) 14 of the Portland Harbor site (Figure 1-2).  SMA 14 was 
derived from area of potential concern (AOPC) 14, which was one of many AOPCs identified 
for the Portland Harbor feasibility study (FS).  In layout, SMA14 and AOPC 14 are very similar 
and the use of these two terms in this document is interchangeable when defining this subarea 
of the Portland Harbor site.  In accordance with the AOC SOW, this EE/CA provides a robust 
evaluation of alternatives within the Arkema RAA only; however, the analysis in this EE/CA 
report was developed to be consistent with the Portland Harbor FS approach and to ultimately 
support EPA’s selection of an alternative and the preparation of design reports for the portion 
of the Portland Harbor site that includes SMA 14 and the Arkema RAA.   

This EE/CA relies in part, on the draft final Portland Harbor remedial investigation (RI; Integral 
et al. 2011), including the draft final baseline human health risk assessment (BHHRA; 
Kennedy/Jenks Consultants 2011) and draft final baseline ecological risk assessment (BERA; 
Windward 2011).  In accordance with EPA’s direction, this EE/CA document was developed to 
be consistent with the alternative evaluation approaches within the draft Portland Harbor FS 
(Anchor QEA et al. 2012). 

                                                      
1 Section 3 of the AOC SOW also includes the second and final drafts of the EE/CA report (if requested by EPA).   
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1.1 REGULATORY FRAMEWORK 

The NTCRA for the Arkema RAA is being conducted under CERCLA, 42 United States Code 
(USC) §§ 9601 et seq. (as amended).  CERCLA Section 121 (d) requires that a cleanup 1) be 
protective and, 2) if a hazardous substance will remain on the site, attain a level of cleanup that 
complies with any legally applicable or relevant and appropriate requirement (ARAR).  ARARs 
are presented in Section 3.2.   

As previously noted, the Arkema NTCRA RAA is part of the Portland Harbor site.  In 2000, 
EPA added the Portland Harbor site to the National Priorities List pursuant to CERCLA.  The 
Portland Harbor site study area currently encompasses approximately 10 miles (river mile [RM] 
1.9 to 11.8) of the Willamette River in Portland, Oregon.  In fall 2001, EPA and 10 parties, 
including Arkema, entered into an AOC (CERCLA-10-2001-0240) for the Portland Harbor site.  
The draft RI/FS documents characterized the nature and extent of contamination, assessed the 
ecological and human health risks at the Portland Harbor site, and evaluated the feasibility of 
remedial alternatives for the site.  These documents are currently under review by EPA.      

1.2 SITE DESCRIPTION AND HISTORY 

The following sections briefly describe the physical attributes of the Arkema site, the 
operational history of the site, the Willamette River hydrology, and the geology and 
hydrogeology of the site.  Additional information is presented in the EE/CA work plan 
(Parametrix 2007), the Upland RI report (ERM 2005), and the final RAAC report (Integral and 
ARCADIS 2011).   

1.2.1 Physical Site Description 

The Arkema site is located in Portland, Oregon, on the southwest bank of the lower Willamette 
River between approximate RM 6.9 and 7.6 (Figure 1-1).  The upland portion of the site 
encompasses approximately 54 acres of land.  All of the site buildings have been demolished 
except for the office building.  The EE/CA NTCRA is primarily focused on the in-water portion 
of the site.2

In-water access to the Arkema facility was historically provided from three docks—from 
upstream to downstream—the Salt Dock, Dock 1, and Dock 2 (Figure 1-3).  Dock 1 was 

  However, elements of the EE/CA removal action will integrate portions of the 
riverbank above mean high water (+13.3 ft National Geodetic Vertical Datum of 1988 
[NAVD88]) to the top of bank to facilitate engineering and planning for construction of 
potential riverbank source control measures (SCMs) in those areas.  The remainder of the 
riverbank will be addressed, as needed, directly with the Oregon Department of Environmental 
Quality (DEQ) in accordance with the AOC between Arkema and DEQ dated October 31, 2008.   

                                                      
2 The in-water portion of the site below mean low tide is leased from the Oregon Division of State Lands. 
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originally constructed in the 1940s and consists of a pier section that runs perpendicular to the 
river, and a dock section that runs parallel to the river, both with a timber walkway hung from 
the bottom of the dock.  Dock 2 was originally constructed in the late 1950s and early 1960s and 
has the same configuration and walkways as Dock 1, with the exception that the adjacent 
dolphins are timber piles and stairs lead under the dock to a small platform, which provides 
access to barges at low-river-stage elevations. The Salt Dock was built in the 1960s to support a 
conveyor belt system used to offload salt products from ships to the facility.     

The site is bounded to the south (upstream) by the Bird Inc./CertainTeed roofing products 
facility and the Willbridge petroleum storage terminal (consisting of Kinder Morgan, Chevron, 
and ConocoPhillips).  To the north (downstream), the site is bounded by a City of Portland 
sewer right-of-way that includes a discharge pipe from the currently operating groundwater 
remediation system located on the former Rhône Poulenc (RP) site as well as numerous 
historical discharge pipes and pathways associated with RP discharges from their facility and 
their associated historical discharges to the Willamette River via Doane Lake (Slater 2010).  The 
City of Portland right-of-way is located immediately south of the BNSF Railroad Bridge 
(Figure 1-2).    

1.2.2 Arkema Site Operational 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).   

The Acid Plant area is located on the upland portion of the site between Docks 1 and 2 (Figure 
1-3).  The Acid Plant area was used in the manufacturing of DDT, magnesium chloride 
hexahydrate, ammonium perchlorate, solid sodium hydroxide, a grass defoliant, sodium 
orthosilicate, and hydrochloric acid.  The Chlorate Plant area is located on the upland portion of 
the site between Dock 1 and the Salt Dock (Figure 1-3).  The Chlorate Plant area was used 
primarily to manufacture sodium chlorate and potassium chlorate.    

Figure 1-3 also shows the locations of several other former site facilities.  A more detailed 
description of the operational history is presented in the EE/CA work plan (Parametrix 2007) 
and the Upland RI report (ERM 2005).  
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1.2.3 Willamette River Hydrology 

River stage and currents at the Portland Harbor site are influenced by hydrologic conditions in 
both the Willamette and Columbia rivers, and are further affected by the operations of federal 
and non-federal dams along these two rivers.  Tidal fluctuations of up to approximately 3 ft per 
day were observed at the Arkema site during the 2009 EE/CA sediment investigation.  A period 
of relatively high Willamette River stage occurs from late May through June when the 
Willamette River discharge to the Columbia River is restricted by high flows in the Columbia 
River that are associated with the spring freshet, as a result of snowmelt in the much larger 
Columbia River watershed (Anchor QEA et al. 2012). Under certain river stage, flow, and flood 
tidal conditions, typically in the late summer and fall, the influence of the Columbia River 
causes periodic slack water and flow reversals in the lower portion of the Willamette River 
(Anchor QEA et al. 2012). 

Average annual mean discharge in the Willamette River during the water years3

1.2.4 Geology and Hydrogeology 

 1973 through 
2007 was approximately 33,000 cubic ft per second (cfs) measured at the Morrison Bridge (near 
RM 12.8) in Portland (Anchor QEA et al. 2012).  Late summer discharge levels were typically 
less than 10,000 cfs and December/January averages approached 100,000 cfs.  Most of the 
Willamette River discharge is from upstream flow sources. A detailed review and discussion of 
flows on the lower Willamette River are provided in the draft final Portland Harbor RI (Integral 
et al. 2011) and Portland Harbor FS (Appendix La, Sediment Transport Modeling) (Anchor QEA 
et al. 2012).  It is interesting to note that the Portland Harbor RI report documented that DDx 
compounds are the only constituents of interest (COIs) from upstream sources that increase in 
concentration during higher Willamette River flows. 

The following sections briefly describe the upland and in-water geology and hydrogeology.  
Additional details are presented in the Upland RI report (ERM 2005), EE/CA work plan 
(Parametrix 2007), and final RAAC report (Integral and ARCADIS 2011).  

1.2.4.1 Upland Geology 

Results of the Arkema Upland RI indicated the following regarding upland site geology (ERM 
2005; Integral 2004): 

• The surficial geology at the site is characterized by fill and alluvial deposits of the 
Willamette River. 

                                                      
3 A water year is defined as the 12-month period beginning October 1 and continuing through September 30 of the 
following year. 
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• The eastern portion of the upland site, generally between Docks 1 and 2, has been filled 
with debris consisting of asphalt, concrete, pipe, soil, and fill from other sources (e.g., 
City of Portland).  These materials occur from the surface to depths of approximately 
25 ft below ground surface (bgs).  The area from Dock 1 to the upstream end of the 
property was filled primarily with materials dredged to accommodate the Salt Dock.  
Figure 1-3 shows the approximate extent of fill adjacent to the site. 

• The native soil profile is generally characterized by laterally discontinuous, alternating 
layers of dark gray-brown sand with various amounts of silt and thinner silt layers with 
various amounts of fine sand.  The layers vary from massive to finely laminated. 

• Underlying the deepest silt layer, at a depth of approximately 35 ft bgs4

• Columbia River Basalt is present below the fill and alluvium at the upland portion of the 
site at depths of 49 to 55 ft bgs. 

, is a black sand 
layer adjacent to the river in the Acid Plant area, and dark gray-brown sand layer in the 
southern end of the Arkema site (Figure 1-3). 

A conceptual cross section that links the upland and in-water portions of the site is presented in 
Figure 1-4.  Detailed cross sections that show the uplands and the in-water portion of the site 
are provided in Figures 3-6 through 3-9 of the EE/CA work plan (Parametrix 2007).  Cross 
sections that include the eastern upland portion of the site and extend into the Willamette River 
are provided in the Upland RI report (ERM 2005). 

1.2.4.2 In-Water Geology 

With increasing distance from the shoreline (eastward), sediment overlying the basalt becomes 
finer grained, the thickness of the sediment layer diminishes, and sand horizons become more 
limited in vertical extent. The increased thickness of sediment 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 deposition/sedimentation, and filling activities in the vicinity of the docks. In 
general, the sediment represents a fining upward sequence (i.e., coarser sediments at the bottom 
and finer sediment at the top of the sequence) and becomes thinner toward the east, which is 
what can be expected in a depositional area such as the Arkema RAA and SMA 14.  

Thin layers (i.e., less than 1 ft thick) of sand and silt were observed in a number of boreholes 
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 
distribution of COIs (Integral 2003).  Some of these layers appear to dip to the east, consistent 
with the slope of the basalt surface.  

                                                      
4 The deepest silt layer is continuous throughout the Acid Plant area and somewhat discontinuous in the Chlorate 

Plant area toward the river. 
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The top of the underlying basalt surface was encountered during the 2009 EE/CA investigation 
at elevations ranging from –9.8 ft (WB-52) to –45.8 ft (WB-56b) NAVD88 (Integral and 
ARCADIS 2011).  A basalt surface contour map is provided in Figure 3-6 of the final RAAC 
report (Integral and ARCADIS 2011).  The basalt surface generally slopes to the east between 
Docks 1 and 2 and to the south between Dock 1 and the Salt Dock.   

1.2.4.3 Upland Hydrogeology 

Groundwater occurs in fill materials and in four distinct groundwater zones beneath the site, 
shallow, intermediate, deep, and basalt. In general, the depth to groundwater increases from 
west to east across the site (from NW Front Avenue toward the Willamette River).  A summary 
of the four groundwater zones and their characteristics is presented in the Upland RI report 
(ERM 2005).  Vertical hydraulic gradients between groundwater zones are primarily 
downward, with occasional upward gradients observed for well pairs near the Willamette 
River.  Shallow groundwater at the site is likely recharged by precipitation that infiltrates at and 
to the west of the site.  

The silt horizons (aquitards) separating the groundwater zones vary in thickness from 
approximately several inches to 5 feet.  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 intermediate 
groundwater zone is confined or semiconfined beneath the four uppermost alternating sand 
and silt layers (ERM 2005).  The deep groundwater zone is confined.  The basalt groundwater 
zone is confined beneath the alluvial deposits at the site.    

The elevation of the shallow groundwater surface fluctuates seasonally, rising during periods of 
high rainfall and infiltration, and decreasing during mid-to-late summer and low rainfall 
periods.  Shallow groundwater in 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 very close to the river.  

A tidal influence study conducted at the site in February 1999 provided a general 
understanding of the effects that tidal and river stage fluctuations in the Willamette River have 
on the groundwater flow system at the site (ERM 2005).  The shallow-zone groundwater levels 
were not affected by the fluctuations in the river, whereas intermediate- and deep-zone 
groundwater levels exhibited some influence from the Willamette River tidal fluctuations up to 
300 ft from the river.  Results of the tidal influence monitoring suggest that Willamette River 
fluctuations are propagated inland as pressure waves through the semi-confined/confined 
intermediate and deep groundwater zones, but do not significantly alter the groundwater flow 
system at the site. 
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1.2.4.4 Transition Zone Water 

Groundwater discharge was evaluated in the river adjacent to the Arkema site during the 
Portland Harbor groundwater pilot study using thermal infrared imaging (TIR), the Trident 
Probe, and the UltraSeep® system.  Pressure transducers were deployed in upland wells in the 
Chlorate Plant area and the Acid Plant area to measure groundwater elevations during the 
UltraSeep investigation.  Groundwater discharge was also evaluated during the Round 2 
Groundwater Pathway Assessment using the UltraSeep system.   

The following sections briefly describe the results of the TIR imaging, Trident probe, and 
UltraSeep system studies.  Additional details are presented in the EE/CA work plan (Parametrix 
2007). 

TIR Imaging 

TIR imaging is a distributed groundwater mapping technique that relies on a temperature 
difference between surface water and groundwater (Integral 2005a).  The images produced by 
the survey have a high resolution, with a ground surface pixel size of 1.5 m2 and temperature 
differential increments of 0.2°C.  The TIR survey did not positively identify any groundwater 
discharge areas at the Arkema site or any other areas surveyed, but it did identify a number of 
point sources (i.e., known outfalls).  The utility of the TIR survey in identifying groundwater 
seepage areas was limited; the primary—but not sole—confounding factor was thermal 
stratification of the river.  

Trident Probe Survey 

The Trident Probe is a direct-push system equipped with temperature, conductivity, and water 
sampling probes (Integral 2005a).  The Trident Probe operates as a point measurement system 
that records the contrast in temperature and conductivity between surface water and transition 
zone water (TZW).  Multiple point measurements are combined to develop a qualitative map of 
groundwater discharge zones.  Interpretation of the Trident Probe temperature results requires 
consideration of tidal influences, sediment texture, and stratigraphy.  Because of tidal influences 
on the system, flux at the sediment-water interface can alternate between positive and negative 
over the course of each tidal cycle (Integral 2005b).  

Temperature differences between surface water and sediment 60 cm below mudline (bml) 
generally increased with distance from the shore.  In addition, silty sediment generally 
displayed greater temperature differences than sandy sediment, likely because tidal mixing 
effects are reduced in zones of lower permeability sediments.  A strong conductivity signal was 
observed at the site. The high conductivity readings may be associated with groundwater 
discharge due to the relatively high conductivity of groundwater in portions of the Arkema site 
(Integral 2005b). 
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The single events measured in the Trident Probe study may not represent long-term 
groundwater seepage, cannot provide data on seasonal variations, and cannot capture 
alterations between positive and negative flux due to the tidal cycle.  However, the Trident 
study was able to provide information related to the mapping of fine- and coarse-grained 
sediment, which is important for identifying preferred areas of groundwater discharge.   

UltraSeep Survey 

The UltraSeep is an automated seepage meter that uses an ultrasonic flow meter to measure flux 
as a function of time over the period of deployment.  It produces direct quantitative 
measurements, even at very low seepage rates.  The unit rests on the sediment surface, 
requiring diver deployment and retrieval.  

The UltraSeep system was deployed at three locations at the Arkema site in November 2004, 
two in the area downgradient of the former Acid Plant area and one in the area downgradient 
of the former Chlorate Plant area (Integral 2005a).  At all three UltraSeep locations, both positive 
and negative seepage rates were observed over the 24-hour (minimum) period that seepage was 
measured.  The scale of specific discharge, as measured in all three deployments, indicates low 
seepage rates, on the order of a few centimeters per day.  The magnitude of both the peak 
positive and negative seepage rates can be related to sediment texture at each deployment 
location.  The location with the highest discharge (maximum reading 6.11 cm/day) was station 
CP07B, a sandy area.  Station AP04B, a sandy silt area, exhibited the second highest specific 
discharge (maximum reading 1.97 cm/day).  Finally, the lowest discharge (maximum reading 
0.47 cm/day, an overall negative value indicating water flowing into the sediment, though many 
of the measurements were near the limits of detection for the meter) was observed at station 
AP04D, a fine silt location. 

The UltraSeep system was deployed for approximately 24 hours at 11 locations at the Arkema 
site in 2005.  Near the shoreline, sandy and silty-sand locations displayed higher discharge rates 
relative to other locations, with average specific discharge rates of 4.0, 3.1, 7.0, and 2.1 cm/day 
(Integral 2006). The maximum specific discharge rates recorded at these locations were 16.0, 
17.4, 31.5, and 3.1 cm/day.  The average specific discharge rate at the remaining locations was 
low (<0.5 cm/day).  In general, the nearshore sand and silty-sand sediment was found to have 
higher relative discharge rates, consistent with site stratigraphy and the conceptual model of 
shallow groundwater flow (Integral 2006).  The seepage meters farthest offshore, located 
slightly offshore of the dock structures, showed near-zero average discharge rates (ranging 
from 0.5 to –1.2 cm/day).  

The results of the UltraSeep surveys indicate that, although the specific discharge rates fluctuate 
between positive and negative values (i.e., groundwater discharge and recharge, respectively), a 
net positive discharge was recorded at most stations, but the magnitude of specific discharge 
was generally small.  
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1.3 NATURE AND EXTENT OF COIS IN GROUNDWATER 

The last site-wide groundwater monitoring event was conducted in August 2009 (ERM 2010b).  
In general, the results of the August 2009 site-wide groundwater monitoring event confirmed 
the previously determined extent of COIs in the former Acid Plant area and the Chlorate Plant 
area for COIs such as perchlorate, chloride, chlorobenzene, DDx, and hexavalent chromium. 
These COIs are predominately localized in groundwater underlying Lot 4 (Figure 1-3), and their 
northernmost extent is bounded by the proposed groundwater SCM (Figure 1-5).  Additional 
details, including maps depicting COIs in groundwater, are provided in the site-wide 
groundwater monitoring report (ERM 2010b). 

1.4 UPLAND SOURCE CONTROL MEASURES 

SCMs are currently being implemented on the upland portion of the site for stormwater and 
groundwater.  The following sections briefly describe these SCMs.  Additional details on the 
upland SCMs are presented in the stormwater SCM design report (Integral 2011) and the 
groundwater SCM design report (ERM 2011). 

1.4.1 Stormwater SCM 

The stormwater SCMs consist of collecting site stormwater, conveying it to a stormwater 
detention basin, equalizing the storm volume, providing primary solids removal through 
sedimentation in the basin, and providing second stage treatment through sand and/or a sand 
amended with carbon filtration system.  The treated stormwater will be discharged to the river 
through Outfall 004.  Figure 1-5 shows the configuration of the stormwater treatment system.  
Other elements of the stormwater SCMs include temporary capping of selected areas of the site 
that contain COIs in exposed surficial soil and decommissioning of a majority of the existing 
stormwater conveyance piping.   

The stormwater SCMs are considered an interim action that are being applied in advance of the 
site-wide feasibility study and selection of a final site remedy that addresses COIs in soil, 
groundwater, and stormwater in the upland portions of the site.  Thus, all SCMs implemented 
as part of this design are considered temporary in nature.  The final upland site remedy is 
anticipated within approximately the next five years.   

1.4.2 Groundwater SCM 

The groundwater SCM will consist of the installation of a groundwater barrier wall and a 
groundwater extraction and treatment (GWET) system.  The groundwater barrier wall will 
physically separate the affected upland portions and in-water portions of the site and will 
be located near the top of the bank. The barrier wall will be aligned approximately from Dock 2 
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to the southern portion of the Salt Dock (Figure 1-5).  The groundwater barrier wall will be 
constructed using a bentonite slurry and will extend to the top of basalt bedrock.   

The GWET will maintain hydraulic control to prevent groundwater from moving around, over, 
or under the barrier wall.  The GWET system will consist of 23 extraction wells located just 
upgradient of the groundwater barrier wall (Figure 1-5).  The extraction wells will be screened 
in the shallow (13 wells) and intermediate (9 wells) groundwater zones.  The groundwater will 
be treated using a number of physical, chemical, and biological processes to remove COIs and 
the treated groundwater will be discharged to the river through Outfall 004. 

A conceptual cross section that depicts the groundwater SCM and shows the upland and in-
water portions of the site is presented in Figure 1-4.   

1.5 REMEDIAL MEASURES SEQUENCING 

The appropriate sequencing of remedial measures for the uplands, RAA, and Portland Harbor 
is critical to maximize the effectiveness of the remedial measures and minimize the potential for 
recontamination.  The phases of work under DEQ and EPA direction are anticipated to occur in 
the following sequence:  

1. Construction of the upland SCMs (DEQ lead).  Construction began on the stormwater 
SCMs in the spring of 2012 and is anticipated to be completed in early 2013.  

2. Construction of the upland groundwater SCMs (DEQ lead).  Construction of the 
groundwater SCMs is scheduled to begin in summer of 2012 and is anticipated to be 
completed in 2013. 

3. Arkema sediment NTCRA (i.e., the subject of this EE/CA), including adjacent riverbank 
soils (EPA lead).  

4. Portland Harbor site sediment remedy (EPA lead) in AOPC 14.  

1.6 REPORT ORGANIZATION 

The remainder of this report is organized as follows: 

• Section 2: Removal Action Area Characterization – This section briefly presents the 
nature and extent of contamination, geotechnical properties, and surface debris in the 
RAA. 

• Section 3: Identification of Removal Action Scope and Objectives – This section presents 
the removal action scope and objectives, ARARs, and the RAA.  

• Section 4: Post-Removal Action Recontamination Assessment – This section presents the 
upland source control strategy and post-NTCRA recontamination issues. 
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• Section 5: Identification and Protection of Cultural Resources – This section presents a 
summary of the evaluation of cultural resources at the Arkema site. 

• Section 6: Identification and Evaluation of Removal Action Technologies – This section 
identifies the removal action technologies that will be assessed for the Arkema NTCRA.  

• Section 7: Identification and Analysis of Removal Action Alternatives – This section 
identifies and evaluates removal action alternatives for the Arkema NTCRA. 

• Section 8: Comparative Analysis of Removal Action Alternatives – This section 
compares the removal action alternatives for the Arkema NTCRA.  

• Section 9: Recommended Removal Action Alternative and Implementation – This 
section recommends a removal action alternative and discusses the implementation of 
the alternative. 

• Section 10: References – References cited in the document. 

• Appendix A: Sediment Data Screening 

– Appendix A1: Evaluation of Mean Quotient Values as Remediation Goals for Benthic 
Toxicity in AOPC 14 Memorandum – This memorandum evaluates the suitability of 
using mean quotient (MQ) values as remediation goals for benthic toxicity within 
AOPC 14, of which the RAA is a part. 

– Appendix A2: AOPC 14-Specific Sediment Quality Values Memorandum – This 
memorandum presents the methodology for developing AOPC 14-specific sediment 
quality values (SQVs) used to screen sediment samples within the EPA-directed 
horizontal RAA boundary. 

– Appendix A3: Data Screening Results – This appendix presents the sediment data 
within the EPA-directed horizontal RAA boundary screened against some EPA-
directed Portland Harbor preliminary remediation goals (PRGs), remediation goals 
(RGs), remedial action levels (RALs)5

• Appendix B: Biological Assessment – This appendix presents a draft biological 
assessment and essential fish habitat assessment for the Arkema NTCRA. 

, RM 7-8 specific RALs, and AOPC 14-specific 
sediment quality guidelines (SQGs). 

• Appendix C: Clean Water Act 404(b)(1) Evaluation – This appendix presents a 
preliminary draft Clean Water Act (CWA) 404(b)(1) evaluation for the Arkema NTCRA. 

• Appendix D: Cultural Resources Evaluation – This appendix presents an evaluation of 
cultural resources at the Arkema facility. 

                                                      
5 Note that some PRGs, RGs, and RALs were directed by EPA without benefit of the results of the draft risk 
assessments as neither the human health nor the ecological risk assessments had been completed (or accepted by 
EPA and its partners) which could inform a formal risk management evaluation for the purpose of establishing 
sediment remedial objectives at this site. 
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• Appendix E: Cost Estimate Details – This appendix presents the details of the cost 
estimates generated as part of this EE/CA. 

• Appendix F: Riverbank Alternatives Evaluation – This appendix presents an evaluation 
of riverbank erodible soil SCM alternatives. 

• Appendix G: Supporting Documents – This appendix presents selected materials from 
other reports. 

- Appendix G1: Draft Feasibility Study Figures – This appendix presents figures 
from the Portland Harbor FS (Anchor QEA et al. 2012) with estimated removal 
action levels for DDT, DDE, and 2,3,4,7,8-PCDF. 

- Appendix G2: ERM Data Gaps Assessment Work Plan – This appendix presents 
a work plan detailing the source and character of PCDD/Fs in the vicinity of the 
Arkema site (ERM 2009). 

- Appendix G3: Doane Lake Memorandum – This memorandum presents a 
detailed description of Rhone Poulenc pesticide/herbicide production, waste 
handling practices, and connections to the Willamette River (Slater 2010).  

• Appendix H: Recontamination Assessment – This appendix provides detail on the 
recontamination assessment that is summarized in Section 4 of this EE/CA report. 
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2 REMOVAL ACTION AREA CHARACTERIZATION 

The following sections describe the nature and extent of contamination and present a 
streamlined evaluation of risk within the EPA-directed horizontal RAA boundary6 (Figure 1-5).  
Sediment geotechnical properties, sediment leaching properties, and the nature of surface 
debris in the vicinity of the EPA-directed horizontal RAA boundary are also presented.  
Initially, an overview of Portland Harbor and area-specific specific EPA-directed PRGs, RGs, 
RALs7

2.1 OVERVIEW OF PORTLAND HARBOR PRGS/RGS/RALS AND AOPC 14 
SQGS 

, and AOPC 14-specific SQGs is provided.    

This section provides an overview of the draft Portland Harbor and area-specific EPA-directed 
PRGs/RGs/RALs and AOPC 14-specific SQGs.  Additional information specific to the basis of 
each PRG and RG for a given COI is presented in Section 2.2.  These Portland Harbor, area-
specific and EPA-directed PRGs, RGs and RALs are then screened against the Arkema EE/CA 
data set as described in Section 2.2. 

2.1.1 Portland Harbor PRGs  

Initially, sediment PRGs were developed for the draft Portland Harbor FS (Anchor QEA et al. 
2012) based on the results of the Portland Harbor site draft final BHHRA (Kennedy/Jenks 2011) 
and the draft final BERA (Windward 2011).  The term PRG was applied to the following three 
cases in the draft Portland Harbor FS report: 

• Development of goals that occurred prior to initiation of the draft FS writing in early 
2011, representing a preliminary stage in the iterative process of RG development 

• Goals that are not sufficiently refined to be defined as RGs 

• Goals for non-COIs. 

Sediment PRGs are available for all EPA-directed RAA COIs (Table 2-1).  In some cases, more 
than one PRG is presented for a given EPA-directed COI based on the receptor (i.e., human or 
ecological) and risk level (human health receptors only).  The exposure areas for the PRGs are 
based on either the entire Portland Harbor site, one river mile, or on a point-by-point basis.   

                                                      
6 The horizontal RAA boundary, as directed by EPA, is the 5 mg/kg DDx contour in the EVS model that was 
presented in the final RAAC report.  The horizontal RAA boundary will be used to evaluate EE/CA alternatives for 
the RAA.  COIs outside of the horizontal RAA boundary will be addressed if necessary as part of the Portland 
Harbor site remedy.    
7 Note that some PRGs, RGs, and RALs were directed by EPA and were not endorsed by the LWG or LSS. 
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The broad list of sediment PRGs was refined into a smaller list of “focused” PRGs by EPA 
(2010a) for use in the draft FS as part of an EPA risk management decision (Anchor QEA et al. 
2012).  The focused PRGs directed by EPA encompass a number of COIs with a variety of 
exposure pathways, ingestion rates, and risk levels.  EPA has not provided the rationale for 
their selection of the focused PRGs, and the Lower Willamette Group (LWG) did not endorse 
the focused PRGs as necessarily representing the most appropriate set of PRGs for use in the 
draft FS report (Anchor QEA et al. 2012).  One example cited in the draft FS report was EPA’s 
directed mixing of risk management goals for human health cancer risk for different chemicals 
under the same exposure scenario, which is inappropriate because it does not effectively result 
in the reduction of risk.  For example, if excess cancer risk via fish consumption is managed to a 
risk level of 10-4 for total polychlorinated biphenyls (PCBs) and 10-6 for dichloro-diphenyl-
dichloroethene (DDE), then cleanup of sediment to the goal of 10-6 for DDE will not result in any 
appreciable reduction of excess risk of cancer because residual PCBs would remain at the higher 
10-4 risk level.  Therefore, LSS believes it would be most appropriate to use a single measure of 
10-4 excess cancer risk to establish human health risk management levels for all Portland Harbor 
COIs.    

2.1.2 Portland Harbor RGs 

RGs were developed in the draft Portland Harbor FS report for harbor-wide use.  RGs represent 
numerical goals that have been sufficiently refined for use on a site-wide, river-mile, or point-
by-point basis depending on the particular COI and receptor of concern.  RGs that were 
developed for receptors with site-wide or river-mile exposure units are expressed as spatially 
weighted average concentrations (SWACs) in surface sediments (0–1 ft bml).  RGs are primarily 
discussed in the draft FS in terms of ranges because they are chemical and receptor specific and 
because there are considerable sensitivities and/or uncertainties in their determination.  RGs 
that were developed for the EPA-directed RAA COIs are listed in Table 2-1. 

2.1.3 Portland Harbor RALs  

RALs were developed for the harbor-wide area and presented in the draft Portland Harbor FS 
report.  RALs are point concentrations that exceed RGs (even the EPA-directed RGs) and 
require remediation.  RALs were developed for selected “bounding” indicator chemicals in the 
draft Portland Harbor FS with the specific understanding that remediation of these COIs would 
also address the remaining contaminants posing potentially unacceptable risk, potentially 
including risk to the benthic community8

                                                      
8 Instead of a single bounding chemical indicator, the draft FS recommends a composite chemical indicator (the mean 
quotient) as the metric for managing potential risks to the benthic community. 

 (Anchor QEA et al. 2012).  These indicator chemicals 
are considered “bounding” because their distribution generally encompasses the spatial extent 
of all contaminants posing potentially unacceptable risks identified in the baseline risk 
assessment (Anchor QEA et al. 2012).  This streamlined approach is intended to identify areas 
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that may require remediation without conducting an evaluation of every contaminant 
potentially posing an unacceptable risk at the site.     

The draft Portland Harbor FS developed RALs for five of the EPA-directed RAA COIs (Table 2-
1): total9

• RAL-B – RALs very high in the zone of maximum incremental reduction 

 dichloro-diphenyl-dichloroethane (DDD), total DDE, total DDT, total PCBs, and 
2,3,4,7,8-polychlorinated dibenzofuran (PCDF).  The RAL for total DDE is based on human 
health risk via the consumption of large home range fish and a site-wide exposure area.  All of 
the remaining RALs are based on human health risk via consumption of smallmouth bass and a 
1-RM exposure area.  The RALs in Table 2-1 are expressed as a range of concentrations and are 
categorized according to the methodology adopted the draft Portland Harbor FS (see Table 4.4-1 
in Anchor/QEA et al. 2012): 

• RAL-C – RALs within the zone of maximum incremental reduction (first increment) 

• RAL-D – RALs within the zone of maximum incremental reduction (second increment) 

• RAL-E – RALs within the zone of maximum incremental reduction (third increment) 

• RAL-F – RALs within the zone of minimal change. 

The chemical-specific RALs developed in the draft Portland Harbor FS are based on human 
health risks, but cover a wide range of concentrations to accommodate potential risk to most 
ecological receptors with the exception of the benthic community.  The draft FS recommends a 
composite chemical indicator (the MQ) as the metric for managing potential risks to the benthic 
community.  Consequently, RGs and RALs for the benthic community are addressed separately. 

As with the RGs, the level of risk used to develop RALs for individual COIs was inconsistently 
applied at the direction of EPA in the draft Portland Harbor FS.  For example, the RALs 
developed for 2,3,7,8-PCDF and total PCBs are based on a PRG representing exposure to 
smallmouth bass over 1 RM with a cancer risk of 10-4.  Consequently, the RAL in each case 
should represent the upper (post-remedial) point concentration that will yield a SWAC equal to 
the PRG.  However, the RAL for 2,3,4,7,8-PCDF is equal to its PRG10

                                                      
9 The draft Portland Harbor FS report uses “sum” instead of “total”.  These terms are equivalent.   

 and, therefore, cleanup of 
areas with 2,3,4,7,8-PCDF RAL exceedances will result in a SWAC that is far below the PRG.  
For example, based on figures provided in Appendix Da of the draft FS report, a RAL of 
1.75 μg/kg (1,750 pg/g) should yield a SWAC equal to the PRG of 0.02 μg/kg (20 pg/g) for RM 7–
8 (Appendix G).  Consequently, a RAL for 2,3,7,8-PCDF in the range of 1–2 μg/kg (1,000–2,000 
pg/g) for RM 6.5–7.5 would be consistent with a 10-4 risk management goal based on exposure 
via consumption of smallmouth bass and will be evaluated in this EE/CA.  EPA directed the 
LWG to use RALs of 10 and 20 pg/g, which are at or below the corresponding PRG, which is 
clearly an error as RALs should be greater than the respective PRG. 

10 Compare PRGs in Table 2 of Appendix Da with RALs in Tables 4.4-1 and 7.1-1 in the main test of the draft FS. 
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Another inconsistency exists in the risk management goals established for other EPA-directed 
COIs.  RALs for PCBs and 2,3,7,8-PCDF are based on a cancer risk goal of 10-4, and the RAL 
developed for total DDE is based on a EPA-directed PRG with a cancer risk goal of 10-6.  The 
risk goal for DDE is far below that for PCBs and PCDF and, therefore, is well beyond the point 
of diminishing returns with respect to making a significant incremental contribution to overall 
risk reduction.  Consequently, for this EE/CA, LSS does not apply the inconsistent cancer risk 
levels directed by EPA to the LWG.   

A cancer risk goal of 10-5 via consumption of smallmouth bass, as an additional measure of 
conservancy, was also evaluated for development of AOPC 14-specific RALs for DDD, DDE, 
and DDT.  Based on the draft FS (Appendices Da and Db in Anchor QEA et al. 2012), the 10-5 
PRG for DDD is greater than the existing SWAC for DDD.  Consequently, the 10-5 target risk 
goal for DDD is met and a RAL is not proposed.  The 10-5 PRG for DDE (8.8 μg/kg) yields a RAL 
of approximately 400 μg/kg for RM 7–8 (Appendix G).  As a result, RALs in the range of 300–
500 μg/kg are considered appropriate for RM 6.5–7.5.  The 10-5 PRG for DDT (120 μg/kg) yields 
a RAL of approximately 6,000 μg/kg for RM 7–8 (Appendix G).  Consequently RALs in the 
range of 4,000–7,000 μg/kg are considered appropriate for RM 6.5–7.5.  Based on the draft FS 
(Table 2 in Appendix Da), both DDE and DDT already meet their respective 10-5 target risk 
levels in the Portland Harbor on a site-wide basis.  Because both 10-4 and 10-5 target risk levels 
are already met on a site-wide basis, they were selected for development of alternative RALs for 
RM 6.5–7.5 that could provide incremental risk reduction for AOPC 14 that is consistent with 
risk goals for other substances present at the site.  An RAL of 6,000 μg/kg for DDT was selected 
with the objective of meeting a 1-RM SWAC equal to the 10-5 PRG of 120 μg/kg.  For DDE, a 
RAL of 400 μg/kg was selected to meet the 1-RM SWAC for RM 6.5–7.5.  These RALs are based 
on a cancer risk level that is consistent with that used to develop RALs for several other COIs at 
the Portland Harbor site, and is more conservative than the 10-4 risk level used for PCBs.   

Based on the results of the BHHRA, potential cancer risks via consumption of large home 
range fish, which represent site-wide exposure, and via consumption of smallmouth bass, 
which represent 1-RM exposure, are already below the target risk level of 10-4 for total DDT, 
total DDD, and total DDE.  Accordingly, these constituents do not require remediation to a 
10-4 risk level within the Portland Harbor site. 

2.1.4 AOPC 14-Specific Sediment Quality Guidelines for the Benthic 
Community 

The primary line of evidence that was used to judge potential risk to the benthic community in 
Portland Harbor was harbor-specific empirical toxicity testing with the amphipod Hyalella azteca 
and the midge Chironomus dilutus, where both a survival and a growth (biomass) endpoint were 
measured in each test.  Whether sediments used in each test were considered toxic was based 
on survival and growth of the organisms in test sediments compared with those in sediments 
used in laboratory controls or from reference areas.  Sediment chemistry was also measured at 
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each of the sediment toxicity test locations.  Sediment toxicity and sediment chemistry results 
for Portland Harbor were combined using both logistic regression model and floating percentile 
model (FPM) to derive harbor-specific SQGs, which are chemical-specific expressions of 
potential toxicity.  By either method, the resulting SQGs are chemical-specific values that are 
intended to judge risk at locations where toxicity testing was not conducted, but where 
sediment chemistry was measured.  Consequently, each location can yield multiple hazard 
quotients—one for each chemical-SQG pair.   

To reduce complexity and to facilitate spatial interpretation of potentially affected areas, the 
MQ method was adopted in the RI and FS for the Portland Harbor site to integrate multiple, 
chemical-specific hazard quotients11

The harbor-wide SQGs derived in the BERA for Portland Harbor (Windward 2011) and the 
probable effects concentrations proposed as PRGs by EPA (2010) are not reliable for use in 
establishing benthic injury thresholds for AOPC 14 because they predict benthic toxicity at 
significantly higher rates than actually observed in toxicity tests performed in AOPC 14.  An 
alternative approach to MQ values was adopted to establish site-specific SQGs for benthic 
toxicity within AOPC 14 that could be used as PRGs, could facilitate definition of RALs, and 
provide the basis for injury threshold levels for total DDx (i.e., the sum of 2,4’- and 4,4’-DDD, 
DDE, and DDT) compounds (Appendix A2).  Consequently, the following site-specific SQGs 
were derived for DDx compounds based on a predicted reliability of 75 percent

, which are based on comparisons of SQGs to sediment 
chemistry concentrations.  Individual MQs are determined by calculating the hazard quotient 
for each chemical-SQG pair in a sample, summing the quotients for that sample, and then 
dividing by the number of quotients.  Sample MQs exceeding 0.7 were considered toxic.  
However, there are numerous limitations to this approach which preclude its meaningful use as 
an AOPC-specific RG (see memorandum in Appendix A1).  The generic MQ threshold for 
toxicity is neither harbor-specific nor AOPC 14-specific.  Because the MQ approach is based on 
FPM SQGs, it is subject to the limitations of the FPM method, which is not AOPC 14-specific 
and which excludes potential contribution of conventional substances (e.g., sulfides) as 
contributors to risk. 

12

• DDD – 1,680 μg/kg dry weight (dw) 

 for paired 
toxicity test and chemistry data obtained for AOPC 14: 

• DDE – 750 μg/kg dw 

• DDT – 5,800 μg/kg dw 

• Total DDx – 8,200 μg/kg dw. 

                                                      
11 A hazard quotient is calculated by dividing a sample contaminant concentration by its respective SQG. 
12 The 75 percent reliability level is consistent with the approach described by Long et al. (1995, 1998) and MacDonald 
et al. (2000). 
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The role of other chemicals, such as polycyclic aromatic hydrocarbons, and the potential 
confounding effect of conventional sediment quality parameters, such as sulfides, ammonia, 
grain size, and organic carbon, were also evaluated relative to the toxicity tests performed in 
AOPC 14.  Toxicity units for these substances and for DDx compounds were used to distribute 
potential injury among the various chemicals associated with toxicity.  Because benthic toxicity 
is evaluated on a point-by-point basis, these values can be conservatively used as both RGs and 
RALs for the site.    

2.2 NATURE AND EXTENT OF CONTAMINATION AND STREAMLINED 
RISK EVALUATION 

The following sections present the nature and extent of contamination in sediment within the 
EPA-directed horizontal RAA boundary and a streamlined evaluation of site-specific relevant 
and appropriate risk.  The EPA NTCRA guidance requires a streamlined risk evaluation that is 
intermediate in scope between the limited risk evaluation undertaking for emergency removal 
actions and the conventional baseline assessment normally conducted for remedial actions 
(USEPA 1993).  Human health and ecological risk evaluations have been conducted on the 
upland portion of the Arkema site, which includes the riverbank area.13  As previously noted, a 
BHHRA and BERA have been conducted for the Portland Harbor site14

A summary of the EPA-directed Portland Harbor PRGs, RGs, RALs, RM 7–8 RALs, and AOPC 
14 SQGs used in this evaluation is presented in Table 2-1.  Table 2-1 also identifies the source of 
each of these values.  Summary statistics are presented in Table 2-2.  Appendix A1 presents a 
memorandum providing the methodology for developing AOPC 14-specific SQVs used to 
screen sediment samples within the EPA-directed horizontal RAA boundary.  Appendix A3 
presents the sediment data within the EPA-directed horizontal RAA boundary screened against 
EPA-directed Portland Harbor PRGs, RGs, RALs, RM 7-8 RALs, and AOPC 14-specific SQGs in 
Table 2-1.   

, which includes the 
EPA-directed RAA of the Arkema NTCRA.  Sediment data within the EPA-directed horizontal 
RAA boundary were thus screened against Portland Harbor PRGs and RALs to utilize site-
specific values from the Portland Harbor FS that align this EE/CA with the Portland Harbor 
process.       

The LWG presented an Oregon hot spot evaluation for sediments in the draft Portland Harbor 
FS report.  No potential hot spots were identified at the Portland Harbor site (Anchor QEA et al. 
2012).  Accordingly, a hot spot evaluation for sediments within the EPA-directed horizontal 
RAA boundary was not deemed necessary for the EPA-directed horizontal RAA boundary.  The 
riverbank area adjacent to the EPA-directed horizontal RAA boundary was not included in the 

                                                      
13 LSS is currently addressing DEQ comments on the upland ecological risk assessment.  The human health risk 
assessment has been finalized.  
14 The draft final BHHRA and BERA reports are currently undergoing EPA review.   
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LWG’s Oregon hot spot evaluation.  An Oregon hot spot evaluation for the riverbank area will 
be prepared in accordance with the Consent Order, pending DEQ approval of the Hot Spot 
Evaluation Update (ERM 2012).  In the interim, an evaluation of riverbank soil SCM alternatives 
was conducted and is presented in Appendix F.  The recommended riverbank SCM is included 
in the alternatives in this EE/CA report.   

2.2.1 DDx 

The following sections present the data screening results and distribution of DDx within the 
EPA-directed horizontal RAA boundary. The 2011 Opalski decision included direction to 
incorporate at least the PRGs available from the harbor-wide RI/FS process in evaluating the 
impacts of dredging and/or taking other removal actions to a range of concentrations vertically 
(Opalski 2011).  In addition, the 2011 Opalski decision also provided direction to evaluate the 
implications of dredging to the extent of 5 mg/kg DDx vertically.  The 5 mg/kg DDx value was 
based on a preliminary mass/volume breakpoint analysis.  In order to align this EE/CA with the 
Portland Harbor FS, RALs based on the Portland Harbor BHHRA were considered in this 
EE/CA as discussed in Section 2.1.3.  The RALs for DDE and DDT that were considered in this 
EE/CA include DDx concentrations in the range of 5 mg/kg.     

2.2.1.1 Specific Portland Harbor PRGs and RM 7–8 RALs  

As discussed in Section 2.1, PRGs were directed by EPA for total DDD, total DDE, total DDT, 
and total DDx in the draft Portland Harbor FS report (Anchor QEA et al. 2012).  These PRGs are 
presented in Tables 3.5.2, 3.5.4, and Appendix Da of the draft Portland Harbor FS report 
(Anchor QEA et al. 2012).  This section presents the specific PRGs that the sediment data were 
screened against.   

Sediment data were screened against the following PRGs for total DDD: 

• PRG-1 – 0.900 mg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
ingestion rate [IR], 10-4 risk [exposure area: 1 RM]) 

• PRG-2 – 0.089 mg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
IR, 10-5 risk [exposure area: 1 RM]) 

• PRG-3 – 0.028 mg/kg (Ecological receptors, benthic probable effects concentration SQG 
[exposure area: point-by-point]). 

Sediment data were screened against the following PRGs and RM 7–8 RAL for total DDE: 

• PRG-1 – 0.100 mg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
IR, 10-4 risk [exposure area: 1 RM]) 
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• PRG-2 – 0.0088 mg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
IR, 10-5 risk [exposure area: 1 RM]) 

• PRG-3 – 0.0313 mg/kg (Ecological receptors, benthic permissible exposure level SQG 
[exposure area: point-by-point]) 

• PRG-4 – 0.00302 mg/kg (Human receptors, adult fish consumption, large home range, 
single species, low IR, 10-6 risk [exposure area: site]).  This value is also an RG. 

• RM 7–8 RAL – 0.4 mg/kg (Based on 10-5 risk, adult fish consumption, smallmouth bass.  
Estimated from RAL plots for RM 7–8 in Appendix Db, draft Portland Harbor FS 
report). 

Sediment data were screened against the following PRGs and RM 7–-8 RAL for total DDT: 

• PRG-1 – 1.20 mg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
IR, 10-4 risk [exposure area: 1 RM]) 

• PRG-2 – 0.120 mg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
IR, 10-5 risk [exposure area: 1 RM]) 

• PRG-3 – 0.0629 mg/kg (Ecological receptors, benthic probable effects concentration SQG 
[exposure area: point–by-point]) 

• RM 7-8 RAL – 6.0 mg/kg (based on 10-5 risk, adult fish consumption, smallmouth bass.  
Estimated from RAL plots for RM 7–8 in Appendix Db, draft Portland Harbor FS 
report). 

Sediment data were screened against the following PRG for total DDx: 

• PRG-1 – 0.218 mg/kg (Ecological receptors, benthic FPM high SQG [exposure area: 
point-by-point])15

2.2.1.2 Data Screening Summary 

.   

More than 550 sediment samples have been analyzed for total DDD, total DDE, total DDT, and 
total DDx16

Total DDD was detected in 93 percent of the samples at concentrations ranging from 0.000130 to 
1,200 mg/kg with a median detected concentration of 0.270 mg/kg.  Detection limits ranged 
from 0.00015 to 0.13 mg/kg with a median of 0.000170 mg/kg.   

 adjacent to the Arkema site.  Of these samples, 287 are located within the EPA-
directed horizontal RAA boundary.  A summary of PRG and RAL exceedances is presented in 
Table 2-2.     

                                                      
15 This PRG was not recommended in the draft final Portland Harbor BERA.  The PRG was screened in response to a 
comment from EPA on the draft RAAC report.  
16 Selected historical sediment samples were only analyzed for the 4,4 isomers of these compounds. 
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Total DDE was detected in 72.5 percent of the samples at concentrations ranging from 0.0000860 
to 24 mg/kg with a median detected concentration of 0.0615 mg/kg.  Detection limits ranged 
from 0.0000450 to 7.5 mg/kg with a median of 0.0003 mg/kg.    

Total DDT was detected in 91.6 percent of the samples at concentrations ranging from 0.00015 to 
4,500 mg/kg with a median detected concentration of 0.480 mg/kg.  Detection limits ranged 
from 0.000140 to 0.4 mg/kg with a median of 0.000285 mg/kg. 

Total DDx was detected in 95.1 percent of the samples at concentrations ranging from 0.00032 to 
4,800 mg/kg with a median detected concentration of 0.860 mg/kg.  Detection limits ranged 
from 0.000150 to 0.016 mg/kg with a median of 0.000285 mg/kg.       

2.2.1.3 Distribution of DDx 

As noted in the final RAAC report, Environmental Visualization Software (EVS) was used to 
create a model of DDx in sediment data within the preliminary RAA boundary at the site.17

Figure 2-1 presents the horizontal extent of the 0.218 mg/kg (DDx PRG), 8.2 mg/kg (AOPC 14-
specific SQG), and 75 mg/kg (approximate mass-based breakpoint) DDx contours for the 
nominal boundary using the final RAAC report EVS model

  The 
model incorporated EE/CA investigation and historical DDx sediment data (Integral and 
ARCADIS 2011).  The EVS DDx model contains more than 550 DDx sediment sample results in 
the preliminary RAA area.  Of these samples, 287 are located within the EPA-directed 
horizontal RAA boundary.   

18

Figure 2-1 also presents a cross section that overlays the lower vertical extent of the 
0.218 mg/kg, 5 mg/kg, 8.2 mg/kg, and 75 mg/kg contours.  The highest DDx concentrations in 
sediment are between Docks 1 and 2 at a depth of approximately 10 ft bml.  The 0.218 mg/kg 
vertical contour generally extends downward to within 5–10 ft of basalt bedrock, from the 
downstream portion of Dock 1 to the northern portion of the EPA-directed horizontal RAA 
boundary.  The 0.218 mg/kg DDx vertical boundary is at a shallower depth upstream of Dock 1 

 within the EPA-directed 
horizontal RAA boundary.  The 8.2 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 2-1).  The 0.218 mg/kg DDx boundary is similar to the 8.2 mg/kg 
DDx boundary, except for the area downstream of Dock 2.  The 0.218 mg/kg DDx boundary 
downstream of Dock 2 is larger than the 8.2 mg/kg DDx boundary, especially immediately 
downstream of Dock 2 and in the discontinuous areas downstream of Dock 2.   

                                                      
17 At the request of EPA, the DDx data in the EVS model do 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.  The reason for 
this rejection has not been provided.  LSS notes that EPA DDx data were variable but in some cases were up to 2 
orders of magnitude lower than LSS’ data presented herein. 
18 This model used an anisotropy ratio of 15, consistent with previous agreements with EPA. 
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(Figure 2-1).  This cross section clearly shows that the detected DDx sediment areas downstream 
of Dock 2 have a limited vertical extent and are not contiguous.  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 are laterally discontinuous19

2.2.2 PCDD/Fs 

.   

The following sections provide background on the Portland Harbor PRGs for 2,3,4,7,8-PCDF 
and describe the data screening results and distribution of polychlorinated dibenzo-p-
dioxins/furans (PCDD/Fs) within the EPA-directed horizontal RAA boundary.  

2.2.2.1 Background on the Portland Harbor PRG 

Some of the contaminants posing potentially unacceptable risk identified in the human health 
and ecological risk assessments (Kennedy/Jenks Consultants 2011; Windward 2011, 
respectively) are mixtures of multiple contaminants that incorporate both concentration and 
toxicity information for each individual contaminant (i.e., bird PCB toxic equivalent 
concentration [TEQ], bird dioxin/furan TEQ, mammal PCB TEQ, and mammal dioxin/furan 
TEQ).  The relationships between concentrations of these mixtures in sediments, water, and 
tissue are complex and difficult to use in setting PRGs and RALs.  Consequently, at EPA’s 
direction, the LWG used a single surrogate chemical to represent each mixture:receptor pair 
(Anchor QEA et al. 2012, Appendix D).  Selection of a single contaminant as a surrogate for 
these mixtures allows the use of biota-sediment relationships in development of PRGs.  For 
dioxin TEQ in birds and mammals, data on concentrations of TEQ and concentrations of the 
individual TEQ constituents (unadjusted for toxicity) were evaluated to identify an individual 
surrogate compound for each TEQ. Based on this evaluation, EPA-directed LWG to use 
2,3,4,7,8- PCDF as the surrogate for dioxin TEQ in both birds and mammals.  LWG then used a 
regression relationship to convert a dioxin TEQ concentration in tissue to its 2,3,4,7,8-PCDF 
surrogate concentration in tissue.  The surrogate concentration in tissue was then used in a food 
web model to estimate a sediment PRG that is also expressed as 2,3,4,7,8-PCDF.  Although the 
calculated PRG is expressed as a concentration of the surrogate 2,3,4,7,8-PCDF, it is 
representative of dioxin TEQ.   

For the Arkema EE/CA, the 2,3,4,7,8-PCDF PRG is recommended for screening sediment data 
because it is a surrogate value that is representative of potential risk of dioxin TEQ to semi-
aquatic birds and mammals.  This approach is consistent with the Portland Harbor FS and 
meets the intent of the 2011 Opalski decision that requires the use of “…SLVs for COIs where 
PRGs are not available….”  Since 2,3,4,7,8-PCDF is being used as a surrogate PRG for total TEQ 

                                                      
19 Note, however, that the “islands” downstream of Dock 2 are smaller in the EVS model using the rejected EPA split 
sediment data in place of the corresponding LSS data.  
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in the Portland Harbor, there is no need for an SLV for total TEQ.  Nor is there need for a dioxin 
TEQ SLV for benthic receptors since dioxin TEQ was not identified as a chemical of concern for 
AOPC 14 (Windward 2011).  EPA’s direction to use 2,3,4,7,8-PCDF as a surrogate PRG also 
appears to be site-specific to AOPC 14. 

Sediment data were screened against the following PRGs and RM 7–8 RAL for 2,3,4,7,8-PCDF: 

• PRG-1 – 56 pg/g (Ecological receptors, mink, multi-species diet [exposure area: 1 RM]) 

• PRG-2 – 54.1 pg/g (Ecological receptors, bird dietary assessment, sandpiper, worms 
[exposure area: beach type]).  This value is also an RG. 

• PRG-3 – 20.5 pg/g (Human receptors, adult fish consumption, smallmouth bass, low IR, 
10-4 risk [exposure area: 1 RM]).  This value is also an RG. 

• RM 7–8 RAL – 1,750 pg/g (Based on 10-4 risk, adult fish consumption, smallmouth bass.  
Estimated from RAL plots for RM 7–8 in Appendix Db, draft Portland Harbor FS 
report). 

2.2.2.2 Data Screening Summary 

As discussed in the previous section, the 2,3,4,7,8-PCDF was screened and used as a surrogate 
for all PCDD/F compounds, consistent with the draft Portland Harbor FS.  A total of 66 
sediments samples were analyzed for 2,3,4,7,8-PCDF within the EPA-directed horizontal RAA 
boundary.  2,3,4,7,8-PCDF was detected in 78.8 percent of the samples ranging from 0.100 to 
28,000 pg/g with a median detected concentration of 68.8 pg/g.  Detection limits ranged from 
0.005 to 0.65 pg/g with a median of 0.0835 pg/g.   

2.2.2.3 Distribution of PCDD/Fs 

As noted in the final RAAC report, EVS was used to create a model of total PCDD/Fs in 
sediment data within the preliminary RAA boundary.  The model incorporated EE/CA 
investigation and historical total PCDD/F sediment data (Integral and ARCADIS 2011).  The 
EVS PCDD/F model contains more than 100 total PCDD/F sediment sample results.  Of these 
samples, 66 are located within the EPA-directed horizontal RAA boundary. 

Figure 2-2 presents the horizontal extent of the 36,000 pg/g PCDD/F contour and the vertical 
extent of total PCDD/Fs in sediments within and adjacent to the EPA-directed horizontal RAA 
boundary.  The highest total PCDD/F concentrations are present in the area between Docks 1 
and 2, similar to that of DDx (compare Figures 2-1 and 2-2).  The vertical distribution of total 
PCDD/Fs, however, 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 
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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 of Dock 1 and downstream of Dock 2 
are generally within the range of 100 to 1,000 pg/g, which is less than the RM 7–8 RAL of 
1,725 pg/g (Figure 2-2). 

2.2.2.4 PCDD/F Sources 

The source and character of PCDD/Fs was addressed extensively in the data gaps work plan 
(ERM 2009; Appendix G2) and data gaps investigation for the upland portion of the Arkema 
site (ERM 2010a).  Samples of upland soil and groundwater, and sediment immediately offshore 
in the Willamette River, were analyzed, and a homologue pattern consisting primarily of PCDF 
homologues was consistently found in areas where onsite sources of PCDFs were suspected.  
The PCDF-dominated homologue pattern for the Arkema samples generally has a peak in the 
penta-CDF or hexa-CDF homologue range.  LSS believes that certain chlorinated furans may be 
incidental by-products of historic chlor-alkali production technology involving the use of Gibbs 
cells at the site.  The source of such compounds is believed to be the chlorination of precursor 
furans associated with coal tar used on Gibbs cell tops.  A “background” (typically observed in 
urban waterways) signature much higher in octachlorinated dibenzo-p-dioxin (OCDD), and a 
range of PCDD/PCDF congeners are observed throughout the upland and in-water areas 
surrounding the site.  This homologue signature is common for “urban background” sources, 
such as municipal waste streams and diesel-fuel engine combustion (USEPA 2006).  The 
PCDD/F homologue signatures that are found upstream and downstream of the site are likely 
the result of documented aerial deposition of PCDD/F from these urban background sources 
and other nearby PCDD/F sources, such as the remnants from the historical discharge of the RP 
Agent Orange and other pesticide/herbicide production process wastes observed by the 
Railroad Bridge.  A detailed description of RP pesticide/herbicide production, waste handling 
practices, and connections to the Willamette River is presented in the memorandum titled 
Review and Evaluation of Historical Source Information and Assessment of Historical Connections to 
Doane Lake, Doane Creek, and Saltzman Creek (Slater 2010; Appendix G3). 

Site sediment data also show a relationship between “background”, PCDD-dominated, 
homologue patterns and the PCDF-dominated homologue pattern associated with the Arkema 
site.  Figure 2-3 presents pie charts showing the fraction of PCDD and PCDF homologues in 
each sediment sample at or near the Arkema site, with the proportional PCDD homologue sum 
in red, and the proportional PCDF homologue sum in blue.  Figure 2-3 generally shows that the 
PCDD/F sources upgradient of the Arkema portion of the Willamette River are primarily 
PCDD-dominated.   

Figure 2-4 shows the homologue plots for selected sediment samples within and adjacent to the 
EPA-directed horizontal RAA boundary, with the PCDD homologues in red (from tetra-CDD to 
OCDD, left to right) and PCDF homologues in blue (from tetra- to octachlorodibenzofuran, left 
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to right).  Figure 2-5 shows homologue plots for selected sediment samples both upstream and 
downstream of the horizontal RAA boundary.  Although the homologue signatures upstream 
and downstream of the Arkema site are not identical, inspection of Figures 2-4 and 2-5 generally 
shows dominance in the PCDD-dominated homologue signature in upgradient and 
downgradient samples with OCDD, followed by hepta-CDD, generally the dominant CDD 
homologues indicative of the “urban background” homologue pattern.  The homologue 
signatures observed in the sediment samples collected between Docks 1 and 2 and downstream 
of Dock 2 likely do, however, represent mixtures from multiple sources.  Between Docks 1 and 
2, the PCDF-dominated signature with a peak at penta-CDF and hexa-CDF is evident.  
However, this homologue signature transforms back to the “urban background” pattern at 
depth below about 20 ft bml and downstream of Dock 2.  Downstream of Dock 2, other atypical 
homologue patterns arise that are not attributable to either the “urban background” signature 
or the PCDF-dominated site pattern.  For example at WB-65-10-15, the sample is dominated by 
tetra- and penta-CDD and tetra- and penta-CDF compounds, which suggests a distinct and 
separate source of PCDD/Fs at this location (e.g., perhaps discharge of an offsite upgradient 
groundwater plume migrating beneath the Arkema facility), Doane Lake, or other nearby 
sources, such as the remnants from the historical discharge of the RP 2-4D and 2,4,5-T (which 
were used as Agent Orange) and other pesticide/herbicide production process wastes observed 
by the Railroad Bridge (Slater 2010).  This pattern is also observed in other sediment samples 
(e.g., C332, C333, C335) located near Outfall 22b, by the Railroad Bridge (Figure 2-5).  The 
location of these samples and fingerprints that are different than those adjacent to the Arkema 
site appear to indicate the nearby RP stormwater outfall is the likely source of these 
CDDs/CDFs (ERM 2009).   

Additional known or suspected sources of CDDs/CDFs in the vicinity of the Arkema site, 
including the numerous City-owned CSOs, were presented in the data gaps work plan (EMR 
2009).  Possible transport pathways from these sites to surrounding sites include groundwater 
migration, air deposition, and surface water runoff.  The currently known list includes the 
following facilities (ERM 2009): 

• Wacker Siltronic Corp. (7200 NW Front Avenue) 

• Gould Inc./NL Industries (5909 NW 61st Avenue) 

• Schnitzer Investment/Doane Lake (6529 NW Front Avenue) 

• McCormick and Baxter (6900 N Edgewater Street) 

• GenStar Roofing Products/Certainteed Roofing (6350 NW Front Avenue) 

• Kinder Morgan Willbridge Terminal (5924 NW Front Avenue). 
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2.2.3 Other EPA-Directed COIs 

EPA has directed additional chemicals as COIs for further evaluation in the EE/CA.  These 
additional EPA-directed COIs consist of total chlordanes, lindane (gamma-
hexachlorocyclohexane), hexachlorobenzene, PCBs, and tributyltin (Sheldrake 2011).  However, 
there is no evidence or history of spills of any of the EPA-directed COIs on the Arkema site, so 
inclusion of these COIs is wholly unsupported.  Therefore, the EPA-directed evaluation of these 
COI must be based on harbor-wide detections.     

2.2.3.1 Total Chlordanes 

As discussed in Section 2.1, PRGs were developed for total chlordanes in the draft Portland 
Harbor FS report (Anchor QEA et al. 2012).  These PRGs are presented in Table 3.5-2, 
Table 3.5-4, and Appendix Da of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  
Sediment data were screened against the following PRGs for total chlordanes: 

• PRG-1 – 830 μg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
IR, 10-4 risk [exposure area: 1 RM]) 

• PRG-2 – 83 μg/kg (Human receptors, adult fish consumption, smallmouth bass, low IR, 
10-5 risk [exposure area: 1 RM]) 

• PRG-3 – 1.87 μg/kg (Human receptors, fish consumption, large home range, single 
species, high IR, low bioaccumulation, 10-6 risk [exposure area: site]). 

Total chlordanes have been analyzed in 88 sediment samples within the EPA-directed 
horizontal RAA boundary.  Total chlordanes were detected in 39.8 percent of the samples at 
concentrations ranging from 0.33 μg/kg to 1,100 μg/kg with a median detected concentration of 
25 μg/kg.      

Figure 2-6 presents total chlordane data for sediment in the EPA-directed horizontal RAA 
boundary.  While selected samples collected between Docks 1 and 2 have elevated detection 
limits, the vast majority of the detection limits were in the range of 0.001 to 0.1 mg/kg total 
chlordane, which is well below the PRG-Alt value of 630 μg/kg.  A number of detection limits 
were below the PRG-1 value of 1.87 μg/kg, particularly in samples just west of Docks 1 and 2, in 
deeper sediments between Docks 1 and 2, and downstream of Dock 2.   

Figure 2-6 shows that while there are sporadic detections of total chlordanes at the site, there is 
no evidence of a source of total chlordanes at the Arkema site and, in fact, most of the sediment 
samples that have detections are collocated or are very near samples where total chlordanes 
were not detected at a lower detection limit.  This indicates that the total chlordane detections 
are sporadic.  This is consistent with the historical urban use of the river and with the 
conceptual site model that indicates this area is depositional and shows there are no chlordane 
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sources at the Arkema site because chlordane was never manufactured, handled, or stored at 
the facility.  

2.2.3.2 Lindane (gamma-Hexachlorocyclohexane) 

A PRG for lindane was not recommended in the draft final Portland Harbor BERA.  The 
following PRG was screened in response to a comment from EPA on the draft RAAC report: 

• PRG-1 – 1.38 μg/kg (Ecological receptors–benthic SQG [exposure area: point-by-point]). 

Lindane has been analyzed in 98 sediment samples within the EPA-directed horizontal RAA 
boundary.  Lindane was detected in 4.1 percent of the samples at concentrations ranging from 
1.22 to 430 μg/kg with a median detected concentration of 87.5 μg/kg.     

Figure 2-7 presents lindane data for sediments within the EPA-directed horizontal RAA 
boundary.  While some samples collected between Docks 1 and 2 have elevated detection limits, 
numerous samples had detection limits below the PRG-1 value of 1.38 μg/kg—particularly 
samples from just west of Docks 1 and 2, in deeper sediments between Docks 1 and 2, and 
downstream of Dock 2.  This indicates that lindane detections are sporadic and are consistent 
with the historical urban use of the river and the conceptual site model that indicates this area is 
depositional and shows there are no lindane sources at the Arkema site.  Lindane was never 
manufactured, handled, or stored at the Arkema facility.  

2.2.3.3 Hexachlorobenzene 

As discussed in Section 2.1, PRGs were developed for hexachlorobenzene in the draft Portland 
Harbor FS report (Anchor QEA et al. 2012).  These PRGs are presented in Tables 3.5-2, 3.5-4, and 
Appendix Da of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  For 
hexachlorobenzene, the sediment data were normalized to organic carbon (OC) to be consistent 
with the PRG units.  Sediment data were screened against the following PRGs for 
hexachlorobenzene: 

• PRG-1 – 37 mg/kg-OC (Human receptors, fish consumption, large home range, single 
species, low IR and bioaccumulation, 10-4 risk [exposure area: site]) 

• PRG-2 – 3.7 mg/kg-OC (Human receptors, fish consumption, large home range, single 
species, low IR and bioaccumulation, 10-5 risk [exposure area: site]). 

Hexachlorobenzene has been analyzed in 80 sediment samples within the EPA-directed 
horizontal RAA boundary.  Hexachlorobenzene was detected in 56.2 percent of the samples at 
concentrations ranging from 0.0196 to 639 mg/kg-OC with a median detected concentration of 
0.444 mg/kg-OC.  Detection limits for undetected samples range from 0.0414 to 361 mg/kg-OC 
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with a median of 9.09 mg/kg-OC.  The majority of the detection limits were below the PRG-1 
(37 mg/kg-OC).     

Figure 2-8 presents hexachlorobenzene data for sediments within the EPA-directed horizontal 
RAA boundary.  PRG-2 exceedances were detected in shallow sediment samples between and 
just west of Docks 1 and 2 (Figure 2-8).  The data show that hexachlorobenzene detections in site 
sediment are sporadic.  Arkema site knowledge indicates this area is depositional and the 
conceptual site model shows that there are no hexachlorobenzene sources at the Arkema site. 
Hexachlorobenzene was never manufactured, handled, or stored at the Arkema facility.        

2.2.3.4 Total PCBs 

As discussed in Section 2.1, PRGs were developed for total PCBs in the draft Portland Harbor 
FS report (Anchor QEA et al. 2012).  These PRGs are presented in Tables 3.5-2, 3.5-4, and 
Appendix Da of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  Sediment data 
were screened against the following PRGs for total PCBs: 

• PRG-1 – 0.5 mg/kg (Ecological receptors, FPM high SQG [exposure area: point-by-point]) 

• PRG-2 – 0.0295 mg/kg (Human receptors, adult fish consumption, smallmouth bass, low 
IR, 10-4 risk [exposure area: 1 RM]).  This value is also an RG. 

Total PCBs have been analyzed in 62 sediment samples within the EPA-directed horizontal 
RAA boundary.  Total PCBs were detected in 24.2 percent of the samples at concentrations 
ranging from 32 μg/kg to 1,200 μg/kg with a median detected concentration of 120 μg/kg.   

Detection limits for undetected samples range from 1.2 to 150,000 μg/kg with a median of 
78 μg/kg.  The majority of the elevated detection limits were from the 2009 EE/CA investigation 
waste characterization boreholes between Docks 1 and 2 that were analyzed by LSS (i.e., WB-35, 
WB-36, WB-37, WB-39, and WB-42; Figure 2-9).  EPA’s contractor, CDM, collected and analyzed 
split samples for two of the waste characterization borehole samples and had detection limits 
three orders-of-magnitude lower than the corresponding samples that LSS analyzed (compare 
WB35 with WB35_1 and WB42 with WB42_1).  Although the elevated detection limits can add 
some uncertainty to the characterization of total PCBs at the site, a comparison of the LSS and 
EPA split sample results indicates that the elevated detection limits do not necessarily relate to 
elevated PCB concentrations in the samples.        

Figure 2-9 presents total PCB data for sediments within the EPA-directed horizontal RAA 
boundary.  The majority of the detected PCB concentrations in subsurface sediments are located 
just to the east of Docks 1 and 2.  A few detected PCB concentrations in surface sediments are 
located upstream of Dock 1 and downstream of Dock 2 (Figure 2-9).  The data show that PCB 
detections in site sediment are sporadic and consistent with the historical urban and industrial 
use of the river.  Arkema site knowledge and the conceptual site model show that this area is 
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depositional, and there are identified and well-documented PCB sources upstream.  
Importantly, there are no PCB sources from the Arkema site to the river.      

2.2.3.5 Tributyltin 

As discussed in Section 2.1, PRGs were developed for tributyltin in the draft Portland Harbor FS 
report (Anchor QEA et al. 2012).  These PRGs are presented in Tables 3.5-2, 3.5-4, and Appendix 
Da of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  For tributyltin, sediment 
data were normalized to OC to be consistent with the PRG units.  Sediment data were screened 
against the following PRGs for tributyltin: 

• PRG-1 – 24.4 mg/kg-OC (Ecological receptors, tissue residue assessment, benthic worms 
[exposure area: point-by-point]). 

Tributyltin was analyzed in 16 sediment samples within the EPA-directed horizontal RAA 
boundary and was only detected in one sample at a concentration that was below the PRG-1. 
Detection limits for undetected samples range from 0.583 to 21.3 mg/kg-OC with a median 
detection limit of 5.42 mg/kg-OC.  All of the detection limits were below PRG-1 for tributyltin.    

Figure 2-10 presents tributyltin data for sediments within the EPA-directed horizontal RAA 
boundary.  The single detected tributyltin value is located just southwest of Dock 1.  Arkema 
site knowledge and the conceptual site model show that this area is depositional. There are 
former and active shipyard facilities upstream, and there are no tributyltin sources at the 
Arkema site.  Tributyltin was never manufactured, handled, or stored at the facility.     

2.3 GEOTECHNICAL AND LEACHING PROPERTIES IN THE RAA 

Geotechnical and contaminant leaching properties of sediments adjacent to the Arkema site are 
discussed in the following sections.20

2.3.1 Geotechnical Testing Prior to the 2009 EE/CA Investigation 

  Multiple studies have included analysis of samples 
collected from sediment at the Arkema site; however, the scope and complexity of these 
analyses varied.  Informative data was gathered as a result of studies in the late 1990s and early 
2000s; however, more detailed sampling and analysis was prescribed under the EE/CA work 
plan (Parametrix 2007) and described in detail in the final RAAC report (Integral and ARCADIS 
2011). 

Multiple studies from 1997 to 2004 provided only select information regarding geotechnical 
properties of the sediment and soil.  Only grain size analysis was performed on sediment 

                                                      
20 The geotechnical data presented in this section includes some data collected outside the EPA-directed horizontal 
RAA boundary.  These data are considered representative of the area within the EPA-directed horizontal RAA 
boundary.   
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collected from 1997 to 1998 (Weston 1998).  During the Portland Harbor RI/FS activities, the 
following analysis was performed on sediments collected offshore of the Arkema facility: 

• Grain size and percent moisture on all samples collected  

• Specific gravity on 71 samples, from 41 sample locations 

• Liquid limit, plastic limit, and plasticity index on 5 samples from 5 sample locations. 

Highlights of the above analytical results include the following (Integral 2004): 

• Atterberg limits indicate medium to high compressibility/plasticity 

• 36.5 percent average moisture of all samples (n=77) 

• Silty sands (SM) and sandy silts (ML). 

Since the sediment samples described above were rather shallow (less than 5 ft bml) and 
detailed analysis was rather limited, additional investigation was proposed in the EE/CA work 
plan (Parametrix 2007) to be able to complete the engineering evaluation.  

2.3.2 Geotechnical Testing Results from 2009 EE/CA Investigation  

In general, the data collected during the geotechnical investigation is divided into the following 
categories: 

• Generalized subsurface conditions, as observed in geotechnical explorations, and soil 
descriptions provided via chemistry boring logs 

• In-situ test data consisting of cone penetration test (CPT) and standard penetration test 
(SPT) data 

• Laboratory test results. 

The following sections provide highlights of available geotechnical data.  

2.3.2.1 Generalized Subsurface Conditions 

Multiple geologic units were identified in the in-water geotechnical explorations and chemistry 
boreholes.  The two predominant units are briefly described below: 

River Sediment  

• Generally consisting of two sediment types: very soft to soft organic silt and silt, and 
very loose to loose sand with various amounts of silt. 

• Gravel layers, containing various amounts of sand and silt, were encountered in a few of 
the boreholes (typically directly overlying the basalt bedrock). These gravel layers were 
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predominantly less than 3 ft thick in the geotechnical boreholes; exceptions are 
discussed in the final RAAC report (Integral and ARCADIS 2011). 

• 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: 
predominantly sand, predominantly silt, significant sand layer over silt deposit, 
significant silt layer over sand deposit. 

Columbia River Basalt Group Bedrock 

• Basalt bedrock was encountered in all of the boreholes at depths ranging from 
approximately 4 to 49 ft bml.  A basalt elevation map and sediment thickness map are 
provided in the final RAAC report (Integral and ARCADIS 2011). 

• 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 of the final RAAC report (Integral and ARCADIS 2011). 

2.3.2.2 Geotechnical In-Situ Test Data 

In-situ testing consisted of CPTs and SPTs performed in the geotechnical borings.  The final 
RAAC report provides the SPT results (N-values) on geotechnical borehole logs and the CPT 
results  on CPT logs (Appendix C, Integral and ARCADIS 2011), as well as a discussion of the 
information provided by each of these methods (Section 3.2.2, Integral and ARCADIS 2011). 

2.3.2.3 Geotechnical Laboratory Test Data 

Geotechnical testing was performed in general accordance with ASTM test methods (ASTM 
2009a, b).  The ASTM designations and detailed summary of results are provided in the final 
RAAC report (Integral and ARCADIS 2011).  All laboratory testing was performed by 
Kleinfelder, and their test reports are provided in Appendix G of the final RAAC report 
(Integral and ARCADIS 2011). 

2.3.2.3.1 Index Property Data 

A summary of the index property data includes:  

• The fine grain sediment that was encountered in the geotechnical boreholes was 
predominantly classified as organic silt of high plasticity. 

• Moisture contents of up to 203% were recorded, consistent with the presence of organic 
material in the samples.  Organic contents ranged from 4.6 to 9.2%. 

2.3.2.3.2 Testing on Relatively Undisturbed Sediment Samples 

Consolidation and hydraulic conductivity testing were performed on relatively undisturbed 
sediment samples; testing procedures and data are outlined in the final RAAC report (Integral 
and ARCADIS 2011).  In summary: 
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• Consolidation test results on SPT-2 at a depth of 22.5 ft yielded a recompression index of 
0.150, a compression index of 0.03, and an estimated pre-consolidation pressure of 
3,900 pcf 

• Hydraulic conductivity values ranged from 4.5x10-9 to 8.5x10-7 cm/sec (at 20°C) for SPT-1 
(sample depth 13–15 ft) and SPT-2 (sample depth 20.5–22.5 ft), respectively. 

2.3.2.3.3 Rock Strength Test Data 

Point load tests and unconfined compressive strength tests were performed on core SPT-1. 
Summary results of these tests include: 

• Is(50) [corrected point load strength index] values ranging from 229.21 to 853.61psi at 
depths of 30 to 31.5 ft and 37 to 39 ft, respectively 

• σuc [uniaxial compressive strength] values ranging from 5,616 to 20,913 psi at depths of 
30 to 31.5 ft and 37 to 39 ft, respectively 

• Compressive stress values ranging from 3,500 psi (with axial strain of ~0.004 inch/inch) 
up to 22,000 psi (with axial strain of ~0.012 inch/inch) at depths of 30 to 31.5 ft and 37 to 
39 ft, respectively. 

Additional details regarding these test procedures are provided in the final RAAC report 
(Integral and ARCADIS 2011). 

2.3.3 Waste Characterization Testing 

The following sections provide toxic characteristic leaching potential (TCLP) and asbestos 
testing results that may have implications for waste disposal handling and costs. 

2.3.3.1 Toxicity Characteristic Leaching Procedure Testing 

In order to properly manage the contaminants present and identified via sediment sampling at 
the Arkema site, federal regulations (40 CFR §261.24) require an understanding of the potential 
for contaminant mobility in landfill conditions.  The TCLP procedure is one method for 
simulating leaching potential.  A total of 14 samples were analyzed for TCLP as part of the 2009 
EE/CA investigation (Integral and ARCADIS 2011).  The following is a summary of the TCLP 
results: 

• Herbicides were not detected. 

• Multiple metals were detected. 

– The TCLP regulatory limit was exceeded only for lead in a single sample, ARK-WB-
39 from 0 to 8 ft bml, at a concentration of 11 mg/L (lead TCLP regulatory limit is 
5 mg/L).  
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• gamma-Hexachlorocyclohexane (the only pesticide detected). 

– No samples exceeded the corresponding TCLP regulatory limit. 

• Phenols were not detected. 

• Hexachlorobutadiene and 1,4-dichlorobenzene were detected. 

– No samples exceeded the corresponding TCLP regulatory limits. 

• Several volatile organic compounds were detected. 

– Two volatile organic compounds were detected above TCLP regulatory limits.  
Benzene (TCLP limit of 0.5 mg/L) was detected in one sample location, ARK-WB-37 
from 0 to 6 ft bml, at a concentration of 0.6 mg/L.  Tetrachloroethene (TCLP limit of 
0.7 mg/L) was also detected in a single sample location, WB-42 from 6 to 14 ft bml, at 
a concentration of 0.75 mg/L. 

2.3.3.2 Asbestos 

Asbestos results are presented because of possible implications for waste handling, safety, 
disposal, and costs.  Data for samples analyzed for asbestos are presented in the final RAAC 
report (Integral and ARCADIS 2011).   

Asbestos was detected in 8 of the 14 sediment samples in which it was analyzed by LSS, at 
concentrations ranging from 0.1 to 0.4 percent, with a median value of 0.3 percent (Integral and 
ARCADIS 2011).  Chrysotile was detected in all 4 of the split sediments analyzed by the EPA for 
asbestos, ranging from a trace to 4.5 percent.   

The discrepancy between the LSS analytical results and the EPA split analytical results for 
asbestos was discussed in correspondence between LSS and EPA.  The data quality review of 
the quantitative analysis for the LSS results verified the accuracy of the point-count quantitation 
method used in the analysis of the LSS asbestos samples.  EPA provided their data quality 
review for their analyses, which indicated that the asbestos quantitation combined both 
volumetric and weight quantitation methodologies for different asbestos size fractions.  Based 
on LSS’ review of both LSS’ and EPA’s analytical reports and data, no further asbestos analyses 
are required at this time and the LSS asbestos quantitation is deemed sufficient for assessing 
asbestos concentrations in sediment in the EPA-directed horizontal RAA.  However, additional 
asbestos data may be collected during the remedial design process to address any uncertainties 
with respect to asbestos waste handling and disposal. 

2.4 SURFACE DEBRIS IN THE RAA 

In 2009, 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 visual 
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surface debris survey results are detailed in the final RAAC report (Integral and ARCADIS 
2011).  A brief summary of the surface debris observed on the riverbank and in-water portions 
of the site is provided below: 

• Downstream of Dock 2 – 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.     

• Between Dock 1 and Dock 2 – 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 visible during the survey.  Two active outfalls and associated Parshall 
flumes (Outfalls 002 and 003) were also observed in this area.      

• Between Dock 1 and Salt Dock – 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) were observed in this area.         
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3 IDENTIFICATION OF REMOVAL ACTION SCOPE AND 
OBJECTIVES 

The following sections present the identification of the removal action scope and removal action 
objectives (RAOs). 

3.1 NTCRA SCOPE AND OBJECTIVES 

The following sections present the NTCRA scope and RAOs.   

3.1.1 Scope and Objectives of the Arkema NTCRA 

This EE/CA was prepared following EPA’s Guidance for Conducting Non-Time Critical Removal 
Actions under CERCLA (USEPA 1993).  The EE/CA is based on a data set that includes historical 
site characterization data, as well as additional data collected in 2009 for the Arkema EE/CA.21

• Identification of removal action scope, goals, and objectives (presented in this section) 

  
The following are the EE/CA objectives (USEPA 1993): 

• Identification and analysis of removal action alternatives (presented in Section 7) 

• Comparative analysis of removal action alternatives (presented in Section 8) 

• Recommendation of removal action alternative (presented in Section 9). 

In addition to following EPA’s NTCRA guidance (USEPA 1993), to meet with EPA’s request, 
this EE/CA was also developed to be in accordance with the draft Portland Harbor FS.  The 
EE/CA process included refinement of the RAOs; use of Portland Harbor-specific PRGs, RGs, 
and RALs; development of removal action technologies and alternatives consistent with the 
draft Portland Harbor FS report; and other actions to be consistent with the draft Portland 
Harbor FS.   

3.1.2 Removal Action Objectives22

The following sections describe the Arkema NTCRA RAOs presented in the 2005 AOC SOW, 
the Portland Harbor FS RAOs (Anchor QEA et al. 2012), and the subsequently revised Arkema 
NTCRA RAOs that are consistent and aligned with the overall Portland Harbor FS RAOs and 
process.  These various RAOs are summarized in Table 3-1. 

 

                                                      
21 The 2009 EE/CA site characterization results were presented in the final RAAC report (Integral and ARCADIS 
2011). 
22 The 2005 Arkema AOC SOW uses the phrase “removal action objectives” to describe the objectives.  The draft 
Portland Harbor FS uses the phrase “remedial action objectives.”  These phrases are considered synonymous.   
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3.1.2.1 Arkema Removal Action RAOs 

The following Arkema NTCRA RAOs were provided in the SOW of the AOC, dated June 27, 
2005.  RAO numbers were not presented in the SOW, but are included here for reference. 

• RAO 1: Reduce human health risks to acceptable levels from direct contact with and 
incidental ingestion of chemicals of concern (COCs) in sediments and riverbank within 
the RAA.  

• RAO 2: Reduce COC concentrations in sediments and riverbank within the RAA to 
levels that will result in acceptable risks to humans that eat fish and shellfish from the 
Willamette River.  

• RAO 3: Reduce human health risks to acceptable levels from direct contact with and 
incidental ingestion of water with COCs within the RAA.  

• RAO 4: Reduce ecological risks from contact with and ingestion of COCs in sediments 
or riverbank material or prey within the RAA to acceptable levels.  

• RAO 5: Reduce ecological risks to acceptable levels from contact with and ingestion of 
water with COCs within the RAA.  

• RAO 6: Eliminate the potential for migration of contaminants at unacceptable levels 
from the RAA to the Willamette River.  

• RAO 7: Reduce contaminant flux from uplands, riverbank, and sediments so that 
recontamination of any sediment or riverbank caps put in place does not occur.  

3.1.2.2 Portland Harbor FS RAOs 

A total of eight RAOs were presented in the Portland Harbor FS; four were based on human 
health risk and four were based on ecological risk.  The human health risk RAOs are as follows 
(Anchor QEA et al. 2012): 

• RAO 1 – Sediments: Reduce to acceptable levels human health risks from exposure to 
contaminated sediments resulting from incidental ingestion of and dermal contact with 
sediments, and comply with identified ARARs. 

• RAO 2 – Biota Ingestion: Reduce to acceptable levels human health risks from indirect 
exposures to COCs through ingestion of fish and shellfish that occur via 
bioaccumulation pathways from sediment and/or surface water and comply with 
identified ARARs.  

• RAO 3 – Surface Water: Reduce risks from COCs in surface water at the Site to 
acceptable exposure levels that are protective of human health risks from ingestion of, 
inhalation of, and dermal contact with surface water; protect the drinking water 
beneficial use of the Willamette River at the Site; and comply with identified ARARs.  
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• RAO 4 – Groundwater: Reduce to acceptable levels human health risks resulting from 
direct exposure to contaminated groundwater and indirect exposure to contaminated 
groundwater through fish and shellfish consumption, and comply with identified 
ARARs.    

The ecological risk RAOs are as follows: 

• RAO 5 – Sediments: Reduce to acceptable levels the risks to ecological receptors 
resulting from the ingestion of and direct contact with contaminated sediments and 
comply with identified ARARs.  

• RAO 6 – Biota (Prey) Ingestion: Reduce to acceptable levels risks to ecological receptors 
from indirect exposures through ingestion of prey to COCs in sediments via 
bioaccumulation pathways from sediment and/or surface water and comply with 
identified ARARs.  

• RAO 7 – Surface Water: Reduce risks from COCs in surface water at the Site to 
acceptable exposure levels that are protective of ecological receptors based on the 
ingestion of and direct contact with surface water and comply with identified ARARs.  

• RAO 8 – Groundwater: Reduce to acceptable levels the risks to ecological receptors 
resulting from the ingestion of and direct contact with contaminated groundwater and 
indirect exposures through ingestion of prey via bioaccumulation pathways from 
groundwater, and comply with identified ARARs. 

A detailed discussion of the considerations for each RAO is presented in Section 3 of the draft 
Portland Harbor FS report (Anchor QEA et al. 2012).   

3.1.2.3 Revised Arkema Removal Action RAOs 

The Arkema removal action RAOs presented in the SOW of the AOC (dated June 27, 2005) were 
modified herein to more closely align the Arkema removal action with the Portland Harbor FS.  
This revision addresses EPA’s direction to align the Arkema NTCRA with the harbor-wide 
RI/FS process, and is also supported by the 2011 Opalski Decision (Opalski 2011).   

The following is a list of the revised Arkema removal action RAOs and discussion of how the 
performance of the RAOs will be assessed consistent with the Portland Harbor FS: 

• Revised RAO 1:  Reduce human health risks to acceptable levels from direct contact 
with and incidental ingestion of chemicals of concern (COCs) in sediments and 
riverbank soil within the RAA. 

This RAO is consistent with Portland Harbor FS RAO 1 (see Section 3.1.2.2).  The performance 
of RAO 1 will be assessed against EPA-directed Portland Harbor RGs for total DDE, total PCBs, 
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and 2,3,4,7,8-PCDF, and Portland Harbor focused PRGs for total DDD, total DDT, gamma-
hexachlorocyclohexane, total chlordanes, and tributyltin (Anchor QEA et al. 2012). 

• Revised RAO 2:  Reduce COC concentrations in sediments and riverbank soil within the 
RAA to levels that will result in acceptable risks to humans that eat fish and shellfish 
that occur via bioaccumulation pathways from sediments from the Willamette River. 

This RAO is consistent with Portland Harbor FS RAO 2.  The performance of RAO 2 will be 
assessed against Portland Harbor RGs for total DDE, total PCBs, and 2,3,4,7,8-PCDF, and 
Portland Harbor focused PRGs for total DDD, total DDT, gamma-hexachlorocyclohexane, total 
chlordanes, and tributyltin (Anchor QEA et al. 2012). 

• Revised RAO 3:  Reduce human health risks to acceptable levels from direct dermal 
contact with and incidental ingestion of surface water with COCs within the RAA. 

This RAO is consistent with Portland Harbor FS RAO 3.  The performance of RAO 3 will be 
assessed against Oregon water quality standards (WQS), federal national recommended water 
quality criteria (NRWQC), and maximum contaminant levels (MCLs) for indicator chemicals 
listed in Appendix C of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  
Consistent with the draft Portland Harbor FS, in cases where WQS/NRWQC are below 
background, upstream background concentrations will be used for comparisons to site data.  
The Portland Harbor “bounding” indicator chemicals that are EPA-directed RAA COIs consist 
of total PCBs, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT. 

• Revised RAO 4a:  Reduce ecological risks from direct contact with and ingestion of 
COCs in sediments or riverbank material within the RAA to acceptable levels. 

• Revised RAO 4b:  Reduce ecological risks from indirect exposure to COCs in sediment 
via bioaccumulation in prey within the RAA to acceptable levels. 

This two-part RAO is consistent with Portland Harbor FS RAOs 5 and 6.  The RAO was broken 
into two parts (i.e., a and b) because the exposure routes are different.  The performance of 
RAOs 4a and 4b will be assessed against EPA-directed Portland Harbor RGs for total DDE, total 
PCBs, and 2,3,4,7,8-PCDF, and EPA-directed Portland Harbor focused PRGs for total DDD, total 
DDT, gamma-hexachlorocyclohexane, total chlordanes, and tributyltin in surface soils and 
sediments (0–30 cm bml).  In addition, the performance of RAO 4a will be assessed against 
AOPC 14 SQGs for total DDT, total DDE, and total DDD.   

• Revised RAO 5:  Reduce ecological exposure to acceptable risk levels from contact with 
and ingestion of surface water with COCs within the RAA. 

This RAO is consistent with Portland Harbor FS RAOs 5 and 7.  Although this RAO is being 
achieved for the harbor-wide site, performance of RAO 5 for the Arkema NTCRA will be 
assessed against Oregon WQS, federal NRWQC, and MCLs for indicator chemicals listed in 
Appendix C of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  Consistent with 
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the draft Portland Harbor FS, in cases where WQS/NRWQC are below background, upstream 
background concentrations will be used for comparisons.  The Portland Harbor indicator 
chemicals that are EPA-directed RAA COIs consist of total PCBs, 4,4'-DDD, 4,4'-DDE, and 4,4'-
DDT. 

• Revised RAO 6: Eliminate the potential for migration of contaminants at unacceptable 
levels from the RAA to the Willamette River. 

This RAO is specific to the Arkema removal action. Short-term and long-term monitoring will 
be implemented once the NTCRA is completed to assess the performance of RAO 6.  For 
sediments, the performance of RAO 6 will be assessed against EPA-directed Portland Harbor 
RGs for total DDE, total PCBs, and 2,3,4,7,8-PCDF, and EPA-directed Portland Harbor focused 
PRGs for total DDD, total DDT, gamma-hexachlorocyclohexane, total chlordanes, and 
tributyltin in surface soils and sediments (0–30 cm bml).  For potential groundwater migration, 
the performance of RAO 6 for the Arkema NTCRA will be assessed against Oregon WQS, 
federal NRWQC, and MCLs for indicator chemicals listed in Appendix C of the draft Portland 
Harbor FS report (Anchor QEA et al. 2012).  Consistent with the draft Portland Harbor FS, in 
cases where WQS/NRWQC are below background, upstream background concentrations will 
be used for comparisons.  The Portland Harbor indicator chemicals that are EPA-directed RAA 
COIs consist of total PCBs, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT. 

• Revised RAO 7: Reduce contaminant flux from uplands, riverbank, and sediments so 
that recontamination of any sediment or riverbank caps put in place does not occur. 

This RAO is specific to the Arkema removal action.  The performance will be assessed 
differently for sediments than stormwater and TZW. For sediments, the performance of RAO 7 
will be assessed against Portland Harbor RGs for total DDE, total PCBs, and 2,3,4,7,8-PCDF, and 
Portland Harbor focused PRGs for total DDD, total DDT, gamma-hexachlorocyclohexane, total 
chlordanes, and tributyltin in surface soils and sediments (0–30 cm below mudline).  For 
stormwater and TZW, the performance of RAO 7 for the Arkema NTCRA will be assessed 
against Oregon WQS, federal NRWQC, and MCLs for indicator chemicals listed in Appendix C 
of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  Consistent with the draft 
Portland Harbor FS, in cases where WQS/NRWQC are below background, upstream 
background concentrations will be used for comparisons.  The Portland Harbor indicator 
chemicals that are EPA-directed RAA COIs consist of total PCBs, 4,4'-DDD, 4,4'-DDE, and 4,4'-
DDT. 

Portland Harbor RAOs 4 and 8 are not directly addressed by the revised Arkema RAOs.  These 
Portland Harbor RAOs address groundwater exposure to human and ecological receptors, 
respectively.  Note that construction of the Arkema groundwater SCM is being initiated in 
summer 2012 and will be fully implemented prior to the construction of the Arkema NTCRA.  
The groundwater SCM will consist of a groundwater barrier wall and a pump and treat system 
immediately upgradient of the barrier wall.  This system is designed to capture and treat 
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upland groundwater.  The TZW pathway will be assessed once the groundwater SCM has been 
implemented and data are available to assess the post-groundwater SCM effectiveness.  

3.1.3 Other Objectives 

EPA directed the LWG to evaluate Portland Harbor site-wide management goals in the draft 
Portland Harbor FS to ensure a successful remedy and integration with other regulatory 
mechanisms including, but not limited to, State of Oregon Water Quality and Environmental 
Cleanup programs (Anchor QEA et al. 2012).  These management goals could potentially be 
applied to the Arkema NTCRA.  Per EPA direction (USEPA 2009), specific numeric RGs were 
not developed for these management goals in the draft FS (Anchor QEA et al. 2012).  
Management goals are not RAOs and, therefore, the effectiveness of remedial alternatives will 
not be directly determined by comparison to management goals.   

EPA directed the LWG to discuss the following Portland Harbor site-wide management goals in 
the draft FS: 

• Management Goal 1: Ensure sediment cleanup activities consider, complement, and are 
compatible with, upland and upstream source control efforts designed to prevent 
recontamination by COCs in groundwater, stormwater, soil erosion, upstream sources, 
and overwater activities at the Site and are consistent with the RAOs for the Site; and 
allow in-water remedies at the Site to proceed in a timely manner. 

• Management Goal 2: To the maximum extent practicable, minimize the long-term 
transport of COCs in the Willamette River from the Site to the Columbia River and the 
Multnomah Channel. 

• Management Goal 3: Clean up contaminated sediments in a manner that promotes 
habitat that will support a healthy aquatic ecosystem and the conservation and recovery 
of threatened and endangered species. 

Details on the management goals are presented in Section 3 of the draft Portland Harbor FS 
report (Anchor QEA et al. 2012).  

3.2 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

This section discusses potential ARARs for the Arkema NTCRA.  The ARARs discussed in this 
section are evaluated for the mix of technologies found in the various remedial alternatives 
developed in this EE/CA.  Final ARAR determinations will be made by EPA during the 
preparation of the record of decision.  A summary of potential ARARs is presented in Table 3-2.   

Section 121(d) of CERCLA requires remedial actions to generally comply with all applicable or 
relevant and appropriate federal environmental or promulgated state environmental or facility 
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siting laws, unless such standards are waived.  “For the purposes of identification and 
notification of promulgated state standards, the term promulgated means that the standards are 
of general applicability and are legally enforceable” (National Contingency Plan [NCP], 40 CFR 
300.400[g][4]).  If the most suitable remedial alternative does not meet an ARAR, EPA may 
waive the ARAR. 

“Applicable requirements”, as defined in 40 CFR 300.5, are:  

“those cleanup standards, standards of control, and other substantive requirements, 
criteria, or limitations promulgated under federal environmental or state 
environmental or facility laws that specifically address a hazardous substance, 
pollutant, contaminant, remedial action, location, or other circumstances found at a 
CERCLA site.  Only those state standards that are identified by a state in a timely 
manner and that are more stringent than federal requirements may be applicable.” 

“Relevant and appropriate requirements,” also defined in 40 CFR 300.5, are:  

“those cleanup standards, standards of control, and other substantive requirements, 
criteria, or limitations promulgated under federal environmental or state 
environmental or facility siting laws, that, while not ‘applicable’ to a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance at 
a CERCLA site, address problems or situations sufficiently similar to those 
encountered at the CERCLA site that their use is well suited to the particular site.  
Only those state standards that are identified in a timely manner and are more 
stringent than federal requirements may be relevant and appropriate.” 

In addition to ARARs, advisories, criteria, or guidance may be identified as To Be Considered 
(TBC) for a particular release.  As defined in 40 CFR 300AOO(g)(3), the TBC category “consists 
of advisories, criteria, or guidance developed by the U.S. Environmental Protection Agency, 
other federal agencies, or states that may be useful in developing CERCLA remedies.”  TBCs are 
non-promulgated advisories or guidance that are not legally binding and do not have the status 
of potential ARARs. 

Under CERCLA 121 (e), federal, state, or local permits need not be obtained for remedial actions 
which are conducted entirely on-site.  “On-site” is defined as the “areal extent of contamination 
and all suitable areas in very close proximity to the contamination necessary for implementation 
of the response action” (40 CFR 300.5).  Although a permit would not have to be obtained, the 
substantive (non-administrative) requirements of the permit must be met.  Remedial activities 
performed off-site would require applicable permits.  

Potential ARARS and TBCs for the Arkema NTCRA, consistent with those presented in the 
Portland Harbor draft FS (Anchor QEA 2012a), are presented in Table 3-2. 
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3.2.1 ARARs 

Potential ARARs are divided into the following categories: 

• Chemical-specific requirements:  These are health- or risk-based concentration limits or 
ranges for contaminants in different media.   

• Location-specific requirements:  These are restrictions on activities based on the 
characteristics of a site or its immediate environment. 

• Performance, design, or other action-specific requirements:  These are controls or 
restrictions on particular types of activities, such as the CWA regulations on discharges 
or dredged and fill material entering into waters of the United States.   

3.2.2 Chemical-Specific Requirements 

The RAOs identify sediment, surface water, and groundwater as media of concern at the 
Arkema site.  Although there are no promulgated federal or Oregon ARARs providing 
numerical standards for contaminants in sediment, both federal and Oregon standards and 
criteria are available for surface water and groundwater.   

In addition to Oregon WQS (Oregon Administrative Rules [OAR] 340-041-0340), EPA has 
identified federal NRWQC developed to protect ecological receptors and human consumers of 
fish and shellfish as potential relevant and appropriate requirements.  With respect to 
application of NRWQC, EPA directed the LWG to compare the NRWQC to the Oregon WQS.  If 
there is no Oregon WQS and there is a NRWQC, comparisons should be made to the NRWQC.  
If the Oregon WQS have not been updated to reflect the most recent NRWQC, then 
comparisons should be made to the NRWQC.  However, if the Oregon WQS is adopted after 
the most recent NRWQC, but is less stringent due to waterbody-specific reasons, EPA may 
determine that the NRWQC is not relevant and appropriate as long as the remedy will be 
protective using the Oregon promulgated standard (USEPA 2010b).  Specific Oregon WQS and 
federal NRWQC and other chemical-specific ARAR numeric values are provided in the 
Portland Harbor draft FS (Anchor QEA 2012a). 

Oregon Hazardous Substance Remedial Action Rules [OAR 340-122-0040(2)(a) and (c), 0115 
(3),(32) and (51)] set standards for the degree of cleanup required, and establish acceptable risk 
levels for humans and protection of ecological receptors, at the individual level for threatened 
or endangered species and the population level for all others.  OAR 340-122-0040 requires that 
hazardous substance remedial actions achieve one of three standards: 1) acceptable residual risk 
levels as defined in OAR 340-122-0115 and as demonstrated by a residual risk assessment, 2) 
generic soil numeric cleanup levels, or 3) background levels in areas where hazardous 
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substances occur naturally.  Oregon Hazardous Substance Remedial Action Rules (OAR 340-
122-0115) define the following acceptable risk levels:23

• 1 in 1,000,000 (1 x 10-6) lifetime excess cancer risk for individual carcinogens (e.g., 
benzo(a)pyrene) 

 

• 1 in 100,000 (1 x 10-5) cumulative lifetime excess cancer risk for multiple carcinogens 
(e.g., total PCBs) 

• A hazard index24

• For populations of ecological receptors, a 10 percent or less chance that more than 20 
percent of the total local population will be exposed to an exposure point value greater 
than the ecological benchmark value for each COC and no other observed significant 
adverse effects on the health or viability of the local population 

 of 1.0 for noncarcinogens 

• For individuals of species listed as threatened or endangered, a toxicity index less than 
or equal to 1. 

EPA’s target range for managing cancer risk is 1 x 10-4 to 1 x 10-6, and the level for noncancer 
risk is a hazard quotient of 1.  While the target risk levels in the Oregon Administrative Rules 
for noncarcinogens and for the protection of ecological receptors are similar to those of the 
NCP, the Oregon Administrative Rules for individual and multiple carcinogens are somewhat 
different than those under the NCP, which are nevertheless protective. 

3.2.3 Location-Specific Requirements 

Location-specific ARARs are restrictions placed on the concentration of hazardous substances 
or the conduct of activities solely because they are in specific locations.  Some examples of 
specific locations include floodplains, wetlands, historic places, and sensitive ecosystems or 
habitats. 

3.2.4 Action-Specific Requirements 

Action-specific ARARs are usually technology- or activity-based requirements or limitations on 
actions taken with respect to hazardous wastes.  These requirements are triggered by the 
particular remedial activities that are selected to accomplish a remedy.  Because there are 
usually several alternative actions for any site remediation, a variety may apply.  These action-
specific requirements do not in themselves determine the remedial alternative; they instead 

                                                      
23 OAR 340-122-0115 also provides separate “acceptable risk levels” for probabilistic risk assessments for human 
health and for individual ecological receptors listed as threatened or endangered, which are not addressed in these 
bullets. 
24 A hazard index represents the sum of individual contaminant hazard quotients. 
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indicate how a selected alternative must be achieved.  Several select action-specific ARARs 
important to this EE/CA are briefly described below. 

Under the State of Oregon’s Environmental Cleanup Law, Oregon hot spots are defined as 
hazardous substances that are present in high concentrations, are highly mobile or cannot be 
reliably contained, and that would present a risk to human health or the environment exceeding 
the acceptable risk level if exposure to these materials were to occur (ORS 465.315(2)(b)) (see 
also, OAR 340-122-115(32)).   

CWA Section 404 regulates the discharge of dredged or fill material into navigable waters, with 
the exception of incidental fallback associated with dredged materials.  This ARAR is applicable 
to cleanup actions in the Willamette River.  Appendix C provides a summary of the Section 
404(b)(1) analysis of each of the alternatives and their consistency with the determinations 
provided for the Portland Harbor site-wide remedial alternatives evaluated in the Portland 
Harbor draft FS (see Appendix M to the Portland Harbor draft FS; Anchor QEA 2012a).  The 
final determination of mitigation requirements will be made during remedial design; however, 
for the purposes of this EE/CA evaluation, the mitigation estimate developed for the LSS 
sediment management area in the Portland Harbor draft FS is incorporated into the EE/CA 
CWA evaluation of alternatives.  The level of mitigation was considered to be a component of 
the proposed action, as it was then evaluated for Endangered Species Act compliance in the 
Arkema draft biological assessment (Appendix B).   

Section 7 of the Endangered Species Act requires that federal agencies consult with National 
Marine Fisheries Service and the U.S. Fish and Wildlife Service to ensure that action 
“authorized, funded or carried out by such agency is not likely to jeopardize the continued 
existence of any threatened or endangered species” or result in adverse modification of species’ 
critical habitat (16 USC § 1536(a)(2)).  Five species of listed salmonids are known to use the 
lower Willamette River as a rearing and migration corridor.  Moreover, eight listed salmonid 
species, three additional listed fish species, and one listed mammal species are known to occur 
in the lower Columbia River near the confluence with the Willamette River.  Because these 
listed species are present at and near the site, a draft biological assessment was prepared and is 
included as Appendix B.  This draft biological assessment is based upon the information and 
findings presented in the Portland Harbor draft biological assessment, which includes 
consideration of impact avoidance and minimization, and voluntary conservation measures.   

The Federal Emergency Management Act floodplain ARAR requires that any action that 
encroaches on the floodways of United States waters (such as sediment cleanup) cannot cause 
an increase in the water surface elevation of the river during a 100-year flood event. 
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3.2.5 ARAR Waivers 

If it is found that the most suitable remedial alternative does not meet an ARAR, the NCP 
provides for waivers of ARARs under certain circumstances.  According to 40 CFR 
300.430(f)(1)(ii)(C): 

”An alternative that does not meet an ARAR under federal environmental or 
state environmental or facility siting laws may be selected under the 
following circumstances: 

1. The alternative is an interim measure and will become part of a total 
remedial action that will attain the applicable or relevant and appropriate 
federal or state requirement; 

2. Compliance with the requirement will result in greater risk to human 
health and the environment than other alternatives; 

3. Compliance with the requirement is technically impracticable from an 
engineering perspective; 

4. The alternative will attain a standard of performance that is equivalent to 
that required under the otherwise applicable standard, requirement, or 
limitation through use of another method or approach; 

5. With respect to a state requirement, the state has not consistently applied, 
or demonstrated the intention to consistently apply, the promulgated 
requirement in similar circumstances at other remedial actions within the 
state; or 

6. For Fund-financed response actions only, an alternative that attains the 
ARAR will not provide a balance between the need for protection of 
human health and the environment at the site and the availability of Fund 
money to respond to other sites may present a threat to human health 
and the environment.” 

The EPA Office of Solid Waste and Emergency Response Directive 9234.2-25 guidance titled 
Guidance for Evaluating the Technical Impracticability of Ground-Water Restoration (USEPA 1993), 
although specific to groundwater, is the primary guidance for technical impracticability waivers 
(TI guidance).   

3.3 REMOVAL ACTION AREA 

The horizontal RAA boundary, as directed by EPA, is the 5 mg/kg DDx contour in the EVS 
model that was presented in the final RAAC report (Figure 1-5).  The horizontal RAA boundary 
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was used to evaluate EE/CA alternatives at the site.  EPA-directed COIs that are present outside 
of the horizontal RAA boundary will be addressed as part of the Portland Harbor site remedy.  

The vertical limits of the RAA were not defined in the final RAAC report.  Per the 2011 Opalski 
Decision and other correspondence from EPA, the vertical limits of the RAA are to be 
determined through the evaluation of alternatives in this EE/CA document.  The 2011 Opalski 
decision stated the following: 

“LSS is to follow the direction provided by EPA to incorporate at least the PRGs 
available from the harbor-wide RI/FS process, and SLVs for COIs where PRGs 
are not available, in evaluating the impacts of dredging and/or taking other 
removal actions to a range of concentrations vertically.  Consistent with my prior 
dispute decision, LSS shall also include an evaluation of implications of dredging 
to the extent of 5 ppm DDx vertically.  LSS also may evaluate implications of 
active removal to other concentrations, including concentrations that may be 
derived primarily from a mass to volume relationship.” 

As discussed in Section 2.1, LSS has identified RALs for DDT (6 mg/kg), DDE (0.4 mg/kg), and 
2,3,4,7,8-PCDF (1,750 pg/g) for the RAA.  Because DDx is the primary COI for the removal 
action (Parametrix 2007), DDT and DDE were the initial and primary basis for defining the 
vertical boundary of the RAA and in evaluating the lateral and vertical extent of various 
removal action technologies (e.g., dredging, capping, monitored natural recovery [MNR]) when 
assembling remedial alternatives.  As described below, the horizontal and vertical boundaries 
defined by the combined extent of DDT and DDE RAL exceedances encompass the vast 
majority of sediment impacted by DDx and other EPA-directed COIs in both surface sediments 
and at depth. Use of the DDT and DDE RALs for defining the horizontal and vertical extent of 
various removal action components during removal action alternative development is 
appropriate because:  

– Alternatives (e.g., capping, dredging) that result in a clean sediment surface across 
the area where pre-removal action surface sediments exceed RALs, achieve a 
significant reduction in the SWAC for EPA-directed COIs that are present at locally 
elevated concentration at the RAA (e.g., DDx, furans); and thus substantively 
improves conditions relative to PRGs that are regionally (e.g., Portland Harbor site-
wide or RM) based. 

– The DDT and DDE RALs encompass the most highly contaminated sediment in the 
RAA, and thus the boundaries defined by these RALs provide a reasonable basis for 
establishing areas and volumes where removal alternatives achieve the greatest 
effect in terms of mass removal and risk reduction.  
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Based on the data presented in Section 2.2, the COI distribution can be sorted into two general 
areas within the EPA-directed horizontal RAA boundary (Figure 3-1):   

• Area 1. The first area is generally between Docks 1 and 2 (Figure 3-1), and is defined by 
a relatively contiguous area of sediment impacts that exceed the DDT and DDE RALs at 
any depth, and a few isolated “islands” where COIs were detected predominantly at 
depth.  In general, the highest concentrations of DDx, furans, and some other EPA-
directed COIs occur within the footprint of contiguous sediment impacts of Area 1, and 
this area encompasses the estimated extent of sediments that exceed the RAL for 
2,3,4,7,8-PCDF.  Area 1 corresponds to the area where the majority of COI mass resides 
both in surface and subsurface sediment.   

• Area 2. The second area consists of relatively isolated islands of sediment downstream 
of Dock 2 characterized by sporadic and low DDx concentrations at depth.  DDx 
concentrations are not above RALs in surface sediments in this area, and the other EPA-
directed COIs are generally not elevated in this portion of the RAA.   

Figures 3-2 and 3-3 present the samples in which detected total DDE and DDT concentrations 
exceed the Arkema RALs within the EPA-directed horizontal RAA boundary.  The highest 
concentrations of DDx are located in Area 1.  Approximately 90 percent of the total DDx mass 
within the footprint of the EPA-directed horizontal RAA boundary is located within the 
horizontal boundary defined by the 75 mg/kg DDT concentration, which encompasses an 
approximate 1.3-acre footprint within Area 1. 

There are some RAL exceedances at depth distributed throughout Areas 1 and 2.  The highest 
DDx concentrations are generally present above a depth of 15 ft bml in both Areas 1 and 2.  It is 
estimated that nearly 80 percent of the DDx mass is present in the top 15 ft of sediments within 
the EPA-directed horizontal RAA boundary.  The few RAL exceedances in Area 2 are generally 
located at least 2 ft bml.  Figures 3-4 and 3-5 present the surface sediment samples (0–1 ft) in 
which total DDE and/or DDT was detected at concentrations exceeding the Arkema RALs.  
There are no RAL exceedances in surface sediment samples collected from Area 2.  All but one 
of the RAL exceedances detected in surface samples are within the area of relatively contiguous 
sediment impacts in Area 1.  With the exception of total DDE in one surface sediment sample 
collected from station G366 at the upstream end of the site, RAL exceedances were limited to 
samples collected at depth in the isolated islands of impacted sediments associated with Area 1.   

As shown in Figure 3-6, detection of 2,3,4,7,8-PCDF above the RAL is limited to samples 
collected within Area 1.  The vast majority of the 2,3,4,7,8-PCDF RAL exceedances occur at 
depths of less than 15 ft bml.  As shown in Figure 3-7, there was only one detected RAL 
exceedance for 2,3,4,7,8-PCDF in surface sediment samples within the EPA-directed horizontal 
RAA boundary.  This detection occurred in Area 1 and is within the extent of contiguous 
surface sediment which exceeds the DDE and/or DDT RALs.  Based on these data, removal 
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action alternatives developed based on the extent of DDE and DDT RAL exceedances in Area 1 
will address the vast majority of the RAL exceedances for 2,3,4,7,8-PCDF.   

In summary, the horizontal RAA boundary, as directed by EPA, is the 5 mg/kg DDx contour in 
the EVS model that was presented in the final RAAC report and is used to evaluate the EE/CA 
alternatives in later sections of this report.  The vertical boundary, which was left undefined in 
the final RAAC report, was assessed by defining AOPC-specific RALs that were based on the 
Portland Harbor FS and that address the EPA-directed RAA COIs.  Two areas, both laterally 
and vertically, within the horizontal RAA boundary were identified: Area 1 is generally 
between Docks 1 and 2, and is defined by a relatively contiguous area of sediment impacts that 
exceed the DDT and DDE RALs at any depth (i.e., surface and subsurface) and a few isolated 
areas where COIs were detected in isolated samples predominantly at depth; the highest 
concentrations of DDx, furans, and some other EPA-directed RAA COIs; and where the 
majority of DDx and other EPA-directed RAA COI mass resides both in surface and subsurface 
sediment.  Area 2 consists of isolated areas downstream of Dock 2 where DDx was sporadically 
detected at low concentrations relative to Area 1.  RAL exceedances occur only in samples 
collected at depth from Area 2, and other EPA-directed RAA COIs are generally not elevated in 
this area.  Area 1 and Area 2 are used in the assessment of EE/CA alternatives both laterally and 
vertically in later sections of this report. 
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4 POST-REMOVAL ACTION RECONTAMINATION 
ASSESSMENT 

The long-term effectiveness of the planned Arkema NTCRA relies on the identification, 
characterization, and control of potential recontamination sources and pathways that may exist 
after completion of the removal action.  To assess this future recontamination potential, this 
section provides the following: 

• An overview of the source control strategy 

• A discussion of potential recontamination sources and pathways and a semi-
quantitative evaluation of the potential for these sources/pathways to contribute to the 
recontamination of post-NTCRA sediments 

• Recommendations for multi-media monitoring to ensure long-term protectiveness of the 
remedy. 

4.1 SOURCE CONTROL STRATEGY 

The source control strategy for the Arkema site is governed by the strategy that has been 
outlined for Portland Harbor, where a successful harbor-wide remedy includes the 
implementation of effective in-water remedies and upland SCMs (Anchor QEA et al. 2012). 
Upland source controls are regulated and determined by DEQ working with responsible parties 
along the river and adjoining drainage basin.  DEQ’s objective is to minimize the potential for 
unacceptable recontamination of remediated sediments.  Because ongoing sources to the river 
via groundwater, stormwater, soil erosion, and overwater activities at, offsite, and upstream 
from the site could impact sediment following remediation, upland source control activities 
need to be implemented in a time frame that is consistent with the harbor-wide remedy.  The 
draft Portland Harbor FS assumes sources will be controlled under the DEQ program at the 
time of the sediment remedy and does not attempt to determine acceptable levels of upland 
sources, source controls, or targets for specific source control efforts. Instead, the draft Portland 
Harbor FS evaluates the extent to which currently known sources may be expected to contribute 
to sediment recontamination.  The remainder of this section conducts a similar evaluation, in 
the context of the Arkema EE/CA. 



 
Arkema Early Action DRAFT 
Engineering Evaluation and Cost Analysis July 26, 2012 

Integral Consulting Inc. 4-2 

4.2 POTENTIAL RECONTAMINATION SOURCES AND PATHWAYS 

4.2.1 Groundwater 

Groundwater containing volatile organic compounds, metals, furans, and DDx has been 
identified in the Arkema RAA (Anchor QEA et al. 2012). An SCM to control this groundwater 
has been selected, and includes a groundwater containment system consisting of an upland 
bentonite barrier wall, and a groundwater treatment system with groundwater extraction and 
treatment in a multi-media ex-situ physical, chemical, and biological treatment system 
(Figure 1-5).  This groundwater SCM is scheduled to be constructed beginning in the summer of 
2012 and be operational by 2013. 

The groundwater SCM is intended to prevent flux of COIs in groundwater from the site to the 
Willamette River.  This will be achieved by maintaining an inward hydraulic gradient from the 
Willamette River.  Any COIs potentially leaching from soil to groundwater on the riverward 
side of the groundwater barrier wall, including the RAA riverbank area, will tend to flow away 
from the river, thus containing any potentially highly mobile areas with high concentrations 
(ERM 2012). 

4.2.2 Stormwater 

Stormwater runoff from the Arkema site has been identified as a source of DDx to the RAA.  
Levels of DDx in the runoff exceed screening levels for ambient water quality criteria 
(Appendix Q, Anchor QEA et al. 2012).   Stormwater SCMs are in progress and include 
abandonment of the existing stormwater collection system, construction of a new stormwater 
conveyance system including a detention basin and sand filter, and soil capping, as well as best 
management practices (BMPs).  Construction of the stormwater collection and treatment system 
is underway and scheduled for completion in January 2013.  The potential for recontamination 
of future remediated sediments following completion of the treatment system was evaluated 
and indicated minimal recontamination (Integral 2011).  

4.2.3 Riverbank Soils 

Arkema bank erosion has been identified as a potential onsite source of COIs to the Willamette 
River (Appendix F).  Historical upland and offsite activities, deposition of river sediments, and 
placement of dredge materials may have led to DDx, furans, and metals in Arkema’s riverbanks 
(Anchor QEA et al. 2012).  A screening evaluation of available data concluded the bank area 
between the site’s docks is a high priority for measures to control bank erosion as a potential 
pathway of DDx to the RAA (Appendix F).  SCMs for this portion of the riverbank are, 
therefore, included in the alternatives developed for this EE/CA.  The remainder of the 
riverbank will be addressed as part of the ongoing RI/FS for the upland Arkema property. 
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4.2.4 Upstream Sources 

Tributaries to the Willamette River, as well as the main stem Willamette River which runs 
through the agricultural Willamette Valley, may adversely affect COI concentrations in the 
Arkema RAA following sediment remediation.  DEQ placed Johnson Creek, which enters the 
Willamette River at RM 18.9, on Oregon’s 303(d) list of impaired waters due to exceedances of 
water quality standards for DDT, PCBs, and other COIs (Portland Bureau of Environmental 
Services 2005).  Historical agricultural use of pesticides has likely been the primary source of 
DDT for Johnson Creek.  As a result of these historical sources, DEQ has established a total 
maximum daily load (TMDL)and waste load allocation in an attempt to control DDT inputs to 
Johnson Creek and the downstream watershed including the area of the Arkema site.  In 
Johnson Creek, DEQ found that DDT persists in the watershed as a result of historic agricultural 
pesticide use.  For Johnson Creek, DEQ’s DDT TMDL was a 77 percent reduction in DDT for 
urban stormwater and 94 percent reduction for non-point sources.  For non-point sources, DEQ 
also chose 15 mg/L total suspended solids as a surrogate for DDT removal because DDT and 
total suspended solids concentrations are correlated in Johnson Creek flows. Although these 
reductions would not achieve the water quality criteria for fish consumption, DEQ stated that 
they expected these TMDLs to achieve the chronic ambient water quality criteria for the 
protection of aquatic life.  The Arkema recontamination analysis examines the impact of 
potential ongoing upstream sources of COIs, including those from tributaries, as well as 
potential future conditions in which these sources are controlled. 

4.2.5 In-waterway Sediment Transport and Deposition 

A mathematical mass balance model, SEDCAM (Jacobs et al. 1988), was applied to evaluate 
potential recontamination from upstream as well as upland sources (Appendix H).  SEDCAM 
predicts surficial sediment contaminant concentrations over time, and the model assumes that 
the source inputs of sediments are fully mixed within the surficial layer over the area of 
potential recontamination. Model inputs include sediment concentrations of incoming 
(upstream) sediments, sediment load and concentration in the stormwater discharge from the 
site, initial surficial sediment concentration over the area of potential recontamination, and 
sedimentation rate. Model input parameters were developed from available site data. Where 
parameters were uncertain, a range of values were evaluated to provide a bounding estimate of 
potential sediment concentrations.   

Model results for all analytes indicate that there will be some recontamination following the 
removal action from upstream load scenarios.  An estimated sedimentation rate of 3.3 cm/yr 
would result in predicted surficial concentrations below all Portland Harbor site RALs and 
PRGs for the three DDx isomers.  The model results suggest that the extent of the 
recontamination and the achievement of the remedial goals will depend on the upstream 
sediment COI concentrations, ongoing net sedimentation rate in the RAA, and the 
implementation of upstream source control measures.   
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4.3 SUMMARY AND MONITORING RECOMMENDATIONS 

All of the potential individual recontamination pathways that originate at the Arkema site have 
a relatively low likelihood of increasing the contaminant concentrations in RAA sediments 
following the NTCRA.  The greatest potential for recontamination is from upstream sources, 
including urban runoff, of DDx (e.g., Johnson Creek tributary) and other COIs. 

Impacted groundwater remaining in the upland portion of the site will be contained and 
treated—substantively reducing/eliminating advective discharge of impacted groundwater 
from the upland areas to the RAA. The groundwater monitoring program (ERM 2010c) 
conducted following implementation of this SCM is anticipated to verify that groundwater will 
not be a source of recontamination to the post-NTCRA RAA. 

The stormwater SCMs will treat stormwater discharges from the upland portion of the site. The 
Arkema SCM design report (Integral 2011) conducted a recontamination assessment using the 
SEDCAM (Jacobs et al. 1988) mathematical mass balance model. This assessment concluded that 
following SCM implementation, site stormwater discharge is unlikely to result in unacceptable 
risk and is thus unlikely to necessitate additional remediation activities (Integral 2011). The 
stormwater sampling program to be implemented following implementation of the SCMs will 
be used to verify that stormwater is not a source of recontamination to the post-NTCRA RAA. 

SCMs for a targeted portion of the riverbank are included in this EE/CA. Specific performance 
monitoring recommendations for the selected remedy will be developed as part of remedial 
design, and will likely include a combination of visual monitoring and nearshore sediment 
sampling. As stated above, the remainder of the riverbank is being addressed as part of the 
ongoing RI/FS for the upland Arkema property, and specific performance monitoring 
requirements will be developed in conjunction with that process. 

Potential recontamination from transport and deposition of contaminated sediment elsewhere 
(e.g. , from cleanup activities elsewhere in Portland Harbor and upstream) have been 
determined to be medium to low, contingent on, among other things, the implementation of 
upstream SCMs.  The design phase of the NTCRA will include the design of a post-NTCRA 
stormwater, groundwater, and sediment monitoring program to verify that post-NTCRA 
recontamination of sediments within the Arkema RAA does not occur.  Monitoring results will 
be used to evaluate the potential for recontamination to result in unacceptable risks, and 
identify the need for further evaluation of potential sources and pathways.  As the FS process 
for Portland Harbor develops, the overall timing and sequencing of in-water work, relative to 
the implementation of this, and other, early actions should be considered.  The single greatest 
potential for recontamination is from upstream sources of DDx and other COIs, such as from 
the mainstem of the Willamette River and from the Johnson Creek tributary. 
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5 IDENTIFICATION AND PROTECTION OF CULTURAL 
RESOURCES 

As required by the AOC, a cultural resources evaluation was conducted for the Arkema 
NCTRA site.  A summary of the evaluation results is provided here and the complete report 
(Ogle and Ellis 2012) can be found in Appendix E.   

A comprehensive cultural resource analysis conducted previously for the Portland Harbor site 
(Ellis et al. 2005) designated the lower Willamette River, including the Arkema site, as a low-
probability area for the occurrence of cultural resources.  Willamette Cultural Resources 
Associates, Ltd. (WillametteCRA) conducted a site-specific follow-up study of the Arkema 
NCTRA site, which consisted of a records review and a site reconnaissance survey.  The records 
review identified previous studies in the vicinity of the project area, but none of them occurred 
on the Arkema property.  Archaeological sites reported in the vicinity have largely been 
destroyed or buried by modern development, and little evidence remains of prehistoric activity 
in the area.  The Arkema property has been heavily altered from its original condition by years 
of industrial activity and the addition of artificial fill to extend the shoreline into the river 
channel.   

WillametteCRA conducted a pedestrian survey of accessible shoreline of the Arkema NCTRA 
site (Appendix E, Figure 2); construction activities related to the stormwater SCMs and 
structural remains (e.g., concrete pads) precluded survey of the remainder of the Arkema 
property.  The shoreline area in the southeastern and central portion of the survey is largely 
covered by steep fill material and modern fill debris.  The northwestern portion consists of a flat 
sandy beach, and small sandy beaches are also located in the central area.  No archaeological 
remains were identified during the survey.  The sandy beaches would have a greatest potential 
to contain archaeological resources; however, these beaches are likely the result of very recent 
alluvium, which has buried the older shoreline.  WillametteCRA (Ogle and Ellis 2012) indicated 
that it is unlikely that the Arkema NCTRA site contains intact archaeological deposits, and 
because of the degree of industrial development at the site, if cultural resources are present, 
they are unlikely to retain enough integrity to be eligible for listing on the National Register of 
Historic places. 

Three docks are located on the Arkema NCTRA site (Dock 1, Dock 2, and the Salt Dock; 
Figure 1-5).  Historical aerial photographs indicate the docks are 50 years old or older; however, 
given that similar docks are common on the lower Willamette River, that the two oldest docks 
(Dock 1 and Dock 2) have been modified over time, and that the docks lack significant historical 
association, WillametteCRA (Ogle and Ellis 2012) recommended that the docks are not eligible 
for listing in the National Register of Historic Places.  No additional cultural resources 
investigations were recommended for the Arkema NCTRA.  
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Based on the results of the cultural resources analysis, the Arkema NCTRA is unlikely to affect 
cultural resources. 
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6 IDENTIFICATION AND EVALUATION OF REMOVAL 
ACTION TECHNOLOGIES 

This section identifies and evaluates technologies to be considered for their applicability to the 
Arkema NTCRA. In accordance with EPA’s guidance for remediation of contaminated 
sediments (USEPA 2005d), the evaluation contained herein considers a range of potentially 
applicable technologies and selected innovative technologies (e.g., in situ treatment).  This 
evaluation is based on available site-specific information summarized in this report and 
considers applicable analyses and conclusions from the Portland Harbor draft FS (Anchor QEA 
et al. 2012).  The evaluation focuses on demonstrated technologies appropriate for the size and 
conditions of the RAA, and the anticipated time frame for implementing the remedy.  
Generally, technologies that were screened and eliminated in the Portland Harbor draft FS are 
not discussed in this screening. 

Removal action technologies considered for the Arkema NTCRA fall into the following general 
response action (GRA) categories: 

• No Action 

• Monitored Natural Recovery and Enhanced Natural Recovery 

• Removal 

• Containment 

• Treatment 

• Disposal 

• Institutional Controls 

Technologies within each GRA that are considered to be applicable for the Arkema NTCRA are 
briefly discussed and evaluated in the following subsections.  Consistent with EPA guidance 
(USEPA 1993), the technologies are evaluated based on effectiveness, implementability, and 
cost.  These criteria are discussed in greater detail in Section 7. 

6.1 NO ACTION 

The No Action GRA leaves the RAA in its current condition and assumes no further 
intervention will occur.  As discussed in Section 2.1.3 above, the results of the BHHRA show 
potential cancer risks via consumption of large home range fish, which represent site-wide 
exposure, and via consumption of smallmouth bass, which represent 1-RM exposure, are 
already below the target risk level of 10-4 for total DDT, total DDD, and total DDE.  Further, 
based on the draft FS (Table 2 in Appendix Da, Anchor QEA et al. 2012), both DDE and DDT 
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already meet their respective 10-5 target risk levels in the Portland Harbor on a site-wide basis.  
Accordingly, the results of this analysis conservatively indicate no further action is required to 
achieve 10-4 risk level goal for these constituents.  

Although No Action would not achieve all the RAOs for the RAA, its consideration is required 
to serve as a basis for comparison for the removal alternatives retained for further analysis.   

6.2  MONITORED NATURAL RECOVERY AND ENHANCED NATURAL 
RECOVERY 

6.2.1 Description and Applicability 

MNR is a risk management approach that identifies, quantifies, and relies upon natural 
environmental processes (e.g., natural deposition of cleaner sediments, bioturbation) to 
permanently reduce exposure and potential risks associated with contaminated sediments.  
Enhanced natural recovery (ENR) typically involves the placement of a thin layer of clean sand 
or sediments over areas with relatively low contaminant concentrations to speed up or enhance 
the natural recovery processes already demonstrated to be occurring at a site.  The recovery of 
the system is controlled by physical, biological, and chemical processes (USEPA 2005a).   

A review of site conditions and local fate and transport processes provides a characterization of 
the potential effectiveness of MNR as a remedy. As described further below, natural recovery 
will occur at the site as a result of deposition of cleaner sediments transported to the site from 
upriver. MNR and ENR technologies are potentially applicable in areas where COIs are present 
at depth as a result of natural recovery, in combination with other response actions, and/or in 
addressing thin deposits of residual contaminated sediments that may remain following a more 
intrusive remedy such as dredging (i.e., dredge residuals).   

Lastly, natural recovery processes will occur at the site.  Therefore, it is important to understand 
the mechanisms that drive these processes and the resulting effects of these processes on any 
remedy as these processes will be occurring regardless of which remedy is implemented. 

6.2.2 Evaluation 

Existing local and regional data provide an understanding of historical and ongoing fate and 
transport processes that may support natural recovery, where the dominant recovery process is 
expected to be burial.  Sediment deposition rates, sediment contaminant profiles, measurements 
of sediment stability, and evaluations of ongoing sources and SCMs may be used to characterize 
a site’s natural recovery processes (Magar et al. 2009).   
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The following presents a preliminary qualitative analysis of MNR potential at the Arkema site 
based in large part on the findings of the Portland Harbor MNR evaluation, as well as data 
specific to the RAA. 

6.2.2.1 Sediment Surface and Subsurface Contaminant Concentrations 

The vertical distribution of sediment contaminant concentrations at the Arkema site provides a 
strong line of evidence that substantial natural recovery has occurred since the time of 
contaminant release.  Peak concentrations of COIs occur well below the sediment surface, with 
a declining COI concentration profile from the peak concentration at depth to the sediment 
surface. Eight sediment cores25 collected in the vicinity of the RAA were used to assess DDx 
concentration profiles with depth.  In these cores, the peak DDx concentrations were observed 
at depths ranging from approximately 2 to 10 ft bml.  These findings indicate a long-term, 
depositional environment and an average local deposition rate of 3.3 cm/year in the RAA 
(Integral 2011).  These results are consistent with the conclusions of the Portland Harbor MNR 
evaluation and with other lines of evidence discussed below. Significantly, nearshore sediment 
cores26

Observations made using RAA sediment core DDx data are also consistent with temporal 
trends observed in RM 7 to 8 surficial sediments collected for the Portland Harbor RI and FS 
(Anchor QEA et al. 2012).  Surficial sediments collected in this river segment west of the 
navigation channel from 1997 to 2007 exhibited decreasing DDE levels, indicating natural 
recovery via sedimentation has occurred for this contaminant over those years (Figure 6.2-17, 
Anchor QEA et al. 2012).  These results also indicate an absence of significant ongoing sources 
of DDx from the Arkema site to this segment of the Willamette River. 

 also exhibit peak DDx contamination at depths greater than 2 ft, which provides 
evidence of deposition in nearshore shallow areas not fully evaluated by the Portland Harbor 
MNR evaluation, because the LWG did not have the ability to incorporate these recent site 
specific findings available to LSS.  

6.2.2.2 Surface Sediment Grain Size 

The grain size pattern of surficial sediments provides an indication of the river bed’s energy 
regime and stability; low energy depositional environments tend to be dominated by fine-
grained sediments such as silts and clays.  Sampled areas with surficial grain size distribution of 
greater than 40 percent fines were categorized as having high potential for natural recovery in 
the Portland Harbor FS weight-of-evidence approach (Anchor QEA et al. 2012).  Available grain 
size data for the RAA’s surficial sediments (samples taken from the surface to a depth of up to 
1 ft) had an average of 62 percent fines, which indicates the RAA is located in a low-energy 
environment where sediment deposition is favored.  RAA nearshore and bank areas had lower 
                                                      
25 Data for sediment cores WB-9, WB-36, WB-48, WB-50, WB-51, WB-52, WB-53, and WB-66 are presented in the final 
RAAC report (Integral and ARCADIS  2011). 
26 Includes boring locations WB-42, WB-46, WB-47, WB-52, WB-55, and WB-64 (Integral and ARCADIS 2011).  
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percentages of fines, suggesting that these areas may be subject to higher energy due to wave 
and wake action.  As a result, natural recovery in these areas may be less effective without 
enhancement (Figure 2.1-3, Anchor QEA et al. 2012).   

6.2.2.3 Bathymetric Survey Data 

Several site-wide bathymetry surveys have been performed as part of the Portland Harbor RI.  
A comparison of 2002 and 2009 surveys characterizes bathymetric changes and allows for the 
calculation of corresponding sedimentation rates over the 7-year period (Anchor QEA et al. 
2012).  An average of the sedimentation rate for each AOPC is presented in the draft Portland 
Harbor FS (Figure 6.2-3, Anchor QEA et al. 2012); the average deposition rate in AOPC 14, of 
which the RAA is a part, was approximately 1.5 cm/yr (Figure 6.2-3, Anchor QEA et al. 2012).     

6.2.2.4 Ongoing Sources 

The extent to which sediment deposition supports MNR is controlled in part by ongoing 
sources that may contain elevated contaminant concentrations.  Documentation of source 
control evaluations and measures is a primary line of evidence to be considered in sediment 
investigations (Magar et al. 2009).  Potential sources of contaminants and their corresponding 
SCMs were evaluated for each AOPC as part of the Portland Harbor FS (Appendix Q, Anchor 
QEA et al. 2012).       

Water column and sediment trap data were used to estimate incoming suspended sediment 
concentrations to the Portland Harbor site.  Sediment from traps placed at RM 11 and 16 and 
particulates from water column samples collected during high and low flows were analyzed for 
total PCBs and DDE (Anchor QEA et al. 2012).  The DDE concentrations in the sediment trap 
and particulate samples were generally comparable with the SWACs of each AOPC’s surficial 
sediment, except for AOPCs 19, 14, and 9U, where SWACs were higher (Figure 6.2-7, Anchor 
QEA et al. 2012).  AOPC 14 had the highest average surficial sediment DDE SWAC.  Estimated 
total PCBs levels in suspended sediments were on average an order of magnitude lower than 
average surficial sediment concentrations for each Portland Harbor site AOPC (Figure 6.2-5, 
Anchor QEA et al. 2012).  These data are largely from sampling points near the upstream 
boundary of the Portland Harbor site and may not accurately represent contaminant levels on 
incoming sediment particles to the RAA.  However, the trends observed in these comparisons 
suggest that surficial sediment concentrations of DDx and PCBs would be expected to decrease 
with time in depositional areas barring the influx of other sources.  Further, SCMs are expected 
to be implemented upstream of the Arkema site as part of the Portland Harbor remedial action 
and other cleanup activities.  As a result, contaminant levels can be expected to decrease on 
incoming sediment particles to the RAA.  

Bank erosion, groundwater discharge, and stormwater discharge have been identified as 
potential onsite sources of COIs from the Arkema site to the Willamette River (Appendix Q, 
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Anchor QEA et al. 2012).  Historical upland activities, deposition of river sediments, and 
placement of dredge materials may have led to DDx, furans, and metals contamination in 
Arkema’s riverbanks (Anchor QEA et al. 2012).  Screening levels are exceeded for several 
contaminants in the banks between the site’s docks.  As noted previously, AOPC 14 is 
depositional. It is therefore reasonable to conclude that, because the bank soil tends to be coarse 
grained, transport of materials derived from bank erosion would be limited and likely confined 
to nearshore areas within the RAA.  A screening evaluation of available data concluded the 
bank area between the site’s docks is high-priority for measures to control bank erosion and is a 
potential pathway of DDx to the RAA (Appendix F).  SCMs for this portion of the riverbank are 
therefore included in the alternatives developed for this EE/CA.  The remainder of the 
riverbank will be addressed as part of the ongoing RI/FS for the upland Arkema property. 

Groundwater containing VOCs, metals, furans, and DDx has been identified in the uplands 
portion of the site and extending to Area 1 of the RAA (Anchor QEA et al. 2012).  An SCM to 
control this has been selected and includes a groundwater containment system, consisting of an 
upland bentonite barrier wall, a groundwater extraction system, and a multi-media ex situ 
physical, chemical, and biological groundwater treatment system.  This groundwater SCM is 
scheduled to be constructed beginning in the summer of 2012 and be operational by 2013.  

Stormwater discharge from the Arkema site has been identified as a potential source of DDx to 
the RAA.  Levels of DDx in the stormwater discharge exceed screening levels for ambient water 
quality criteria (Appendix Q, Anchor QEA et al. 2012).  Stormwater SCMs are in progress and 
include abandonment of the existing stormwater collection system, construction of a new 
stormwater conveyance system including a detention basin and sand filter, and soil capping, as 
well as BMPs.  Construction of the stormwater collection and treatment system is underway 
and scheduled for completion in January 2013.  The potential for recontamination of future 
remediated sediments following completion of the treatment system was evaluated and 
indicated minimal recontamination, with estimated sediment concentrations well below 
standards (Integral 2011). 

6.2.2.5 Physical Conditions 

The effectiveness and implementability of MNR and ENR will be influenced by wave action as 
well as vessel and dredging activity.  Water velocity from vessel propellers, or “propwash”, was 
evaluated for each AOPC as part of the Portland Harbor FS (Anchor QEA et al. 2012).  Surveys 
of current vessel operations were used to estimate potential surface sediment mixing and scour 
depths due to propwash forces.  AOPC 14 reported no vessel activity as its docks are currently 
inactive and propwash was assumed to not affect sediment stability in the RAA (Anchor QEA 
et al. 2012).   

Wave erosion generated by wind and vessel wake could impede natural recovery in the RAA’s 
nearshore area.  A wave zone based upon surface sediment elevation was defined for the 
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Portland Harbor; the RAA’s nearshore sediments are in this zone and could be disturbed by 
wave and wake action (Figure 5.4-1c, Anchor QEA et al. 2012).  Also, maintenance dredging 
activities could disrupt natural recovery in AOPC 14, as future maintenance dredge areas were 
identified at the eastern end of Arkema’s docks; however, these areas are outside of the RAA 
(Figure 5.4-1c, Anchor QEA et al. 2012).    

6.2.2.6 Conclusions 

A qualitative assessment of site-specific data and review of the draft Portland Harbor FS MNR 
evaluation indicate that natural recovery is occurring in AOPC 14 and, specifically, within the 
RAA.  Multiple lines of evidence indicate that the RAA is depositional and declining surficial 
sediment DDx concentrations demonstrate that natural recovery is occurring in this segment of 
the Willamette River. A review of potential ongoing sources and pending SCMs indicates 
upstream sediment input is expected to continue to improve in quality, providing sediments 
suitable for natural recovery. 

Based on the preliminary analysis presented herein, MNR is a viable approach for addressing 
portions of the RAA—particularly those areas where deposition is occurring and surface 
sediment concentrations are below RALs.  ENR potentially could also be implemented in higher 
concentration areas of the RAA where natural recovery is known to be occurring.  Thin layer 
placement of suitable sand could provide immediate benefits in risk reduction and speed up the 
natural recovery process.  Further, the added sand could be amended with active materials (e.g., 
granular activated carbon [GAC]) to bind potentially mobile contaminants, if necessary. 

MNR and ENR are potentially effective, implementable, and cost effective; and are retained for 
assembly into removal action alternatives.  These technologies will become increasingly 
effective as additional upstream SCMs are implemented.   

6.3 REMOVAL 

6.3.1 Description and Applicability 

As a general response action, removal refers to technologies for the physical excavation of 
material from the waterway.  The excavated material would then need to be handled through 
disposal technologies.  As it applies to the Arkema NTCRA, removal technologies could be used 
to satisfy a range of potential design objectives: 

• Minimizing changes to shallow, nearshore riparian habitat.  This objective could apply 
to the nearshore area where capping without prior removal would raise shallow, 
riparian habitat elevations. 



 
Arkema Early Action DRAFT 
Engineering Evaluation and Cost Analysis July 26, 2012 

Integral Consulting Inc. 6-7 

• Accommodating outfall drainage.  This objective applies to the immediate area adjacent 
to the existing outfalls and associated diffuser structures, where capping without prior 
removal may obstruct the flow of water. 

• Removing material with the highest concentrations of contaminants.  This objective 
could apply to the area between Docks 1 and 2, where total DDx concentrations in 
sediments are comparatively high. 

• Removing all contaminated material and leaving a clean surface.  As discussed in 
Section 7, this objective was considered for applicability throughout the RAA.  However, 
site limitations (including slope stability, outfall protection, and depth of contamination) 
limit the feasibility of complete removal of all contaminated material throughout the 
RAA.  Complete removal would also require extensive backfilling to return the site to 
original grades to minimize changes to habitat. Furthermore, following implementation 
of SCMs, extensive removal of minimally impacted sediments extending to depths 
beyond 10 to 15 ft bml would not present significant reduction in risk relative to more 
shallow removal and/or containment. 

With the exception of the No Action alternative, the assembled alternatives incorporate varying 
degrees of removal combined with other general response actions.  Alternatives that satisfy the 
RAOs and are protective of human health and the environment may not necessarily incorporate 
all of the removal objectives described above. 

Removal technologies for the RAA can be implemented using two general construction 
technologies: 

• Construction “in-the-dry,” typically using land-based construction equipment from the 
upland side of the site (referred to as “excavation” for the purposes of this EE/CA) 

• In-water construction, typically using floating equipment (referred to as “dredging” for 
the purposes of this EE/CA).  

Generally, excavation will be used as practicable, within the range of available water elevations 
during the construction time frame.  Excavation will generally be used on embankments and 
elevations above approximately 5 ft NAVD88, which is defined as ordinary low water (OLW) 
for consistency with the draft Portland Harbor FS (Anchor QEA et al. 2012).  Dredging will be 
used throughout the remainder of the RAA where conventional excavation techniques become 
technically impracticable.  These two construction technologies are discussed in the following 
subsections. 

6.3.2 Excavation  

Excavation would be accomplished with typical earthmoving equipment and would generally 
occur in-the-dry, during periods of low-water conditions.  Excavation would be used on the 
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riverbank (above elevation +13 ft NAVD88) and potentially extend to portions of the sediment 
RAA above approximately 5 ft NAVD88 (OLW).  (The ability to excavate at and near the toe of 
the riverbank depends on the bottom elevation of the cut, which varies among the alternatives 
discussed in Section 7.)  Completing excavations from the land (and in-the-dry or with minimal 
inundation) provides several advantages as compared to working in the water:  

• Operators can see the work area and accurately place the bucket to ensure complete 
removal to the design limits. 

• Operators and oversight staff can see the excavated face and adjust the depth of 
excavation based on observed conditions. 

• Material is maintained and removed in a relatively intact state, reducing the potential 
for creating a liquefied mix of sediment and water that can be difficult to capture in the 
excavator bucket. 

• The potential for offsite transport in the water column is minimized, as minimal 
impacted material enters the water column.  

• Some construction could potentially be completed in-the-dry during periods when in-
water work is prohibited due to ecological or other considerations. 

In some cases, the ability to work completely in-the-dry would be limited by the practical ability 
to time the available low-water periods within the construction window.  The design may 
identify certain areas where excavation in-the-dry is required.  In other areas, working in-the-
dry would not be an absolute requirement but would be identified as a preferred method to be 
implemented as practicable.  The contractor would propose detailed work schedules and 
methods in its work plan, which would require approval by EPA. 

Allowable in-water construction windows will be determined by EPA in consultation with 
NOAA Fisheries, U.S. Fish and Wildlife Service, Oregon Department of Fish and Wildlife, and 
Tribes.  EPA may allow excavation below ordinary high water outside the established in-water 
construction window if the work is effectively completed in-the-dry while water levels are 
generally low.  

Excavation would be completed with typical earthmoving equipment (e.g., excavators, front-
end loaders, and dump trucks).  Specially equipped long-reach excavators and low-ground 
pressure equipment may be appropriate to access lower elevation areas.  Excavated material 
would be placed in properly lined trucks and transported onsite or over city streets to selected 
disposal or intermodal transfer facilities.  Alternatively, excavated material could be loaded 
onto haul barges, as described for dredging in the following subsection. 
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6.3.3 Dredging 

For mechanical dredging, a barge-mounted excavator or derrick would use a bucket to remove 
material from the bed and place it into a haul barge.  The dredged material would be dewatered 
on the haul barge using BMPs, such as sideboards for bulk containment and filter fabric and 
drainage systems to limit turbidity releases to the waterway, so as to maintain compliance with 
the water quality criteria established for the project.  The dredged material would be moved in 
the haul barge to a waterfront location for offloading, possible additional dewatering, and 
transport to a selected disposal or intermodal transfer facility. 

Conventional dredging methods advance each dredge cut at a constant dredge elevation within 
a discrete area.  Dredging of sloped areas is normally completed with a series of stair-step cuts.  
The removal of a sloping layer is thus achieved by completing a series of horizontal bench cuts 
into the slope.  The actual dredging pattern for slopes would be established by the selected 
removal action contractor to match the capabilities of the dredging equipment. Mechanical 
dredging technology process options include conventional clamshell buckets, environmental 
dredge buckets, and articulated, hydraulic arm dredges. All process options are retained in this 
EE/CA for use, as needed, during construction to achieve the remedial objectives by the removal 
action design. 

Hydraulic dredging is not considered practicable for this removal action because of the 
presence of debris, the significant volume of water generated by the method and the relatively 
small size of the project.  If hydraulic dredging were used, a comparatively large processing site 
would have to be developed nearby to dewater the dredge spoils before transporting the solids 
to a selected disposal or intermodal transfer facility.  Development of a processing site would 
pose implementability concerns and substantially raise costs.  Additionally, the presence of 
significant debris at the RAA would certainly impede and/or damage the dredge, reducing 
efficiency, resuspending more material into the water column, and generating greater amounts 
of process water.  This would increase costs, extend schedules, and require adjunct mechanical 
dredging to remove the debris. 

6.3.4 Removal Best Management Practices 

Short-term water quality impacts and residuals generation have the potential to occur during 
removal construction activities.  These construction impacts can be mitigated to some degree 
using operational and barrier control BMPs.  The following sections provide an overview of the 
range of water quality and dredge residual BMPs that have been implemented for 
environmental dredging projects both regionally and nationally, and discuss the potential 
applicability of these BMPs for the RAA.   

While it is appropriate to identify and evaluate potentially applicable BMPs in this EE/CA, the 
final selection and design of BMPs for the Arkema removal action will occur during the design 
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and implementation phases of the cleanup, based on anticipated water quality performance 
criteria to be set forth in the Section 401 water quality certification.  It is also important to 
recognize that regardless of the selected BMPs, a certain degree of sediment resuspension and 
loss from the RAA may be expected to occur during sediment removal.  Accordingly, the BMP 
strategy needs to anticipate any such losses and include appropriate monitoring and response 
actions. 

6.3.4.1 Operational Controls 

Operational controls involve the implementation of constraints on the operation of the 
equipment to reduce the potential for resuspension and loss of contaminated sediments during 
dredging and other in-water construction activities.  For environmental mechanical dredging, 
the representative process option considered to be appropriate for this EE/CA entails typical 
operational control BMPs including, but not limited to, the following:  

• Removal of known surface and shallow debris prior to dredging 

• Use of appropriate dredge buckets to accommodate anticipated site conditions (e.g., soft 
sediment, debris, hard digging, etc.) while reducing any sediment resuspension to the 
extent practicable 

• Maintaining stable dredge cut slopes by specifying shallow top to bottom cuts and 
preventing deep box cuts 

• Control of depth of cut to prevent over excavation and the possible release of residuals 
by overfilling 

• Controlling the rate of dredge bucket descent and retrieval 

• Limiting operations during relatively high water velocity conditions 

• Preventing “sweeping” of bottom sediments with the dredge bucket to achieve specified 
dredge grades 

• Preventing stockpiling of dredge material on the river bottom  

• Preventing overfilling of dredge buckets through continuous observation 

• Requiring the slow release of excess bucket water at the water surface  

• Preventing over-filling of barges to minimize spillage from barges  

• Separating sediment solids from barge return water through filtration. 

While the effectiveness of operational controls in improving water quality can be difficult to 
assess (USACE 2008a, 2008b), several regional projects have demonstrated the effectiveness of 
specific operational controls (Anchor and Windward 2005; Foth and Van Dyke 2001; Anchor 
QEA 2009).  For example, the Phase 1 Removal Action at Terminal 4 used a series of operational 
controls that were modified in response to water quality monitoring results, effectively 
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controlling turbidity without the use of engineered barrier controls. Another recent example, 
implemented by Arkema, is the Head of the Hylebos Waterway in Tacoma, Washington. This 
project removed approximately 500,000 cy of sediments using mechanical dredging 
technologies, and successfully satisfied water quality standards through use of a similar suite of 
operational BMPs (Webb and Fugelvand 2007).  Similarly, for the recently completed Slip 4 
Early Action in the Lower Duwamish Water, the contractor developed an innovative method to 
capture and filter decant water during gravity dewatering from its material barge, significantly 
reducing the amount suspended sediment discharged back to the waterway (Integral 2012).      

In selecting operational controls, it is important to consider the potential impacts such controls 
could have on dredge production rates and the overall project duration (USACE 2008a). 
Further, site-specific conditions must be considered in selecting removal BMPs.  Low water 
conditions typically occur during the in-water work period (July 1 through October 31). This in-
water work period is characterized by lower river discharge and lower velocities, as well as by 
tidal-induced flow effects, including current reversal and associated slack water conditions.  
The low-flow conditions and tidal effects coinciding with the in-water work period are 
advantageous in reducing the potential for generation and migration of suspended particulates 
during dredging.  

6.3.4.2 Barrier Controls 

Engineered barrier controls that have been used for environmental dredging and capping 
projects include silt curtains/silt screens and rigid containment (e.g., sheetpiles or cofferdams) 
(USACE 2008a).  A summary of project experience and advantages and disadvantages related to 
these engineered controls is discussed in the following section.  A comprehensive evaluation of 
these engineered controls is also presented in the draft Portland Harbor FS (Anchor QEA et al. 
2012).   

Silt Curtains/Screens  

Silt curtains can be effective in reducing surface water turbidity and retaining suspended 
sediment in relatively quiescent, low-energy environments (Francingues and Palermo 2005).  
However, their application in moderate- or high-energy settings can be difficult, often requiring 
extensive structural reinforcement and frequent repair and maintenance.  In addition, it is not 
possible to completely contain turbid water within such systems, as they cannot be reliably 
sealed to the river bottom due to structural and hydraulic constraints. Water also discharges 
around the curtains when they are opened to allow the necessary passage of work equipment.  
Based on studies conducted by the U.S. Army Corps of Engineers (USACE) (Bridges et al. 2010) 
and Alcoa (Connolly et al. 2007), there is considerable uncertainty as to whether silt curtains are 
effective in retaining contaminants within the curtain footprint during dredging, and 
contaminants may also be released upon removal of the curtain. In addition, concentrated flow 
beneath silt curtains can result in localized scour and downstream sediment transport and 
water quality impacts.   
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Silt curtain implementability concerns have also been documented on several projects, 
including the Lower Grasse River (Connolly et al. 2007), San Jacinto River (Anchor QEA 2011) 
and other environmental dredging projects (USEPA 2005a).  Silt curtain use during sediment 
removal on the upper Trenton Channel in the Detroit River (Erickson et al. 2007) reportedly 
worked well for depths up to 27 ft in currents of approximately 2.4 ft per second, but this 
system required extensive structural reinforcement using pilings placed at 10-ft intervals along 
the curtain alignment.  Implementability concerns are exacerbated in deeper water, such as 
conditions across much of the RAA, because deeper curtains can act as a bigger “sail” during 
high river velocity conditions, which can be extremely difficult to effectively anchor.  In the 
event of unintended movement, the displaced curtains can also become a hazard to navigation, 
can block access to the work area, and need to be repositioned or re-anchored.  As a result, the 
use of silt curtains can significantly reduce overall dredge production rates and prolong the 
duration of the project.   

Because of the extensive structural elements that would be required, it is anticipated that the 
effort to install a silt curtain at the RAA would utilize a significant portion of the available in-
water construction work window, thus extending the duration of the project to two or more 
construction seasons. Accordingly, the silt curtain system would need to be designed to 
accommodate both summer low-flow conditions and spring high-flow conditions.  

Rigid Containment  

Rigid containment barriers (e.g., sheetpiles or cofferdams) have been used to contain 
resuspended sediment during environmental dredging operations in high-energy 
environments.  While several case studies have demonstrated reductions of dredging-related 
releases outside of the sheetpile-enclosed area, release of contaminants beyond the barrier still 
occurs in practice as it not possible construct a completely water-tight barrier.  For example, 
during the Hudson River Phase 1 environmental dredging project, it was estimated that 
roughly 1 percent of the contaminant mass in the dredged sediment was released through the 
barrier, largely due to leakage through ports at the interlocks (Anchor QEA and ARCADIS 
2010).   

The variable geologic and debris conditions that occur at the RAA, along with dynamic river 
forces, may pose similar technological challenges that could lead to separation of the barrier 
interlocks.  Further, required barrier design features to accommodate hydraulic forces (e.g., 
pressure equalization ports) would also allow release of resuspended sediment.  

In high-energy environments, the use of rigid containment barriers can also have unintended 
and undesirable environmental consequences.  For example, relatively deep scour of sediments 
outside of sheetpile enclosures can easily occur in mid- to high-energy environments.  Such 
scour can lead to potential water and sediment quality impacts, and the loss of lateral support at 
the toe of the sheetpile can result in instability and possible failure of the enclosure.  Because 
these types of unintended consequences result from localized flow conditions that are transient 
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in nature, they can be difficult to predict and can occur at any time during or after installation of 
the containment structure. Another potential undesirable consequence associated with rigid 
containment structures is the accumulation and concentration of dissolved-phase contaminants 
in the water column within the structure (Anchor QEA and ARCADIS 2010).  Removal of rigid 
barriers can also have undesirable consequences, as sediment adhering to the piling can be 
resuspended into the water column during pile pulling, resulting in potential impacts to 
adjacent and downstream areas.  

As part of the Gasco Early Action, Anchor (2005) reported that sheetpiles 1) would lead to 
penetration of contamination along the wall configuration to much deeper depths and leave 
stranded contamination following removal of the sheetpiles; 2) would greatly increase the 
construction duration and related impacts; 3) would not lead to the complete containment of 
nonaqueous-phase liquid and dissolved contaminant releases from the containment area; 4) 
would temporarily impound a large volume of water in which construction activities could 
create substantially concentrated contaminant loads, which could cause adverse impacts upon 
release when containment is removed; and 5) would potentially create health and safety risks 
for construction workers. 

An assessment of sediment thickness, depth to bedrock and water level conditions for the RAA 
indicate a cantilevered rigid barrier would require king piles embedded in the bedrock 
underlying the sediment to provide the lateral support for low-water conditions over the 
summer and fall in-water work window. However, construction of a rigid containment system 
at the RAA would extend the overall duration of the project to multiple construction seasons, 
necessitating design for high-water conditions through the winter flood and spring freshet 
seasons.  A cantilevered wall system is technically impracticable during these seasons due to the 
high water and flow conditions that occur at the depths needed to contain the removal area and 
accommodate equipment operations.  As a result, a far more extensive containment barrier 
foundation, such as a cellular cofferdam structure, would be required.  However, such a system 
is not technically practicable for this site  

Summary  

In summary, there would be limited if any water quality benefit from deploying barrier 
controls, particularly in light of their implementability constraints and disproportionate impacts 
on the project schedule and cost. As described above, the final selection and design of BMPs for 
the Arkema removal action will occur during the design and implementation phases of the 
project, based on water quality performance criteria set forth in the Section 401 water quality 
certification.  In this EE/CA, mitigation of potential water quality impacts is included through 
use of operational control BMPs, which are accounted for in cost development through 
adjustment of dredging unit rates.  
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6.3.5 Evaluation 

Excavation and mechanical dredging technologies are effective, implementable, and cost-
effective, and are retained as components of active remediation alternatives.  Mechanical 
dredging is favored over hydraulic dredging at the RAA for the following reasons: 

• Disposal.  Mechanical dredging is best suited to landfill disposal because it avoids the 
addition of large volumes of water associated with hydraulic dredging. 

• Debris.  A mechanical dredge is more capable of handling the variety of debris known 
to be present at the RAA, especially when compared to a small (8- to 10-inch pipeline) 
hydraulic dredge that might be used for a project the size of the Arkema NTRCA. 

• Water Management.  Mechanical dredging generates much less water than hydraulic 
dredging.  The size of the upland facility and infrastructure required to manage the 
water associated with even a small hydraulic dredge would be considerable, and the 
local sewer system may not be able to handle the dewatering process water. 

• Equipment Availability.  Mechanical dredging is completed with common 
marine/upland construction equipment, while hydraulic dredging requires dedicated, 
specialized equipment.  There are more equipment options and a greater number of 
local contractors who are experienced with mechanical dredging. 

Hydraulic dredging is rejected based on limited effectiveness in the presence of debris, and 
implementability and cost concerns associated with the required upland dewatering facility.  
Diver-operated hydraulic dredging is not considered practicable for this project due to these 
same concerns, in addition to concerns over the substantially increased risk to workers during 
the cleanup.  

As part of the design process, BMPs will be defined to reduce the potential for sediment 
resuspension and water quality impacts during dredging to ensure compliance with the 
anticipated water quality certification threshold criteria.  The selected contractor will be 
required to include BMPs in their remedial action work plan submitted to EPA for review and 
approval. 

6.4 CONTAINMENT 

Containment is in-place physical isolation or immobilization of contaminants in sediment 
through in situ capping. Although certain technical guidance (Averett et al. 1990; USACE 1998) 
include aquatic disposal and confined disposal facilities (CDFs) in the containment category, 
these are discussed as disposal alternatives in this document.  
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Capping is an applicable containment technology for the RAA. Conventional sand caps and 
armored caps are applicable, and would be designed according to site-specific conditions using 
established EPA and USACE design procedures (USACE 1998). 

Active, or reactive, cap technologies are specialty capping technologies that are typically 
applied for unique site conditions (such as presence of nonaqueous-phase liquid or high 
concentrations of highly soluble contaminants).  As part of the draft Portland Harbor FS 
(Anchor QEA et al. 2012), a site-wide, screening level evaluation was performed to evaluate the 
contaminant mobility through sediment caps.  This evaluation indicated that an active cap may 
be needed over the RAA to meet performance criteria due to the presence of highly mobile 
contaminants (chlorobenzene) at elevated concentrations in a groundwater plume.  The site-
wide evaluation assumed reduced groundwater Darcy velocities, representative of post-
construction of the groundwater barrier wall and extraction system on the Arkema site.  
However, the evaluation did not consider the reduction in mass flux and concentrations that 
will occur following installation of the barrier wall and extraction system; rather the evaluation 
was based on the highest observed contaminant concentrations in TZW samples collected from 
across the Arkema site prior to groundwater SCM implementation.  This assumption is 
inappropriate. An overly conservative comparison (ignoring water column mixing) indicates 
TZW contaminant concentrations were below water quality criteria for the majority of the 
sample locations at the Arkema site.  Further, considerable temporal and spatial (both lateral 
and vertical) variation was observed in TZW contaminant concentrations.  For example, at 
location AP04D, chlorobenzene concentrations measured two months apart varied by 3 orders 
of magnitude (Integral et al. 2011). At location AP03ATR, shallow chlorobenzene concentrations 
were an order of magnitude lower than the concentrations observed at depth.  The potential for 
reductions in contaminant concentrations following implementation of the barrier wall and the 
observed variation in the available data warrant careful re-consideration in determining the 
design characteristics and extent of a cap required to achieve the remedial goals.  The necessity 
for an active cap configuration for containment of site sediments can be evaluated as part of the 
removal action design, based on consideration of results from the performance monitoring 
program to be conducted following implementation of the groundwater SCM and other pre-
design investigations that may be conducted, as needed. 

Cap material for the Arkema NTCRA would be obtained from established borrow sources.  
Consistent with CWA Section 404 requirements, the capping material would be evaluated to 
verify that it is of suitable quality and appropriate for in-water use.  The evaluation would 
include consideration of physical and chemical properties of the material, as appropriate.  All 
cap materials would have chemical concentrations below RALs. 

Armoring requirements would also be determined in design.  Armored caps are required where 
erosive forces (i.e., shear stresses) on cap particles would be sufficient to move typical sand cap 
particles.  Areas of the RAA with erosive forces that may require armoring include: 
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• Bank caps where even minor wave action on steep slopes creates high shear stresses.  
(Armoring may also be required on the banks to improve overall stability of the existing 
slopes.) 

• Areas near vessel operations, where propeller-wash flows across the cap surface. 

• Areas immediately adjacent to the outfalls. 

As described for removal technologies, caps can be placed using land-based or waterway-based 
equipment.  Capping of banks and nearshore sediments (above approximately +5 ft NAVD88) 
would likely be completed with land-based earthmoving equipment (e.g., excavators, front-end 
loaders, and dump trucks).  Suitable capping material would be imported to the site in dump 
trucks and/or on barges, and then placed as engineered fill over the soil and sediment.  
Placement of cap material in-the-dry allows equipment operators to see where the capping 
material is being placed to ensure that the required coverage and material thickness is achieved.  
However, use of barge-mounted equipment may be more practicable for some bank/nearshore 
areas due to site constraints (e.g., access); and numerous contractors in the region are 
experienced in the successful placement of caps on banks and in waterways using this 
approach. 

In areas below +5 ft NAVD88 (the majority of the area within the RAA), capping would be 
accomplished with floating equipment similar to that used for mechanical dredging.  A dredge 
would use a bucket to collect capping material from a haul barge and would spread the material 
on the bed of the waterway.  In some areas, the positioning of floating equipment may be 
limited by water depths.  Minimum drafts typically range from 5 to 15 ft depending on specific 
equipment.  

6.4.1 Evaluation 

Conventional sand caps and armored caps are effective, implementable, and cost-effective, and 
these are retained as components of active remediation alternatives.  Active caps have also been 
determined to be effective, implementable, and cost-effective, and these are also retained. 
Different cap materials and configurations may be needed in different areas. As stated above, 
the final configuration of the cap (including thicknesses and materials) will be established in the 
removal design. In this EE/CA, the estimated cost for sediment caps is based on a conventional 
1 ft filter layer amended with 2.5 percent (by mass) GAC. This is intended to conservatively 
represent a range of potential cap configurations (conventional to active). 

6.5 TREATMENT 

Treatment is the application of chemical or biological methods for reducing contaminant 
concentrations, mobility, or toxicity.  This section provides a screening of treatment 
technologies which are potentially applicable to the Arkema NTCRA. 
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6.5.1 In Situ Treatment 

The direct application or placement of sorbent amendments (e.g., GAC) is an in situ treatment 
technology that has been successfully demonstrated to reduce the bioavailability of 
contaminants, including PCBs, PAHs, dioxin/furans, DDx, and mercury (Ghosh 2011). The draft 
Portland Harbor FS (Anchor QEA et al. 2012) incorporates direct broadcasting of GAC as a 
representative process option for in situ technologies and retained, for future consideration, the 
broad range of other process options and reagents for potential evaluation during remedial 
design. Based on the evaluation for Portland Harbor, in situ treatment is retained, both as a 
stand-alone measure and in concert with other technologies (e.g., active capping or ENR) for 
potential consideration during remedial design, or as a potential contingency measure that may 
be employed following implementation (e.g., as part of a maintenance and monitoring 
program). 

6.5.2 Ex Situ Treatment 

Ex situ treatment refers to steps taken to reduce the toxicity, mobility, or volume of 
contamination after removal has occurred.  The draft Portland Harbor FS summarizes a multi-
year process conducted to evaluate and screen ex situ treatment of sediments for applicability to 
the Portland Harbor site (Anchor QEA et al. 2012).  In conclusion, the draft FS retained 
stabilization and solidification for use as a potential method to reduce leaching of contaminants 
and as a treatment method to reduce sediment water content.  Based on the extensive 
evaluation of ex situ treatment presented in Anchor QEA et al. (2012), this EE/CA retains 
stabilization and solidification as a technology to be considered during design and/or 
implementation as a measure to reduce sediment water content, as may be required to facilitate 
handling and/or transport. 

6.6 DREDGE MATERIAL DISPOSAL 

Disposal of excavated or dredged material could potentially occur either at established and 
permitted offsite facilities or at a constructed onsite disposal facility. 

6.6.1 Offsite Disposal 

Existing sampling information indicates the excavated and dredged material would be suitable 
for placement in a Resource Conservation and Recovery Act (RCRA) Subtitle D solid waste 
landfill. Transportation of excavated/dredged material to the landfill would be by truck, rail, 
barge or some combination depending on the selected landfill and removal action alternative. 
Additional information on the methods of transportation will be developed during design, but 
the final selection will be made during implementation, based on the contractor’s specific 
construction approach. To the extent that truck transport is used, hauling of material from the 
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removal area to the disposal site would result in some increased truck traffic on NW Front 
Avenue and other arterial streets. During design, one or more transloading facilities will be 
identified based on their status at that time, including potential establishment of a facility at the 
Arkema site.  Dredged material could be delivered to the identified sediment offloading facility 
via barge, while upland excavated material could be transported by barge, truck, or rail to a 
transfer facility operated by a landfill. 

Disposal sites must be evaluated and approved by EPA before they are selected to receive 
materials originating from CERCLA sites.  EPA’s review includes assessing the site’s 
compliance with RCRA permits and governing regulations. This agency evaluation of any 
proposed landfill disposal site will be consistent with the Off-Site Rule (40 CFR 200.440).  This 
rule is intended to avoid having CERCLA waste contribute to present or future environmental 
problems by directing these wastes to sites determined to be environmentally sound.  The 
Columbia Ridge Landfill near Arlington, Oregon, has established services to receive dredged 
sediment. This site is licensed as a Subtitle D (RCRA) commercial landfill, and has the ability to 
receive wet dredged sediment delivered to the landfill by rail. Waste Management Inc. operates 
the Columbia Ridge Landfill.  In 2004, Waste Management completed significant upgrades at 
the landfill to allow offloading of rail cars loaded with soil and dredged material. This facility 
has been selected as a representative potential offsite disposal location for this EE/CA. All 
upland Subtitle D facilities identified by the draft Portland Harbor FS (Anchor QEA et al. 2012) 
are likely to be equally effective and have similar costs to this representative facility. 

Disposal of excavated and dredged material in permitted RCRA Subtitle D landfills meets all 
state and federal requirements and uses reliable and demonstrated technologies.  It is readily 
implemented and minimizes the amount of upland area and time required for material 
handling and loading.  Offsite disposal at permitted landfills is considered effective, 
implementable, and cost-effective for RAA sediment.   

6.6.2 Onsite Disposal 

Onsite disposal involves consolidating the removed material in a containment cell constructed 
within the project boundaries.  The draft Portland Harbor FS identifies several onsite disposal 
technologies as potentially applicable for site sediments (Anchor QEA et al. 2012).  Upland 
onsite disposal involves placing removed material into a lined and capped embankment 
constructed away from the shoreline.  In-water onsite disposal involves placing dredged 
material into a cell constructed in the aquatic environment.  One example of in-water disposal 
involves placing dredged material into a submerged pit, which is then covered by a cap, 
referred to as confined aquatic disposal (CAD).  Another example of in-water disposal involves 
placing dredged material into a permeable diked cell or impermeable sheet pile cofferdam cell 
extending from the shoreline that is then capped to create new uplands.  This is referred to as a 
CDF or a nearshore CDF.   
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Implementation of onsite disposal technologies normally requires extensive site evaluations and 
design studies.  Issues to be addressed include contamination transport and containment, long-
term stability, land-use regulations, comparison to alternate technologies, and public 
acceptance.  Development of an onsite disposal facility would require evaluations, design, 
permitting, and construction.  At the Arkema site, a CAD is less practical than a CDF due to 
existing physical constraints (e.g., existing bathymetry) and potential impacts to the waterway. 
However, a nearshore CDF is effective, implementable, and potentially cost-effective for the 
Arkema NTCRA and is retained. The development of a nearshore CDF is potentially cost-
effective for large volumes of disposed material, or in cases where constructing the facility 
could provide other benefits such as the creation of new industrial uplands or new habitat. 
Construction of a nearshore CDF may require mitigation under CWA Section 404. A nearshore 
CDF is retained for consideration in development of Arkema NTCRA alternatives.  

The screening evaluation conducted in support of the draft Portland Habor FS (Anchor QEA et 
al. 2012) concluded three potential CDFs and one CAD, including the CDF proposed for the 
Arkema site, were effective and implementable disposal options, and were retained for 
development of FS alternatives. The potential CDF and CAD facilities at locations other than the 
Arkema site, including Swan Island and Terminal 4, are retained in this EE/CA as potential 
disposal options, to be considered further during design. 

6.7 INSTITUTIONAL CONTROLS 

The term “institutional controls” refers to non-engineering measures intended to ensure the 
protectiveness of the remedy and to affect human activities and ecological receptors in such a 
way as to prevent or reduce the potential for exposure to contaminated media (USEPA 2000).  
These controls may include elements such as fish consumption advisories, land use restrictions 
including easements or covenants, waterway use restrictions, or similar measures. Much of the 
information in this section is summarized from EPA guidance (USEPA 2000, 2003, 2004, and 
2005b). 

Institutional controls can play an important role when a cleanup is conducted and when it is too 
difficult or too costly to remove all contamination from a site (USEPA 2000).  Institutional 
controls are rarely used alone to deal with contamination at a site.  Typically, institutional 
controls are part of a larger cleanup solution and serve as a non-engineered layer of protection.  
Institutional controls are designed to keep people from using the site in a way that is not safe, 
thus, potentially jeopardizing protection of people and the environment.  Institutional controls 
are normally used when some amount of contamination remains onsite as part of a cleanup 
remedy and when there is a limit to the activities that can safely take place at the site (i.e., the 
site cannot support unlimited use and unrestricted exposure).  Institutional controls are also 
used to preserve the long-term protectiveness of the remedy. 
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According to EPA (2005c), institutional controls are generally divided into four categories:  

• Government Controls—local laws or permits (e.g., county zoning, building permits)  

• Proprietary Controls—property use restrictions based on private property law (e.g., 
easements and covenants) 

• Enforcement Tools—documents that require individuals or companies to conduct or 
prohibit specific actions (e.g., environmental cleanup consent decrees, unilateral orders, 
or permits) 

• Informational Devices—deed notices or public advisories that alert and educate people 
about a site.   

The use of institutional controls at EPA cleanup sites is further described in EPA guidance 
(USEPA 2005b, 2004, 2000, 1999). 

Institutional controls, by themselves, would not be protective of the environment or satisfy the 
RAOs for the RAA.  Institutional controls are potentially applicable and are retained as 
potential components of alternatives that also include active cleanup.  For example, on privately 
owned lands, restrictive covenants (a form of Proprietary Controls) can be effective in 
maintaining the long-term integrity of capping or other containment actions.  For the purposes 
of this EE/CA, such Proprietary Controls are referred to as “land use restrictions.” 

Institutional controls are effective, implementable, and cost-effective, and are retained as a 
potential component of active remediation alternatives. 
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7 IDENTIFICATION AND ANALYSIS OF REMOVAL ACTION 
ALTERNATIVES 

This section presents the removal alternatives identified for the RAA and evaluates each with 
regard to the following criteria (USEPA 1993): 

• Effectiveness 

– Overall protection of human health and the environment 

– Achievement of RAOs 

– Compliance with ARARs 

– Reduction of toxicity, mobility, or volume through treatment 

– Short-term effectiveness 

– Long-term effectiveness and permanence 

• Implementability 

– Technical feasibility 

– Availability 

– Administrative feasibility 

• Cost 

– Capital cost 

– Present worth of long-term monitoring and maintenance 

– Total present-worth cost. 

7.1 BASIS FOR REMOVAL ACTION ALTERNATIVE DEVELOPMENT 

In Section 6, technologies within the general response action categories of MNR/ENR, Removal, 
Containment, Disposal, and Institutional Controls, were determined to be potentially applicable 
to the Arkema NTCRA.  Consistent with the draft Portland Harbor FS (Anchor QEA et al. 2012), 
these technologies have been assembled into a set of removal alternatives that range from an 
emphasis on in-place containment to an emphasis on removal.   

Key considerations were identified in developing the removal alternatives, including the 
following:   
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• Physical features such as outfalls, docks, and existing bathymetry: 

– One or more of the existing docks within the RAA footprint may be removed as part 
of the removal action. Dock 1 will likely be removed; however, Dock 2 may be 
retained to support both potential onsite transloading of dredged material during 
the removal action and to accommodate long-term site uses. For the purposes of 
estimating costs, it has been assumed both docks will be removed, with the 
understanding that additional costs associated with conducting removal actions in 
and around structures would be roughly equivalent to costs associated with dock 
demolition and disposal. A final decision regarding the use of the docks will be 
determined as part of removal action design. 

– Each of the existing outfalls will be protected from activities associated with the 
removal action to allow potential reactivation following implementation of the final 
upland remedy.  

• Substantive requirements of CWA Section 404, including a goal of no net loss of aquatic 
habitat.  

• Slope and structural stability considerations. 

• The majority of the COI mass in sediments is co-located spatially (particularly for DDx 
and furans), although the depth of contamination can vary between COIs.   

• The contaminant distribution can be delineated into two general areas within the EPA- 
directed RAA:   

– Area 1. The first area is generally between Docks 1 and 2 (Figure 3-1), and is defined 
by a relatively contiguous area of sediment impacts that exceed the DDT and DDE 
RALs at any depth, and a few isolated “islands” where COIs were detected 
predominantly at depth.  In general, the highest concentrations of DDx, furans, and 
some other EPA-directed COIs occur within the footprint of contiguous sediment 
impacts of Area 1, and this area encompasses the estimated extent of sediments that 
exceed the RAL for 2,3,4,7,8-PCDF.  Area 1 corresponds to the area where the 
majority of COI mass resides both in surface sediments and at depth; as a result, 
removal alternatives that focus on Area 1 result in considerable mass removal and/or 
isolation beneath an engineered cap.   

– Area 2. The second area consists of relatively isolated islands of sediment 
downstream of Dock 2 characterized by sporadic and low DDx concentrations at 
depth.  DDx concentrations are not above RALs in surface sediments in this area, 
and the other EPA-directed COIs are generally not elevated in this portion of the 
RAA.  Because DDx is largely buried by natural sediments in these areas and 
available data indicate the site is depositional, Area 2 is amenable to MNR/ENR. 

• Because several of the EPA-directed COIs, such as DDx and furans, occur at locally 
elevated concentrations within the RAA (predominantly in Area 1), all of the removal 
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alternatives (except no action) result in a substantial reduction in the SWAC. For certain 
constituents (e.g., DDT and DDD), the post-removal action SWAC is predicted to be 
below 10-5 risk level PRGs.   

• The upland barrier wall and groundwater recovery system will prevent substantive 
migration of groundwater contaminants from upland areas to site sediments, as well as 
greatly reduce or eliminate the rate and extent of discharge of groundwater to Area 1 
(which is located downgradient of the barrier and recovery system).  As a result, 
advective transport of dissolved-phase contaminants from any contaminated sediments 
that are left in place in this area will be minimal.   

• Although groundwater discharge will not be substantially affected by the groundwater 
SCM for the portion of the RAA that is downriver of Dock 2 (including Area 2), this area 
is not downgradient of impacted groundwater at the Arkema site.  Further, the sediment 
contamination in these areas is generally limited to low concentration DDx isomers 
which are characterized by very low aqueous mobility and, therefore, not mobilized by 
discharging groundwater.  

As is discussed in the following sections, five primary alternatives have been developed for the 
RAA based on the RAOs identified in Section 3 and the technologies that were carried forward 
from the initial screening of technologies in Section 6.  Each of the alternatives addresses the 
approximately 6.6-acre RAA directed by the EPA and defined in Section 3.  Three of the 
alternatives include both an “integrated” option (denoted by an “i”) that combines MNR/ENR 
with other active removal technologies, and a “removal” option (denoted by an “r”).  This 
general approach and nomenclature is consistent with the draft Portland Harbor FS.  The 
integrated option incorporates MNR/ENR within a maintenance and monitoring framework to 
address areas within the EPA-directed RAA where surface sediment concentrations are 
currently below RALs. 

7.2 EVALUATION OF REMOVAL ACTION ALTERNATIVES 

The following alternatives have been identified for the RAA and are evaluated in the 
subsections below: 

• Alternative 1 is No Action. 

• Alternative 2(i) Dredge to Facilitate a Cap and Optimized MNR – Alternative 2(i) 
integrates a containment approach by capping and also utilizing MNR.  Under this 
alternative, sediments within the majority of Area 1 would be dredged to accommodate 
an engineered cap of suitable materials, placed to return the sediment bed to grade.  The 
banks would be regraded and capped. Removed materials would be disposed of in an 
offsite upland facility.  MNR would be used to address the remainder of the RAA 
footprint, including portions of Area 1 where RAL exceedances are largely absent in 
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surface sediments and all of Area 2.  A maintenance and monitoring program would be 
developed and implemented to monitor the cap and MNR performance, and provide 
protocols for response actions (e.g., incorporation of ENR or additional capping) should 
monitoring indicate a failure to meet the performance standards.  However, surface 
sediments in areas identified for MNR already meet RALs, changes or response actions 
are considered to be highly unlikely. 

• Alternative 2(r) Dredge to Facilitate a Cap – Alternative 2(r) is the same as Alternative 
2(i) with the exception that the dredge and cap footprint would include the footprint 
where any sediments are present above the DDT and DDE RALs, regardless of depth 
(i.e., both Areas 1 and 2).  The remainder of the RAA would be addressed by MNR/ENR 
under a maintenance and monitoring program as described in Alternative 2(i) above. 

• Alternative 3(i) Mass-Based Removal, Capping, and Optimized MNR – This integrated 
alternative includes removal of the most highly contaminated sediments, capping, 
regrading of riverbanks, and MNR. Removed materials would be disposed of in an 
offsite upland facility.  Engineered sediment caps would be constructed over the 
majority of the remainder of Area 1, including placement of engineered slope caps on 
the affected banks.  MNR/ENR would be applied to address the remainder of the RAA 
footprint (including portions of Area 1 where RAL exceedances are largely absent in 
surface sediments and all of Area 2) under a maintenance and monitoring program, as 
described for Alternative 2(i).   

• Alternative 3(r) Mass-Based Removal and Capping —Alternative 3(r) is the same as 
Alternative 3(i) except that sediments in the remainder of Area 1 (i.e., outside the mass 
removal area) and in all of Area 2, would be dredged to facilitate the placement of an 
engineered cap.  Engineered slope caps would be placed on the affected banks.  
MNR/ENR would be applied to address the remainder of RAA footprint under a 
maintenance and monitoring program, as described for Alternative 2(r).  

• Alternative 4(i) Removal Focused and Optimized MNR – This alternative includes 
dredging to a maximum depth of 15 ft within the majority of Area 1, based on 
practicality considerations and to minimize impacts to adjacent banks, and backfilled to 
original grades.  The riverbanks would be excavated and regraded. In areas where 
dredging could not remove all contaminated materials, the backfill would be designed 
to function as a cap.  Engineered slope caps would be constructed on the affected banks.  
Removed materials would be disposed in an offsite upland facility.  MNR/ENR would 
be applied to the remaining RAA footprint (including portions of Area 1 where RAL 
exceedances are largely absent in surface sediments and all of Area 2) under a 
maintenance and monitoring program, as described for Alternative 2(i).  
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• Alternative 4(r) Removal Focused – Alternative 4(r) includes the greatest amount of 
dredging within the EPA-directed RAA among the alternatives.  The alternative is the 
same as Alternative 4(i), except all material exceeding the DDE and DDT RALs would be 
dredged wherever reasonably feasible (combined footprint of Areas 1 and 2).  
MNR/ENR would be applied to the portion of the RAA footprint that is below the DDE 
and DDT RALs under a maintenance and monitoring program, as described for 
Alternative 2(r). 

• Alternative 5 Nearshore CDF – This alternative includes dredging and in-place 
containment using a nearshore CDF.  A nearshore CDF would be constructed to contain 
a portion of the EPA-directed RAA boundary in-place (i.e., constructed around a portion 
of the most highly contaminated material). The remaining RAA footprint exceeding the 
DDE and DDT RALs (combined footprint of Areas 1 and 2 outside of the CDF footprint) 
would be dredged to a maximum depth of 15 ft (as discussed for Alternative 4) and 
suitable backfill placed to return the site to original grades.  Docks, piling, and debris 
would be removed. Outfall 4 would be protected, and outfalls which fall within the 
footprint of the CDF would be removed. In areas where dredging could not remove all 
contaminated materials, the backfill would be designed to function as a cap.  Engineered 
slope caps would also be constructed in bank areas. MNR/ENR would be applied to the 
portion of the RAA footprint that is below the DDE and DDT RALs under a 
maintenance and monitoring program, as described for Alternative 2(r). 

7.2.1 Alternative 1 – No Action 

Alternative 1 would leave contaminated material within the RAA in its current condition and 
assumes no further action would occur. Under Alternative 1, no response activities or 
monitoring would occur.  

7.2.1.1 Effectiveness 

This alternative, however, would not be effective in protecting all human health or ecological 
receptors, would not attain all potential ARARs, and would not meet all RAOs.   

The toxicity, mobility, and volume of contaminants would not be reduced under this 
alternative. 

7.2.1.2 Implementability 

This alternative is technically implementable; however, this alternative would likely not be 
acceptable to the regulatory agencies or stakeholders.  
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7.2.1.3 Cost 

There are no costs associated with this alternative. 

7.2.1.4 Evaluation of Alternative 1 

Based on the results of the BHHRA, potential cancer risks via consumption of large home range 
fish, which represent site-wide exposure, and via consumption of smallmouth bass, which 
represent 1-RM exposure, are already below the target risk level of 10-4 for total DDT, total 
DDD, and total DDE.  Accordingly, these constituents do not require remediation to a 10-4 risk 
level within the Portland Harbor site.  A No Action alternative will satisfy a target risk level of 
10-4 for total DDT, total DDD, and total DDE.  However, for a target risk level of 10-5, a No 
Action alternative will not satisfy all the removal action objectives and would not be protective 
of human health and the environment.  This alternative is therefore eliminated from further 
consideration in this EE/CA. 

7.2.2 Alternative 2(i) – Dredge to Facilitate a Cap and Optimized MNR 

Alternative 2(i) is an integrated approach that emphasizes in-place containment of 
contaminants via capping and MNR (Figure 7-1).  Sediment and bank soil would be removed to 
facilitate the placement of the cap.  All removed materials would be disposed of offsite. The 
extent of removal would be based on achieving the following: 

• Ensure no net change in existing site grades (elevations). 

• Remove near-surface sediments in Area 1 and thereby eliminate RAL exceedances in 
surface sediments throughout the vast majority of the EPA-directed RAA and 
facilitating placement of an engineered cap over to physically isolate the remaining 
contaminate mass at the RAA. 

• Improve conditions of bank areas in preparation for capping (including improving slope 
stability, removing debris, and preparing subgrade for cap placement). 

• Accommodate outfall drainage. 

Under Alternative 2(i), Area 1, including the portion of the EPA-directed RAA where surface (0-
30 cm) sediment exceeds the DDT and DDE RALs at the 10-5 risk level, would be dredged to 
facilitate the placement of an engineered cap. Riverbank soil would be removed and regraded 
to facilitate an engineered slope cap, on the portion of the riverbank which intersects the EPA-
directed RAA.  

The remainder of the EPA-directed RAA (Area 2 and portions of Area 1 where RAL 
exceedances are largely absent in surface sediments) would be addressed by MNR.  ENR may 
be applied in localized areas, if analysis during remedial design determines conditions exist and 
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are of significance to warrant ENR.  A maintenance and monitoring program will be 
implemented following the remedy construction, such that additional measures (e.g., ENR, 
capping) may be implemented should monitoring indicate that MNR is not effective. This 
condition is highly unlikely to occur because DDx RALs are already being achieved in surface 
sediments in areas identified for MNR. 

7.2.2.1 Bank Regrading and Capping 

Riverbank that is generally co-located and adjacent to the EPA-directed RAA is included in this 
EE/CA. The riverbank is generally defined as the area between the top of bank (at or near 20.5 ft 
NAVD88, Ordinary High Water) and the edge of the Willamette River. For the purpose of this 
evaluation, the river’s edge, or the toe of the slope, is defined at an elevation of +13 ft NAVD 88.  

Approximately 1,250 linear ft of riverbank would be regraded, including removal and offsite 
disposal of debris and localized riverbank highly contaminated material if identified. Cutting 
and filling soil along the riverbank would create a more uniform slope from the top of bank to 
the toe that is more stable and resistant to erosion. The slope of the regraded riverbank would 
be similar to the existing slope, which ranges from 1.5:1 to 2:1 (horizontal:vertical). Following 
regrading, a suitable soil cover would be placed. For the purposes of this EE/CA, it is assumed 
that this cover layer would be 3-ft thick; however, the final cover thickness would be 
determined during the remedial design.  The finished grade would be stabilized with rip rap, 
and fish-suitable habit in the lower portion of the cap.. The configuration of the riverbank 
regrading and capping is being developed in accordance with the pending update to the Hot 
Spot Evaluation (ERM 2012). Appendix F provides further detail and analysis of alternative 
remedial measures for the Arkema site riverbank.  

7.2.2.2 Dredging 

Under Alternative 2(i), sediment would be removed from Area 1 prior to cap placement to 
ensure no net change in existing elevation. For the purposes of this EE/CA, it is estimated 
sediment would be removed prior to placement of an assumed 3-ft thick cap, as described 
below. 

7.2.2.3 Sediment Capping 

Engineered sediment caps would be placed throughout the dredged area described above to 
physically isolate affected sediments not removed by dredging.  The cap would be engineered 
to withstand scour and erosive forces (e.g. vessel and wind-wave induced forces). The cap will 
be placed around outfalls, which would be protected and maintained. Dredging and capping 
would be designed such that the final cap surface allows proper drainage from the existing 
outfall and diffuser structure. 
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The specific cap configurations would be determined in the design, in accordance with EPA and 
USACE guidance (USACE 1998). The caps would be designed for long-term seismic stability. 
For the purposes of this EE/CA, a nominal 3-foot cap thickness is assumed based on an 
understanding of site conditions, regional experience at similar sites and analyses conducted in 
support of the draft Portland FS (Anchor QEA et al. 2012).  The cap is assumed to consist of a 
1-ft thick filter layer (i.e., sand) and 2 ft of armoring.  Although contaminant mobility (e.g., due 
to upwelling or diffusion) is expected to be insignificant due to the implementation of 
groundwater SCMs in 2012-3 and the immobility of the majority of the COIs, the cap may be 
amended in localized areas with GAC or similar active materials if remedial design analysis 
determines that such provisions are necessary. 

7.2.2.4 Residuals Management 

Excavation and dredging would be accomplished using operational BMPs to reduce the 
potential for resuspension and mobilization of contaminated sediments.  However, following 
dredging or excavation, some disturbed, contaminated material often remains at the new 
surface and/or surrounding area outside the dredge prism (e.g., “residuals”).   

Under this alternative, none of the excavated/dredged areas would be left uncapped and not all 
excavations would be designed to expose a clean surface.  Within a large portion of the RAA, 
residuals would be permanently contained by the designed cap, which would be placed after 
dredging and bank excavation is complete.  Post-excavation samples would be collected on the 
exposed surfaces to document the nature of the material beneath the cap; however, over-
dredging, or excavation to reach a clean surface is not a required contingency or management 
action. Confirmation samples would also be collected on top of all final cap surfaces and in the 
area immediately adjacent to the removal boundary to document post-remedy conditions.  The 
design may also include provisions for thin-layer placement of suitable sand, and possibly 
activated carbon amendment, as a residuals management action to be implemented outside of 
areas which are capped. 

7.2.2.5 Material Handling, Transport and Disposal 

Dredged or excavated materials would be either loaded onto trucks or rail cars onsite and/or 
loaded onto conventional barges and moved offsite.  The material from barges would be 
offloaded to either rail cars or trucks at a transloading facility in the project vicinity.  One or 
more acceptable transloading facilities would be identified in the design. 

All of the excavated and dredged material would be suitable for placement in a RCRA Subtitle 
D solid waste landfill. Excavated and dredged material (including non-recyclable debris) would 
be disposed of in a permitted RCRA Subtitle D landfill that meets state and federal 
requirements.  The disposal site(s) would be evaluated and approved by EPA before they are 
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selected to receive materials originating from the site.  Agency site review includes the site’s 
compliance with RCRA permits and governing regulations. 

Some debris (e.g., concrete, metals) may be candidate material for recycling; this material would 
be segregated, cleaned, and evaluated for recycling at an approved facility. 

Imported cap materials would be delivered to the site primarily by barge.  The contractor may 
elect to deliver some import materials (such as for bank capping) by truck. 

7.2.2.6 Construction Approach 

The design will include plans and specifications that are primarily performance-based, with 
specific requirements for excavation and capping grades/tolerances, materials, environmental 
protection, and sequencing of the work.  (General sequencing is discussed further in Section 8).  
The contractor will be required to submit a remedial action work plan that details the proposed 
construction means, methods, and schedule.  The contractor’s work plan will be reviewed and 
approved by LSS and EPA. 

To reduce resuspension and mobilization of contaminated sediments during construction, all 
in-water work would be conducted using BMPs that will be identified in the design 
specifications and in the remedial action work plans.  In addition, all in-water work would be 
conducted and monitored in accordance with EPA’s CWA Section 401 Water Quality 
Certification, which would specify allowable in-water work periods, water quality monitoring 
requirements and compliance criteria, and operational responses to any water quality 
exceedances.  The contractor would be required to modify operations or employ other 
engineering measures (e.g., use different equipment or silt curtains) as needed to remain in 
compliance with water quality criteria.   

Sediment removal would likely be accomplished by mechanical dredging. It is anticipated that 
bank excavation and capping would be accomplished with shore-based equipment and 
constructed during periods of low tide, as practicable.  Capping of sediments would be 
completed using a combination of shore-based and floating equipment, to be determined 
during construction based on water level and required draft for the barges. 

As described above, one or more of the existing docks may be removed within the RAA prior to 
dredging and capping. If removed, pilings would be removed intact, if possible, using either 
vibratory extraction, or dead-line pull methods. Pilings that can not be removed intact would be 
cut at, or near the mudline. The piling removal would follow procedures in EPA (2005c) 
guidance. Some inert debris embedded in the sediment would remain in place if it is 
determined it would not affect the function of the cap. Existing Outfalls 1 through 4 would be 
protected prior to placement of the cap.   
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For any dock, or outfall, structure left in-place, the dredge prism would be designed to 
minimize potential impacts to the structure. Cap materials would be placed beneath the dock 
using a conveyor, or other means. Specific requirements for mitigating limited overhead 
clearance and space limitations would be determined in design and equipment selections made 
during implementation. 

7.2.2.7 Monitored Natural Recovery  

The portion of the EPA-directed RAA Area 2 and fringe portions of Area 1 would be addressed 
by MNR.  During the remedial design, an assessment would be completed to determine if 
localized application of ENR (e.g., thin layer capping with possible GAC amendment) is 
necessary.    

The highest concentrations of COIs, if present, occur at depth in the areas where MNR would be 
applied (i.e., Area 2 and fringe portions of Area 1) and surface sediment concentrations are 
already below RALs.  This profile suggests that natural recovery has occurred since the time of 
release.  As described in Section 6.2, several lines of evidence indicate that the section of the 
Willamette River where the Arkema site is located is depositional and, thus, ongoing sediment 
deposition will result in continued natural recovery of sediment in these areas.  A site-specific 
evaluation on natural recovery rates has not been completed for the Arkema site.  Therefore, 
MNR would be applied within a maintenance and monitoring program designed to monitor 
RAA conditions over time following remedy implementation to ensure that MNR is performing 
as designed and, if not, implement additional response measures (e.g., ENR, capping) in areas 
where performance standards are not being met. 

7.2.2.8 Institutional Controls 

Institutional controls would be required under Alternative 2(i) because some contamination 
would remain onsite. Institutional controls would be employed as an additional measure to 
ensure the long-term protectiveness and integrity of the remedy, and would exist in perpetuity.  
The specific objectives of the institutional controls would be to: 

• Prevent any uncontrolled disturbance, excavation, or construction that may compromise 
the cap integrity or impede natural recovery. 

• Prevent any current or future land uses that could compromise the cap integrity or 
impede natural recovery. 

• Require notification of the state and EPA prior to any redevelopment of the site, to 
ensure that the agencies concur that the development has been designed to avoid 
damage to the cap or affect natural recovery.  If the cap must be disturbed as part of the 
activity, the notification would be required to include specific plans for appropriate 
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management of the construction and restoration of the cap, as applicable. The specific 
plans must be approved by EPA prior to implementation. 

• Ensure that these restrictions will run with the land.  

Consistent with Section 6.2.1 of the draft Portland Harbor FS (Anchor QEA et al 2012), a 
detailed institutional control plan is not prepared in this EE/CA and will be considered during 
remedial design. Costs of institutional controls are broadly estimated for use in this EE/CA 
based on the controls generally described above, in Section 6.7, and in the draft Portland Harbor 
FS. 

7.2.2.9 Monitoring, Maintenance, and Reviews 

A long-term monitoring and reporting plan (LTMRP) would be developed during the design 
that defines the specific monitoring activities and frequency of monitoring events.  LSS would 
implement the requirements of this plan to ensure the long-term integrity and protectiveness of 
the remedy, and ensure that habitat benefits are not lost over the long term.  Further, the plan 
will detail the process for contingency planning and response in the event that performance 
standards for the cap are not met.  The need for maintenance of capped areas would be 
determined based on the results of the long-term monitoring.  Finally, a maintenance and 
monitoring plan will be developed in conjunction with or as part of the LTMRP to monitor 
MNR effectiveness and to specify protocols to address any areas where performance standards 
are not met.  Because this alternative would result in contaminants remaining onsite above 
levels that allow for unlimited use and unrestricted exposure, EPA would review the 
effectiveness of the remedy no less frequently than every five years. 

7.2.2.10 Summary of Construction Quantities 

The estimated volumes of bank excavation, dredging, and capping associated with Alternatives 
2 through 5 are summarized in Table 7-1. 

7.2.2.11 Evaluation of Alternative 2(i) 

An initial evaluation of Alternative 2(i) is provided below.  Section 8 includes a comparative 
analysis of all of the alternatives. 

Effectiveness 

Alternative 2(i) would be effective in removing and containing sediments with total DDx and 
other COIs within the EPA-directed RAA.  Removal, capping, and MNR/ENR are proven 
technologies that have been successfully implemented in similar CERCLA sediment cleanup 
actions.  Impacted material that remains in place at the RAA would be reliably contained by 
capping and MNR.   
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Other considerations related to the effectiveness of Alternative 2(i) are summarized below: 

• Alternative 2(i) satisfies the RAOs by creating a post-construction surface that meets the 
RALs across the EPA-directed RAA and provides effective long-term containment of 
remaining contaminants.  

• By meeting the RALs in surface sediments, Alternative 2(i) would be protective of 
human health and the environment.   

• Alternative 2(i) would remove a total of approximately 33,000 cy of sediment and soil 
containing total DDx and other COIs, and dispose of this material in a permitted upland 
landfill approved by EPA.  

• As is summarized in Table 7-2, predicted RM 6.5-7.5 SWACs following implementation 
of Alternative 2(i) are significantly reduced. Percent reduction in SWACs range from 25 
to 55 percent for DDx and is 46 percent for 2,3,4,7,8-PCDF.    

• Land use restrictions, long-term monitoring, and periodic reviews would ensure long 
term protection of human health and the environment.  

• Alternative 2(i) could be implemented in compliance with all ARARs. 

• Alternative 2(i) includes, if necessary, provisions for treatment to reduce the mobility of 
dissolved contaminants resulting from diffusive and advective processes.   

• Alternative 2(i) can be implemented in one construction season, assuming typical BMPs 
are used, and the RAOs would be achieved upon completion of construction.  The 
institutional controls could be fully implemented within approximately 1 year of 
construction completion.   

• Engineering controls, BMPs, and other measures to ensure compliance with ARARs 
would control short-term risks during implementation.  The potential for releases of 
material to the environment during construction would be minimal under Alternative 
2(i), because a relatively small volume of contaminated material would be 
excavated/dredged and the area would subsequently be capped.  Potential impacts 
resulting from release of dredging residuals would be identified and addressed through 
an appropriately designed water quality monitoring and post-dredge sediment 
sampling program. 

• The potential for undetected release of residual contaminants left in place under the cap 
or at depth in sediments (e.g., from isolated erosional failure of the cap or native 
sediments in MNR areas) is small.  In design, consideration would be given to long-term 
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function, including resistance to cap erosion due to propeller wash, or other wave/wake-
induced forces.   

• Long-term performance would be verified through monitoring and periodic reviews.  
Land use restrictions would also contribute to the long-term integrity of the caps by 
reliably minimizing the potential for future uncontrolled activities that could disturb the 
caps or impede natural recovery. 

• Maintenance and monitoring protocols would be established such that appropriate 
response actions would be taken should monitoring indicate that a portion of the 
remedy is not achieving the performance standards.   

Implementability 

Based on the proven success of similar EPA Region 10 removal/capping projects, Alternative 
2(i) can be reliably implemented using commonly available upland and marine construction 
equipment and materials.  Excavated materials can be trucked, railed or barged offsite and 
imported material brought onsite with conventional trucking or barge equipment.  For work on 
the riverbank, the contractor would schedule excavation and capping activities to take best 
advantage of low-flow and tide conditions to accomplish work in-the-dry.  The remainder of 
the work (including most capping) would likely be completed using floating equipment and 
conventional marine construction methods, working at higher tides, as practicable, to provide 
the required draft for the barges. 

Dredged or excavated materials would be loaded onto trucks or rail cars onsite or loaded onto 
conventional barges and moved offsite.  The material from barges would be offloaded to rail 
cars or trucks at a transloading facility in the project vicinity or at the disposal facility.  

Cost 

The estimated removal action cost for Alternative 2(i) is detailed in Table 7-3.  The total 
estimated costs include present-value operation and maintenance (O&M) costs estimated for 30 
years, based on a 7 percent discount rate.  Over the 30-year period, operation costs assume 
seven monitoring events, and maintenance costs assume five cap repair events.  O&M costs 
were not projected beyond 30 years because their effect on net present value becomes 
diminishingly small. 

7.2.3 Alternative 2(R) – Dredge to Facilitate a Cap  

Alternative 2(r) parallels Alternative 2(i) with the exception that the footprint to be dredged and 
capped encompasses the entire area where sediment concentrations exceed the DDT and DDE 
RALs for a 10-5 risk level, regardless of depth (combined Areas 1 and 2; Figure 7-2).  Alternative 
2(r) places more emphasis on sediment removal than Alternative 2(i).  MNR would be applied 
to address the remaining portion of the RAA outside of the cap footprint. A maintenance and 
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monitoring program would be implemented following the remedy construction, such that 
additional remedial measures, such as ENR or capping, may be applied should monitoring 
indicate that MNR is not effective. This, however, is unlikely since Area 2 surface sediments 
already meet RALs. 

7.2.3.1 Bank Regrading and Capping 

Riverbank regrading and capping would occur as described for Alternative 2(i).  

7.2.3.2 Dredging 

Dredging would occur as described for Alternative 2(i), with the exception that the dredging 
footprint would extend across both Areas 1 and 2.   

7.2.3.3 Sediment Capping 

Sediment capping would occur as described for Alternative 2(i), with the exception that the cap 
footprint would extend across both Areas 1 and 2.   

7.2.3.4 Residuals Management 

The strategy for management of residuals would be the same as described for Alternative 2(i). 

7.2.3.5 Material Handling, Transport and Disposal 

Material handling, transportation, and disposal would be as described for Alternative 2(i). 

7.2.3.6 Construction Approach 

The construction approach would be generally the same as described for Alternative 2(i).  

7.2.3.7 Institutional Controls 

Institutional controls would be implemented as described for Alternative 2(i). 

7.2.3.8 Monitored Natural Recovery 

MNR would be implemented as described for Alternative 2(i), with the exception that MNR 
would be applied to a smaller area (i.e., the area outside of Areas 1 and 2 and inside of the EPA-
directed RAA; Figure 7-2). 
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7.2.3.9 Monitoring, Maintenance, and Reviews 

Long-term monitoring, maintenance, and periodic reviews would be implemented as described 
for Alternative 2(i). 

7.2.3.10 Summary of Construction Quantities 

The estimated volumes of bank excavation, dredging, and capping associated with Alternatives 
2 through 5 are summarized in Table 7-1. 

7.2.3.11 Evaluation of Alternative 2(r) 

An initial evaluation of Alternative 2(r) is provided below.  Section 8 includes a comparative 
analysis of all of the alternatives. 

Effectiveness 

Alternative 2(r) would be effective in removing and containing sediments with total DDx and 
other COIs within the EPA-directed RAA.  Removal, capping, and MNR/ENR are proven 
technologies that have been successfully implemented in similar CERCLA sediment cleanup 
actions.  Impacted material that remains in place at the RAA would be reliably contained by 
capping and MNR.   

Other considerations related to the effectiveness of Alternative 2(r) are summarized below: 

• Alternative 2(r) satisfies the RAOs by creating a post-construction surface that meets the 
RALs across the EPA-directed RAA and provides effective long-term containment of 
remaining COIs.  

• By meeting the RALs in surface sediments, Alternative 2(r) would be protective of 
human health and the environment.   

• Alternative 2(r) would remove a total of approximately 39,000 cy of sediment and soil 
containing total DDx, and other COIs, and dispose of this material in a permitted upland 
landfill approved by EPA.   

• As is summarized in Table 7-2, predicted RM 6.5-7.5 SWACs following implementation 
of Alternative 2(r) are significantly reduced. Percent reductions in SWACs are on the 
order of 27 to 55 percent for DDx and 46 percent for 2,3,4,7,8-PCDF.  Land use 
restrictions, long-term monitoring, and periodic reviews would ensure long term 
protection of human health and the environment.  

• Alternative 2(r) could be implemented in compliance with all ARARs. 

• Alternative 2(r) includes, if necessary, provisions for treatment to reduce the mobility of 
dissolved contaminants as a result of diffusive and advective processes.   
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• Alternative 2(r) can be implemented in one construction season, assuming typical BMPs 
are used, and the RAOs would be achieved upon completion of construction.  The 
institutional controls could be fully implemented within approximately 1 year of 
construction completion.   

• Engineering controls, BMPs, and other measures to ensure compliance with ARARs 
would control short-term risks during implementation.  The potential for releases of 
material to the environment during construction would be minimal under Alternative 
2(r), because a somewhat lesser volume of contaminated material would be 
excavated/dredged and the area would subsequently be capped.  Potential impacts 
resulting from release of dredging residuals would be identified and addressed through 
an appropriately designed water quality monitoring and post-dredge sediment 
sampling program. 

• The potential for undetected release of residual contaminants left in place under the cap 
or at depth in sediment (e.g., from isolated erosional failure of the cap or native 
sediments in MNR areas) is very small. In design, consideration would be given to long-
term function, including resistance to cap erosion due to propeller wash, or other 
wave/wake induced forces. 

• Long-term performance would be verified through monitoring and periodic reviews.  
Land use restrictions would also contribute to the long-term integrity of the caps by 
reliably minimizing the potential for future uncontrolled activities that could disturb the 
caps or impede natural recovery. 

• Maintenance and monitoring protocols would be established such that appropriate 
response actions would be taken should monitoring indicate that a portion of the 
remedy is not achieving the performance standards.   

Implementability 

Based on the proven success of similar EPA Region 10 removal/capping projects, Alternative 
2(r) can be reliably implemented in a manner consistent with Alternative 2(i).  

Cost 

The estimated removal action cost for Alternative 2(r) is detailed in Table 7-3.  The total 
estimated costs include present-value O&M costs estimated for 30 years, based on a 7 percent 
discount rate.  Over the 30-year period, operation costs assume seven monitoring events, and 
maintenance costs assume five cap repair events.  O&M costs were not projected beyond 30 
years because their effect on net present value becomes diminishingly small. 
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7.2.4 Alternative 3(i) – Mass-Based Removal, Capping and Optimized MNR 

Alternative 3(i) integrates mass-based, most highly contaminated sediment removal, capping, 
and MNR (Figure 7-3).  Under Alternative 3(i), a majority of the sediment with within the 75 
mg/kg DDx contour would be removed from the EPA- directed RAA (the footprint of which is 
entirely within Area 1). This area would be dredged to a maximum depth of 15 ft and the 
dredge prism backfilled with suitable material.  The majority of the remaining portion of Area 1 
sediment would be dredged to facilitate the placement of an engineered cap, including an 
engineered slope cap on the portion of the riverbank which intersects the EPA-directed RAA. 
The remainder of the EPA-directed RAA would be addressed by MNR.  ENR may be applied in 
localized areas if deemed necessary during the remedial design.  A maintenance and 
monitoring program would be implemented following the remedy construction, such that 
additional remedial measures, such as ENR or capping, may be applied should monitoring 
indicate that MNR is not effective. This however is unlikely since surface sediments in areas 
identified for MNR already meet RALs. 

7.2.4.1 Docks, Debris and Outfall Removal 

Existing docks, creosote-treated piling, debris and outfalls would be handled as described 
under Alternative 2(i). 

7.2.4.2 Bank Regrading and Capping 

Riverbank regrading and capping would occur as described for Alternative 2(i).  

7.2.4.3 Dredging 

Under Alternative 3(i), sediment containing the majority of the DDx mass within the EPA-
directed RAA would be dredged to a practical maximum depth of 15 ft bml.  In addition, the 
remainder of surface sediments within Area 1 would be dredged to facilitate placement of a 
cap.  The dredging would occur as described for Alternative 2(i).   

7.2.4.4 Sediment Capping 

Engineered sediment caps would be placed in the footprint of the dredge prism described 
above to isolate any affected sediments beneath the dredge prism that are not removed, as 
described under Alternative 2(i) above.  

7.2.4.5 Residuals Management 

The strategy for management of residuals would be the same as described for Alternative 2(i). 
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7.2.4.6 Material Handling, Transport and Disposal 

Material handling, transportation, and disposal would be as described for Alternative 2(i). 

7.2.4.7 Construction Approach 

The construction approach would be generally the same as described for Alternative 2(i). 

7.2.4.8 Institutional Controls 

Institutional controls would be implemented as described for Alternative 2(i). 

7.2.4.9 Monitored Natural Recovery 

MNR would be implemented as described for Alternative 2(i). 

7.2.4.10 Monitoring, Maintenance, and Reviews 

Long-term monitoring, maintenance, and periodic reviews would be implemented as described 
for Alternative 2(i). 

7.2.4.11 Summary of Construction Quantities 

The estimated volumes of bank excavation, dredging, and capping associated with 
Alternatives 2 through 5 are summarized in Table 7-1. 

7.2.4.12 Evaluation of Alternative 3(i) 

An initial evaluation of Alternative 3(i) is provided below.  Section 8 includes a comparative 
analysis of all of the alternatives. 

Effectiveness 

Alternative 3(i) would be effective in removing and containing sediments with total DDx and 
other COIs within the EPA-directed RAA.  Removal, capping, and MNR/ENR are proven 
technologies that have been successfully implemented in similar CERCLA sediment cleanup 
actions.  Impacted material that remains in place at the RAA would be reliably contained by 
capping and MNR.   

Other considerations related to the effectiveness of Alternative 3(i) are summarized below: 

• Alternative 3(i) satisfies the RAOs by creating a post-construction surface that meets the 
RALs across the EPA-directed RAA and provides effective long-term containment of 
remaining COIs.  
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• By meeting the RALs in surface sediment, Alternative 3(i) would be protective of human 
health and the environment.   

• Alternative 3(i) would remove a total of approximately 54,000 cy of sediment and soil 
containing total DDx, and other COIs, and dispose of this material in a permitted upland 
landfill approved by EPA.   

• As is summarized in Table 7-2, predicted RM 6.5-7.5 SWACs following implementation 
of Alternative 3(i) are significantly reduced. Percent reduction in SWACs range from 27 
to 55 percent for DDx and is 46 percent for 2,3,4,7,8-PCDF.  Land use restrictions, long-
term monitoring, and periodic reviews would ensure long-term protection of human 
health and the environment.  

• Alternative 3(i) could be implemented in compliance with all ARARs. 

• Alternative 3(i) can be implemented in one construction season, depending on required 
BMPs, and the RAOs would be achieved upon completion of construction.  The 
institutional controls could be fully implemented within approximately 1 year of 
construction completion.   

• Engineering controls, BMPs, and other measures to ensure compliance with ARARs 
would control short-term risks during implementation.  Potential impacts resulting from 
release of dredging residuals would be identified and addressed through an 
appropriately designed water quality monitoring and post-dredge sediment sampling 
program. 

• The potential for undetected release of residual COIs left in place under the cap or at 
depth in sediments (e.g., from isolated erosional failure of the cap or MNR areas) is 
small.  In design, consideration would be given to long-term function, including 
resistance to cap erosion due to propeller wash, or other wave/wake-induced forces. 

• Long-term performance would be verified through monitoring and periodic reviews.  
Land use restrictions would also contribute to the long-term integrity of the caps by 
reliably minimizing the potential for future uncontrolled activities that could disturb the 
caps or impede natural recovery. 

• Maintenance and monitoring protocols would be established such that appropriate 
response actions would be taken should monitoring indicate that a portion of the 
remedy is not achieving the performance standards.   

Implementability 

Based on the proven success of similar EPA Region 10 removal/capping projects, 
Alternative 3(i) can be reliably implemented in a manner consistent with Alternative 2(i).   



 
Arkema Early Action DRAFT 
Engineering Evaluation and Cost Analysis July 26, 2012 

Integral Consulting Inc. 7-20 

Cost 

The estimated removal action cost for Alternative 3(i) is detailed in Table 7-3.  The total 
estimated costs include present-value O&M costs estimated for 30 years, based on a 7 percent 
discount rate.  Over the 30-year period, operation costs assume seven monitoring events, and 
maintenance costs assume five cap repair events.  O&M costs were not projected beyond 30 
years because their effect on net present value becomes diminishingly small. 

7.2.5 Alternative 3(r) – Mass-Based Removal and Capping  

Alternative 3(r) parallels Alternative 3(i) with the exception that the footprint of the dredge 
prism and cap encompasses Areas 1 and 2 (Figure 7-4).  Alternative 3(r) places more emphasis 
on sediment removal than Alternative 3(i), and MNR would be applied only in areas of the 
EPA-directed RAA where sediments are below the DDT RAL across the entire sediment 
thickness. A maintenance and monitoring program would be implemented following the 
remedy construction, such that additional remedial measures, such as ENR or capping, may be 
applied should monitoring indicate that MNR is not effective. This, however, is unlikely since 
Area 2 surface sediments already meet RALs. 

7.2.5.1 Bank Regrading and Capping 

Riverbank regrading and capping would occur as described for Alternative 2(i).  

7.2.5.2 Dredging 

Under Alternative 3(r), sediment containing the majority of the DDx mass within the EPA-
directed RAA would be dredged to a practical maximum depth of 15 ft bml.  In addition, 
surface sediment would be dredged throughout the rest of Area 1 and Area 2 to facilitate 
placement of a cap.  The dredging would occur as described for Alternative 2(i).   

7.2.5.3 Sediment Capping 

Engineered sediment caps would be placed in the footprint of the dredge prism described 
above, effectively isolating any affected sediments beneath the dredge prism that are not 
removed by dredging, as described under Alternative 2(i) above.  

7.2.5.4 Residuals Management 

The strategy for management of residuals would be the same as described for Alternative 2(i). 

7.2.5.5 Material Handling, Transport and Disposal 

Material handling, transportation, and disposal would be as described for Alternative 2(i). 
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7.2.5.6 Construction Approach 

The construction approach would be generally the same as described for Alternative 2(i). 

7.2.5.7 Institutional Controls 

Institutional controls would be implemented as described for Alternative 2(i). 

7.2.5.8 Monitored Natural Recovery 

MNR would be implemented as described for Alternative 2(r). 

7.2.5.9 Monitoring, Maintenance, and Reviews 

Long-term monitoring, maintenance, and periodic reviews would be implemented as described 
for Alternative 2(i). 

7.2.5.10 Summary of Construction Quantities 

The estimated volumes of bank excavation, dredging, and capping associated with Alternatives 
2 through 5 are summarized in Table 7-1. 

7.2.5.11 Evaluation of Alternative 3(r) 

An initial evaluation of Alternative 3(r) is provided below.  Section 8 includes a comparative 
analysis of all of the alternatives. 

Effectiveness 

Alternative 3(r) would be effective in removing and containing sediment with total DDx and 
other COIs within the EPA-directed RAA.  Removal, capping, and MNR/ENR are proven 
technologies that have been successfully implemented in similar CERCLA sediment cleanup 
actions.  Impacted material that remains in place at the RAA would be reliably contained by 
capping and MNR.   

Other considerations related to the effectiveness of Alternative 3(r) are summarized below: 

• Alternative 3(r) satisfies the RAOs by creating a post-construction surface that meets the 
RALs across the EPA-directed RAA and provides effective long-term containment of 
remaining COIs.  

• By meeting the RALs in surface sediments, Alternative 3(r) would be protective of 
human health and the environment.   
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• Alternative 3(r) would remove a total of approximately 59,000 cy of sediment and soil 
containing total DDx, and other COIs, and dispose of this material in a permitted upland 
landfill approved by EPA.   

• As is summarized in Table 7-2, predicted RM 6.5–7.5 SWACs following implementation 
of Alternative 3(r) are significantly reduced. Percent reductions in SWACs are on the 
order of 27 to 55 percent for DDx and 46 percent for 2,3,4,7,8-PCDF. However, despite 
the additional volume of sediment, and corresponding COI mass, removed under this 
Alternative 3(r), the predicted SWAC concentrations are the same or not substantially 
different from Alternatives 2(i) and 2(r), which involve less removal.  Land use 
restrictions, long-term monitoring, and periodic reviews would ensure long term 
protection of human health and the environment.  

• Alternative 3(r) could be implemented in compliance with all ARARs. 

• Alternative 3(r) can be implemented in one to two construction seasons, depending on 
required BMPs, and the RAOs would be achieved upon completion of construction.  The 
institutional controls could be fully implemented within approximately 1 year of 
construction completion.   

• Engineering controls, BMPs, and other measures to ensure compliance with ARARs 
would control short-term risks during implementation.  Potential impacts resulting from 
release of dredging residuals would be identified and addressed through an 
appropriately designed water quality monitoring and post-dredge sediment sampling 
program. 

• The potential for undetected release of residual contaminants left in place under the cap 
or at depth in sediment (e.g., from isolated erosional failure of the cap or MNR areas) is 
small.  In design, consideration would be given to long-term function, including 
resistance to cap erosion due to propeller wash, or other wave/wake-induced forces.  

• Long-term performance would be verified through monitoring and periodic reviews.  
Land use restrictions would also contribute to the long-term integrity of the caps by 
reliably minimizing the potential for future uncontrolled activities that could disturb the 
caps or impede natural recovery. 

• Maintenance and monitoring protocols would be established such that appropriate 
response actions would be taken should monitoring indicate that a portion of the 
remedy is not achieving the performance standards.   

Implementability 

Based on the proven success of similar EPA Region 10 removal/capping projects, 
Alternative 3(r) can be reliably implemented in a manner consistent with Alternative 2(i).   
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Cost 

The estimated removal action cost for Alternative 3(r) is detailed in Table 7-3.  The total 
estimated costs include present-value O&M costs estimated for 30 years, based on a 7 percent 
discount rate.  Over the 30-year period, operation costs assume seven monitoring events, and 
maintenance costs assume five cap repair events.  O&M costs were not projected beyond 30 
years because their effect on net present value becomes diminishingly small. 

7.2.6 Alternative 4(i) – Removal Focused and Optimized MNR 

Alternative 4(i) involves removal of sediment to a maximum depth of 15 ft across the majority 
of Area 1.  MNR would be applied under a maintenance and monitoring approach to address 
the remainder of the EPA-directed RAA (Figure 7-5). 

7.2.6.1 Bank Regrading and Capping 

Riverbank regrading and capping would occur as described for Alternative 2(i).  

7.2.6.2 Dredging 

Under Alternative 4(i), sediment within Area 1 would be dredged to a practical maximum 
depth of 15 ft bml.  The dredging would occur as described for Alternative 2(i).  

7.2.6.3 Sediment Capping 

Given the conceptual extent of removal, suitable backfill material would replace removed 
sediment. Backfill would primarily be designed to satisfy physical stability and habitat 
substrate considerations rather than chemical isolation. During design, areas which preclude 
dredging to the specified RAL due to engineering constraints (e.g., slope stability) may be 
identified. In these cases, engineered sediment caps would be used to physically isolate any 
affected sediments not removed by dredging, as described under Alternative 2(i) above.  

7.2.6.4 Residuals Management 

The strategy for management of residuals would be generally the same as described for 
Alternative 2(i). 

7.2.6.5 Material Handling, Transport and Disposal 

Material handling, transportation, and disposal would be as described for Alternative 2(i). 

7.2.6.6 Construction Approach 

The construction approach would be generally the same as described for Alternative 2(i).  
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7.2.6.7 Institutional Controls 

Institutional controls would be implemented as described for Alternative 2(i). 

7.2.6.8 Monitored Natural Recovery 

MNR would be implemented as described for Alternative 2(i). 

7.2.6.9 Monitoring, Maintenance, and Reviews 

Long-term monitoring, maintenance, and periodic reviews would be implemented as described 
for Alternative 2(i). 

7.2.6.10 Summary of Construction Quantities 

The estimated volumes of bank excavation, dredging, and capping associated with Alternatives 
2 through 5 are summarized in Table 7-1. 

7.2.6.11 Evaluation of Alternative 4(i) 

An initial evaluation of Alternative 4(i) is provided below.  Section 8 includes a comparative 
analysis of all of the alternatives. 

Effectiveness 

Alternative 4(i) would be effective in removing and containing sediments with total DDx and 
other COIs within the EPA-directed RAA.  Removal, capping, and MNR/ENR are proven 
technologies that have been successfully implemented in similar CERCLA sediment cleanup 
actions.  Impacted material that remains in place at the RAA would be reliably contained by 
capping, suitable backfill, and MNR.   

Other considerations related to the effectiveness of Alternative 4(i) are summarized below: 

• Alternative 4(i) satisfies the RAOs by creating a post-construction surface that meets the 
RALs across the EPA-directed RAA and provides effective long-term containment of 
remaining COIs.  

• By meeting the RALs in surface sediment, Alternative 4(i) would be protective of human 
health and the environment.   

• Alternative 4(i) would remove a total of approximately 62,000 cy of sediment and soil 
containing total DDx, and other COIs, and dispose of this material in a permitted upland 
landfill approved by EPA.   

• As is summarized in Table 7-2, predicted RM 6.5-7.5 SWACs following implementation 
of Alternative 4(i) are significantly reduced. Percent reductions in SWACs are on the 
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order of 25 to 55 percent for DDx and 46 percent for 2,3,4,7,8-PCDF. However, despite 
the relatively large volume, and corresponding COI mass, removed under this 
Alternative 4(i), the predicted SWAC concentrations are the same or not substantially 
different from Alternatives 2(i), 2(r), 3(i), or 3(r), all of which involve less removal.  Land 
use restrictions, long-term monitoring, and periodic reviews would ensure long term 
protection of human health and the environment.  

• Alternative 4(i) could be implemented in compliance with all ARARs. 

• Alternative 4(i) includes provisions for treatment to reduce the mobility of dissolved 
contaminants through diffusive and advective processes, if necessary.   

• Alternative 4(i) can be implemented in two to three construction seasons, depending on 
required BMPs, and the RAOs would be achieved upon completion of construction.  The 
institutional controls could be fully implemented within approximately 1 year of 
construction completion.   

• Engineering controls, BMPs, and other measures to ensure compliance with ARARs 
would control short-term risks during implementation.  Potential impacts resulting from 
release of dredging residuals would be identified and addressed through an 
appropriately designed water quality monitoring and post-dredge sediment sampling 
program. 

• The potential for undetected release of residual COIs left in place at depth in sediment 
(e.g., from isolated erosion in MNR areas) is small.  In design, consideration would be 
given to long-term function, including resistance to cap erosion due to propeller wash, 
or other wave/wake-induced forces. 

• Long-term performance would be verified through monitoring and periodic reviews.  
Land use restrictions would also contribute to the long-term integrity of the post-
remedy sediment bed by reliably minimizing the potential for future uncontrolled 
activities that could disturb sediment or impede natural recovery. 

• Maintenance and monitoring protocols would be established such that appropriate 
response actions would be taken should monitoring indicate that a portion of the 
remedy is not achieving the performance standards.   

Implementability 

Based on the proven success of similar EPA Region 10 removal/capping projects, Alternative 
4(i) can be reliably implemented in a manner consistent with Alternative 2(i).   

Cost 

The estimated removal action cost for Alternative 4(i) is detailed in Table 7-3.  The total 
estimated costs include present-value O&M costs estimated for 30 years, based on a 7 percent 
discount rate.  Over the 30-year period, operation costs assume seven monitoring events, and 
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maintenance costs assume five cap repair events.  O&M costs were not projected beyond 30 
years because their effect on net present value becomes diminishingly small. 

7.2.7 Alternative 4(r) – Removal Focused 

Alternative 4(r) (Figure 7-6) parallels Alternative 4(i) with the exception that it would include 
the removal of sediments to a maximum depth of 15 ft across Areas 1 and 2.  MNR would be 
applied under a maintenance and monitoring approach to address the remainder of RAA. 

7.2.7.1 Bank Regrading and Capping 

Riverbank regrading and capping would occur as described for Alternative 2(i).  

7.2.7.2 Dredging 

Under Alternative 4(r), sediment within Areas 1 and 2 would be dredged to a practical 
maximum depth of 15 ft bml.  The dredging would occur as described for Alternative 2(i).  

7.2.7.3 Sediment Capping 

Sediment capping would be completed in the same general manner as described for 
Alternative 4(i).  

7.2.7.4 Residuals Management 

The strategy for management of residuals would be generally the same as described for 
Alternative 2(i). 

7.2.7.5 Material Handling, Transport and Disposal 

Material handling, transportation, and disposal would be as described for Alternative 2(i). 

7.2.7.6 Construction Approach 

The construction approach would be generally the same as described for Alternative 2(i).  

7.2.7.7 Institutional Controls 

Institutional controls would be implemented as described for Alternative 2(i). 

7.2.7.8 Monitored Natural Recovery 

MNR would be implemented as described for Alternative 2(r). 
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7.2.7.9 Monitoring, Maintenance, and Reviews 

Long-term monitoring, maintenance, and periodic reviews would be implemented as described 
for Alternative 2(i). 

7.2.7.10 Summary of Construction Quantities 

The estimated volumes of bank excavation, dredging, and capping associated with Alternatives 
2 through 5 are summarized in Table 7-1. 

7.2.7.11 Evaluation of Alternative 4(r) 

An initial evaluation of Alternative 4(r) is provided below.  Section 8 includes a comparative 
analysis of all of the alternatives. 

Effectiveness 

Alternative 4(r) would be effective in removing and containing sediment with total DDx and 
other COIs within the EPA-directed RAA.  Removal and MNR are proven technologies that 
have been successfully implemented in similar CERCLA sediment cleanup actions.  Impacted 
material that remains in place at the RAA would be reliably contained by suitable backfill and 
MNR.   

Other considerations related to the effectiveness of Alternative 4(r) are summarized below: 

• Alternative 4(r) satisfies the RAOs by creating a post-construction surface that meets the 
RALs across the EPA-directed RAA and provides effective long-term containment of 
remaining COIs.  

• By meeting the RALs in surface sediment, Alternative 4(r) would be protective of human 
health and the environment.   

• Alternative 4(r) would remove a total of approximately 81,000 cy of sediment and soil 
containing total DDx, and other COIs, and dispose of this material in a permitted upland 
landfill approved by EPA.  The following summarizes the predicted COI mass removal 
under Alternative 4(r). 

• As is summarized in Table 7-2, predicted RM 6.5-7.5 SWACs following implementation 
of Alternative 4(r) are significantly reduced. Percent reductions in SWACs are on the 
order of 27 to 55 percent for DDx and 46 percent for 2,3,4,7,8-PCDF. Alternative 4(r) 
would involve the removal of the greatest volume, but not substantially more COI mass, 
of all the alternatives. More importantly, the predicted SWAC concentrations are the 
same or not substantially different from that predicted for the other alternatives.  

•  Land use restrictions, long-term monitoring, and periodic reviews would ensure long 
term protection of human health and the environment.  
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• Alternative 4(r) could be implemented in compliance with all ARARs. 

• Alternative 4(r) includes provisions for treatment to reduce the mobility of dissolved 
contaminants through diffusive and advective processes, if necessary.   

• Alternative 4(r) can be implemented in two to three construction seasons, depending on 
the required BMPs, and the RAOs would be achieved upon completion of construction.  
The institutional controls could be fully implemented within approximately 1 year of 
construction completion.   

• Engineering controls, BMPs, and other measures to ensure compliance with ARARs 
would control short-term risks during implementation.  Potential impacts resulting from 
release of dredging residuals would be identified and addressed through an 
appropriately designed water quality monitoring and post-dredge sediment sampling 
program. 

• The potential for undetected release of residual COIs left in place at depth in sediment 
(e.g., from isolated erosion in MNR areas) is small.  In design, consideration would be 
given to long-term function, including resistance to cap erosion due to propeller wash, 
or other wave/wake-induced forces.     

• Long-term performance would be verified through monitoring and periodic reviews.  
Land use restrictions would also contribute to the long-term integrity of the post-
remedy sediment bed by reliably minimizing the potential for future uncontrolled 
activities that could disturb the sediment or impede natural recovery. 

• Maintenance and monitoring protocols would be established such that appropriate 
response actions would be taken should monitoring indicate that a portion of the 
remedy is not achieving the performance standards.   

Implementability 

Based on the proven success of similar EPA Region 10 removal/capping projects, 
Alternative 4(r) can be reliably implemented in a manner consistent with Alternative 2(i).   

Cost 

The estimated removal action cost for Alternative 4(r) is detailed in Table 7-3.  The total 
estimated costs include present-value O&M costs estimated for 30 years, based on a 7 percent 
discount rate.  Over the 30-year period, operation costs assume seven monitoring events, and 
maintenance costs assume five cap repair events.  O&M costs were not projected beyond 30 
years because their effect on net present value becomes diminishingly small. 

7.2.8 Alternative 5 – Nearshore CDF 

Alternative 5 centers on the creation of a nearshore CDF to partially contain contaminated 
sediments along the shoreline, generally in the nearshore area between Docks 1 and 2 
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(Figure 7-7).  Outside of the CDF footprint, sediment would be dredged to a maximum depth of 
15 ft bml within Areas 1 and 2. MNR would be applied under a maintenance and monitoring 
approach to address the remainder of the EPA-directed RAA boundary.  

7.2.8.1 Docks, Debris and Outfall Removal 

Existing docks, creosote-treated piling, debris and outfalls would be handled as described 
under Alternative 2(i). 

7.2.8.2 Bank Regrading and Capping 

Riverbank regrading and capping would occur as described for Alternative 2(i).  

7.2.8.3 Dredging 

Under Alternative 5, sediment within Area 1, outside of the CDF boundary, and in Area 2 
would be dredged to a practical maximum depth of 15 ft bml.  Suitable backfill would be placed 
within the dredge prism, as described for Alternative 4(i).  The dredging would occur as 
described for Alternative 2(i).  

7.2.8.4 Confined Disposal Facility 

A nearshore CDF would likely be constructed utilizing a sheetpile wall which would be keyed 
into the upland barrier slurry wall to be constructed in support of the upland groundwater 
SCM. Following placement, consolidation, and dewatering of dredged sediment within the cell, 
an impermeable, engineered cap would be placed over the CDF to minimize infiltration of 
stormwater. As an additional containment measure, a system of groundwater extraction wells 
could be installed, if necessary based on a detailed analysis in the design phase, within the CDF 
footprint and connected to the GWET system to maintain an inward hydraulic gradient within 
the CDF. A feasibility-level screening of CDFs, including the conceptual CDF proposed for the 
Arkema site under this alternative, is presented in the draft Portland Harbor FS (Anchor QEA et 
al. 2012).  In addition, LSS has conducted a separate CDF screening evaluation (ARCADIS 2010) 
for the Arkema RAA.  This screening-level evaluation concluded there were no fatal flaws that 
would preclude implementation of a CDF at the Arkema site, and identified further technical 
considerations for design.  The conceptual layout of this alternative is illustrated on Figure 7-7. 

7.2.8.5 Residuals Management 

The strategy for management of residuals would be generally the same as described for 
Alternative 2(i). 
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7.2.8.6 Construction Approach 

The construction approach would be generally the same as described for Alternative 2(i), with 
the exception that docks would certainly be removed. 

7.2.8.7 Institutional Controls 

Institutional controls would be implemented as described for Alternative 2(i). 

7.2.8.8 Monitoring, Maintenance, and Reviews 

Long-term monitoring, maintenance, and periodic reviews would be implemented as described 
for Alternative 2(i).  

7.2.8.9 Summary of Construction Quantities 

The estimated volumes of bank excavation, dredging, and capping associated with 
Alternatives 2 through 5 are summarized in Table 7-1. 

7.2.8.10 Evaluation of Alternative 5 

An initial evaluation of Alternative 5 is provided below.  Section 8 includes a comparative 
analysis of all of the alternatives. 

Effectiveness 

Alternative 5 would be effective in removing and containing sediment with total DDx and other 
COIs within the EPA-directed RAA.  Removal, a CDF, and MNR are proven technologies that 
have been successfully implemented in similar CERCLA sediment cleanup actions.  Impacted 
material that remains in place at the RAA would be reliably contained by the CDF, suitable 
backfill, and MNR.   

Other considerations related to the effectiveness of Alternative 5 are summarized below: 

• Alternative 5 satisfies the RAOs by creating a post-construction sediment surface that 
meets the RALs across the EPA-directed RAA and provides effective long-term 
containment of remaining COIs.  

• By meeting the RALs in sediment, Alternative 5 would be protective of human health 
and the environment.   

• Alternative 5 would remove a total of approximately 57,000 cy of sediment and soil 
containing total DDx, and other COIs, and dispose of this material in a nearshore CDF.  
Remaining impacted material would be reliably contained in-place beneath suitable 
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backfill or by MNR.  The following summarizes the predicted COI mass removal under 
Alternative 5. 

• As is summarized in Table 7-2, predicted RM 6.5–7.5 SWACs following implementation 
of Alternative 5 are significantly reduced. Percent reductions in SWACs are on the order 
of 27 to 55 percent for DDx and 46 percent for 2,3,4,7,8-PCDF. However, despite the 
large volume of sediment, and corresponding COI mass that would be removed under 
Alternative 5, the predicted SWAC concentrations are not substantially different from 
those predicted for the other alternatives.  Land use restrictions, long-term monitoring, 
and periodic reviews would ensure long term protection of human health and the 
environment.  

• Alternative 5 could be implemented in compliance with all ARARs. 

• Alternative 5 includes provisions for treatment to reduce the mobility of dissolved 
contaminants through diffusive and advective processes, if necessary.   

• Alternative 5 can be implemented in two to three construction seasons, and the RAOs 
would be achieved upon completion of construction.  The institutional controls could be 
fully implemented within approximately 1 year of construction completion.   

• Engineering controls, BMPs, and other measures to ensure compliance with ARARs 
would control short-term risks during implementation.  Potential impacts resulting from 
release of dredging residuals would be identified and addressed through an 
appropriately designed water quality monitoring and post-dredge sediment sampling 
program. 

• The potential for undetected release of residual contaminants left in place at depth in 
sediments (e.g., from isolated erosion in MNR areas) is small.   

• Alternative 5 would permit future navigational use of the EPA-directed RAA by heavy 
tugs, and the CDF would be amenable for development into a dock/pier facility.   

• The CDF cap would be designed for long-term function, and long-term performance 
would be verified through monitoring and periodic reviews.       

• Land use restrictions would also contribute to the long-term integrity of the post-
remedy sediment bed by reliably minimizing the potential for future uncontrolled 
activities that could disturb sediment or impede natural recovery. 

• Maintenance and monitoring protocols would be established such that appropriate 
response actions would be taken should monitoring indicate that a portion of the 
remedy is not achieving the performance standards. 

• Land use restrictions would also contribute to the long-term integrity of the CDF by 
reliably minimizing the potential for future uncontrolled activities that could disturb the 
cap. 
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Implementability 

Based on successful demonstration of nearshore and upland CDFs at other sediment 
management sites within EPA Region 10, Alternative 5 can be reliably implemented using 
commonly available upland and marine construction equipment and materials.  Imported 
material would be brought onsite with conventional trucking or barge equipment.  For work on 
the riverbanks, the contractor would schedule excavation and capping activities to take best 
advantage of low water conditions to accomplish work in-the-dry.  The remainder of the work 
(including CDF pile installation) would likely be completed using a combination of 
conventional marine and upland construction methods, as dictated by water level and the 
required draft for the barges. The major implementability issues with CDFs include 
compatibility with ongoing site uses, and future maintenance requirements. The concept for the 
Arkema site would incorporate new vessel berthing, and the layout provides separation from 
the navigation channel.  Therefore, the CDF is not anticipated to impede vessel traffic. The 
retaining structure would require monitoring and maintenance over time to ensure its integrity. 
Finally, the construction of the CDF may result in unavoidable loss of habitat, although the 
conceptual layout places the CDF within the most impacted portion of the RAA. Potential losses 
would require offset by requirements for compensatory mitigation, as described in the draft 
Portland Harbor FS (Anchor QEA et al. 2012). 

Cost 

The estimated removal action cost for Alternative 5 is detailed in Table 7-3.  The total estimated 
costs include present-value O&M costs estimated for 30 years, based on a 7 percent discount 
rate.  Over the 30-year period, operation costs assume seven monitoring events, and 
maintenance costs assume five CDF cap repair events.  O&M costs were not projected beyond 
30 years because their effect on net present value becomes diminishingly small.
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8 COMPARATIVE ANALYSIS OF REMOVAL ACTION 
ALTERNATIVES 

This section presents a comparative analysis of the retained removal action alternatives for the 
Arkema NTCRA.  Although the results of the BHHRA represent that the 1-RM exposure is 
already below the target risk level of 10-4 for total DDT, total DDD, and total DDE, so that these 
constituents do not require remediation to a 10-4 risk level within the Portland Harbor site, 
Alternative 1 (the no action alternative) was eliminated from consideration in Section 7.  
Therefore, Alternative 1 is not considered in this comparative analysis.  Consistent with EPA 
(1993) guidance, the analysis is based on a comparison of effectiveness, implementability, and 
cost with regard to the following specific criteria:  

• Effectiveness 

• Overall protection of human health and the environment 

• Achievement of RAOs 

• Compliance with ARARs 

• Reduction of toxicity, mobility, or volume through treatment 

• Short-term effectiveness 

• Long-term effectiveness and permanence 

• Implementability 

• Technical feasibility and availability 

• Administrative feasibility 

• Cost. 

The following subsections analyze the alternatives based on the EPA criteria, including a 
relative ranking of the alternatives for each criterion.  Section 9 presents a preferred alternative.  
A proposed schedule for implementation of the preferred alternative is also provided in 
Section 9. 

8.1 EFFECTIVENESS 

8.1.1 Overall Protection of Human Health and the Environment 

All of the removal action alternatives would reduce potential risks to human health and the 
environment over the long term through a combination of removal of soil and sediment 
contaminated with DDx and other contaminants, and containment of remaining contaminated 
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soil and sediment with engineered caps or through natural recovery.  Each alternative would 
achieve the RAOs and comply with all ARARs.  Each alternative employs removal and capping 
technologies, coupled with MNR, which are reliable and proven technologies that have been 
used successfully in similar sediment cleanup actions at EPA Superfund sites. 

Under each alternative, some COIs would remain onsite (contained beneath engineered caps, 
backfill material, or natural sediment).  Each alternative would include monitoring and periodic 
reviews to verify long-term protection of human health and the environment.  Each alternative 
would also include land use restrictions as an additional means of maintaining long-term 
protection of human health and the environment.  The land use restrictions would contribute to 
the long-term integrity of the caps and natural sediments by reliably minimizing the potential 
for future uncontrolled activities that could disturb them. 

8.1.2 Achievement of RAOs 

Figure 8-1 illustrates the conceptual points of compliance which will be used to measure 
achievement of the RAOs.  Each of the alternatives would equally satisfy the RAOs for the RAA 
by creating a post-construction surface that meets the DDT RALs, and the DDE and 2,3,4,7,8-
PCDF RAL over the sediment surface; and by providing effective long-term containment of 
remaining material with engineered caps and/or through MNR.  

In addition to the specific Arkema NTCRA RAOs, the NCP [40 CFR 300.415(c)] states that 
removal actions shall, to the extent practicable, contribute to the efficient performance of any 
anticipated long-term remedial action with respect to the release concerned.  Each of the 
alternatives would be compatible with potential long-term remedial actions for Portland 
Harbor.  Additionally, none of the alternatives is expected to preclude possible mitigation 
projects in nearby areas should such projects be identified in the future. 

8.1.3 Compliance with ARARs 

Consistent with the NCP, each of the alternatives would satisfy the substantive requirements of 
all ARARs.  None of the alternatives would require waivers of any ARARs. 

8.1.4 Long-term Effectiveness and Permanence 

All of the removal alternatives include, to varying extents, dredging/excavation of sediments 
and soil impacted by DDx and other EPA-directed COIs, capping and/or backfill in the 
excavated areas, and MNR for the remaining area of the EPA-directed RAA.  Alternative 5 also 
includes installation of a nearshore CDF.  The primary differentiating factors between the 
remedies is the lateral and vertical extent of removal, and, in turn, the extent of isolation by 
capping/backfill and MNR.  All of the removal alternatives substantially reduce the occurrence 
of DDT, DDE, and 2,3,4,7,8-PCDF in surface sediments at concentrations exceeding the RALs, 
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and achieve similar magnitude of reductions in SWACs relative to PRGs for EPA-directed COIs.  
Figures 8-2 summarizes the relative reduction in RM 6.5 to 7.5 SWACs for each EPA-directed 
COI for integrated and removal emphasis alternatives. Reductions for DDT, DDE, and 2,3,4,7,8-
PCDF are significant, generally ranging from 25 to 55 percent. Figure 8-3 presents the relative 
reduction in AOPC 14 SWACs for EPA-directed COIs for integrated and removal emphasis 
alternatives. This presentation further illustrates the significant reductions in surface 
concentrations of COIs as a result of each removal alternative.  

All of the alternatives leave contaminants in place in site sediments to varying degrees.  Each of 
the alternatives relies on containment by engineered caps, suitable backfill, and natural 
sediment for reliable long-term physical isolation of contaminated sediments that would remain 
in the EPA-directed RAA.  Under Alternatives 2(r), 3(r), 4(r), and 5, any remaining sediment 
exceeding the DDT or 2,3,4,7,8-PDCF RALs, and the majority of sediments exceeding the DDE 
RAL, would be isolated by an engineered cap, suitable backfill or a CDF.  Alternatives 2(i), 3(i), 
and 4(i) rely on continued MNR for further isolation of sediment in Area 2 and isolated portions 
of Area 1, where surface sediment is currently below RALs and the relatively few subsurface 
sediment samples exceeding the RALs are currently isolated by a minimum of 30 cm of native 
sediment.  

Caps and backfill would be designed to remain stable and provide long-term containment in 
accordance with EPA/USACE guidance, and would also be designed for long-term seismic 
stability.  Multiple lines of evidence show that the site is depositional and the risk of erosion of 
engineered caps, backfill, and native sediment is small.  Institutional controls, such as land use 
restrictions, would reliably minimize the potential for future uncontrolled activities that could 
result in localized erosion.  Long-term reliability of the caps and backfill would be verified 
through LTMRP that requires periodic monitoring and repair of the cap/backfill area, if needed.  
MNR would be applied within a maintenance and monitoring framework developed during the 
remedial design, which would establish protocols to monitor natural recovery and to 
implement, as necessary, additional remediation measures (e.g., ENR, capping) should 
monitoring indicate that natural recovery is not achieving the removal action objectives.  The 
long-term effectiveness would also be assessed through periodic reviews, no less frequently 
than every five years.    

Under Alternatives 2(i) and 2(r), material containing DDx would remain.  Under Alternative 
2(r), the sediment exceeding the RALs below the 3-ft dredge prism in Areas 1 and 2 would be 
isolated under an engineered cap.  There are currently no surficial sediment RAL exceedances 
and isolated small pockets of subsurface sediment exceeding the RALs in Area 2, which are 
currently isolated by approximately 30 cm native depositional sediment. Under Alternative 2(i), 
Area 2 would continue to be isolated by native sediment and no cap would be placed in this 
area. In general, Alternative 2(r) might have somewhat greater long-term effectiveness and 
permanence than Alternative 2(i) due to the greater degree of isolation by capping versus MNR; 
however, the difference in effectiveness and permanence is extremely small, as both the cap and 
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native sediment deposition are predicted to be stable and maintenance and monitoring 
protocols would be established such that timely and appropriate mitigation measures could be 
enacted should any sediment erosion be determined to occur. 

Under Alternatives 3(i) and 3(r), a larger volume of sediment containing DDx and PCCD/F, 
compared to 2(i) and 2(r), would be removed prior to backfill and capping, providing 
potentially greater long-term effectiveness/permanence than Alternatives 2(i) and 2(r).  Also, the 
mass-based removal under Alternative 3(i) and 3(r) would eliminate areas where comparatively 
high DDx and PCCD/F concentrations immediately underlie the cap.  Remaining material that 
exceeds RALs would be contained under existing layers of cleaner sediment and/or backfill, 
which in turn would be contained by engineered cap materials.  These cleaner sediment 
deposits beneath the cap would enhance the long-term cap performance by providing an 
additional barrier to any potential contaminant transport.  As above for Alternative 2(i), the cap 
for Alternative 3(i) would not include Area 2 and portions of Area 1, where there are currently 
no or few surficial sediment RAL exceedances, subsurface sediment RAL exceedances are 
currently buried by a minimum of 30 cm of native sediment, and ongoing natural recovery is 
occurring.  As such, Alternative 3(r) might have somewhat greater long-term 
effectiveness/permanence than Alternative 3(i) due to the greater degree of isolation by capping 
versus MNR; however, the difference in effectiveness and permanence is extremely small.  

Under Alternatives 4(i) and 4(r), significantly more sediment volume would be removed; 
however, these alternatives would not remove appreciably more DDx/contaminant mass 
compared to Alternatives 2(i), 2(r), 3(i), 3(r), and 5; and, thus, Alternatives 4(i) and 4(r) 
potentially would achieve little greater long-term effectiveness and permanence.  Some 
sediment exceeding the RALs would remain at depth beneath the footprint of the excavation 
(>15 ft bgs).  This sediment would be isolated by 15 ft of backfill material.  There are currently 
no surficial sediment RAL exceedances and subsurface sediment exceeding the RALs in Area 2 
and portions of Area 1, where sediment RAL exceedances are currently buried by a minimum 
of 30 cm of native sediment and ongoing natural recovery is occurring.  Under Alternative 4(i), 
these areas would not be dredged.  As such, Alternative 4(r) might have somewhat greater 
long-term effectiveness/permanence than Alternative 4(i) due to the greater degree of isolation 
by capping versus MNR; however, the difference in effectiveness and permanence is extremely 
small. 

Under Alternative 5, all sediment and soil exceeding RALs at a depth of 15 ft bml or less would 
either be dredged/excavated and placed in a CDF or isolated beneath the CDF due to its 
configuration. Remaining sediment exceeding RALs would be isolated by 15 ft of backfill 
material.  Alternative 5 would have a greater level of long-term effectiveness and permanence 
than Alternatives 2(i), 2(r), 3(i), 3(r), and 4(i), but a somewhat lower level than Alternative 4(r) 
as impacted materials would remain onsite under Alternative 5. 
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8.1.5 Reduction of Toxicity, Mobility, or Volume through Treatment  

The SCMs for groundwater, which include a barrier wall and groundwater extraction and 
treatment system, will greatly reduce the potential for any advective transport of EPA-directed 
COIs to cap and backfill materials in the vicinity of the Docks 1 and 2 (Area 1).  Impacted 
sediments downriver of Dock 2 (Area 2) are not downgradient of upland groundwater impacts 
and are thus not affected by the groundwater SCMs.  However, COIs in this area are largely 
limited to low mobility contaminants (DDx, 2,3,4,7,8-PCDF) which are unlikely to migrate with 
discharging groundwater.  All of the alternatives include, as a contingency measure, provisions 
for localized inclusion of reactive media (e.g., GAC, organoclay) in cap/backfill materials or 
ENR, should contaminant mobility (e.g., through diffusion or groundwater upwelling) be 
determined to be of importance during remedial design or groundwater SCM performance 
monitoring. 

8.1.6 Short-term Effectiveness  

Alternatives 2(i) and 2(r) are anticipated to be completed in one construction season. 
Alternatives 3(i) and 3(r) are anticipated to require one to two construction seasons.  
Alternatives 4(i), 4(r), and 5 are likely to require three construction seasons; however, the time 
needed for construction may approach the limits of the in-water construction window.  It is 
possible that an extension of the allowable period of in-water work would be required under 
Alternatives 4(i), 4(r), and 5 to achieve this.  If needed, such an extension would be coordinated 
with the regulatory agencies.  Under each alternative, institutional controls could be fully 
implemented within approximately 1 year of construction completion. Under each alternative, 
the RAOs would be achieved upon completion of construction. 

None of the alternatives poses significant short-term risks to the community during 
implementation.  Alternatives 2(i) and 2(r) pose the least potential short-term risks to the 
community, as these alternatives involve the least material transport, whereas Alternatives 4(i) 
and 4(r) have substantially greater transport requirements than the other alternatives.  It is 
anticipated that most material transport would occur by barge, rail, or truck traffic through 
industrial areas for offsite disposal and/or importing suitable backfill.  Risks to workers during 
implementation would be managed through standard engineering and safety controls.   

Short-term risks to the environment during implementation would be limited through 
engineering controls, BMPs, and other measures to ensure compliance with ARARs (e.g., 
observance of fish windows).  Under Alternatives 2(i) and 2(r), the potential for releases of 
material to the environment during construction would be minimal because a smaller volume 
of contaminated material would be excavated or dredged, and all surrounding areas would 
subsequently be capped.  Alternatives 4(i), 4(r), 5, and, to a lesser extent, Alternatives 3(i) and 
3(r), involve considerably larger dredge prisms, and there is a greater potential for impacts from 
dredging residuals as a consequence.  Monitoring and contingency actions (potentially 
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including ENR) would be employed as needed to address residuals under any of the 
alternatives.  Potential short-term impacts to water quality would be of greater duration under 
Alternatives 4(i), 4(r), and 5, as additional seasons of in-water work, including significantly 
more dredging, would be required. 

Soil and sediment containing DDx are present in the riverbank.  Each alternative would include 
measures to limit releases of contaminated materials from the banks during implementation.  
Bank excavations would proceed from the top of the bank downward, would occur in-the-dry 
(as practicable), and the excavated face would be capped soon after it is exposed.  

For each alternative, the design would specify requirements for environmental protection 
during excavation, dredging, and capping activities.  

8.2 IMPLEMENTABILITY 

8.2.1 Technical Feasibility 

Sequencing of the work would be critical for successful implementation of any alternative.  Each 
alternative would be sequenced to limit the potential for water-borne sediment transport and 
recontamination of areas outside the removal boundary.  The implementation of Alternatives 
2(i), 2(r), 3(i), 3(r), 4(i), and 4(r) would likely be based on the following general sequencing:  

• Removal of debris 

• Excavation of riverbank 

• Dredging of sediments 

• Capping of the riverbank and sediments 

• Implementation of contingency actions for residuals management, as required based on 
post-dredge sampling.  

The implementation of Alternatives 5 would likely be based on the following general 
sequencing: 

• Removal of docks, and debris 

• Construction of nearshore CDF 

• Dredging of sediments 

• Dewatering of sediments within the CDF 

• Capping of the CDF 
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• Implementation of contingency actions for residuals management, as required based on 
confirmation sampling.  

The extended construction duration for Alternatives 4(i), 4(r), and 5 would necessitate some 
construction downtime and project delays.  Under all of the alternatives, documentation 
sampling of excavated banks would be completed prior to cap placement; however, the bank 
capping could proceed before sample results were reported.   

For work on the banks, the contractor would schedule excavation and capping activities to take 
best advantage of low water conditions to accomplish work in-the-dry as practicable.  However, 
it may not be feasible to accomplish all of the bank work in-the-dry.  The remainder of the work 
(including most dredging and capping) would be completed using floating equipment and 
conventional marine construction methods, working at higher water conditions, as needed, to 
provide the required draft for the barges.   

Sequencing will be further addressed during design, including development of provisions to 
protect and monitor sediment quality in completed areas of the RAA from the impacts of 
subsequent work in adjacent areas. 

While Alternatives 4(i), 4(r), and 5 can be reliably implemented, these alternatives require 
greater consideration of design, monitoring, and construction elements than Alternatives 2(i), 
2(r), 3(i), and 3(r). 

8.2.2 Availability 

Each of the alternatives can reliably be implemented using commonly available upland and 
marine construction equipment and materials.  Dredged or excavated materials would be either 
loaded onto trucks or rail cars onsite or loaded onto conventional barges and moved offsite.  
The material from barges would be offloaded to either rail cars or trucks at a transloading 
facility in the project vicinity.  Imported material can be brought onsite with conventional 
trucking or barge equipment.  Numerous local contractors are experienced in this type of work.  
The volume of contaminated sediments that would be shipped offsite for upland landfill 
disposal is not anticipated to impact the capacity of the receiving facilities, although this may 
depend on the sequencing of this action relative to other remedial actions within the harbor. 

8.2.3 Administrative Feasibility 

Arkema, through its agent LSS, will coordinate, as needed, to arrange access and staging areas 
during the work, implement land-use restrictions for long-term protection of the capped area, 
and provide easements allowing access for future long-term monitoring activities.  Institutional 
controls that will limit any uncontrolled disturbance of capped areas will be developed as part 
of the design process, as described in Section 6.  Although the specifics would vary among the 
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alternatives, the institutional controls are considered to be administratively feasible for each 
alternative. Alternative 5 has the lower administrative feasibility relative to the other 
alternatives. 

8.3 COST 

The estimated costs (NPV) for the removal alternatives are summarized in Table 7-3, and 
include long-term monitoring and maintenance costs for the capping and MNR components of 
the cleanup.  

8.4 SUMMARY OF COMPARATIVE ANALYSIS 

Table 8-1 presents a comparison of the removal alternatives.  This analysis is summarized 
below, and the removal alternatives are ranked relative to one another for effectiveness, 
implementability, and cost:   

• Effectiveness:  Each alternative would provide overall protection of human health and 
the environment and can achieve the RAOs.  Each alternative can be implemented in 
compliance with ARARs.  Alternative 2(i), followed by Alternative 2(r), has the greatest 
short-term effectiveness as it would avoid potential impacts from disturbance and 
transport of the deeper buried contaminated sediments.  Due to the greater amount of 
dredging and longer project duration, Alternatives 4(i), 4(r), and 5 would pose the 
greater short-term risk of recontamination caused by dredging and would have greater 
short-term water quality impacts during dredging. Alternative 3(i), followed by 
Alternative 3(r), strikes a balance between the removal-focused and containment-
focused removal alternatives in terms of potential short-term risk. Each alternative 
would be effective in the long-term; however, Alternatives 2(i), 2(r), 3(i), and 3(r) would 
require somewhat greater maintenance over the long-term to ensure the integrity of the 
cap and for MNR.  Each alternative would include institutional controls, long-term 
monitoring, and periodic reviews to ensure long-term protectiveness. 

• Implementability:  For overall implementability, Alternatives 2(i), 2(r), 3(i), and 3(r) 
rank highest, followed by Alternatives 4(i), 4(r), and 5.  Each of the alternatives can 
reliably be implemented; however, Alternatives 4(i), 4(r), and 5 would require multiple 
construction seasons special consideration of design, monitoring, and construction 
elements.   

• Cost:  The cost evaluation considers capital costs and the net present value of long-term 
monitoring and maintenance costs.  Alternative 2(i) followed by Alternative 2(r) are  
least costs, followed in order of increasing cost by Alternatives 3(i), 3(r), 4(i), 4(r), and 5.  
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9 RECOMMENDED REMOVAL ACTION ALTERNATIVE AND 
IMPLEMENTATION 

The recommended alternative for the Arkema NTCRA is Alternative 2(i).  Alternative 2(i):  

• Is protective. 

• Achieves site-specific RAOs. 

• Complies with ARARs. 

• Minimizes the potential for short-term contaminant release resulting from disturbance 
of contaminated sediments by emphasizing MNR and capping over dredging. 

• Provides long-term effectiveness through partial removal, containment, and MNR. 

Each of the alternatives assembled in this EE/CA provide nearly equivalent levels of long-term 
effectiveness and permanence; however, Alternatives 3(i), 3(r), 4(i), 4(r), and 5 have a greater 
potential for short-term impacts due to greater disturbance of contaminated sediments during 
dredging. Alternative 2(i) provides an emphasis on in-place containment over dredging and, 
therefore, minimizes the potential for short-term impacts resulting from the disturbance of 
contaminated sediment.  Further, Alternative 2(i) emphasizes MNR in areas where there are 
currently no surficial sediment RAL exceedances and where impacts to subsurface sediments 
are isolated and occur at low-levels relative to areas of the site where dredging and capping will 
occur.  Impacted subsurface sediment in these area are currently buried by native sediment and 
will continue to be buried by ongoing sediment deposition, eliminating the potential for 
disturbance of contaminated sediment in these areas.   

Figure 9-1 presents the anticipated schedule for implementation of Removal Alternative 2(i) 
based on the Arkema EE/CA SOW.  Remedy implementation and the scheduling of in-water 
construction activities will be coordinated within allowable construction windows. Proper 
sequencing within the RAA will involve removal of higher contaminated materials first in order 
to eliminate potential for recontamination of the remaining sediment area.  

An LTMRP will be developed during the Arkema NTCRA design. Monitoring and maintenance 
of the RAA will be part of the post-NTCRA activities, and will involve periodic sampling of the 
cap and MNR surface sediments to verify ongoing compliance with the RAOs, and monitoring 
of site bathymetry to verify ongoing stability of cap surface.  The plan will also include 
maintenance and monitoring provisions to repair or replace cap and MNR areas that fail to 
satisfy long-term performance requirements.  
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Figure 1-5
Source Control Measures
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Figure 2-1
DDx Contours and Cross Section

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
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Figure 2-2
Total PCDD/F Contours

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
Draft EE/CA Report
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Total Chlordane Sediment Data
within the EPA-Directed Horizontal RAA Boundary

Arkema Early Action
Draft EE/CA Report0 200 400100 Feet

EPA-Directed Horizontal RAA Boundary
A Borehole (Arkema EE/CA Study)
B Borehole (LWG Study)
( Surface Sample (Non-detect)*
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*Where total chlordanes are detected, symbol color represents total chlordane concentration.
**LSS and EPA both analyzed the sediment sample from this interval.  The higher of the two values is shown. 
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gamma-Hexachlorocyclohexane Sediment Data
within the EPA-Directed Horizontal RAA Boundary

Arkema Early Action
Draft EE/CA Report0 200 400100 Feet

EPA-Directed Horizontal RAA Boundary
A Borehole (Arkema-EE/CA Study)
B Borehole (LWG Study)
( Surface Sample (Non-detect)*

Notes:
U - The material was analyzed for, but was not detected. The associated numerical value is the sample detection limit.
J - Estimated value
NJ - Presumptive evidence of the presence of the material; identification of the compound is not definitive;
the associated numerical value is an estimated quantity.
R - Rejected by EPA during the data validation process
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Figure 2-8
Hexachlorobenzene Sediment Data

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
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EPA-Directed Horizontal RAA Boundary
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Notes:
U - The material was analyzed for, but was not detected. The associated numerical value is the sample detection limit.
J - Estimated value
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Total PCB Sediment Data within the
EPA-Directed Horizontal RAA Boundary

Arkema Early Action
Draft EE/CA Report0 200 400100 Feet

EPA-Directed Horizontal RAA Boundary
!AA Borehole (Arkema EE/CA Study)
B Borehole (LWG Study)
( Surface Sample (Non-Detect)*

Notes:
U - The material was analyzed for, but was not detected. The associated numerical value is the sample detection limit.
J - Estimated value
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Channel: US Army Corps of Engineers.
NOTE: Bottom of cores are generally placed at core sample station,
if not possible a tag line indicates the sample location.¯ Figure 2-10

Tributyltin Sediment Data within the
EPA-Directed Horizontal RAA Boundary

Arkema Early Action
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Notes:
U - The material was analyzed for, but was not detected. The associated numerical value is the sample detection limit.
J - Estimated value
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Figure 3-1
Areas 1 and 2

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 3-2
Total DDE RAL Exceedances in Surface and Subsurface Sediment

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 3-3
Total DDT RAL Exceedances in Surface and Subsurface Sediment

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 3-4
Total DDE RAL Exceedances in Surface Sediment
within the EPA-Directed Horizontal RAA Boundary

Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 3-5
Total DDT RAL Exceedances in Surface Sediment
within the EPA-Directed Horizontal RAA Boundary

Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 3-6
PCDF RAL Exceedances in Surface and Subsurface Sediment

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 3-7
PCDF RAL Exceedances in Surface Sediment

within the EPA-Directed Horizontal RAA Boundary
Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7-1
Alternative 2(i): Dredge to Facilitate

a Cap and Optimized MNR
Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7-2
Alternative 2(r): Dredge to Facilitate a Cap

Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7-3
Alternative 3(i): Mass-Based Removal,

Capping, and Optimized MNR
Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7-4
Alternative 3(r): Mass-Based Removal and Capping

Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7-5
Alternative 4(i): Removal Focused and Optimized MNR

Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7-6
Alternative 4(r): Removal Focused

Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7-7
Alternative 5: Nearshore CDF

Arkema Early Action
Draft EE/CA Report

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 8-1
Conceptual Points of Compliance

Arkema Early Action
Draft EE/CA Report
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Figure 8-2 
Reduction in RM 6.5-7.5 SWAC for Integrated vs. Removal Focus Alternatives 

Arkema Early Action 
Draft EE/CA Report 
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Figure 8-3 
Reduction in AOPC 14 SWAC for Integrated vs. Removal Focus Alternatives 

Arkema Early Action 
Draft EE/CA Report 
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ID Task Name
1 Estimated Arkema Early Action Schedule

2 Submittal of First Draft EE/CA to EPA

3 Preparation and EPA Approval of Final EE/CA Report

4 Preparation and EPA Approval of Final BA & Section 404 Memo

5 Preparation and EPA Issuance of Action Memorandum

6 Preparation and EPA Approval of Final Design

7 Preparation and EPA Approval of Contractor(s)

8 Preparation and EPA Approval of RA Work Plan

9 Implementation of Removal Action (Note 1)

10 Estimated Portland Harbor Schedule (Note 2)

11 Preparation and EPA Approval of PH FS (Note 3)

12 EPA Issuance of PH ROD

13 EPA Issuance of Consent Orders

14 EPA Approval of PH Final Design(s)

15 EPA Approval of PH RA Contractor(s)

16 EPA Approval of PH RA Work Plan

17 Implementation of PH Removal Action

7/26

See Note 1

See Note 3

Notes:
1. Estimated Arkema Early Action implementation schedule is dependent on sequencing to be provided in
the PH ROD.
2. A formal schedule for the Portland Harbor Superfund Site is not available. Major milestones, tasks and
durations have been estimated.
3. Assumed duration includes reviews and associated comment response periods (including National
Remedy Review Board, CSTAG, and public) and writing of the action memorandum (per EPA's 3-28-2012
letter).

Qtr1 Qtr2 Qtr3 Qtr4
2012 2013 2014 2015 2016 2017 2018 2019

Estimated Arkema Early Action Schedule

DRAFT
Figure 9-1

Arkema Early Action Schedule
Arkema Early Action
Draft EE/CA Report

Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2 Qtr3 Qtr4 Qtr1 Qtr2

Dates and duration of tasks are dependent on timing of agency review. It should be noted that this schedule does not include time incurred as a result of administrative delays (i.e., review delays, etc.).
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Engineering Evaluation and Cost Analysis
Arkema Early Action 

DRAFT
July 26, 2012

Integral Consulting Inc. Page 1 of 2

Table 2-1.  Summary of Portland Harbor PRGs, RALs, and AOPC 14 SQGs
AOPC 14 
Specific RM 7–8 RALs

Analyte CAS # Units PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F RM 7–8 RALsa

2,3,4,7,8-Pentachlorodibenzofuran 57117-31-4 pg/g 56 54.1 20.5 -- -- -- -- -- 20 10 1,750
gamma-Hexachlorocyclohexane 58-89-9 mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Hexachlorobenzene 118-74-1 mg/kg-OC 37 3.7 -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) TOTCHLDANEeeca mg/kg 0.83 0.083 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) E17075011eeca mg/kg 0.9 0.089 0.028 -- 1.68 -- -- -- 0.1 0.05 --
Total DDE (EE/CA) E17075029eeca mg/kg 0.1 0.0088 0.0313 0.00302 0.75 1 1 0.2 0.05 0.02 0.4
Total DDT (EE/CA) E17075037eeca mg/kg 1.2 0.12 0.0629 -- 5.8 -- -- -- 0.15 0.06 6.0
Total DDx (EE/CA) E966176eeca mg/kg 0.218 -- -- -- 8.2 -- -- -- -- -- --
Total PCBs (EE/CA) TOTPCBSeeca mg/kg 0.5 0.0295 -- -- -- 1 0.75 0.5 0.2 0.075 --
Tributyltin ion 36643-28-4 mg/kg-OC 24.4 -- -- -- -- -- -- -- -- -- --

Sources:
Analyte PRG-1 PRG-2 PRG-3 PRG-4

2,3,4,7,8-Pentachlorodibenzofuran

gamma-Hexachlorocyclohexane

Hexachlorobenzene

Total Chlordanes (EE/CA)

Total DDD (EE/CA)

Portland Harbor PRGs

Eco - mink multi-species diet (Exposure 
area: 1 RM).  This value is also an RG.

Eco - bird dietary assessment - 
sandpiper worms (Exposure area: 
beach type).  This value is also an 
RG.  This value is also a focused 
PRG.

--

Portland Harbor RALs

HH - adult fish 
consumption, small 
mouth bass, low IR, 
based on cancer risk 
=1E-4 (Exposure area: 1 
RM).  This value is also 
an RG.

-- --Eco benthic - PEL SQG (Exposure area: 
point-by-point).b,c

-- --HH - Adult fish consumption, single 
species diet, large home range fish, 
low IR, low BA, based on cancer risk 
=1E-5 (Exposure area: site).

Eco benthic - PEC SQG 
(Exposure area: point-by-
point).b

HH - adult fish consumption, small 
mouth bass low IR, based on cancer 
risk =1E-5 (Exposure area:
1 RM).b

--

HH - Adult fish consumption, single species 
diet, large home range fish, low IR, low BA, 
based on cancer risk =1E-4 (Exposure area: 
site).

HH - fish consumption - 
Large home range single 
species high IR, low BA, 
based on cancer risk 
=1E-6. (Exposure area: 
site).  Focused PRG.

HH – Adult fish consumption, small 
mouth bass low IR, based on cancer 
risk =1E-5 (Exposure area:
1 RM).b

--HH – Adult fish consumption, small mouth 
bass low IR, based on cancer risk =1E-4 
(Exposure area:
1 RM).b

HH - adult fish consumption, small mouth 
bass low IR, based on cancer risk =1E-4 
(Exposure area:
1 RM).b
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Table 2-1.  Summary of Portland Harbor PRGs, RALs, and AOPC 14 SQGs
Analyte PRG-1 PRG-2 PRG-3 PRG-4

Total DDE (EE/CA)

Total DDT (EE/CA)

Total DDx (EE/CA)

Total PCBs (EE/CA)

Tributyltin ion

Notes:
-- = not available IR = ingestion rate

  AOPC = area of potential concern LWG = Lower Willamette Group
BA = bioaccumulation NOAA = National Oceanic and Atmospheric Administration
BERA = baseline ecological risk assessment OC = organic carbon
DW = dry weight PEC = probable effects concentration
Eco = ecological PEL = probable effects level
EE/CA = engineering evaluation and cost analysis PRG = preliminary remediation goal
EPA = U.S. Environmental Protection Agency RAL = removal action level
FPM = floating point model RG = remediation goal
FPRG = focused preliminary remediation goal RM = river mile
FS = feasibility study SQG = sediment quality guideline
HH = human health UPL = upper prediction limit
a This RAL was estimated based on 10-5 risk, adult fish consumption, small mouth bass.  Estimated from RAL plots for RM 7-8 in Appendix Db, Draft Portland Harbor FS Report.
b Listed as FPRG by EPA in FS Table 3.5-2, but not recommended by LWG in FS Table 3.5-4.
c Not among the chemicals of concern with potentially unacceptable risk that were recommended for risk management in the draft final Portland Harbor BERA.

Eco - tissue residue assessment, benthic, 
worms (Exposure area: point by point).

-- -- --

HH - adult fish consumption, small mouth 
bass low IR, based on cancer risk =1E-4 
(Exposure area:
1 RM).b

HH - adult fish consumption, small 
mouth bass low IR, based on cancer 
risk =1E-5 (Exposure area:
1 RM).b

Eco - Benthic PEC SQG 
(Exposure area: point-by-
point).b

--

HH - adult fish consumption, small mouth 
bass low IR, based on cancer risk =1E-4 
(Exposure area: 1 RM).

HH - adult fish consumption, small 
mouth bass low IR, based on cancer 
risk =1E-5 (Exposure area:
1 RM).b

Eco - benthic - PEC 
SQG (Exposure area: 
point-by-point).

Eco - benthic - FPM high SQG (Exposure 
area: point-by-point).b

HH - adult fish consumption, small 
mouth bass, low IR, based on cancer 
risk =1E-4 (Exposure area:
1 RM).  This value is also an RG.

-- --

Eco - Benthic PEC SQG (Exposure area: 
point-by-point).b

-- -- --

HH - adult fish consumption, large 
home range single species, low IR, 
low BA, based on cancer risk =1E-6 
(Exposure area: site).  This value 
is also an RG.
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Table 2-2.  Data Screening Results

PRG-1 PRG-2

Analyte Units
Sample 
Count

Percent 
Detected

Minimum Non-
Detected

Maximum 
Non-Detected

Median Non-
Detected

Minimum 
Detected

Maximum 
Detected

Median 
Detected

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Tributyltin ion mg/kg-OC 16 6.20 0.583 21.3 5.42 0.207 0.207 0.207 0 6.20 -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 66 78.8 0.00500 0.650 0.0835 0.100 28000 68.8 42.4 36.4 42.4 36.4
gamma-Hexachlorocyclohexane mg/kg 98 4.10 0.0000770 9.90 0.0100 0.00122 0.430 0.0875 3.10 1.00 -- --
Total Chlordanes (EE/CA) mg/kg 88 39.8 0.0000420 10.0 0.0920 0.000330 1.10 0.0250 3.40 36.4 13.6 26.1
Total DDD (EE/CA) mg/kg 287 93.0 0.000150 0.130 0.000170 0.000130 1200 0.270 32.1 61.0 54.7 38.3
Total DDE (EE/CA) mg/kg 287 72.5 0.0000450 7.50 0.000300 0.0000860 24.0 0.0615 32.8 39.7 49.1 23.3
Total DDT (EE/CA) mg/kg 287 91.6 0.000140 0.400 0.000285 0.000150 4500 0.480 35.5 56.1 55.1 36.6
Total DDx (EE/CA) mg/kg 287 95.1 0.000150 0.0160 0.000285 0.000320 4800 0.860 58.2 36.9 -- --
Hexachlorobenzene mg/kg-OC 80 56.2 0.0414 361 9.09 0.0196 639 0.444 2.50 53.8 8.80 47.5
Total PCBs (EE/CA) mg/kg 62 24.2 0.00120 150 0.0780 0.0320 1.20 0.120 4.80 19.4 24.2 0

Portland Harbor PRGs
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Table 2-2.  Data Screening Results

Analyte Units
Tributyltin ion mg/kg-OC
2,3,4,7,8-Pentachlorodibenzofuran pg/g
gamma-Hexachlorocyclohexane mg/kg
Total Chlordanes (EE/CA) mg/kg
Total DDD (EE/CA) mg/kg
Total DDE (EE/CA) mg/kg
Total DDT (EE/CA) mg/kg
Total DDx (EE/CA) mg/kg
Hexachlorobenzene mg/kg-OC
Total PCBs (EE/CA) mg/kg

AOPC 14 Specific
PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

-- -- -- -- -- -- -- -- -- -- -- --
43.9 34.8 -- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- -- -- --
35.2 4.50 -- -- -- -- -- -- -- -- -- --
62.0 31.0 -- -- 25.4 67.6 -- -- -- -- -- --
41.5 31.0 55.1 17.4 12.5 59.9 10.8 61.7 10.8 61.7 24.7 47.7
59.2 32.4 -- -- 21.6 70.0 -- -- -- -- -- --

-- -- -- -- 23.7 71.4 -- -- -- -- -- --
-- -- -- -- -- -- -- -- -- -- -- --
-- -- -- -- -- -- 3.20 21.0 4.80 19.4 4.80 19.4

Portland Harbor PRGs Portland Harbor RALs
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Table 2-2.  Data Screening Results

Analyte Units
Tributyltin ion mg/kg-OC
2,3,4,7,8-Pentachlorodibenzofuran pg/g
gamma-Hexachlorocyclohexane mg/kg
Total Chlordanes (EE/CA) mg/kg
Total DDD (EE/CA) mg/kg
Total DDE (EE/CA) mg/kg
Total DDT (EE/CA) mg/kg
Total DDx (EE/CA) mg/kg
Hexachlorobenzene mg/kg-OC
Total PCBs (EE/CA) mg/kg

RM 7–8 RALs
RAL-E RAL-F RM 7–8 RALs

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

Percent 
Detected 

Exceedances

Percent 
Non-Detected 
Exceedances

-- -- -- -- -- --
90.9 66.7 90.9 66.7 19.7 59.1

-- -- -- -- -- --
-- -- -- -- -- --

112 74.2 112 74.2 -- --
82.2 62.7 82.2 62.7 17.4 55.1
114 69.7 114 69.7 21.3 70.4

-- -- -- -- -- --
-- -- -- -- -- --

22.6 25.8 22.6 25.8 -- --
Notes:

-- = not applicable
AOPC = area of potential concern
EE/CA = engineering evaluation and cost analysis
PRG = preliminary remediation goal
RAL = removal action level
SQG = sediment quality guideline

Portland Harbor RALs
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Table 3-1.  Removal Action Objectives Summary   

Arkema Removal Action AOC Statement of Work RAOs Portland Harbor Draft FS RAOs (Anchor et al. 2012) 
Arkema EE/CA Refined RAOs  

 
RAO 1:  Reduce human health risks to acceptable levels 
from direct contact with and incidental ingestion of 
chemicals of concern (COCs) in sediments and riverbank 
within the RAA. 

PH RAO 1 – HH Sediments: Reduce to acceptable levels human 
health risks from exposure to contaminated sediments resulting from 
incidental ingestion of and dermal contact with sediments, and comply 
with identified ARARs. 

Refined RAO 1:  Reduce human health risks to acceptable levels from direct contact with and incidental 
ingestion of chemicals of concern (COCs) in sediments and riverbank soils within the RAA. 
 
Performance of the RAO 
The performance of RAO 1 will be assessed against Portland Harbor RGs for total DDE, total PCBs, and 
2,3,4,7,8-PCDF and Portland Harbor focused PRGs for total DDT, total DDD, gamma-
hexachlorocyclohexane, total chlordanes, and tributyltin (Anchor et al. 2012). 
 

RAO 2:  Reduce COC concentrations in sediments and 
riverbank within the RAA to levels that will result in 
acceptable risks to humans that eat fish and shellfish from 
the Willamette River. 

PH RAO 2 – HH Biota Ingestion: Reduce to acceptable levels human 
health risks from indirect exposures to COCs through ingestion of fish 
and shellfish that occur via bioaccumulation pathways from sediment 
and/or surface water and comply with identified ARARs. 

Refined RAO 2:  Reduce COC concentrations in sediments and riverbank soil within the RAA to levels 
that will result in acceptable risks to humans that eat fish and shellfish that occur via bioaccumulation 
pathways from sediments from the Willamette River. 
 
Performance of the RAO 
The performance of RAO 2 will be assessed against Portland Harbor RGs for total DDE, total PCBs, and 
2,3,4,7,8-PCDF and Portland Harbor focused PRGs for total DDD, total DDT, gamma-
hexachlorocyclohexane, total chlordanes, and tributyltin (Anchor et al. 2012). 
 

RAO 3:  Reduce human health risks to acceptable levels 
from direct contact with and incidental ingestion of water 
with COCs within the RAA. 

PH RAO 3 – HH Surface Water: Reduce risks from COCs in surface 
water at the Site to acceptable exposure levels that are protective of 
human health risks from ingestion of, inhalation of, and dermal contact 
with surface water; protect the drinking water beneficial use of the 
Willamette River at the Site; and comply with identified ARARs. 

Refined RAO 3:  Reduce human health risks to acceptable levels from direct dermal contact with and 
incidental ingestion of surface water with COCs within the RAA. 
 
Performance of the RAO 
The performance of RAO 3 will be assessed against Oregon WQS, federal NRWQC, and MCLs for 
indicator chemicals listed in Appendix C of the draft Portland Harbor FS report (Anchor et al. 2012).  
Consistent with the draft Portland Harbor FS, in cases where WQS/NRWQC are below background, 
upstream background concentrations will be used for comparisons.  The indicator chemicals that are COIs 
at the site consist of total PCBs, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT. 
 

NA PH RAO 4 – HH Groundwater: Reduce to acceptable levels human 
health risks resulting from direct exposure to contaminated groundwater 
and indirect exposure to contaminated groundwater through fish and 
shellfish consumption, and comply with identified ARARs 
 

Construction of the Arkema groundwater source control measure will be initiated in 2012 and will be fully 
implemented prior to the Arkema NTCRA.  The groundwater source control measure will consist of a 
barrier wall and a pump and treat system.  The TZW pathway will be assessed throughout the EE/CA 
process once the groundwater source control measure has been implemented and data are available to 
assess the post-groundwater source control measure TZW data.    
  

RAO 4:  Reduce ecological risks from contact with and 
ingestion of COCs in sediments or riverbank material or 
prey within the RAA to acceptable levels. 

PH RAO 5 – Eco Sediments: Reduce to acceptable levels the risks to 
ecological receptors resulting from the ingestion of and direct contact 
with contaminated sediments and comply with identified ARARs 

Refined RAO 4a:  Reduce ecological risks from direct contact with and ingestion of COCs in sediments or 
riverbank material within the RAA to acceptable levels. 
 
Refined RAO 4b:  Reduce ecological risks from indirect exposure to COCs in sediment via 
bioaccumulation in prey within the RAA to acceptable levels.   
 
Performance of the RAO 
The performance of RAOs 4a and 4b will be assessed against Portland Harbor RGs for total DDE, total 
PCBs, and 2,3,4,7,8-PCDF and Portland Harbor focused PRGs for total DDD, total DDT, gamma-
hexachlorocyclohexane, total chlordanes, and tributyltin in surface soils and sediments (0-30 cm below 
mudline) (Anchor et al. 2012). 
 

NA PH RAO 6 – Eco Biota (Prey) Ingestion: Reduce to acceptable levels 
risks to ecological receptors from indirect exposures through ingestion 
of prey to COCs in sediments via bioaccumulation pathways from 
sediment and/or surface water and comply with identified ARARs. 

See refined RAOs 4 and 5. 
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Table 3-1.  Removal Action Objectives Summary   

Arkema Removal Action AOC Statement of Work RAOs Portland Harbor Draft FS RAOs (Anchor et al. 2012) 
Arkema EE/CA Refined RAOs  

 
RAO 5:  Reduce ecological risks to acceptable levels from 
contact with and ingestion of water with COCs within the 
RAA. 

PH RAO 7 – Eco Surface Water: Reduce risks from COCs in surface 
water at the Site to acceptable exposure levels that are protective of 
ecological receptors based on the ingestion of and direct contact with 
surface water and comply with identified ARARs. 
 

Refined RAO 5:  Reduce ecological exposure to acceptable risk levels from contact with and ingestion of 
surface water with COCs within the RAA. 
 
Performance of the RAO 
Although this RAO is being achieved for the Harbor-wide site, performance of RAO 5 for the Arkema site 
will be assessed against Oregon WQS, federal NRWQC, and MCLs for indicator chemicals listed in 
Appendix C of the draft Portland Harbor FS report (Anchor et al. 2012).  Consistent with the draft Portland 
Harbor FS, in cases where WQS/NRWQC are below background, upstream background concentrations 
will be used for comparisons.  The indicator chemicals that are COIs at the site consist of total PCBs, 4,4'-
DDD, 4,4'-DDE, and 4,4'-DDT. 
 

RAO 6: Eliminate the potential for migration of 
contaminants at unacceptable levels from the RAA to the 
Willamette River. 

NA Refined RAO 6: Eliminate the potential for migration of contaminants at unacceptable levels from the 
RAA to the Willamette River. 
 
Performance of the RAO 
Short-term and long-term monitoring will be implemented once the NTCRA is completed to assess the 
performance of RAO 6.   
 
Sediments: The performance of RAO 6 will be assessed against Portland Harbor RGs for total DDE, total 
PCBs, and 2,3,4,7,8-PCDF and Portland Harbor focused PRGs for total DDD, total DDT, gamma-
hexachlorocyclohexane, total chlordanes, and tributyltin in surface soils and sediments (0-30 cm below 
mudline). 
 
Groundwater:  The performance of RAO 6 for the Arkema site will be assessed against Oregon WQS, 
federal NRWQC, and MCLs for indicator chemicals listed in Appendix C of the draft Portland Harbor FS 
report (Anchor et al. 2012).  Consistent with the draft Portland Harbor FS, in cases where WQS/NRWQC 
are below background, upstream background concentrations will be used for comparisons.  The indicator 
chemicals that are COIs at the site consist of total PCBs, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT. 
 

RAO 7: Reduce contaminant flux from uplands, riverbank, 
and sediments so that recontamination of any sediment or 
riverbank caps put in place does not occur. 

NA Refined RAO 7: Reduce contaminant flux from uplands, riverbank, and sediments so that 
recontamination of any sediment or riverbank caps put in place does not occur. 
 
Performance of the RAO 
Sediments: The performance of RAO 7 will be assessed against Portland Harbor RGs for total DDE, total 
PCBs, and 2,3,4,7,8-PCDF, and Portland Harbor focused PRGs for total DDD, total DDT, gamma-
hexachlorocyclohexane, total chlordanes, and tributyltin in surface soils and sediments (0-30 cm below 
mudline). 
 
Stormwater and TZW:  The performance of RAO 7 for the Arkema site will be assessed against Oregon 
WQS, federal NRWQC, and MCLs for indicator chemicals listed in Appendix C of the draft Portland 
Harbor FS report (Anchor et al. 2012).  Consistent with the draft Portland Harbor FS, in cases where 
WQS/NRWQC are below background, upstream background concentrations will be used for comparisons.  
The indicator chemicals that are COIs at the site consist of total PCBs, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT. 
 

NA PH RAO 8 – Eco Groundwater: Reduce to acceptable levels the risks 
to ecological receptors resulting from the ingestion of and direct contact 
with contaminated groundwater and indirect exposures through 
ingestion of prey via bioaccumulation pathways from groundwater, and 
comply with identified ARARs. 
 

Construction of the Arkema groundwater source control measure will be initiated in 2012 and will be fully 
implemented prior to the Arkema NTCRA.  The groundwater source control measure will consist of a 
barrier wall and a pump and treat system.  The TZW pathway will be assessed throughout the EE/CA 
process once the groundwater source control measure has been implemented and data are available to 
assess the post-groundwater source control measure TZW data.  
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Notes 

AOC Administrative Order on Consent 
ARAR applicable or relevant and appropriate requirement 
COC chemical of concern 
COI contaminant of interest 
Eco ecological 
EE/CA engineering evaluation and cost analysis 
FS feasibility study 
HH human health 
MCL maximum contaminant level 
NA not available 
NRWQC National Recommended Water Quality Criteria 
NTCRA non-time-critical removal action 
PCB polychlorinated biphenyl 
PCDF polychlorinated dibenzofuran 
PH Portland Harbor 
PRG preliminary remediation goal 
RAA removal action area 
RAO remedial action objective 
RG remediation goal 
TZW transition zone water 
WQS water quality standard 
 

Anchor et al. 2012.  Draft Portland Harbor Feasibility Study.   
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Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

Federal ARARs
Clean Water Act, Section 
404 and Section 
404(b)(1) Guidelines

33 USC 1344, 40 CFR 
Part 230

Regulates discharge of dredged and fill material 
into navigable waters of the United States.

Action-specific. Applicable to dredging, covering, 
capping, and designation and construction of in-
water disposal sites and in-water filling activities in 
the Willamette River.

Clean Water Act 33 USC 1313, 1314 Most 
recent 304(a) list, as 
updated up to issuance of 
the ROD

Under Section 304(a), minimum criteria are 
developed for water quality programs established 
by states. Two kinds of water quality criteria are 
developed: one for protection of human health, 
and one for protection of aquatic life.

Chemical-specific and action-specific. Relevant and 
appropriate for cleanup standards for surface water 
and contaminated groundwater discharging to 
surface water if more stringent than promulgated 
state criteria. Relevant and Appropriate to short-term 
impacts to surface water from implementation of the 
remedial action that results in a discharge to 
navigable water, such as dredging and capping if 
more stringent than promulgated state criteria.

Clean Water Act, Section 
401

33 USC 1341, 40 CFR 
Section, 121.2(a)(3), (4) 
and (5)

Any federally authorized activity which may result 
in any discharge into navigable waters requires 
reasonable assurance that the action will comply 
with applicable provisions of sections 1311, 1312, 
1313, 1316, and 1317 of the Clean Water Act.

Action-specific. Relevant and Appropriate to 
implementation of the remedial action that results in 
a discharge to the river if more stringent than state 
implementation regulations.

Clean Water Act, Section 
402

33 USC 1342 Regulates discharges of pollutants from point 
sources to waters of the U.S., and requires 
compliance with the standards, limitations and 
regulations promulgated per Sections 301, 304, 
306, 307, 308 of the Clean Water Act.

Relevant and appropriate to remedial activities that 
result in a discharge of pollutants from point sources 
to the river if more stringent than state promulgated 
point source requirements.

Safe Drinking Water Act 42 USC 300f, 40 CFR Part 
141, Subpart O, App. A. 40 
CFR Part 143

Establishes national drinking water standards to 
protect human health from contaminants in 
drinking water

Chemical-specific. Relevant and appropriate as a 
performance standard for groundwater and surface 
water which are potential drinking water sources.

Resource Conservation 
and Recovery Act

40 CFR 260, 261 Establishes identification standards and definitions 
for material is exempt from the definition of a 
hazardous waste.

Action-specific. Applicable to characterizing wastes 
generated from the action and designated for off-site 
or upland disposal; potentially relevant and 
appropriate for use in identifying acceptance
criteria for confined in-water disposal.
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Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

RCRA – Solid Waste 40 CFR 257 Subpart A RCRA Solid Waste requirements may be relevant 
and appropriate to remedial actions that result in 
upland or in-water disposal of dredged material. 
Requirements for the management of solid waste 
landfills may be relevant and appropriate to upland 
disposal.

Hazardous Materials 
Transportation Act

49 USC §5101 et seq. 40 
CFR Parts 171-177

Hazardous Materials Transportation Act 
requirements are applicable to remedial actions that 
involve the transport of hazardous materials (i.e., 
dredged material).

Fish and Wildlife 
Coordination Act 
Requirements

16 USC 662, 663 50 CFR 
6.302(g)

Requires federal agencies to consider effects on 
fish and wildlife from projects that may alter a body 
of water and mitigate or compensate for project-
related losses, which includes discharges of 
pollutants to water bodies.

Action-specific. Potentially applicable to determining 
impacts and appropriate mitigation, if necessary, for 
effects on fish and wildlife from filling activities or 
discharges from point sources.

Magnuson-Stevens 
Fishery Conservation 
and Management Act

50 CFR Part.600.920 Evaluation of impacts to Essential Fish Habitat 
(EFH) is necessary for activities that may 
adversely affect EFH.

Location-specific. Potentially applicable if the 
removal action may adversely affect EFH.

Federal Emergency 
Management Act

44 CFR 60.3(d)(2) and (3) FEMA flood rise requirements are considered 
relevant and appropriate requirements for remedial 
actions.

River and Harbors Act 33 USC 401 et seq. 33 
CFR parts 320 to 323

Section 10 prohibits the unauthorized obstruction 
or alteration of any navigable water. Structures or 
work in, above, or under navigable waters are 
regulated under Section 10.

Action-specific. Applicable requirements for how 
remedial actions are taken or constructed in the 
navigation channel.

Clean Air Act 42 USC §7401 et seq. Action-specific. Applicable to remedial activities that 
generate air emissions.

Toxic Substances Control 
Act

15 USC §2601 et seq. Chemical-specific. TSCA requirements are 
applicable to contaminated material or surface water 
with PCB contamination.

Marine Mammal 
Protection Act

16 USC §1361 et seq. 50 
CFR 216

Action-specific. Applicable to remedial actions that 
have the potential to affect marine mammals.
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Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

Migratory Bird Treaty Act 16 USC §703 50 CFR 
§10.12

Makes it unlawful to take any migratory bird. 
“Take” is defined as pursuing, hunting, wounding, 
killing, capturing, trapping and collecting.

Action-specific. Applicable to remedial actions that 
have the potential to effect a taking of migratory 
birds.

National Historic 
Preservation Act

16 USC 470 et seq. 36 
CFR Part 800

Requires the identification of historic properties 
potentially affected by the agency undertaking, and 
assessment of the effects on the historic property 
and seek ways to avoid, minimize or mitigate such 
effects. Historic property is any district, site, 
building, structure, or object included in or eligible 
for the National Register of Historic Places, 
including artifacts, records, and material remains 
related to such a property.

Action-specific. Potentially applicable if historic 
properties are potentially affected by remedial 
activities.

Archeological and 
Historic Preservation Act

16 USC 469a-1 Provides for the preservation of historical and 
archeological data that may be irreparably lost as 
a result of a federally approved project and 
mandates only preservation of the data.

Action-specific. Potentially applicable if historical and 
archeological data may be irreparably lost by
implementation of the remedial activities.

Native American Graves 
Protection and 
Reparation Act

25 USC 3001-3013 43 
CFR 10

Requires federal agencies and museums which 
have possession of or control over Native 
American cultural items (including human remains, 
associated and unassociated funerary items, 
sacred objects and objects of cultural patrimony) to 
compile an inventory of such items. Prescribes 
when such federal agencies and museums must 
return Native American cultural items. “Museums” 
are defined as any institution or state or local 
government agency that receives federal funds 
and has possession of, or control over, Native 
American cultural items.

Location-specific; action-specific. If Native American 
cultural items are present on property belonging to 
the Oregon Division of State Lands that is a part of 
the removal action area, this requirement is 
potentially applicable. If Native American cultural 
items are collected by an entity which is either a 
federal agency or museum, then the requirements of 
the law are potentially applicable.
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Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

Endangered Species Act 16 USC 1531 et seq. 50 
CFR 17

Actions authorized, funded, or carried out by 
federal agencies may not jeopardize the continued 
existence of endangered or threatened species or 
adversely to avoid jeopardy or take appropriate 
mitigation modify or destroy their critical habitats. 
Agencies are to avoid jeopardy or take appropriate 
mitigation measures to avoid jeopardy.

Action-specific. Applicable to remedial actions, that 
may adversely impact endangered or threatened 
species or critical habitat that are present at the site.

Executive Order for 
Wetlands Protection

Executive Order 11990 
(1977) 40 CFR 6.302 (a) 
40 CFR Part 6, App. A

Requires measures to avoid adversely impacting 
wetlands whenever possible, minimize wetland 
destruction, and preserve the value of wetlands.

Location-specific. Relevant and appropriate in 
assessing impacts to wetlands, if any, from the 
response action and for developing appropriate 
compensatory mitigation for the project.

Executive Order for 
Floodplain Management

Exec. Order 11988 (1977) 
40 CFR Part 6, App. A 40 
CFR 6.302 (b)

Requirements for Flood Plain Management 
Regulations Areas. Requires measures to reduce 
the risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Location-specific. Relevant and appropriate for 
assessing impacts, if any, to the floodplain and flood 
storage from the response action and developing 
compensatory mitigation that is beneficial to 
floodplain values.

National Flood Insurance 
Act and Flood Disaster 
Protection Act

42 USC 4001 et seq. 44 
CFR National Flood
Insurance Program
Subpart A

Requirements for Flood Plain Management 
Regulations Areas. Requires measures to reduce 
the risk of flood loss, minimize impact of floods, 
and restore and preserve the natural and 
beneficial values of floodplains.

Location-specific. Relevant and appropriate for 
assessing impacts, if any, to the floodplain and flood 
storage from the response action and developing 
compensatory mitigation that is beneficial to 
floodplain values.

State ARARs
Oregon Environmental 
Cleanup Law 
ORS 465.315.

Oregon Hazardous 
Substance Remedial 
Action Rules OAR 340-122-
0040(2)(a)
and (c), 0115(3),(32)
and (51).

Sets standards for degree of cleanup required, 
including for oil and other petroleum 
products/wastes. Establishes acceptable risk 
levels for human health at 1x10-6 for individual 
carcinogens, 1x10-5 for multiple carcinogens, and 
Hazard Index of 1 for noncarcinogens; and 
protection of ecological receptors at the individual 
level for threatened or endangered species and 
the population level for all others.  OAR 340-122-
0040 and 0115(3).

Chemical-specific. A risk-based numerical value that, 
when applied to site-specific conditions, will establish 
concentrations of hazardous substances that may 
remain or be managed onsite in a manner avoiding 
unacceptable risk.
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Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

OAR 340-122-and (b), 340-
122-0040(4) 0115(32)

For hot spots of contamination in water, requires 
treatment, if feasible, when treatment would be 
reasonably likely to restore or protect beneficial 
uses within a reasonable time.

For hot spots contamination of sediments, requires 
treatment or excavation and offsite disposal of 
hazardous substances if treatment is reasonably 
likely to restore or protect such beneficial uses 
within a reasonable time.

Chemical-specific and action-specific. When 
contaminant concentrations fall within the definition 
of “hot spot” set forth in subpart 0115(32), treatment 
(including excavation and offsite disposal) of 
contaminated media to levels below such risk levels 
or beneficial-use impacts needs to be evaluated in 
the feasibility study.

Hazardous Waste and 
Hazardous Materials II

ORS 466.005(7) OAR 340-
102-0011 - Hazardous 
Waste Determination

Defines "Hazardous Waste" and the rule contains 
the criteria by which anyone generating residue 
must determine if that residue is a hazardous 
waste.

Chemical-specific and action-specific. Specifies 
substantive requirements if remedial action will 
involve onsite treatment, disposal, or storage of 
RCRA-listed or characteristic hazardous waste. 
(Note: offsite treatment, storage, or disposal is 
subject to all administrative and substantive state 
requirements.)

Identification and Listing of 
Hazardous Waste OAR 
340-101-0033

Identifies additional residuals that are subject to 
regulation as hazardous waste under state law.

Action-specific. Specifies requirements if remedial 
action will involve onsite treatment, disposal, or 
storage of additional listed wastes.

Solid Waste: General 
Provisions

Specific regulatory 
references to be provided 
by DEQ 

Substantive Requirements for the location, design, 
construction, operation, and closure of solid waste 
management facilities.

Action-specific. Applicable if upland disposal facility 
contemplated onsite for solid, nonhazardous, waste 
disposal, handling, treatment, or transfer. (Note: 
offsite transfer, treatment, handling, or disposal is 
subject to all administrative and substantive state 
requirements.)

Solid Waste: Land 
Disposal Sites Other than 
Municipal Solid Waste 
Landfills, specific 
regulatory references to be 
supplied by DEQ

Requirements for the management of solid wastes 
at land disposal sites other than municipal solid 
waste landfills.

Action-specific. Applicable to the onsite management 
and disposal of contaminated sediment, soil, and/or 
groundwater.



Engineering Evaluation and Cost Analysis
Arkema Early Action 

DRAFT
July 26, 2012

Integral Consulting Inc. Page 6 of 8

Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

Water Pollution Control 
Act ORS 468B.048

Water Quality Standards 
OAR 340-041-0340, Table 
20 and Table 33A

DEQ is authorized to administer and enforce Clean 
Water Act program in Oregon. DEQ rules 
designate beneficial uses for water bodies and 
narrative and numeric water quality criteria 
necessary to protect those uses. OAR 340-041-
0340 designates and defines the beneficial uses 
that shall be protected in the Willamette Basin. For 
the purposes of state law, Table 20 are the 
applicable criteria, unless there is a corresponding 
criterion under Table 33A, in which case Table 33A 
is applicable. (Note: if Oregon promulgates new 
criteria prior to ROD, such new criteria will be 
ARAR).

Chemical-specific and action-specific. Applicable to 
any discharges to surface water from point sources, 
groundwater, overland flow of stormwater, and 
activities that may result in discharges to waters of 
the state, such as dredge and fill, de-watering 
sediments, and other remedial activities. Relevant 
and appropriate as performance  standards for sites 
and where contaminants are left in place.

Water Pollution Control 
Act ORS 468B.048

Regulations Pertaining to 
NPDES Discharges 
Specific regulatory 
references to be supplied 
by DEQ

Effluent limitations and management practices for 
point-source discharges into waters of the state 
(otherwise subject to NPDES permit but for onsite 
permit exemption).

Chemical-specific and action-specific. Applies state 
water quality standards and effluent limitations to 
point-source discharges to the Willamette River.

Certification of Compliance 
with Water Quality 
Requirements and 
Standards ORS 468b.035

Provides that federally-approved activities that may 
result in a discharge to waters of the state requires 
evaluation whether an activity may proceed and 
meet water quality standards with conditions, 
which if met, will ensure that water quality 
standards are met.

Action-specific. Applicable to implementation of the 
remedial action (e.g., dredging, capping, and 
construction of confined disposal facility) that may 
result in a discharge to waters of the state.

Rules Governing the 
Issuance and Enforcement 
of Removal-Fill 
Authorizations within 
Waters of Oregon 
Including Wetlands OAR 
141-085 0680, 141-085-
0695, 141-085-0710, 141-
085-0765

Substantive requirements for dredge and fill 
activities in waters of the state, including in 
designated Essential Indigenous Anadromous 
Salmonid Habitat.

Action-specific. Applicable to remedial action dredge 
and fill activities, capping, and riverbank remediation.



Engineering Evaluation and Cost Analysis
Arkema Early Action 

DRAFT
July 26, 2012

Integral Consulting Inc. Page 7 of 8

Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

Oregon Department of 
Fish and Wildlife 
Fish Management Plans 
for the Willamette River

OAR 635, div 500 Provides basis for in-water work windows in the 
Willamette River.

Action-specific. Potentially applicable to timing of 
implementation of the remedial action due to 
presence of protected species at the site.

Oregon Air Pollution 
Control ORS 468A et. 
seq.

General Emissions 
Standards OAR 340-226

DEQ is authorized to administer and enforce Clean 
Air program in Oregon. Rules provide general 
emission standards for fugitive emissions of air 
contaminants and require highest and best 
practicable treatment or control of such emissions.

Action-specific. Applicable to remedial actions taking 
place in on-site uplands. Could apply to earth-
moving equipment, dust from vehicle traffic, and 
mobile-source exhaust, among other things.

Oregon Air Pollution 
Control ORS 468A et. 
seq.

Fugitive Emission 
Requirements OAR 340-
208

Prohibits any handling, transporting, or storage of 
materials, or use of a road, or any equipment to be 
operated, without taking reasonable precautions to 
prevent particulate matter from becoming airborne. 
These rules for “special control areas” or other 
areas where fugitive emissions may cause 
nuisance and control measures are practicable.

Action-specific. Applicable to remedial actions taking 
place in on-site uplands. Could apply to earth-
moving equipment, dust from vehicle traffic, and 
mobile-source exhaust, among other things.

Indian Graves and 
Protected Objects ORS 
97.740-760

Prohibits willful removal of cairn, burial, human 
remains, funerary object, sacred object or object of 
cultural patrimony. Provides for reinterment of 
human remains or funerary objects under the 
supervision of the appropriate Indian tribe. 
Proposed excavation by a professional 
archeologist of a native Indian cairn or burial 
requires written notification to the State Historic 
Preservation Officer and prior written consent of 
the appropriate Indian tribe.

Prohibits persons from excavating, injuring, 
destroying or damaging archeological sites or 
objects on public or private lands unless 
authorized.

Archeological Objects 
and Sites ORS 358.905-
955 ORS 390.235

Imposes conditions for excavation or removal of 
archeological or historical materials.

Location-specific and action-specific. Potentially 
relevant and appropriate if archeological material 
encountered.
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Table 3-2. ARAR Summary
Regulation Citation Criterion/Standard Applicability/Appropriateness

Survival Guidelines OAR 
635-100-0135

Survival Guidelines are rules for state agency 
actions affecting species listed under Oregon's 
Threatened or Endangered Wildlife Species law.

Action-specific and location-specific. Substantive 
requirements of Survival Guidelines relevant and 
appropriate to remedial activities affecting state-
listed species.

Guidance for Assessing 
Bioaccumulative 
Chemicals of Concern in 
Sediment DEQ, 2007

Describes a process to evaluate chemicals found 
in sediment for their potential contribution to risk 
as a result of bioaccumulation. Provides alternative 
methods for developing sediment screening levels 
and bioaccumulation bioassay data.

To be Considered: in level of cleanup or standard of 
control that is protective.

Notes:
ARAR = applicable or relevant and appropriate requirement
CFR = Code of Federal Regulation
DEQ = Oregeon Department of Environmental Quality
EFH = Essential Fish Habitat
FEMA = Federal Emergency Management Agency
OAR = Oregon Administrative Rules
ORS = Oregon Revised Statute
NPDES = National Pollutant Discharge Elimination System
RCRA = Resource Conservation and Recovery Act
ROD = record of decision
USC =  United States Code
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Table 7-1. Summary of Quantities - Arkema NTCRA Removal Action Alternatives

Quantity 2(i) 2(r) 3(i) 3(r) 4(i) 4(r) 5

Removal/ Disposal  Volumes (cy) a
Bank Excavation              11,000      11,000      11,000                11,000      11,000      11,000                -   
Dredging              22,000      28,000      43,000                48,000      51,000      70,000        57,000 
Total Volume Removed              33,000      39,000      54,000                59,000      62,000      81,000        57,000 
Fill Volumes (cy) 
Sediment Caps              22,000      28,000      10,000                16,000              -                -   -             
Riverbank Slope Capb              11,000      11,000      11,000                11,000      11,000      11,000 -             
Targeted Removal Backfill                      -                -        32,000                32,000      51,000      70,000 57,000       
Total Fill Volume              33,000      39,000      53,000                59,000      62,000      81,000        57,000 
Areas (acres)
Cap Area 2.9 3.7 1.4 2.2 0 0 0
MNR Area 2.1 1.3 2.1 1.3 2.1 1.3 1.2

Notes:
cy = cubic yard
MNR = monitored natural recovery
NCTRA = non-time-critical removal action

bRiverbank Slope Cap volume estimate includes re-use of bank soils, clean soil cover, riprap, and sand fill.

Alternative

a All quantities are rounded to two significant figures. All removal volume estimates include a  6-inch overdepth allowance.  50% contingency applied 
to neatline volume estimates to accommodate dredge cut side slopes and refinements to dredge prism during design.  For Alternatives 3 and 4, 
assumed maximum dredge depth of 15 ft and 3:1 cut slope from toe of riverbank (elev. +13 ft NAVD88) to bottom of dredge cut.
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Chemical Group Chemical River Mile Backgroundᵃ Units HH PRG: 10-4 Risk HH PRG: 10-5 Risk Eco PRG Alt 1 (baseline) Alt 2r Alt 2i Alt 3r Alt 3i Alt 4r Alt 4i Alt 5

Dioxins 2,3,4,7,8-PCDF 6.5-7.5 0.0005 µg/kg dw 0.02 0.11 0.06 0.06 0.06 0.06 0.06 0.06 0.06
Pesticides Sum DDD 6.5-7.5 1.31 µg/kg dw 900 89 42.33 29.8 30.1 29.8 30.1 29.8 30.1 29.8
Pesticides Sum DDE 6.5-7.5 1.72 µg/kg dw 100 8.8 16.52 12.06 12.35 12.06 12.35 12.06 12.35 12.06
Pesticides Sum DDT 6.5-7.5 1.1 µg/kg dw 1200 120 163.75 72.94 73.67 72.94 73.67 72.94 73.67 72.94
PCBs Total PCBs 6.5-7.5 17 µg/kg dw 29.5 - 77.03 72.8 73.11 72.8 73.11 72.8 73.11 72.8
Butyltin Tributlytin (OC) 6.5-7.5 0.153 mg/kg-OC - - 24.1 4.375 4.371 4.373 4.371 4.373 4.371 4.373 4.371
SVOCs gamma-Hexachlorocyclohexane 6.5-7.5 0.418 µg/kg dw - - 1.38 1.35 0.72 0.72 0.72 0.72 0.72 0.72 0.72
Pesticides Total Chlordanes 6.5-7.5 0.698 µg/kg dw 830 83 5.58 4.23 4.24 4.23 4.24 4.23 4.24 4.23
SVOCs Hexachlorobenzene (OC) 6.5-7.5 0.125 mg/kg-OC 37 3.7 0.401 0.367 0.371 0.367 0.371 0.367 0.371 0.367

Pesticides Sum DDE Site-Wide 1.72 µg/kg dw 470 45 4.03 3.61 3.64 3.61 3.64 3.61 3.64 3.61
SVOCs Hexachlorobenzene (OC) Site-Wide 0.125 mg/kg-OC 37 3.7 1.639 1.637 1.637 1.637 1.637 1.637 1.637 1.637

Dioxins 2,3,4,7,8-PCDF AOPC14 0.0005 µg/kg dw - - 0.27 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Pesticides Sum DDD AOPC14 1.31 µg/kg dw - - 98.93 64.4 65.6 64.4 65.6 64.4 65.6 64.4
Pesticides Sum DDE AOPC14 1.72 µg/kg dw - - 39.13 27.35 28.21 27.35 28.21 27.35 28.21 27.35
Pesticides Sum DDT AOPC14 1.1 µg/kg dw - - 413.13 171.6 176.3 171.6 176.3 171.6 176.3 171.6
PCBs Total PCBs AOPC14 17 µg/kg dw - - 95.5 84.3 85.2 84.3 85.2 84.3 85.2 84.3
Butyltin Tributlytin (OC) AOPC14 0.153 mg/kg-OC - - 1.745 1.737 1.741 1.737 1.741 1.737 1.741 1.737
SVOCs gamma-Hexachlorocyclohexane AOPC14 0.418 µg/kg dw - - 2.63 1 1.02 1 1.02 1 1.02 1
Pesticides Total Chlordanes AOPC14 0.698 µg/kg dw - - 11.73 8.08 8.15 8.08 8.15 8.08 8.15 8.08
SVOCs Hexachlorobenzene (OC) AOPC14 0.125 mg/kg-OC - - 1.33451 1.25 1.26 1.25 1.26 1.25 1.26 1.25

Exposure Area Chemical Human Health PRG Basis (Table 2, Appendix Da, Draft Portland Harbor FS Report)
River Mile 2,3,4,7,8-PCDF HH, adult fish consumption, single species diet, smallmouth bass, low ingestion rate
River Mile Sum DDD HH, adult fish consumption, single species diet, smallmouth bass, low ingestion rate
River Mile Sum DDE HH, adult fish consumption, single species diet, smallmouth bass, low ingestion rate
Site-Wide Sum DDE HH, adult fish consumption, single species diet, large home range fish, low ingestion rate, low bioaccum rate
River Mile Sum DDT HH, adult fish consumption, single species diet, smallmouth bass, low ingestion rate
River Mile Total PCBs HH, adult fish consumption, single species diet, smallmouth bass, low ingestion rate
River Mile Total Chlordanes HH, adult fish consumption, single species diet, smallmouth bass, low ingestion rate
Site-Wide Hexachlorobenzene (OC) HH, adult fish consumption, single species diet, large home range fish, low ingestion rate, low bioaccum rate

Exposure Area Chemical Ecological PRG Basis (Table 3.5-2, Draft Portland Harbor FS Report)
Point by point Tributlytin Ion (OC) Eco, tissue residue assessment, bentic, worms
Point by point gamma-Hexachlorocyclohexane

Notes:
BERA = baseline ecological risk assessment PRG = preliminary remediation goal
FS = feasibility study SWAC = surface weighted average concentration
HH = human health SVOC = semivolatile organic compound
PCB = polychlorinated biphenyl

a Background concentrations obtained from Tables 2.2-4 (dry weight) and 2.2-5 (organic carbon normalized) of the Draft Portland Harbor FS Report

Rivermile 6.5-7.5

Site-Wide

AOPC14

Table 7-2.  SWAC Results for Alternatives 1 through 5

Eco, benthic PEL SQG (Note: This chemical is not among the COIs with unacceptable risk that were recommended 
for risk management in the BERA.  The PRG for this chemical was presented at EPA's request).
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TASK UNIT COST UNIT QTY COST QTY COST QTY COST QTY COST QTY COST QTY COST QTY COST
DIRECT COSTS

Site Preparation/Construction Engineering 10% LS 1                545,679$             1                646,758$             1                819,845$             1                920,924$             1                923,333$             1                1,206,438$          1                1,788,750$          
Demolition 1,200,000$      LS 1                1,200,000$          1                1,200,000$          1                1,200,000$          1                1,200,000$          1                1,200,000$          1                1,200,000$          1                1,200,000$          
Dredging & Transloading 40$                  CY 22,311       892,457$             28,161       1,126,429$          42,545       1,701,819$          48,395       1,935,790$          51,039       2,041,557$          69,968       2,798,729$          56,832       2,273,286$          
Transportation and Disposal 50$                  TN 30,120       1,516,262$          38,017       1,913,775$          57,436       2,891,347$          65,333       3,288,859$          68,903       3,468,554$          94,457       4,754,970$          -             -$                     
Backfill 26$                  TN (0)               (0)$                       (0)               (0)$                       51,866       1,348,528$          51,866       1,348,528$          81,662       2,123,219$          111,949     2,910,678$          90,931       2,364,217$          
Capping

Filter Material 34$                  TN 14,396       489,460$             18,200       618,785$             6,593         224,178$             10,397       353,503$             -             -$                     -             -$                     -             -$                     
Armor Material 45$                  TN 21,302       958,608$             26,858       1,208,592$          9,613         432,576$             15,168       682,560$             -             -$                     -             -$                     -             -$                     

Water Quality Controls
Conventional BMPs 400,000$         LS 1                400,000$             1                400,000$             1                400,000$             1                400,000$             1                400,000$             1                400,000$             1                400,000$             
Engineered Barrier Contingency 12,769,000$    LS -             -$                     -             -$                     -             -$                     -             -$                     -             -$                     -             -$                     -             -$                     

Riverbank Stabilization 1,156,000$      LS 1                1,156,000$          1                1,156,000$          1                1,156,000$          1                1,156,000$          1                1,156,000$          1                1,156,000$          -             -$                     
Confined Disposal Facility 11,500,000$    LS -             -$                     -             -$                     -             -$                     -             -$                     -             -$                     -             -$                     1                11,500,000$        
Habitat Mitigation 150,000$         LS -             -$                     -             -$                     -             -$                     -             -$                     -             -$                     -             -$                     1                150,000$             

Subtotal (Direct Costs) 7,158,466$          8,270,338$          10,174,293$        11,286,165$        11,312,664$        14,426,815$        19,676,254$        
INDIRECT COSTS (Percent of Direct Costs)

Design and Permitting 7% LS 1                501,093$             1                578,924$             1                712,200$             1                790,032$             1                791,886$             1                1,009,877$          1                1,377,338$          
Construction QA/Oversight 5% LS 1                357,923$             1                413,517$             1                508,715$             1                564,308$             1                565,633$             1                721,341$             1                983,813$             
Project Management (Internal LSS) 2% LS 1                143,169$             1                165,407$             1                203,486$             1                225,723$             1                226,253$             1                288,536$             1                393,525$             
Agency oversight 4% LS 1                286,339$             1                330,814$             1                406,972$             1                451,447$             1                452,507$             1                577,073$             1                787,050$             
Contingency 30% LS 1                2,147,540$          1                2,481,102$          1                3,052,288$          1                3,385,850$          1                2,353,233$          1                2,901,553$          1                5,902,876$          

Subtotal (Indirect Costs) -             3,436,000$          -             3,970,000$          -             4,884,000$          -             5,417,000$          -             4,390,000$          -             5,498,000$          -             9,445,000$          

Total (Direct + Indirect Costs) -             10,594,466$        -             12,240,338$        -             15,058,293$        -             16,703,165$        -             15,702,664$        -             19,924,815$        -             29,121,254$        

LONG-TERM MONITORING, OPERATION & MAINTENANCE 
  Monitoring 214,000$         LS 1                214,000$             1                214,000$             1 214,000$             1 214,000$             1 214,000$             1 214,000$             1 214,000$             
  Cap O & M $               Varies LS 1                314,000$             1                397,000$             1                143,000$             1 225,000$             1 0$                        1 0$                        1                31,000$               
  Riverbank O&M 85,000$           LS 1                85,000$               1                85,000$               1 85,000$               1 85,000$               1 85,000$               1 85,000$               0 -$                     

Subtotal (O&M, 30-Yr Present Value @ 7%, 30 yrs) -             613,000$             -             696,000$             -             442,000$             -             524,000$             -             299,000$             -             299,000$             0 245,000$             

Total Estimated Cost (Direct + Indirect + O&M Costs) -             11,207,000$        -             12,936,000$        -             15,500,000$        -             17,227,000$        -             16,002,000$        -             20,224,000$        -             29,366,000$        

o  Estimated costs are for feasibility evaluation purposes only with estimated accuracy of +50/-30%

Nearshore CDF

Notes:

Dredge to Facilitate a Cap
and MNR Dredge to Facilitate 

Cap
Mass Based Hot Spot 
Removal, Cap, MNR

Mass Based Hot Spot 
Removal and Cap Removal Focused with MNR Removal Focused

Table 7-3.  Summary of Estimated Costs for the Arkema Early Action Removal Alternatives

Alternative 2(i) Alternative 2 (r) Alternative 3 (i) Alternative 3 (r) Alternative 4 (i) Alternative 4 (r) Alternative 5
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Table 8-1. Summary of Comparative Analysis of Alternatives
Alternative 1 Alternative 2(i) Alternative 2(r) Alternative 3(i) Alternative 3(r) 

No Action
Dredge to Facilitate a Cap and 

Optimized MNR Dredge to Facilitate a Cap 
Mass-Based Hot Spot Removal, 
Capping, and Optimized MNR 

Mass-Based Hot Spot Removal 
and Capping 

Effectiveness
Protective of human health and the environment Protective Protective Protective Protective
Compliance with ARARs Complies with ARARs Complies with ARARs Complies with ARARs Complies with ARARs
Achievement of RAOs Achieves RAOs Achieves RAOs Achieves RAOs Achieves RAOs
Reduction of toxicity, mobility, or volume through treatment Does not include treatment Does not include treatment Does not include treatment Does not include treatment
Long-term effectiveness and permanence Effective and permanent. Most 

contaminated material would 
remain in place but would be 
reliably and permanently 
contained under engineered cap, 
or buried under suitable 
sediments. Low erosion 
potential, however 
consequences of cap erosion 
are greater than Alternatives 3, 
4, and 5.

Effective and permanent. More 
contaminated material would 
remain in place, but would be 
reliably and permanently 
contained under an engineered 
cap.  This alternative might 
have somewhat greater long-
term permanence than 2(i), 
though is generally equivalent to 
other alternatives.

Effective and permanent. A larger 
volume of contaminated sediment 
would be removed, potentially 
greater permanence than 
Alternatives 2(i) and 2(r).  The hot 
spot removal would eliminate areas 
where comparatively high DDx and 
PCCD/F concentrations 
immediately underlie the cap.  

Effective and permanent. 
Alternative 3(r)may provide greater 
permanence than Alternative 3(i) 
due to the greater degree of 
isolation by capping versus MNR; 
however, the difference in 
comparatively small and overall is 
equivalent to other alternatives.

Short-term effectiveness Achieves RAOs immediately 
following construction.  
Completed in one construction 
season.   Poses the least 
potential short-term risks to the 
community since the least 
amount of material is 
transported.

Achieves RAOs immediately 
following construction.  
Completed in one construction 
season.  More dredging is 
required than 2(i). 

Achieves RAOs immediately 
following construction.  Completed 
in one to two construction seasons.   
Poses more potential short-term 
risks than 2(i) or 2(r) to the 
community since more material is 
transported. 

Achieves RAOs immediately 
following construction.  No 
significant risks to workers or 
community.  Completed in one to 
two construction seasons.   

Implementability
Technical Feasibility Readily and reliably 

implemented.
Readily and reliably 
implemented.

Readily and reliably implemented. Readily and reliably implemented.

Administrative feasibility Services, equipment, and 
materials readily available

Services, equipment, and 
materials readily available

Services, equipment, and materials 
readily available

Services, equipment, and materials 
readily available

Cost
Direct capital cost (i.e., construction, materials, transportation) 7,158,000$                                 8,270,000$                                10,174,000$                                   11,286,000$                                   
Indirect capital cost (i.e., legal, engineering, administrative) 3,436,000$                                 3,970,000$                                4,884,000$                                     5,417,000$                                     
Post-implementation controls and monitoring 613,000$                                    696,000$                                   442,000$                                        524,000$                                        
    Total Cost 11,207,000$                               12,936,000$                              15,500,000$                                   17,227,000$                                   
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Table 8-1. Summary of Comparative Analysis of Alternatives

Effectiveness
Protective of human health and the environment
Compliance with ARARs
Achievement of RAOs
Reduction of toxicity, mobility, or volume through treatment
Long-term effectiveness and permanence

Short-term effectiveness

Implementability
Technical Feasibility

Administrative feasibility

Cost
Direct capital cost (i.e., construction, materials, transportation)
Indirect capital cost (i.e., legal, engineering, administrative)
Post-implementation controls and monitoring
    Total Cost

Alternative 4(i) Alternative 4(r) Alternative 5
Removal Focused and Optimized 

MNR Removal Focused Nearshore CDF

Protective Protective Protective
Complies with ARARs Complies with ARARs Complies with ARARs
Achieves RAOs Achieves RAOs Achieves RAOs
Does not include treatment Does not include treatment Does not include treatment
Effective and permanent. 
Significantly more sediment volume 
would be removed; however, 
DDx/contaminant mass removal is 
comparatively similar to 
Alternatives 3(i), 3(r), and 5 and, 
thus, provides little additional 
permanence and is generally 
equivalent to other alternatives.

Effective and permanent. 
Alternative 4(r) may provide greater 
long-term permanence than 
Alternative 4(i) due to the greater 
cap footprint versus MNR; 
however, the difference in 
permanence is comparatively small 
and is generally equivalent to other 
alternatives.

Effective and permanent. CDF 
would provide equivalent long-term 
effectiveness to other alternatives 
through reliable, permanent 
containment and removal.

Achieves RAOs immediately 
following construction.  No 
significant risks to workers or 
community.  Completed in two to 
three seasons. Due to additional 
seasons of in-water work, including 
significantly more dredging, 
potential short-term impacts to 
water quality and environment (e.g. 
generation of greenhouse gas) 
greater than 2(i), 2(r), 3(i), and 3(r) 

Achieves RAOs immediately 
following construction. No 
significant risks to workers or 
community. Greatest amount of 
excavation and dredging and 
related short-term impacts due to 
duration, including, but not limited 
to short-term water quality impacts 
and generation of greenhouse 
gases.

Achieves RAOs immediately 
following construction. No 
significant risks to workers or 
community. Second greatest 
amount of excavation and dredging 
and related short-term impacts due 
to duration.

Readily and reliably implemented. Readily and reliably implemented. Readily and reliably implemented.

Services, equipment, and materials 
readily available

Services, equipment, and materials 
readily available

Services, equipment, and materials 
readily available. Administrative 
feasibility of CDF is lower than 
other alternatives.

11,313,000$                                   14,427,000$                                   19,676,000$                                   
4,390,000$                                     5,498,000$                                     9,445,000$                                     

299,000$                                        299,000$                                        245,000$                                        
16,002,000$                                   20,224,000$                                   29,366,000$                                   
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TECHNICAL MEMORANDUM 

To:   Todd Slater, LSS 

From: Les Williams 

Date: July 18, 2012 

Subject: Evaluation of Mean Quotient Values as Remediation Goals for Benthic 
Toxicity in AOPC 14. 

Project No.: C167.1301.1G 

Introduction 

To reduce complexity and to facilitate spatial interpretation of potentially affected areas, 
the mean quotient (MQ) method was adopted in the remedial investigation and 
feasibility study for Portland Harbor to integrate multiple, chemical-specific hazard 
quotients1, which are based on comparisons of sediment quality guidelines (SQGs) to 
sediment chemistry concentrations.  Individual MQs are determined by calculating the 
hazard quotient for each chemical-SQG pair in a sample, summing the quotients for that 
sample, and then dividing by the number of quotients.  Sample MQs exceeding 0.7 were 
considered toxic.  However, there are numerous limitations to this approach which 
preclude its meaningful use as an AOPC2

                                                      
1 A hazard quotient is calculated by dividing a sample contaminant concentration by its 
respective SQG. 

 14-specific benchmark that could be used to 
support remedial activities within the removal action area (RAA).  The following 
sections of this memorandum provide an overview of the MQ methodology, a summary 
of its major limitations, and a recommendation for an alternative approach to 
establishing chemical- and AOPC 14-specific remediation goals for chemicals of concern 
to the benthic community within the RAA.  

2 Area of Potential Concern. 
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Overview of Mean Quotient Goals 

The primary line evidence that was used to judge risk to the benthic community in 
Portland Harbor was harbor-specific empirical toxicity testing with the amphipod 
Hyalella azteca and the midge Chironomus dilutus, where both a survival and a growth 
(biomass) endpoint were measured in each test.  Whether sediments used in each test 
were considered toxic was based on comparisons of survival and growth in test 
sediments with that in sediments used in laboratory controls or from reference areas.  
Sediment chemistry was also measured at each of the sediment toxicity test locations.  

The sediment toxicity and sediment chemistry results for Portland Harbor were 
combined to derive harbor-specific SQGs, which are chemical specific expressions of 
potential toxicity.  Several approaches were used to derive SQGs: 

• The logistic regression model (LRM) – A statistical procedure that combines the 
set of best individual chemical models into a single multi-chemical model that 
predicts toxicity for a given sample as the maximum probability of toxicity 
(pMax) across all chemicals. 

• The floating percentile model (FPM) – A heuristic method that searches 
iteratively across all chemicals to optimize false-positive and false-negative error 
rates to choose individual chemical SQGs that collectively best meet 
management objectives. 

By either method, the resulting SQGs are chemical-specific values that are intended to 
judge risk at locations where toxicity testing was not conducted, but where sediment 
chemistry was measured.  Consequently, each location can yield multiple hazard 
quotients—one for each chemical-SQG pair.  To reduce this complexity and to facilitate 
spatial interpretation of potentially affected areas, the MQ method was adopted to 
integrate the hazard quotients based on FPM SQGs.  Individual MQs are determined by 
calculating the hazard quotient for each chemical-SQG pair in a sample, summing the 
quotients for that sample, and then dividing by the number of quotients.  Sample MQs 
exceeding 0.7 were considered toxic.  The LRM resulted in estimates of the probability of 
toxicity (pMax values).  Because pMax values are already an integration of predictions 
across chemicals for a given sample, MQs were not calculated for LRM SQGs. 

Limitations 

The MQ approach was developed to evaluate mixtures of chemicals relative to their 
SQGs. A number of studies have demonstrated increasing toxicity (both incidence and 
magnitude) associated with increasing MQs (Long et al. 2006).  However, the threshold 
delineating non-toxic from toxic conditions is often site-specific; the reliability of the MQ 
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is improved when a relationship between contaminants and effects can be demonstrated 
and when those SQGs that are most predictive of toxicity are used in the calculation of 
the MQ (Long et al. 2006).  The selected MQ threshold for toxicity (0.7) for Portland 
Harbor is based on data from other studies that may not be representative of either 
harbor-specific or AOPC-specific chemical mixtures and is unlikely to be an accurate 
indicator of which chemicals in the sediments are the cause of toxicity or benthic 
impairment.   

The MQ approach is also subject to the limitation of the FPM predictive model and the 
SQGs upon which it is based.  A major limitation to the FPM SQG values is that they are 
based on a collective data set that is harbor-specific, but not AOPC-specific.  Based on 
the FPM approach, the SQGs for the entire harbor must be used together to predict the 
toxicity of a contaminant mixture―they are not independent (Windward 2011).  Each 
SQG explains toxicity along with all the other SQGs that were derived from the model.  
Consequently, FPM SQGs provided a first approximation of toxicity harbor-wide, but do 
not account for heterogeneity among the AOPCs, where chemical mixtures vary in their 
composition and where AOPC-specific SQGs may yield a more accurate prediction of 
risk and risk-based remediation goals.  The LRM approach also included sulfides, which 
is a sediment chemical stressor that is not typically addressed by CERCLA.  However, 
the SQG for sulfides was not ultimately used to identify benthic community risk areas 
and, presumably, was not used in MQ calculations.  This is a critical limitation for AOPC 
14, of which the RAA is a part, because sulfides appear to be one of the few chemicals 
that explain the results of the empirical toxicity tests. 

Recommendations 

The MQ approach provides a first approximation for categorization of sediments that 
are potentially toxic to benthic organisms.  However, there are numerous limitations to 
the method that preclude specific application to the RAA as a remedial goal.  An 
alternative approach is proposed that is based on AOPC-specific SQGs for sum DDD, 
sum DDE, and sum DDT, additional baseline ecological risk assessment (BERA) 
sediment contaminants of potential concern (COPCs) (low molecular weight polycyclic 
aromatic hydrocarbon [PAH], high molecular weight PAH, delta 
hexachlorocyclohexane, dieldrin) and one conventional chemical (sulfides).  These 
substances were selected based on a principal components analysis that explored 
potential relationships among the four toxic endpoints and sediment concentrations of 
select BERA COPCs, conventional chemicals (ammonia and sulfides), and controlling 
influences of sediment grain size (fines) and sediment total organic carbon.3

                                                      
3 Four of the chemicals (sulfides, LPAH, HPAH, and delta-HCH) were selected because they have a 
significant albeit low correlation with one or more of the sediment toxicity endpoints.  DDx congeners 

  A summary 
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of the methods and results of this analysis is provided in a separate memorandum 
(Appendix A2). 

References 
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(sums) were not significantly correlated with toxicity, but were nevertheless selected because the PCA 
suggests an indirect relationship to the toxicity test results that is likely influenced by sulfides, fines, and 
TOC.  Dieldrin was selected because it had a relatively high degree of correlation with other chlorinated 
pesticides. 
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TECHNICAL MEMORANDUM 

To:   Todd Slater, LSS 

From: Les Williams, Scott Becker, Damian Preziosi 

Date: July 18, 2012 

Subject: Portland Harbor – AOPC 14-Specific Sediment Quality Values and 
Benthic Thresholds 

Project No.: C167.1301.1G 

 

Introduction 

This technical memorandum summarizes the development of site-specific sediment 
quality guidelines (SS-SQGs) for benthic toxicity proposed for consideration in 
establishing injury threshold levels for DDx compounds present in sediment of 
AOPC 141

The harbor-wide SQGs derived in the baseline ecological risk assessment (BERA) for 
Portland Harbor (Windward 2011) and the probable effects concentrations (PECs) 
proposed as preliminary remediation goals (PRGs) by EPA (2010) are not reliable for use 
in establishing benthic injury thresholds for AOPC 14 because they predict benthic 
toxicity at significantly higher rates than actually observed in toxicity tests performed 
for AOPC 14, of which the RAA is a part.  Consequently, SS-SQGs are needed to 
establish technically defensible injury threshold values suitable for AOPC 14, including 
the RAA.  The following SS-SQGs were derived for DDx compounds based on a 
predicted reliability of 75 percent

 of Portland Harbor, of which the Arkema Removal Action Area (RAA) is a 
part. 

2

• DDD – 1,680 μg/kg dry weight (dw) 

 for paired toxicity test and chemistry data obtained 
for AOPC 14: 

                                                      
1 Area of Potential Concern 14 
2 The 75 percent reliability level is consistent with the approach described by Long et al. (1995, 
1998) and MacDonald et al. (2000). 
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• DDE – 750 μg/kg dw 

• DDT – 5,800 μg/kg dw 

• Total DDx – 8,200 μg/kg dw. 

The role of other chemicals, such as polycyclic aromatic hydrocarbons (PAHs) and other 
pesticides, and the potential confounding effect of conventional sediment quality 
parameters, such as sulfides, ammonia, grain size and organic carbon, were also 
evaluated relative to the toxicity tests performed in AOPC 14.  Toxicity units (TU) for 
these substances and for DDx compounds were used to distribute potential injury 
among the various chemicals associated with toxicity.  Assuming maximum potential 
injury, sediment concentrations associated with 10 to 40 percent service loss in the 
benthic community were then derived for DDD, DDE and DDT.   

The remainder of this document presents the results of the technical evaluation used for 
the derivation of the injury threshold values for DDx compounds.  

Overview of Benthic Endpoints and Sediment Quality Guidelines 

Numerous SQGs have been proposed to support sediment management decisions for 
DDx compounds in Portland Harbor: 

• Harbor-wide SQGs developed for the Portland Harbor BERA (Windward 2011) 

• Probable Effects Concentrations (PECs) – Generic SQGs developed by 
MacDonald et al. (2000) and proposed as PRGs by EPA (2010) 

• Injury Thresholds for the Hylebos Waterway – Derived from Washington State 
apparent effects threshold and sediment effects concentrations for the Southern 
California Bight (Wolotira 2002). 

The BERA SQGs were developed using the floating percentile method (FPM) and a 
logistic regression method (LRM) applied to the co-occurring information on sediment 
toxicity and sediment chemistry that was collected at 271 stations distributed 
throughout the Portland Harbor Superfund Site. The sediment toxicity tests included the 
10-day Chironomus tentans and 28-day Hyalella azteca tests, with survival and total 
biomass as endpoints.  Within AOPC 14, 132 stations were sampled for sediment 
chemistry, and 29 of those stations were also evaluated for sediment toxicity.  At the 29 
sediment toxicity test stations, the prevalence of toxicity for the two test species ranged 
from 14 to 24 percent for survival and 17to 31 percent for biomass. 

When the SQGs derived in the BERA for DDx compounds are applied to AOPC 14, a 
higher prevalence of toxicity is predicted compared to what was actually observed in the 
toxicity tests for the 29 locations.  For example, the FPM SQG for DDD predicts 37 
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percent toxicity and the FPM SQG for DDT predicts 73 percent toxicity, which is in 
contrast to observed toxicity for AOPC 14, ranging from 14 to 24 percent for survival 
and 17 to 31 percent for biomass.  Similar comparisons based on the PEC values selected 
as PRGs (EPA 2010) predict toxicity at 41 to 64 percent of the stations in AOPC 14.    

With respect to spatial extent, harbor-wide SQGs and PECs lead to relatively large areas 
of predicted benthic risk (Figures 1, 2 and 3). By contrast, the sediment toxicity 
information collected at 29 of the 132 stations showed that toxicity was found in 
relatively small areas of the AOPC using either test species.  

Site-Specific Sediment Quality Guidelines 

Additional analyses were conducted to evaluate whether SS-SQGs could be developed 
to more accurately predict the presence of toxicity in AOPC 14.  As described above, this 
was done because the empirical sediment toxicity results for AOPC 14 did not show 
strong agreement with the harbor-wide BERA SQGs and the PECs proposed as PRGs by 
EPA.   

The SS-SQGs were developed for sum DDD, sum DDE, and sum DDT, additional BERA 
sediment contaminants of potential concern (COPCs) (low molecular weight PAH 
[LPAH], high molecular weight PAH [HPAH], delta hexachlorocyclohexane [delta 
HCH], dieldrin) and one conventional chemical (sulfides).  These substances were 
selected based on a principal components analysis that explored potential relationships 
among the four toxic endpoints and sediment concentrations of the BERA COPCs, 
conventional chemicals (ammonia and sulfides), and controlling influences of sediment 
grain size (fines) and sediment total organic carbon.3

The SS-SQGs for AOPC 14 were calculated by plotting the predictive ability of each 
COPC along the concentration gradient observed in AOPC 14.  The term “predictive 
ability” is consistent with the term used by others (e.g., Long et al. 1995, 1998; 
MacDonald et al. 2000), and was calculated as the percentage of stations predicted to be 
toxic that are confirmed as toxic using empirical sediment toxicity tests.  The minimum 
predictive ability for identifying a reliable SQG was set at 75 percent, a value that has 
been used by others (e.g., Long et al. 1995, 1998; MacDonald et al. 2000).  The 

   

                                                      
3 Four of the chemicals (sulfides, LPAH, HPAH, and delta-HCH) were selected because they have a 
significant albeit low correlation with one or more of the sediment toxicity endpoints.  DDx congeners 
(sums) were not significantly correlated with toxicity, but were nevertheless selected because the principal 
components analysis suggests an indirect relationship to the toxicity test results that is likely influenced by 
sulfides, fines, and total organic carbon.  Dieldrin was selected because it had a relatively high degree of 
correlation with other chlorinated pesticides.  Some substances (e.g., PCBs) were not evaluated because the 
principal component analysis indicated that there is no substantive relationship between their concentration 
in sediments and observed toxicity within AOPC 14. 
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concentration at which a predictive ability of 75 percent was achieved was then 
identified as the SS-SQG for that COPC.  Based on this methodology, the recommended 
SS-SQGs for DDx compounds are: 

• DDD – 1,680 μg/kg dw 

• DDE – 750 μg/kg dw 

• DDT – 5,800 μg/kg dw 

• Total DDx – 8,200 μg/kg dw. 

The SS-SQGs for DDD, DDE and DDT were then used as “injury thresholds,” which in 
turn were used to assign service loss estimate categories.  Total DDx was not used to 
evaluate injury thresholds.  Total DDx was omitted from the final risk management 
recommendations in the BERA (Windward 2011) because its inclusion would effectively 
double count potential risk already assigned to the individual congeners. 

Injury Thresholds and Service Loss Thresholds 

AOPC 14 SS-SQGs for DDD, DDE and DDT were identified as injury thresholds to 
evaluate potential service loss categories.  Although the focus for service loss in 
AOPC 14 is on the DDx congeners, threshold values were developed for all eight of the 
chemicals (LPAH, HPAH, delta-HCH, dieldrin, sum DDD, sum DDE, sum DDT, and 
sulfides) selected for development of SS-SQGs.  These substances were selected because 
service loss (i.e., sediment toxicity) expressed as the difference in survival or biomass 
between a reference threshold and a site location should be allocated to chemicals that 
collectively contribute to toxicity rather than to a single substance. 

TUs for each chemical-endpoint pair were used to estimate the percent contribution of 
each of the COPC to service loss within AOPC 14 (Table 1). For each AOPC 14 sample 
location that was determined to be toxic at either Level 2 or Level 3 in the BERA, the 
number of TUs attributed to each chemical was estimated as the sediment chemical 
concentration divided by its SQG.4

Service losses for AOPC 14 stations that were identified as toxic at either Level 2 or 
Level 3 in the BERA are summarized in Table 1.  Service losses at Level 2 or Level 3 
toxicity at AOPC 14 stations were distributed among the chemicals of concern for 
toxicity.  For each endpoint-chemical pair, the TU percent was then multiplied by 
maximum service loss to estimate service loss thresholds associated with the SS-SQG.  

  The percent contribution of each chemical was then 
determined by dividing the chemical-specific TU by the total TU for all the chemicals 
within that location.  By definition the sum of the TU fractions is 100 percent. 

                                                      
4 The chemical-specific TU is also the hazard quotient. 
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By this method, service losses for chemicals of concern could be separated from those 
associated with other substances (e.g., sulfides) contributing to toxicity.  The estimated 
service loss associated with the SS-SQG for each chemical-endpoint pair was then scaled 
to service loss benchmarks of 10, 20, 30 and 40 percent.5

• DDD 

  The minimum sediment 
concentrations recommended for each DDx compound and the service loss categories 
are: 

– 10% service loss at 1,246 μg/kg dw 

– 20% service loss at 2,492 μg/kg dw 

– 30% service loss at 3,738 μg/kg dw 

– 40% service loss at 4,984 μg/kg dw 

• DDE 

– 10 % service loss at 428 μg/kg dw 

– 20% service loss at 856 μg/kg dw 

– 30% service loss at 1,284 μg/kg dw  

– 40% service loss at 1,712 μg/kg dw 

• DDT  

– 10% service loss at 4,297 μg/kg dw 

– 20% service loss at 9,853 μg/kg dw 

– 30% service loss at 14,780 μg/kg dw 

– 40% service loss at 19,706 μg/kg dw. 

The above service loss concentrations are spatially depicted in Figures 1 through 3.  For 
comparison purposes the figures include the spatial extent of the BERA SQGs and the 
PECs identified as PRGs by EPA (2010).  As shown, large spatial differences exist which 
demonstrate that the BERA SQGs and PECs are substantively inconsistent with 
conditions in the Portland Harbor. 

In summary, SS-SQGs are recommended as the starting point for identifying service 
losses for the DDx compounds because 1) the SS-SQGs were derived specifically for 
AOPC 14, which includes the RAA, where DDx compounds are predominant and where 
substantive chemistry and toxicity test data sets are available; 2) the SS-SQGs 

                                                      
5 These are the service loss thresholds selected by the Natural Resources Trustees to assess 
damages in the Hylebos Waterway (Wolotira 2002). 
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incorporate influences of other substances present (including conventional parameters) 
besides DDx compounds; and 3) the SS-SQGs account for site-specific toxicity observed 
in areas with elevated concentrations.  In addition, a chief advantage of the SS-SQGs is 
that they may be readily adapted to estimate various levels of potential service loss (e.g., 
10, 20, 30 and 40 percent or other percentages).  
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Figure 2. AOPC 14 DDE Service Loss Areas 
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Table 1. Summary of Service Losses in AOPC 14 Associated with Sediment Quality 
Values Proposed as Injury Thresholds 
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Figure 2
AOPC 14 DDE Service Loss Areas

FEATURE SOURCES:
Transportation, Property, or Boundaries: Metro RLIS.
Channel & River Miles: US Army Corps of Engineers.
Bathymetric Information: David Evans and Associates, Inc.¯
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 Figure 3
AOPC 14 DDT Service Loss Areas

FEATURE SOURCES:
Transportation, Property, or Boundaries: Metro RLIS.
Channel & River Miles: US Army Corps of Engineers.
Bathymetric Information: David Evans and Associates, Inc.¯

0 100 200 300 400 500 Feet

Map Features
River Miles
Navigation Channel
River Edge +13 ft NAVD

Outfalls
!P Outfall
!P Dock Drain
!P Roof Drain

Bridges
Docks and Structures
Waterfront Taxlots
Upland ECSI Sites (2008)

Sum DDT (µg/kg dry weight)
!( 0.1 - 17.0
!( 17.0 - 62.9
!( 62.9 - 4,927
!( 4,927 - 9,853
!( 9,853 - 14,780
!( 14,780 - 19,706
!( 19,706 - 81,000

SMA Boundary

P:\
Pr

oje
cts

\Ar
ke

ma
-O

ly\
C4

55
_0

40
0_

04
01

_S
WA

C\
Pr

od
uc

tio
n_

MX
Ds

\Te
ch

_M
em

o_
20

111
10

7\F
ig3

_A
OP

C_
Co

nto
urs

_ S
um

DD
T.m

xd
10% service loss at 4,927  ug/kg dw
20% service loss at 9,853  ug/kg dw
30% service loss at 14,780  ug/kg dw
40% service loss at 19,706  ug/kg dw
FS PRG (62.9 µg/kg dry weight)
Minimum Harbor-wide FPM SQG (17 µg/kg dry weight)



 

 

 

 

 

TABLES 
 

 
 
 
 
 
 
 



AOPC 14 Benthic Endpoint and Injury Thresholds July 18, 2012

Integral Consulting Inc. Page 1 of 1

Table 1.  Summary of Service Losses in AOPC 14 Associated with Sediment Quality Values Proposed as Injury Thresholds

Test Endpoint Chemical SS-SQG Units
AOPC 14 Toxic 

Unitsa 10% Service Loss 20% Service Loss 30% Service Loss 40% Service Loss
Amphipod Biomass DDD 1680 µg/kg dw 26% 13% 1,344 2,687 4,031 5,374
Amphipod Survival DDD 1680 µg/kg dw 18% 13% 1,246 2,492 3,738 4,984
Chironomid Biomass DDD 1680 µg/kg dw 7% 7% 2,381 4,762 7,143 9,524
Chironomid Survival DDD 1680 µg/kg dw 6% 6% 2,843 5,686 8,529 11,372
Minimum Service Loss Threshold µg/kg dw 1,246 2,492 3,738 4,984

Amphipod Biomass DDE 750 µg/kg dw 22% 10% 716 1,432 2,147 2,863
Amphipod Survival DDE 750 µg/kg dw 23% 18% 428 856 1,284 1,712
Chironomid Biomass DDE 750 µg/kg dw 5% 5% 1,412 2,824 4,236 5,648
Chironomid Survival DDE 750 µg/kg dw 8% 8% 895 1,789 2,684 3,578
Minimum Service Loss Threshold µg/kg dw 428 856 1,284 1,712

Amphipod Biomass DDT 5800 µg/kg dw 15% 7% 8,060 16,120 24,181 32,241
Amphipod Survival DDT 5800 µg/kg dw 16% 12% 4,927 9,853 14,780 19,706
Chironomid Biomass DDT 5800 µg/kg dw 5% 5% 12,271 24,542 36,813 49,084
Chironomid Survival DDT 5800 µg/kg dw 6% 6% 10,070 20,141 30,211 40,281

Minimum Service Loss Threshold µg/kg dw 4,927 9,853 14,780 19,706

Notes:
a Toxicity units are expressed as the percentage that each chemical contributes to the total toxicity for  L2 and L3 stations in AOPC 14.
b Maximum service loss for L3 stations in AOPC 14 multiplied by the toxic unit fraction attributed to each chemical.
c Calculated by dividing the SS-SQG by the maximum service loss threshold and multiplying by the desired service loss benchmark (e.g., 10%).

Sediment Concentrations Assuming Maximum Potential InjurycMaximum Service 
Loss Injury 
Thresholdsb
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number: AP-02-A-PG AP-04-C-PG AP-04-C-PG-2 LW2-C348 LW2-C348 LW2-C348 LW2-C348
Matrix: SE SE SE SE SE SE SE

Upper Depth, ft: 0 0 0 0 5 7.9 1
Lower Depth, ft: 0.8 1 1 1 7.9 12.1 5

Sample Type: Normal Normal Field Replicate Normal Normal Normal Normal
Sample Date: 11/30/2005 11/30/2005 11/30/2005 11/9/2004 11/9/2004 11/9/2004 11/9/2004

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

LWG2-PG-
AP2A

LWG2-PG-
AP4C

LWG2-PG-
AP4C-2 LW2-C348-A LW2-C348-C LW2-C348-D LW2-C348-B

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750 -- -- -- 76.8 -- -- 521
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- -- 0.00200 UJ 0.00510 UJ 0.00430 UJ -- 0.0213 U 0.000394 U 0.000544 U
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- -- 0.0120 J 0.0730 J 0.0570 J -- 0.900 NJ 0.00120 NJ 0.0910 NJ
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 -- 0.310 J 0.350 J 0.450 J -- 71.0 NJ 0.0190 NJ 0.280 NJ
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400 0.130 J 0.100 J 0.110 J -- 1.30 J 0.000640 J 0.0790 NJ
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00 7.80 J 2.10 J 0.940 J -- 23.0 J 0.00470 NJ 0.340 NJ
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- -- 8.20 J 2.60 J 1.50 J -- 95.0 NJ 0.0240 NJ 0.700 NJ
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- -- 1.42 0.896 0.660 -- 0.205 U 0.0371 J 0.840 J
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 -- -- -- -- -- 0.00352 U 0.00259 U 0.0717 U

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

LW2-C351 LW2-C351 LW2-C351 LW2-C351 LW2-C356 LW2-C356 LW2-C356
SE SE SE SE SE SE SE
7 1 11 2.6 0 4.5 8.4

11 2.6 13.1 7 1 8.4 10

Normal Normal Normal Normal Normal Normal Normal
11/9/2004 11/9/2004 11/9/2004 11/9/2004 11/9/2004 11/9/2004 11/9/2004

LW2-C351-D LW2-C351-B LW2-C351-E LW2-C351-C LW2-C356-A LW2-C356-C LW2-C356-D

-- -- -- -- -- -- --
0.00500 U 115 0.00500 U 0.120 J -- -- --

0.0000781 U 0.00233 U 0.0000768 U 0.0000778 U -- 0.172 NJ --
0.0000427 U 0.180 NJ 0.0000419 U 0.0000425 U -- 1.00 NJ --

0.000260 NJ 5.10 NJ 0.000130 NJ 0.00200 J -- 44.0 NJ --
0.0000462 U 0.140 J 0.0000454 U 0.0000860 J -- 1.40 NJ --

0.000410 NJ 3.20 NJ 0.000150 J 0.00130 J -- 26.0 NJ --
0.000710 NJ 8.40 NJ 0.000320 NJ 0.00340 J -- 72.0 NJ --

0.243 J 0.0505 J 7.25 U 2.42 U -- 2.73 J --
0.00237 U 0.0580 J 0.00235 U 0.00232 U 0.0450 U -- 18.0 U
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

LW2-C356 LW2-C356 LW2-C359 LW2-C359 LW2-C359 LW2-C360
SE SE SE SE SE SE
1 10 5 8.4 1 1

4.5 11 8.4 12.4 5 3

Normal Normal Normal Normal Normal Normal
11/9/2004 11/9/2004 10/21/2004 10/21/2004 10/21/2004 10/27/2005

LW2-C356-B LW2-C356-E LW2-C359-C LW2-C359-D LW2-C359-B LW2-C360-B1

-- -- -- -- -- --
-- -- -- -- -- --

0.000623 U 0.000379 U 0.000558 U 0.00104 UJ 0.000563 U 0.00270 UJ
0.0110 NJ 0.0130 NJ 0.000890 NJ 0.0560 NJ 0.00830 NJ 0.00390 J

0.450 NJ 0.280 NJ 0.300 J 7.40 J 0.170 NJ 0.000180 UJ
0.0330 NJ 0.00890 J 0.0370 J 0.240 J 0.0470 J 0.0120 NJ

0.380 J 0.0440 J 0.700 J 12.0 J 0.460 J 0.380 J
0.860 NJ 0.330 NJ 1.00 J 20.0 J 0.670 NJ 0.400 NJ
0.368 U 1.56 J 0.148 J 0.543 0.0325 J 0.0260 J

1.20 NJ -- 0.130 J 0.110 J 0.0360 J 0.0780 U
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

LW2-C360 LW2-C360-2 LW2-C360-2 LW2-C360-2 LW2-C360-2 LW2-G345 LW2-G345-2
SE SE SE SE SE SE SE
3 5.9 1 14.7 3 0 0
7 9.8 3 18.8 7 0.9 0.9

Normal Normal Field Replicate Field Replicate Field Replicate Normal Field Replicate
10/27/2005 10/27/2005 10/27/2005 10/27/2005 10/27/2005 7/22/2004 7/22/2004

LW2-C360-C1 LW2-C360-D2 LW2-C360-B2 LW2-C360-F2 LW2-C360-C2 LW2-G345-1 LW2-G345-2

-- -- -- -- -- -- --
-- -- -- -- -- -- --

0.00340 UJ 0.00500 U 0.00400 UJ 0.00300 0.00200 UJ 0.000115 UJ 0.000111 UJ
0.0190 NJ 0.250 U 0.270 J 0.00232 J 0.00840 NJ 0.00180 NJ 0.000330 NJ

0.170 J 1.51 0.460 J 0.0113 J 0.200 J 0.160 NJ 0.130 NJ
0.0200 J 0.194 NJ 0.160 J 0.00360 NJ 0.0240 J 0.0260 NJ 0.0210 NJ

0.370 J 2.88 1.80 J 0.0105 0.400 J 0.570 J 0.380 J
0.560 J 4.58 NJ 2.50 J 0.0254 NJ 0.620 J 0.760 NJ 0.530 NJ

1.54 0.331 0.0972 U 0.0196 J 0.370 0.124 J 0.163 J
0.170 U 0.400 U 0.0920 U 0.165 0.200 U 0.0350 J 0.0460 J
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

LW2-G348 LW2-G353 LW2-G353-2 LW2-G355 LW2-G356 LW2-G359
SE SE SE SE SE SE
0 0 0 0 0 0

0.9 0.9 0.9 0.9 1 0.9

Normal Normal Field Replicate Normal Normal Normal
9/14/2004 8/23/2004 8/23/2004 10/29/2004 8/26/2004 8/25/2004

LW2-G348 LW2-G353-1 LW2-G353-2 LW2-G355 LW2-G356 LW2-G359

-- -- -- -- -- 0.207
-- -- -- -- -- --

0.00122 J 0.000604 U 0.000570 UJ 0.000827 U 0.000742 U 0.000135 U
0.0120 NJ 0.0560 NJ 0.0250 NJ 0.670 NJ 0.00350 NJ 0.00590 J

0.360 J 0.860 NJ 1.10 NJ 2.50 NJ 0.0650 NJ 0.0260 J
0.150 0.170 J 0.250 J 0.910 NJ 0.0230 J 0.00820 J
0.570 J 3.50 J 5.00 J 8.10 J 0.180 J 0.00390 J

1.10 J 4.60 NJ 6.30 NJ 11.0 NJ 0.270 NJ 0.0380 J
0.411 J 0.655 J 0.444 J 13.4 J 0.0688 J 0.0977 J
0.120 J 0.144 0.0760 UJ 0.972 -- 0.00438 UJ

 
         



Engineering Evaluation and Cost Analysis
Arkema Early Action

DRAFT
July 26, 2012

Integral Consulting Inc. Page 6 of 40

Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

LW2-G360 LW2-G366
LWG0107R00
6SDS015C00 LWM-C14

LWM-
TCLP14B

LWP1-
AP03B-1

LWP1-AP03B-
2

LWP1-
AP04B

SE SE SE SE SE SE SE SE
0 0 0 0 0 0 0 0
1 1 0.5 12.3 12.1 1 1 0.7

Normal Normal Normal Normal Normal Normal
Field 

Replicate Normal
10/28/2004 10/22/2004 11/12/2002 8/26/2008 8/26/2008 1/19/2005 1/19/2005 1/19/2005

LW2-G360 LW2-G366
LWG0107R00
6SDS015C00

LWM-
METCS14

LWM-
TCLPC14B

LWP-
TZSAP03B-1

LWP-
TZSAP03B-2

LWP-
TZSAP04B

-- -- -- -- -- -- -- --
-- -- 9360 8370 J -- -- -- --

0.00115 U 0.000672 U 0.430 0.980 U 0.0970 U -- -- --
0.0230 NJ 0.00960 NJ 0.230 U -- -- -- -- --

3.00 NJ 0.860 NJ 1.64 24.8 -- 0.420 0.650 1.30 J
0.590 NJ 1.20 NJ 1.33 2.00 U -- 0.150 0.300 1.10

13.0 NJ 3.40 NJ 9.99 33.5 -- 1.30 6.00 23.0
16.0 NJ 5.40 NJ 13.0 60.3 -- 1.90 7.00 25.0 J

0.319 J 0.153 J 4.44 J 1.51 0.0447 -- -- --
0.111 0.0320 J 0.496 J 1.01 J -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

OSS-002 OSS-002 OSS-004 OSS-004 OSS-006 OSS-006 R2-AP-02-PG RB-1
SE SE SE SE SE SE SE SO
0 0.3 0 1 0 0.3 0 0

0.3 3 0.3 1.6 0.3 1 1 0.3

Normal Normal Normal Normal Normal Normal Normal Normal
1/19/1999 1/19/1999 1/19/1999 1/19/1999 1/19/1999 1/19/1999 11/30/2005 11/23/1998

SD0006 SDC001 SD0011 SD0013 SD0016 SD0017
LWG2-PG-

R2AP2 SD1001

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.0400 U 0.0400 U 0.0400 U 0.400 U 0.0400 U 0.0400 U 0.00400 UJ 0.0100 U
0.0400 U 0.0400 U 0.110 U 0.400 U 0.0400 U 0.0400 U 0.0490 U --

3.40 5.20 11.0 16.0 2.30 4.10 0.230 J --
0.510 0.360 1.50 1.80 0.520 1.20 0.0710 J --

81.0 17.0 18.0 0.400 U 10.0 11.0 1.30 J --
85.0 23.0 30.0 18.0 13.0 16.0 1.60 J --

0.645 U 1.51 14.8 639 0.556 U 0.787 U 0.316 11.1 U
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

RB-1 RB-2 RB-2 RB-3 RB-3 WB-10 WB-10 WB-10
SO SO SO SO SO SE SE SE
0.3 0 0.3 0 0.3 0 7 15
0.7 0.3 0.8 0.3 1 2 9 17

Normal Normal Normal Normal Normal Normal Normal Normal
11/23/1998 11/23/1998 11/23/1998 11/24/1998 11/24/1998 3/5/2003 3/5/2003 3/5/2003

SD1002 SD1003 SD1004 SD1005 SD1006 SO1947 SO1952 SO1956

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0100 U 0.0940 U 0.180 U 0.170 U
-- -- -- -- -- 0.190 J 0.180 U 0.440 U
-- -- -- -- -- 0.890 J 4.60 640
-- -- -- -- -- 0.180 0.660 J 4.30 U
-- -- -- -- -- 4.00 15.0 19.0
-- -- -- -- -- 5.10 J 20.0 J 660

20.0 U 9.09 U 9.09 U 12.5 U 1.30 U -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-10 WB-10 WB-11 WB-11 WB-11 WB-11 WB-13 WB-13
SE SE SE SE SE SE SE SE
17 25 0 12.5 14.5 20.5 0 14.5
19 27 2 14.5 16.5 22.3 3.5 17

Normal Normal Normal Normal Normal Normal Normal Normal
3/5/2003 3/5/2003 3/6/2003 3/6/2003 3/6/2003 3/6/2003 2/26/2003 2/26/2003

SO1957 SO1961 SO1963 SO1967 SO1968 SO1971 SO1896 SO1901

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- 0.00660 U 0.0970 U 0.190 U -- 0.00640 U 0.0760 U 0.0750 U
-- 0.00660 U 0.370 U 0.440 U -- 0.00640 U 0.110 U 0.0750 U

3.50 0.0280 1.30 J 690 0.0220 0.0360 8.20 0.460
0.0380 U 0.00660 U 0.400 J 5.70 U 0.000390 U 0.00640 U 0.780 0.0750 U

0.930 0.00660 U 3.50 J 110 0.00240 0.00640 U 26.0 0.610
4.50 0.0350 5.20 J 800 0.0240 0.0420 35.0 1.10

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-13 WB-14 WB-14 WB-14 WB-14 WB-17 WB-18 WB-18
SE SE SE SE SE SE SE SE
17 0 10 16 2 0 0 6

19.5 2 12.5 18 4 2 2 8

Normal Normal Normal Normal Normal Normal Normal Normal
2/26/2003 2/27/2003 2/27/2003 2/27/2003 2/27/2003 2/27/2003 2/25/2003 2/25/2003

SO1902 SO1906 SO1910 SO1912 SO1907 SO1904 SO1888 SO1890

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- 0.0970 U -- 0.00690 U -- 0.0920 U 0.0810 U 0.150 U
-- 0.0970 U -- 0.00690 U -- 0.0920 U 0.450 J 0.190 U

0.0110 0.810 0.0380 0.00690 U 3.50 0.320 J 1.20 3.60
0.000300 U 0.150 J 0.000360 U 0.00690 U 0.330 0.0920 U 0.350 0.650 J

0.00610 1.40 0.120 0.00690 U 8.00 6.10 8.00 17.0
0.0170 2.40 J 0.160 0.00690 U 12.0 6.50 J 9.60 21.0 J

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-18 WB-18 WB-19 WB-19 WB-24 WB-24 WB-24 WB-25 WB-25
SE SE SE SE SE SE SE SE SE
8 16 0 1.4 10.6 16.6 18.6 0 3.7

10 20 1.4 2.9 12.6 18.6 20.6 1.7 5.7

Normal Normal Normal Normal Normal Normal Normal Normal Normal
2/25/2003 2/25/2003 2/24/2003 2/24/2003 3/7/2003 3/7/2003 3/7/2003 3/7/2003 3/7/2003

SO1891 SO1894 SO1885 SO1886 SO1972 SO1975 SO1976 SO1979 SO1981

-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --
-- 0.00650 U 0.0880 U -- 1.80 U 0.00690 U -- 0.110 UJ --
-- 0.00650 U 0.0880 U -- 1.80 U 0.00690 U -- 0.160 UJ --

1.90 0.220 0.310 11.0 130 0.0890 J 0.00700 0.350 J 3.80
0.510 0.00650 U 0.100 0.340 U 13.0 0.00690 U 0.00300 0.110 UJ 0.240

2.00 0.150 0.620 7.30 3500 27.0 0.400 1.20 J 4.70
4.40 0.370 1.00 18.0 3600 27.0 J 0.410 1.60 J 8.70

-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-25 WB-25 WB-25 WB-25 WB-31 WB-31 WB-31 WB-31 WB-31
SE SE SE SE SE SE SE SE SE
5.7 10.7 14.7 20.2 0 4 6 8 10

10.7 12.7 16.7 21.7 2 6 8 10 12

Normal Normal Normal Normal Normal Normal Normal Normal Normal
3/7/2003 3/7/2003 3/7/2003 3/10/2003 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009

SO1982 SO1983 SO1985 SO1988
ARK-WB-31-

0-2
ARK-WB-

31-4-6
ARK-WB-

31-6-8
ARK-WB-31-

8-10
ARK-WB-
31-10-12

-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --
-- 0.00740 U 0.00690 U 0.00620 U -- -- -- -- --
-- 0.00740 U 0.00690 U 0.00620 U -- -- -- -- --

83.0 0.0100 0.00690 U 0.00620 U 2.40 J 0.220 J 0.270 J 0.0250 0.0630
0.470 U 0.00740 U 0.00690 U 0.00620 U 0.410 J 0.0450 J 0.0540 J 0.00830 0.0110 J

18.0 0.0240 0.0130 0.00620 U 18.0 J 0.980 J 1.00 J 0.0510 0.120
100 0.0380 0.0190 0.00620 U 20.0 J 1.20 J 1.30 J 0.0840 0.190 J

-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-31 WB-31 WB-31 WB-31 WB-31 WB-31 WB-31
SE SE SE SE SE SE SE
12 14 0 18 2 20 22
14 16 0 20 4 22 24

Normal Normal Normal Normal Normal Normal Normal
9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009 9/21/2009

ARK-WB-31-
12-14

ARK-WB-31-
14-16

ARK-WB-31-
16-18

ARK-WB-31-
18-20

ARK-WB-
31-2-4

ARK-WB-31-
20-22

ARK-WB-31-
22-24

-- -- -- -- -- -- --
-- -- -- -- -- -- --
-- -- -- -- -- -- --
-- -- -- -- -- -- --

0.00120 0.000590 J 0.00710 0.000170 U 1.70 J 0.000170 U 0.000170 U
0.000270 J 0.000110 U 0.00520 J 0.000110 U 0.310 J 0.000110 U 0.000110 U

0.00170 0.000780 0.0120 0.000670 U 6.10 J 0.000590 U 0.000520 U
0.00320 J 0.00150 J 0.0250 J 0.000670 U 8.10 J 0.000590 U 0.000520 U

-- -- -- -- -- -- --
-- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-31 WB-31 WB-31 WB-32 WB-32 WB-32 WB-32
SE SE SE SE SE SE SE
24 26 28 34 10 12 14
26 28 30 36 12 14 16

Normal Normal Normal Normal Normal Normal Normal
9/21/2009 9/21/2009 9/21/2009 9/23/2009 9/22/2009 9/22/2009 9/22/2009

ARK-WB-31-
24-26

ARK-WB-31-
26-28

ARK-WB-31-
28-30

ARK-WB-32-
34-36

ARK-WB-
32-10-12

ARK-WB-32-
12-14

ARK-WB-32-
14-16

-- -- -- -- -- -- --
-- -- -- -- -- 0.270 J --
-- -- -- -- -- -- --
-- -- -- -- -- -- --

0.00160 0.000600 J 0.000160 U 0.00470 1.50 0.00990 0.00310 J
0.000570 0.000190 J 0.000100 U 0.000990 J 0.0810 J 0.000960 J 0.000240 J

0.00420 0.000830 U 0.000400 U 0.00230 4.10 0.0330 J 0.00640 J
0.00630 0.00130 J 0.000400 U 0.00800 J 5.70 J 0.0440 J 0.00970 J

-- -- -- -- -- -- --
-- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-32 WB-32 WB-32 WB-32 WB-32 WB-32 WB-32
SE SE SE SE SE SE SE
16 18 20 22 24 26 28
18 20 22 24 26 28 30

Normal Normal Normal Normal Normal Normal Normal
9/22/2009 9/22/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

ARK-WB-32-
16-18

ARK-WB-32-
18-20

ARK-WB-32-
20-22

ARK-WB-32-
22-24

ARK-WB-32-
24-26

ARK-WB-32-
26-28

ARK-WB-32-
28-30

-- -- -- -- -- -- --
-- 0.100 J -- -- -- -- --
-- -- -- -- -- -- --
-- -- -- -- -- -- --

0.00930 0.000380 J 0.00240 0.000170 J 0.000300 J 0.00110 0.000170 U
0.000720 0.000110 U 0.000650 0.000110 U 0.000170 J 0.000200 J 0.000100 U

0.0180 0.00120 0.00310 0.000390 0.000810 0.00110 J 0.000150 U
0.0280 0.00170 J 0.00620 0.000660 J 0.00130 J 0.00240 J 0.000170 U

-- -- -- -- -- -- --
-- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-32 WB-32 WB-35 WB-35 WB-35 WB-35 WB-35 WB-35
SE SE SE SE SE SE SE SE
30 32 0 35 10 10 16 18
32 34 10 35.6 20 20 18 20

Normal Normal Normal Normal Normal Normal Normal Normal
9/23/2009 9/23/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

ARK-WB-32-
30-32

ARK-WB-32-
32-34

ARK-WB-
35-0-10

ARK-WB-
35-35-35.6

ARK-WB-
35-10-20

ARK-WB-35-
10-

20.EPAsplit
ARK-WB-
35-16-18

ARK-WB-
35-18-20

-- -- -- -- -- 0.654 U -- --
-- -- 1700 -- 8800 24100 -- --
-- -- 0.240 U -- 2.20 U -- -- --
-- -- 1.10 -- 2.30 U -- -- --

0.000320 J 0.00140 7.70 0.270 210 -- 4.10 J 1.40 J
0.000110 U 0.000200 J 2.80 0.0120 J 2.60 U -- 0.140 J 0.0430 J
0.000310 J 0.00590 18.0 0.120 180 -- 1.50 J 0.430 J
0.000730 J 0.00750 J 28.0 0.400 J 390 -- 5.70 J 1.90 J

-- -- 1.90 -- 1.58 10.8 U -- --
-- -- 1.80 U -- 1.70 U 0.00170 U -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-35 WB-35 WB-35 WB-35 WB-35 WB-35 WB-35 WB-35
SE SE SE SE SE SE SE SE
20 20 23 23 26 29 32 32
23 23 26 26 29 32 35 35

Normal Normal Normal Normal Normal Normal Normal Normal
9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009 9/30/2009

ARK-WB-35-
20-23

ARK-WB-35-
20-

23.EPAsplit
ARK-WB-35-

23-26

ARK-WB-35-
23-

26.EPAsplit
ARK-WB-35-

26-29
ARK-WB-
35-29-32

ARK-WB-35-
32-35

ARK-WB-35-
32-35.EPAsplit

-- 20.0 U -- 15.6 U -- -- -- 21.3 UJ
-- 3.83 -- 1.42 -- -- -- 0.215 J
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.0880 -- 0.0290 -- 0.0310 0.200 0.0100 --
0.00430 -- 0.00120 -- 0.00120 0.0100 J 0.000260 J --

0.0240 J -- 0.0290 -- 0.00800 J 0.120 0.00230 --
0.120 J -- 0.0590 -- 0.0400 J 0.330 J 0.0130 J --

-- 357 U -- 267 U -- -- -- 361 U
-- 0.00150 U -- 0.00150 U -- -- -- 0.00140 U
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-36 WB-36 WB-36 WB-36 WB-36 WB-36 WB-36 WB-36
SE SE SE SE SE SE SE SE
0 34 37 10 22 25 28 31

10 37 40 22 25 28 31 34

Normal Normal Normal Normal Normal Normal Normal Normal
10/1/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009 10/1/2009

ARK-WB-
36-0-10

ARK-WB-36-
34-37

ARK-WB-36-
37-40

ARK-WB-36-
10-22

ARK-WB-36-
22-25

ARK-WB-36-
25-28

ARK-WB-36-
28-31

ARK-WB-36-
31-34

-- -- -- -- -- -- -- --
28000 -- -- 5500 550 -- -- 0.340 J

0.0470 U -- -- 9.90 U -- -- -- --
0.0480 U -- -- 10.0 U -- -- -- --

1.70 J 0.00220 J 0.00290 J 290 J 39.0 0.0410 0.0220 J 0.0110 J
0.170 0.000360 0.000330 22.0 J 3.60 J 0.00230 J 0.00180 J 0.000810 J

7.10 J 0.00580 J 0.00590 1500 J 150 0.110 0.0660 0.0240 J
8.90 J 0.00840 J 0.00910 J 1800 J 190 J 0.160 J 0.0900 J 0.0360 J
5.62 -- -- 0.122 U -- -- -- --

0.260 U -- -- 1.40 U -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-37 WB-37 WB-37 WB-37 WB-37 WB-37 WB-37 WB-39
SE SE SE SE SE SE SE SE
0 6 10 12 14 17 20 0
6 14 12 14 17 20 23 8

Normal Normal Normal Normal Normal Normal Normal Normal
9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/28/2009

ARK-WB-37-
0-6

ARK-WB-37-
6-14

ARK-WB-37-
10-12

ARK-WB-
37-12-14

ARK-WB-37-
14-17

ARK-WB-37-
17-20

ARK-WB-37-
20-23

ARK-WB-
39-0-8

-- -- -- -- -- -- -- --
2000 1200 -- -- -- 0.0690 U -- 17000

0.0500 U 3.50 U -- -- -- -- -- 0.230 U
0.130 J 3.60 U -- -- -- -- -- 0.240 U

2.40 430 1200 J 0.210 J 0.0230 J 0.0190 0.00150 3.80
0.750 J 4.00 U 12.0 J 0.0100 J 0.000480 J 0.000480 U 0.000100 U 0.780 J

3.80 63.0 200 J 0.0270 J 0.00420 J 0.00210 J 0.00140 J 24.0
7.00 J 500 1400 J 0.250 J 0.0280 J 0.0210 J 0.00300 J 29.0 J

0.327 J 0.0419 U -- -- -- -- -- 2.00
0.360 U 1.70 U -- -- -- -- -- 1.70 U
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-39 WB-39 WB-39 WB-39 WB-39 WB-39 WB-41
SE SE SE SE SE SE SE
8 14 16 18 21 24 0

18 16 18 21 24 25.7 6

Normal Normal Normal Normal Normal Normal Normal
9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/29/2009 9/28/2009

ARK-WB-39-
8-18

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-41-0-6

-- -- -- -- -- -- --
1400 -- -- 0.620 U -- 0.0990 U 1400

0.470 U -- -- -- -- -- 0.0240 U
0.480 U -- -- -- -- -- 0.0620 J
51.0 0.00190 J 0.110 J 0.0500 0.00410 J 0.000750 1.00
2.60 0.000180 J 0.00420 J 0.00570 J 0.00150 J 0.000100 U 0.240
11.0 J 0.000430 J 0.0290 J 0.00820 0.00170 0.00120 1.60
64.0 J 0.00250 J 0.150 J 0.0640 J 0.00730 J 0.00210 2.80

0.0500 U -- -- -- -- -- 0.329 J
1.50 U -- -- -- -- -- 0.340 UJ
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-41 WB-41 WB-41 WB-41 WB-42 WB-42 WB-42 WB-42
SE SE SE SE SE SE SE SE
6 14 17 20 0 6 6 14

14 17 20 22.8 6 14 14 17

Normal Normal Normal Normal Normal Normal Normal Normal
9/28/2009 9/28/2009 9/28/2009 9/28/2009 9/25/2009 9/25/2009 9/25/2009 9/25/2009

ARK-WB-41-6-14
ARK-WB-
41-14-17

ARK-WB-41-
17-20

ARK-WB-41-
20-22.8

ARK-WB-
42-0-6

ARK-WB-
42-6-14

ARK-WB-42-6-
14.EPAsplit

ARK-WB-
42-14-17

-- -- -- -- -- -- 0.762 UJ --
520 -- -- 0.0870 U 6000 6800 10300 --

0.0550 U -- -- -- 0.460 U 1.60 U -- --
0.0570 U -- -- -- 0.470 U 1.70 U -- --

9.60 J 0.660 0.0210 J 0.00160 17.0 190 -- 1.20
1.20 J 0.0360 J 0.00260 J 0.000490 1.50 J 4.30 J -- 0.0350 J
3.80 J 1.00 J 0.0210 J 0.000780 47.0 170 -- 1.60
15.0 J 1.70 J 0.0450 J 0.00290 66.0 J 360 J -- 2.90 J

0.0520 U -- -- -- 3.91 2.48 11.9 U --
0.310 UJ -- -- -- 1.30 U 1.50 U 0.00150 U --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-42 WB-42 WB-42 WB-42 WB-42 WB-43 WB-43 WB-43
SE SE SE SE SE SE SE SE
17 20 20 23 23 0 8 14
20 23 23 26 26 8 18 16

Normal Normal Normal Normal Normal Normal Normal Normal
9/25/2009 9/25/2009 9/25/2009 9/25/2009 9/25/2009 9/24/2009 9/24/2009 9/24/2009

ARK-WB-42-
17-20

ARK-WB-42-
20-23

ARK-WB-42-
20-

23.EPAsplit
ARK-WB-42-23-

26
ARK-WB-42-

23-26.EPAsplit
ARK-WB-43-

0-8
ARK-WB-43-8-

18
ARK-WB-
43-14-16

-- -- 20.0 U -- 17.5 UJ -- -- --
-- -- 0.0325 U -- 0.249 J 1900 540 J --
-- -- -- -- -- 0.0560 U 0.400 U --
-- -- -- -- -- 0.110 J 0.410 U --

0.000500 J 0.000410 J -- 0.00120 J -- 3.70 21.0 2.30 J
0.000110 U 0.000110 U -- 0.000110 UJ -- 0.390 J 0.460 U 0.220 J
0.000270 J 0.000360 -- 0.00190 J -- 6.30 36.0 26.0 J
0.000870 J 0.000870 J -- 0.00320 J -- 10.0 J 58.0 28.0 J

-- -- 329 U -- 275 U 0.372 J 0.0414 U --
-- -- 0.00140 U -- 0.00130 U 0.350 U 0.290 U --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-43 WB-43 WB-46 WB-46 WB-46 WB-46 WB-46
SE SE SE SE SE SE SE
16 18 0 4 8 10 12
18 19 2 6 10 12 14

Normal Normal Normal Normal Normal Normal Normal
9/24/2009 9/24/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

ARK-WB-43-16-
18

ARK-WB-43-18-
19

ARK-WB-
46-0-2

ARK-WB-
46-4-6

ARK-WB-46-
8-10

ARK-WB-46-
10-12

ARK-WB-46-12-
14

-- -- -- -- -- -- --
-- 0.0920 U -- -- 4.20 J -- 0.0800 U
-- -- -- -- -- -- --
-- -- -- -- -- -- --

0.000650 J 0.00120 0.120 J 2.90 J 0.00450 J 0.00810 0.000150 U
0.000100 UJ 0.0000990 U 0.0670 J 0.390 J 0.00200 J 0.00730 J 0.0000970 U
0.000770 J 0.000140 U 1.60 J 5.30 J 0.0600 0.0360 0.000550

0.00150 J 0.00140 1.70 J 8.60 J 0.0670 J 0.0510 J 0.000750
-- -- -- -- -- -- --
-- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-46 WB-46 WB-46 WB-46 WB-46 WB-46 WB-46
SE SE SE SE SE SE SE
14 16 18 2 20 22 24
16 18 20 4 22 24 25

Normal Normal Normal Normal Normal Normal Normal
9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009 9/23/2009

ARK-WB-46-14-
16

ARK-WB-46-
16-18

ARK-WB-46-
18-20

ARK-WB-46-
2-4

ARK-WB-46-
20-22

ARK-WB-46-
22-24

ARK-WB-46-24-
25

-- -- -- -- -- -- --
-- -- -- -- -- -- --
-- -- -- -- -- -- --
-- -- -- -- -- -- --

0.000150 U 0.00300 0.000360 J 2.50 J 0.000160 U 0.000160 U 0.000150 U
0.0000950 U 0.00350 0.000250 J 0.560 J 0.000100 U 0.000100 U 0.0000980 U

0.000140 U 0.0200 0.00160 13.0 J 0.000140 U 0.000150 U 0.000140 U
0.000150 U 0.0270 0.00220 J 16.0 J 0.000160 U 0.000160 U 0.000150 U

-- -- -- -- -- -- --
-- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-48 WB-48 WB-48 WB-48 WB-48 WB-48 WB-48 WB-48
SE SE SE SE SE SE SE SE
4 6 8 10 12 14 16 18
6 8 10 12 14 16 18 20

Normal Normal Normal Normal Normal Normal Normal Normal
9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009 9/10/2009

ARK-WB-48-
4-6

ARK-WB-
48-6-8

ARK-WB-48-
8-10

ARK-WB-48-
10-12

ARK-WB-48-
12-14

ARK-WB-
48-14-16

ARK-WB-48-
16-18

ARK-WB-48-
18-20

-- -- -- -- -- -- -- --
-- -- -- 11.0 -- -- 0.870 J --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.500 19.0 12.0 J 1.70 J 1.40 J 0.310 J 0.00310 0.00970
0.220 J 1.60 J 2.00 J 0.120 J 0.110 J 0.0310 J 0.000340 0.000790 J
0.420 J 6.20 13.0 0.180 J 0.480 0.0690 0.000920 0.00340

1.10 J 27.0 J 27.0 J 2.00 J 2.00 J 0.410 J 0.00440 0.0140 J
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-48 WB-48 WB-49 WB-49 WB-49 WB-49 WB-49 WB-49
SE SE SE SE SE SE SE SE
2 20 0 4 6 6 8 10
4 21.9 2 6 8 8 10 12

Normal Normal Normal Normal Normal Normal Normal Normal
9/10/2009 9/10/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

ARK-WB-48-
2-4

ARK-WB-48-
20-21.9

ARK-WB-49-
0-2

ARK-WB-
49-4-6

ARK-WB-
49-6-8

ARK-WB-49-
6-8.EPAsplit

ARK-WB-49-
8-10

ARK-WB-
49-10-12

-- -- -- -- -- 5.42 U -- --
-- -- -- -- -- 60.7 -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.730 J 0.00240 J 0.00810 J 1.40 J 0.300 -- 0.110 0.350
0.320 J 0.000110 U 0.000490 J 0.190 J 0.0260 J -- 0.00910 U 0.0180 J

3.50 J 0.00180 J 0.00210 J 3.90 J 0.550 -- 0.670 0.530
4.60 J 0.00430 J 0.0110 J 5.50 J 0.880 J -- 0.790 0.900 J

-- -- -- -- -- 87.5 U -- --
-- -- -- -- -- 0.00120 U -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-49 WB-49 WB-49 WB-49 WB-49 WB-49 WB-49 WB-49
SE SE SE SE SE SE SE SE
12 14 14 16 18 2 20 20
14 16 16 18 20 4 22 22

Normal Normal Normal Normal Normal Normal Normal Normal
9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009

ARK-WB-49-
12-14

ARK-WB-
49-14-16

ARK-WB-49-
14-

16.EPAsplit
ARK-WB-49-

16-18
ARK-WB-49-

18-20
ARK-WB-

49-2-4
ARK-WB-49-

20-22
ARK-WB-49-

20-22.EPAsplit

-- -- 9.29 U -- -- -- -- 14.0 U
-- -- 2.60 -- -- -- -- 0.167 J
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.0850 0.200 J -- 0.00580 J 0.00180 0.570 J 0.000970 J --
0.00790 0.0360 J -- 0.00250 J 0.000280 J 0.140 J 0.000160 J --

0.130 0.100 -- 0.00630 J 0.00270 1.50 J 0.00200 --
0.220 0.330 J -- 0.0150 J 0.00470 J 2.20 J 0.00310 J --

-- -- 150 U -- -- -- -- 200 UJ
-- -- 0.00130 U -- -- -- -- 0.00120 UJ
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-49 WB-50 WB-50 WB-50 WB-50 WB-50 WB-50 WB-50
SE SE SE SE SE SE SE SE
22 0 4 6 8 10 12 14

23.5 2 6 8 10 12 14 14.5

Normal Normal Normal Normal Normal Normal Normal Normal
9/9/2009 8/27/2009 8/27/2009 ## 8/27/2009 8/27/2009 8/27/2009 8/27/2009

ARK-WB-49-
22-23.5

ARK-WB-
50-0-2

ARK-WB-
50-4-6

ARK-
WB-50-

6-8
ARK-WB-50-

8-10
ARK-WB-50-

10-12
ARK-WB-50-

12-14
ARK-WB-50-

14-14.5

-- -- -- -- -- -- -- --
-- -- -- -- 1.70 J -- 0.240 U --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.000710 0.280 9.10 12.0 0.0800 0.0430 J 0.000910 0.00150
0.000140 J 0.0970 0.250 U 1.40 J 0.00950 J 0.00550 U 0.000100 U 0.000180 J
0.000670 U 0.550 17.0 J 3.10 J 0.0540 J 0.410 0.000260 J 0.000850 J

0.00130 J 0.930 26.0 J 17.0 J 0.140 J 0.460 J 0.00130 J 0.00250 J
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-50 WB-51 WB-51 WB-51 WB-51 WB-51 WB-51 WB-51
SE SE SE SE SE SE SE SE
2 0 4 6 8 10 10 12
4 2 6 8 10 12 12 14

Normal Normal Normal Normal Normal Normal Normal Normal
8/27/2009 8/28/2009 8/28/2009 8/28/2009 8/28/2009 8/28/2009 8/28/2009 8/28/2009

ARK-WB-
50-2-4

ARK-WB-51-
0-2

ARK-WB-51-
4-6

ARK-WB-
51-6-8

ARK-WB-51-
8-10

ARK-WB-
51-10-12

ARK-WB-51-
10-

12.EPAsplit
ARK-WB-
51-12-14

-- -- -- -- -- -- 3.18 U --
-- -- -- -- -- -- 135 --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

6.20 0.510 J 23.0 J 1.10 110 1.50 -- 0.590 J
0.840 J 0.120 J 1.40 J 0.0400 3.50 0.110 J -- 0.0430 J

2.90 2.40 9.40 J 1.20 170 J 1.20 -- 0.330
9.90 J 3.00 J 33.0 J 2.40 280 J 2.80 J -- 0.970 J

-- -- -- -- -- -- 52.3 U --
-- -- -- -- -- -- 0.00140 U --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-51 WB-51 WB-51 WB-51 WB-51 WB-52 WB-52 WB-52
SE SE SE SE SE SE SE SE
14 16 18 2 20 0 4 6
16 18 20 4 21.5 2 6 8

Normal Normal Normal Normal Normal Normal Normal Normal
8/28/2009 8/28/2009 8/28/2009 8/28/2009 8/28/2009 9/9/2009 9/9/2009 9/9/2009

ARK-WB-51-
14-16

ARK-WB-51-
16-18

ARK-WB-51-
18-20

ARK-WB-
51-2-4

ARK-WB-51-
20-21.5

ARK-WB-
52-0-2

ARK-WB-52-
4-6

ARK-WB-52-
6-8

-- -- -- -- -- -- -- --
-- -- 0.500 J -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.0160 0.0370 0.00650 J 4.50 J 0.00460 0.260 J 0.0340 J 0.00320
0.000850 0.00240 J 0.000490 J 1.60 J 0.000190 J 0.210 J 0.00340 J 0.00210 J

0.0260 0.0760 0.00450 4.00 J 0.00320 1.10 J 0.440 J 0.00660
0.0430 0.120 J 0.0110 J 10.0 J 0.00800 J 1.50 J 0.480 J 0.0120 J

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-52 WB-52 WB-52 WB-52 WB-52 WB-52 WB-53 WB-53
SE SE SE SE SE SE SE SE
8 10 12 14 16 2 0 4

10 12 14 16 18 4 2 6

Normal Normal Normal Normal Normal Normal Normal Normal
9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 9/9/2009 8/24/2009 8/24/2009

ARK-WB-52-8-
10

ARK-WB-52-
10-12

ARK-WB-52-
12-14

ARK-WB-52-
14-16

ARK-WB-52-
16-18

ARK-WB-
52-2-4

ARK-WB-53-
0-2

ARK-WB-53-
4-6

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.000400 J 0.00250 J 0.000320 J 0.000170 U 0.000160 U 2.80 J 0.370 11.0
0.000110 UJ 0.00160 J 0.000100 U 0.000110 U 0.000100 U 0.380 0.140 0.240 U
0.000170 UJ 0.00130 0.000140 U 0.000220 J 0.000140 U 4.80 J 0.790 19.0
0.000660 J 0.00540 J 0.000540 J 0.000440 J 0.000160 U 8.00 J 1.30 30.0

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-53 WB-53 WB-53 WB-53 WB-53 WB-53 WB-54 WB-54
SE SE SE SE SE SE SE SE
6 8 10 12 14 2 0 4
8 10 12 14 15.3 4 2 6

Normal Normal Normal Normal Normal Normal Normal Normal
8/24/2009 8/24/2009 8/24/2009 8/24/2009 8/24/2009 8/24/2009 8/21/2009 8/21/2009

ARK-WB-
53-6-8

ARK-WB-53-8-
10

ARK-WB-53-
10-12

ARK-WB-53-12-
14

ARK-WB-53-14-
15.3

ARK-WB-53-
2-4

ARK-WB-54-
0-2

ARK-WB-
54-4-6

-- -- -- -- -- -- -- --
-- 0.0720 U -- -- 0.200 U -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.660 0.000820 0.00170 0.000190 J 0.000150 U 2.30 0.400 J 20.0 J
0.0530 J 0.0000990 U 0.000400 0.0000940 U 0.0000950 U 0.220 J 0.170 J 1.50 J

1.40 J 0.000650 0.00110 J 0.000140 U 0.000140 U 0.240 1.20 7.70 J
2.10 J 0.00160 0.00320 J 0.000400 J 0.000150 U 2.70 J 1.80 J 29.0 J

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-54 WB-54 WB-54 WB-54 WB-54 WB-54 WB-54 WB-63
SE SE SE SE SE SE SE SE
6 8 10 12.3 14 16 2 0
8 10 12.3 14 16 18 4 2

Normal Normal Normal Normal Normal Normal Normal Normal
8/21/2009 8/24/2009 8/24/2009 8/24/2009 8/24/2009 8/24/2009 8/21/2009 8/20/2009

ARK-WB-54-
6-8

ARK-WB-
54-8-10

ARK-WB-54-
10-12.3

ARK-WB-54-
12.3-14

ARK-WB-54-
14-16

ARK-WB-54-16-
18

ARK-WB-
54-2-4

ARK-WB-63-
0-2

-- -- -- -- -- -- -- --
7.10 -- -- -- 0.140 J -- -- --

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.0310 0.420 0.00490 0.120 0.00110 0.000260 J 5.80 J 0.380
0.00450 0.0200 0.00180 J 0.00670 0.000100 U 0.0000960 U 2.30 J 0.130

0.0140 0.520 0.00240 0.0730 0.00200 J 0.000140 U 2.90 J 0.450
0.0490 0.960 0.00910 J 0.200 0.00310 J 0.000470 J 11.0 J 0.960

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-63 WB-63 WB-63 WB-63 WB-63 WB-63 WB-63 WB-63
SE SE SE SE SE SE SE SE
4 6 8 10 10 12 14 16
6 8 10 12 12 14 16 16.7

Normal Normal Normal Normal Normal Normal Normal Normal
8/20/2009 8/20/2009 8/20/2009 8/20/2009 8/20/2009 8/20/2009 8/20/2009 8/20/2009

ARK-WB-
63-4-6

ARK-WB-
63-6-8

ARK-WB-
63-8-10

ARK-WB-
63-10-12

ARK-WB-63-
10-12.EPAsplit

ARK-WB-63-
12-14

ARK-WB-63-14-
16

ARK-WB-63-
16-16.7

-- -- -- -- 2.55 U -- -- --
-- -- -- -- 18.3 0.430 J -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.610 J 31.0 11.0 1.50 -- 0.0130 0.00270 J 0.00210
0.270 J 1.50 J 0.330 J 0.0590 J -- 0.000490 J 0.0000990 U 0.000100 U
0.530 J 6.30 J 26.0 3.20 -- 0.0150 0.00110 J 0.00110 J

1.40 J 39.0 J 37.0 J 4.80 J -- 0.0280 J 0.00390 J 0.00340 J
-- -- -- -- 43.1 U -- -- --
-- -- -- -- 0.00130 UJ -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-63 WB-64 WB-64 WB-64 WB-64 WB-64 WB-64 WB-64 WB-64
SE SE SE SE SE SE SE SE SE
2 0 4 6 8 10 12 14 16
4 2 6 8 10 12 14 16 18

Normal Normal Normal Normal Normal Normal Normal Normal Normal
8/20/2009 8/25/2009 8/25/2009 8/25/2009 8/25/2009 8/25/2009 8/25/2009 8/25/2009 8/25/2009

ARK-WB-63-
2-4

ARK-WB-
64-0-2

ARK-WB-
64-4-6

ARK-WB-
64-6-8

ARK-WB-
64-8-10

ARK-WB-
64-10-12

ARK-WB-64-
12-14

ARK-WB-64-
14-16

ARK-WB-64-
16-18

-- -- -- -- -- -- -- -- --
-- -- -- 50.0 -- -- 0.180 J -- --
-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --

1.60 0.0860 1.70 0.0930 0.0560 0.0130 0.000920 0.0120 0.00280
0.960 0.220 1.50 J 0.0640 J 0.0270 J 0.0170 J 0.00120 J 0.0130 J 0.00380 J
1.60 0.210 2.20 J 0.170 0.140 0.0110 0.000560 0.00780 0.00200
4.10 0.520 5.40 J 0.330 J 0.220 J 0.0410 J 0.00260 J 0.0330 J 0.00860 J

-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --

 
         



Engineering Evaluation and Cost Analysis
Arkema Early Action

DRAFT
July 26, 2012

Integral Consulting Inc. Page 36 of 40

Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-64 WB-64 WB-64 WB-64 WB-64 WB-64 WB-65 WB-65
SE SE SE SE SE SE SE SE
18 2 20 22 24 26 0 6.5
20 4 22 24 26 26.5 1.5 8

Normal Normal Normal Normal Normal Normal Normal Normal
8/25/2009 8/25/2009 8/25/2009 8/25/2009 8/25/2009 8/25/2009 8/18/2009 8/18/2009

ARK-WB-64-
18-20

ARK-WB-
64-2-4

ARK-WB-64-
20-22

ARK-WB-64-
22-24

ARK-WB-64-
24-26

ARK-WB-
64-26-26.5

ARK-WB-
65-0-1.5

ARK-WB-
65-6.5-8

-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.00450 0.0760 0.000290 J 0.000170 U 0.000280 J 0.0480 9.30 6.70 J
0.00400 J 0.190 J 0.000150 J 0.000110 U 0.000570 J 0.0510 J 0.590 1.30 U
0.00320 0.0840 J 0.000210 J 0.000280 J 0.000850 0.0610 2.40 J 110

0.0120 J 0.350 J 0.000650 J 0.000500 J 0.00170 J 0.160 J 12.0 J 120 J
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-65 WB-65 WB-65 WB-65 WB-65 WB-66 WB-66 WB-66
SE SE SE SE SE SE SE SE
8 8 10 15 16 0 4 6

10 10 15 16 18 2 6 8

Normal Normal Normal Normal Normal Normal Normal Normal
8/18/2009 8/18/2009 8/18/2009 8/18/2009 8/18/2009 8/19/2009 8/19/2009 8/19/2009

ARK-WB-
65-8-10

ARK-WB-65-
8-10.EPAsplit

ARK-WB-65-
10-15

ARK-WB-65-
15-16

ARK-WB-65-16-
18

ARK-WB-
66-0-2

ARK-WB-66-
4-6

ARK-WB-
66-6-8

-- 1.40 U -- -- -- -- -- --
-- 157 2.30 J 0.0500 U -- -- -- --
-- -- -- -- -- -- -- --
-- -- -- -- -- -- -- --

0.440 -- 0.00910 J 0.00260 0.00130 J 0.120 0.770 J 25.0
0.0490 -- 0.000700 J 0.000100 U 0.000100 UJ 0.0260 0.470 J 1.40 J

0.110 -- 0.00160 J 0.000730 0.00100 J 0.580 J 0.690 48.0
0.600 -- 0.0110 J 0.00340 0.00240 J 0.720 J 1.90 J 75.0 J

-- 24.0 U -- -- -- -- -- --
-- 0.00140 U -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-66 WB-66 WB-66 WB-66 WB-66 WB-66 WB-66 WB-8
SE SE SE SE SE SE SE SE
8 8 10 12 14 16 2 0

10 10 12 14 16 17.5 4 4.3

Normal Normal Normal Normal Normal Normal Normal Normal
8/19/2009 8/19/2009 8/19/2009 8/19/2009 8/19/2009 8/19/2009 8/19/2009 2/28/2003

ARK-WB-66-
8-10

ARK-WB-66-
8-10.EPAsplit

ARK-WB-
66-10-12

ARK-WB-
66-12-14

ARK-WB-
66-14-16

ARK-WB-66-
16-17.5

ARK-WB-
66-2-4 SO1915

-- 0.586 U -- -- -- -- -- --
-- 1470 58.0 -- -- 0.550 J -- --
-- -- -- -- -- -- -- 0.0760 U
-- -- -- -- -- -- -- 0.120 U

53.0 -- 1.50 1.50 0.900 0.0910 0.180 J 3.80
3.70 -- 0.0980 J 0.130 J 0.0430 U 0.00350 J 0.0720 J 0.570 J
29.0 -- 1.40 1.20 J 3.50 J 0.0290 0.170 J 34.0
86.0 -- 3.00 J 2.80 J 4.40 J 0.120 J 0.430 J 38.0 J

-- 10.0 U -- -- -- -- -- --
-- 0.00170 U -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-8 WB-8 WB-8 WB-8 WB-8 WB-9 WB-9 WB-9 WB-9
SE SE SE SE SE SE SE SE SE

34.3 6.8 14.3 18.3 20.3 0 8 18 20
36.3 9.3 16.3 20.3 22.3 4 10 20 22

Normal Normal Normal Normal Normal Normal Normal Normal Normal
2/28/2003 2/28/2003 2/28/2003 2/28/2003 2/28/2003 3/4/2003 3/4/2003 3/4/2003 3/4/2003

SO1929 SO1917 SO1919 SO1921 SO1922 SO1931 SO1934 SO1938 SO1939

-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --

0.00700 U 0.0800 U 0.00710 U -- -- 0.110 U 1.40 U 0.130 U --
0.00700 U 0.0930 U 0.00710 U -- -- 0.200 J 1.40 U 0.130 U --

0.0260 470 0.0950 1.30 0.0190 1.90 240 0.130 U 3.60
0.00700 U 9.00 0.00710 U 0.0330 U 0.000330 U 0.730 24.0 0.130 U 0.620

0.0170 920 0.330 4.90 0.0500 12.0 4500 1.90 53.0
0.0470 1400 0.430 6.20 0.0690 15.0 4800 2.00 57.0

-- -- -- -- -- -- -- -- --
-- -- -- -- -- -- -- -- --
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Table A-3. Comparison of Sediment Data to Portland Harbor PRGs, RALs, and AOPC 14 SQGs

Borehole Number:
Matrix:

Upper Depth, ft:
Lower Depth, ft:

Sample Type:
Sample Date:

PRG-1 PRG-2 PRG-3 PRG-4 SQG RAL-B RAL-C RAL-D RAL-E RAL-F
RM 7–8 
RALs Sample ID:

Constituent Units
Tributyltin ion mg/kg-OC 24.1 -- -- -- -- -- -- -- -- -- --
2,3,4,7,8-Pentachlorodibenzofuran pg/g 56.0 54.1 20.5 -- -- -- -- -- 20.0 10.0 1750
gamma-Hexachlorocyclohexane mg/kg 0.00138 -- -- -- -- -- -- -- -- -- --
Total Chlordanes (EE/CA) mg/kg 0.830 0.0830 0.00187 -- -- -- -- -- -- -- --
Total DDD (EE/CA) mg/kg 0.900 0.0890 0.0280 -- 1.68 -- -- -- 0.100 0.0500 --
Total DDE (EE/CA) mg/kg 0.100 0.00880 0.0313 0.00302 0.750 1.00 1.00 0.200 0.0500 0.0200 0.400
Total DDT (EE/CA) mg/kg 1.20 0.120 0.0629 -- 5.80 -- -- -- 0.150 0.0600 6.00
Total DDx (EE/CA) mg/kg 0.218 -- -- -- 8.20 -- -- -- -- -- --
Hexachlorobenzene mg/kg-OC 37.0 3.70 -- -- -- -- -- -- -- -- --
Total PCBs (EE/CA) mg/kg 0.500 0.0295 -- -- -- 1.00 0.750 0.500 0.200 0.0750 --

 
         

AOPC 14 
SpecificPortland Harbor PRGs Portland Harbor RALs

RM 7–8 
RALs

WB-9 WB-9
WLCDRD05P

G072
WLCEAF02W

B13
WLCRPB95

WR-1

WR-
WSI98SD0

87

WR-
WSI98SD09

2

WR-
WSI98SD0

92
SE SE SE SE SE SE SE SE
24 32 0 14 0 0 0 0
26 34 0.9 17 0.5 0.3 0.3 3

Normal Normal Normal Normal Normal Normal Normal Normal
3/4/2003 3/4/2003 5/25/2005 2/26/2003 2/1/1995 9/22/1997 9/22/1997 10/16/1997

SO1941 SO1945
WLCDRD05P

G07272
WLCEAF02W
B13SO1901

WLCRPB95
WR-1WR-

1SE

WR-
WSI98SD0

870

WR-
WSI98SD09

20000CC

WR-
WSI98SD0
920000A

-- -- -- -- -- -- -- 0.583 U
-- -- 9.57 -- 0.650 U -- -- 11000
-- 0.00660 U 0.000580 U 0.0750 U 0.00800 U 0.0500 U 0.0190 U 3.80 U
-- 0.00660 U 0.0110 U 0.0750 U -- 0.0500 U -- 3.80 U

0.150 0.0200 0.0880 0.460 0.0160 U 0.110 0.375 29.0
0.00720 0.00660 U 0.0290 0.0750 U 0.0160 U 0.100 U 0.0200 J 7.50 U

0.920 0.240 0.830 0.610 0.0160 U 0.810 0.280 22.0
1.10 0.260 0.950 1.11 0.0160 U 0.970 0.675 J 54.8

-- -- 0.0542 -- -- 1.43 U 1.03 U 62.5
-- -- 0.0960 U -- -- 2.00 U 0.750 U 150 U

Notes:
-- = not analyzed
PRG = preliminary remediation goal
RAL = removal action level
SLV = screening level value

   SMA = sediment management area
SQG = sediment quality guideline
SVOC = semivolatile organic compound

Data Qualifiers:
J  = The associated numerical value is an estimated quantity.

 = Detection limit for non-detect exceeded one PRG, RAL, or SQG

 = Detection limit for non-detect exceeded more than one PRG, RAL, or SQG

 = Detected concentration exceeded one PRG, RAL, or SQG

 = Detected concentration exceeded more than one PRG, RAL, or SQG

UJ  = The laboratory reporting and/or method detection limits for this analyte have been elevated during 
validation. Undetected results are flagged UJ  to indicate that the sample reporting lmits have been adjusted.

a This sample was normalized for organic carbon number using the 95th percent LCL calculated for 134 
surface sediment samples collected in AOPC 14.

N  = The result is presumptive. The analyte was tentatively identified, but a confirmation analysis was not 
performed.
U  = The material was analyzed for, but was not detected. The associated numerical value is the sample 
detection limit.
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1 INTRODUCTION 

This document presents a preliminary draft Biological Assessment (BA) for the engineering 
evaluation and cost analysis (EE/CA) prepared in support of a non-time-critical removal action 
(NTCRA) for the Arkema Inc. facility in Portland, Oregon (hereafter Arkema BA).  The EE/CA is 
required by the Administrative Order on Consent (AOC) Statement of Work (SOW) between 
the U.S. Environmental Protection Agency (EPA) and Arkema, effective June 27, 2005 (Docket 
No. CERCLA 10-2005-0191).  The purpose of the EE/CA is to design an early action for the EPA-
directed Removal Action Area (RAA) at the Arkema site (Figure 1). 

The EE/CA, to which this document is an appendix, has been prepared by Integral Consulting 
Inc. (Integral) on behalf of Legacy Site Services LLC (LSS), agent for Arkema, for the 
implementation of remedial activities at the proposed RAA. The RAA, described in Section 2, is 
located on the Willamette River between river mile (RM) 7.0 and 7.5.  The RAA and areas 
outside of the RAA may be used for compensatory mitigation, if necessary, consistent with the 
Proposed Action Area described in the Portland Harbor draft preliminary site-wide BA (the 
site-wide BA [Anchor QEA 2012b]). The EE/CA fulfills the requirements of Section 4 of the 
SOW, which includes preparation of a BA to document compliance with Section 7(c) of the 
Endangered Species Act (ESA) of 1973, as amended.1

This document has been prepared to meet three objectives:  

  The Magnuson-Stevens Fishery 
Conservation and Management Act (MSA), which was reauthorized and amended in 1996, 
requires the National Marine Fisheries Service (NMFS) to recommend conservation and 
enhancement measures for any federal or state activity that may adversely affect essential fish 
habitat (EFH).  The Proposed Action Area provides EFH for Pacific salmon, so an EFH 
assessment is also provided herein.   

• To review the proposed project in sufficient detail to determine to what extent the 
proposed action may affect species that are listed as threatened or endangered and 
designated or proposed critical habitats 

• To determine whether any potential removal activities at the site may adversely affect 
designated EFH for relevant commercially, federally managed fisheries species within 
the Proposed Action Area 

• To describe conservation measures proposed to avoid, minimize, or otherwise offset any 
potential adverse effects to designated EFH resulting from the proposed action.   

This preliminary draft BA follows the framework of the Portland Harbor site-wide BA and 
refers to that BA as appropriate to provide a consistent and comparable approach that will 

                                                      
1 50 Code of Federal Regulations (CFR) 402; 16 United States Code (U.S.C.) 1536 [c] 
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support an efficient remediation and construction process for the Proposed Action Area 
pursuant to the site-wide Record of Decision. This document is intended for review by EPA, 
inclusive of its references to the site-wide BA, to support the selection of the sediment remedy 
for the Proposed Action Area that will be incorporated into the Portland Harbor Site-wide 
Proposed Plan and Record of Decision. During the design phase, the Arkema BA can be 
updated with more project-specific information and compared to the site-wide BA to determine 
if the resulting Portland Harbor Site-wide Biological Opinion is applicable to the Arkema BA. If 
the Portland Harbor Site-wide Biological Opinion is found to be appropriate and applicable to 
the proposed actions described in the Arkema EE/CA and BA, a separate formal consultation 
may not be necessary for the Arkema BA.  

1.1 PROJECT AND FEDERAL ACTION HISTORY 

In 2000, EPA added the Portland Harbor Superfund site to the National Priorities List pursuant 
to the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 
1980.2

The NTCRA for the Arkema site will be conducted under CERCLA. CERCLA Section 121(d) 
requires that a cleanup 1) be protective and 2) if any hazardous substance will remain on the 
site, attain a level of cleanup that complies with legally applicable or relevant and appropriate 
requirements.  

 The Portland Harbor Superfund site currently encompasses approximately 10 miles 
(RM 1.9 to 11.8) of the lower Willamette River (LWR) in Portland, Oregon, and includes the 
areas adjacent to the Arkema site (Figure 1). In fall 2001, EPA and ten parties, including 
Arkema, entered into an Administrative Settlement AOC for Remedial Investigation/Feasibility 
Study (RI/FS; CERCLA-10-2001-0240) for the Portland Harbor site. The RI/FS characterizes the 
nature and extent of contamination, assesses the ecological and human health risks at the 
Portland Harbor site, and evaluates feasibility alternatives for cleanup. The revised draft final 
RI was submitted to EPA in 2011 (Integral et al. 2011) and the draft FS was submitted to EPA in 
2012 (Anchor QEA et al. 2012).  

1.2 REPORT ORGANIZATION 

Section 2 of this biological assessment contains a description of the RAA and Proposed Action 
Area.  Section 3 summarizes the status, ecology, potential site use, and designated critical 
habitat of listed fish and wildlife species that may potentially be present in the vicinity of the 
Proposed Action Area.  Section 4 describes the EFH relevant to the Proposed Action Area and 
provides an overview of the descriptions for federally managed species associated with this 
EFH that are relevant to the proposed project area.  Section 5 describes the baseline 

                                                      
2 as amended, 42 U.S.C. § 9601, et seq. 
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environmental conditions and expected effects on baseline conditions associated with project 
activities.  Section 6 discusses potential direct and indirect adverse effects on listed species and 
EFH that may result from proposed project activities. References are provided in Section 7. 
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2 DESCRIPTION OF THE PROPOSED 
ACTION AREA 

The Arkema site is located in Portland, Oregon, on the southwest bank of the LWR between 
approximate RM 6.9 and 7.6 (Figure 1).  The upland portion of the site encompasses 
approximately 54 acres of land.  The in-water portion of the site is defined as the land below 
mean high water (+13.3 ft NAVD88).  The EE/CA NTCRA is primarily focused on the in-water 
portion of the site.  However, elements of the EE/CA removal action may 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 AOC 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 horizontal RAA boundary, as directed by EPA, is based on the 5 mg/kg total DDx contour 
in the EVS model (EE/CA report, Figure 2-1).  The EE/CA alternatives will be evaluated within 
the horizontal RAA boundary and may integrate portions of the riverbank above mean high 
water to the top of bank.  Constituents of interest outside of this horizontal RAA boundary will 
be addressed as part of the Portland Harbor site-wide remedy. 

The Proposed Action Area is the same as that identified in the site-wide BA, which includes the 
Portland Harbor site and portions of the lower Columbia River (LCR) within the 4th level 
Hydrologic Unit Boundary (HUC). This designation accounts for where the remedial activities 
of the proposed action will occur, and the area where compensatory mitigation could occur, if 
necessary.  Therefore, potential, indirect, interrelated and cumulative effects of the proposed 
actions would occur within this Proposed Action Area. A project-specific Action Area may be 
refined during the design phase if the selected remedies are found to describe an action area 
that differs from that described in the site-wide BA. 

2.1 PROJECT ACTIVITIES AND OPERATIONAL CHARACTERISTICS 

The proposed actions consist of the remedial activities or technologies that could occur as part 
of the alternatives described in the EE/CA for the Proposed Action Area. Specifically, the 
elements of the proposed actions may include some or all of the following: 

• Monitored natural recovery/enhanced monitored natural recovery 

• In situ capping 

• In situ treatment 

• Dredging 
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• Transport and disposal of dredged material  

• Removal and installation of pilings and other structures 

• Confined disposal facility (CDF) construction 

• Activities to support compensatory mitigation. 

Compensatory mitigation would be performed under Section 404 of the Clean Water Act 
(CWA) if necessary, but would also provide benefits under ESA to address potential adverse 
effects associated with remediation activities.  

Under the preferred alternative outlined in the EE/CA (Alternative 2i), the goal is to complete 
project activities within a single work window, if possible. Some alternatives that involve more 
intensive construction activities such as extensive dredging or CDF construction may extend 
into an additional one or two seasons to accomplish the work. Alternatives with the potential 
for multiple year time frames (e.g., Alternative 5) would be expected to have greater impacts to 
aquatic resources and listed species because of the longer work period; however, in all cases the 
proposed alternatives are not expect to extend past a few seasons of in-water work. 

The proposed alternatives evaluated in the EE/CA are summarized in Table 1 and shown on 
Figures 2 through 8. These alternatives include remedial activities that have already been 
summarized in the site-wide BA as well as additional activities that are specific to the Arkema 
site. If the selected alternative for the RAA includes any departures from technologies covered 
in the site-wide BA, potential methods and impacts of those technologies to listed species will 
be addressed in a future update of the Arkema BA.  Elevations above the EPA site boundary of 
+13.3 ft North American Vertical Datum of 1988 (NAVD88) and below the DEQ upland source 
control action (top of bank) were not addressed in the site-wide BA. Therefore, Section 3 of this 
document describes riparian and upland species that might be affected by proposed remedial 
actions within the Proposed Action Area, focusing on the Arkema site where remedial activities 
will occur, and Section 6 discusses the determination of effects relevant to riparian species.  

2.2 PROPOSED CONSERVATION MEASURES 

Consistent with the U.S. Army Corps of Engineers mitigation policy (USACE and USEPA 2008), 
the proposed project should strive to avoid adverse impacts, minimize any potential impacts 
that may occur, and offset unavoidable adverse impacts to existing aquatic resources.  
Conservation measures are proposed for this project to avoid or minimize potential impacts to 
listed species and habitats, including adherence to state-identified in-water work windows and 
water quality requirements, and implementation of best management practices (BMPs) for 
dredging and disposal methods. Work in the LWR will occur within the in-water work window 
of July 1 – October 31, when most species of anadromous fish are expected to be present in very 
low numbers (ODFW 2008).  If compensatory mitigation is necessary and occurs in the LCR 
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portion of the Proposed Action Area, project activities will be planned to occur within the in-
water work window of October 1 – December 31, consistent with recent guidance from Oregon 
Department of Fish and Wildlife on when anadromous fish, particularly Pacific eulachon, are 
expected to be present in low numbers (West 2012, pers. comm.) in the LCR.  In addition, the 
project will adhere to water quality protection conditions outlined in the CWA Section 404(b)(1) 
evaluation.  It is anticipated that the impact avoidance and minimization methods proposed in 
the Portland Harbor preliminary draft site-wide BA for remediation activities, including 
dredging, capping, piling and structure removal and installation, would be considered for the 
proposed action at the Proposed Action Area. The final selection of conservation measures will 
be determined during the remedial design after selection of the preferred alternative for the 
Proposed Action Area. 

The proposed actions are intended to provide long-term benefits for listed species by 
remediating contaminated sediments in the Proposed Action Area and, thereby, improving 
conditions for benthic prey, as well as reducing potential exposure to contaminants by listed 
species. In addition, the proposed actions may include construction of compensatory mitigation 
as required under CWA Section 404(b)(1) to replace aquatic functions that are adversely 
affected or lost due to a placement of fill into the aquatic environment. Compensatory 
mitigation is only invoked if adverse effects to aquatic functions cannot be fully addressed 
through avoiding, minimizing or rectifying potential impacts. A compensatory mitigation 
framework for the Portland Harbor site alternatives was presented as part of the Portland 
Harbor FS (Anchor QEA et al. 2012, Appendix M and attachments).  Results of the mitigation 
analysis for sediment management area 14, which includes the RAA, indicates a wide range of 
mitigation possibilities depending on the alternative and relative habitat value framework 
applied, from a mitigation debit of 5.04 acres to a mitigation credit of 1.41 acres (Table 2). 
Therefore, the specific mitigation requirements or the necessity of any mitigation at all will 
depend on the specific alternatives chosen and implemented in the Proposed Action Area.  It is 
anticipated that if there are unavoidable impacts resulting from activities at the Proposed 
Action Area, specific remediation requirements will be identified in the design phase, and 
construction of these requirements will be consistent with the methods outlined in the site-wide 
BA. 
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3 STATUS OF LISTED SPECIES AND CRITICAL HABITAT 

Implementation of the proposed Removal Action within the Proposed Action Area will 
potentially impact the species found within the main stem LWR. If compensatory mitigation is 
required, the proposed area of compensatory mitigation within the 4th-level HUC may be 
considered as described in the preliminary draft site-wide BA.  

3.1 LISTED SPECIES STATUS 

The status, life history, habitat requirements, and critical habitat information for each ESA-listed 
species found within the Portland Harbor Site-wide Proposed Action Area is presented in 
Section 4 of the site-wide BA (Anchor QEA 2012b). Additional information on listed species was 
reviewed from Federal Register documents and published reports from U.S. Fish and Wildlife 
Service (USFWS) and National Oceanic and Atmospheric Administration.  In addition, BAs 
from nearby properties were reviewed and relevant information was considered from these 
documents (Anchor QEA 2006; Anchor QEA 2012a).  Species’ ESA status, critical habitat status, 
and presence in one or both areas (LWR and LCR) of the proposed action area are described in 
Table 3. Tables 4 and 5 delineate the timing of expected presence of juvenile and adult listed 
species in the LWR, and Tables 6 and 7 review the timing of juvenile and adult migrations in the 
LCR.  

Table 3 also reviews the status of upland listed species. These include listed plants and animals 
that are not reviewed in the Portland Harbor preliminary draft site-wide BA, because that 
document focused primarily on listed aquatic species. Therefore, Section 3.1 provides additional 
discussion of the status and ecological requirements of these species so that they may be 
evaluated with respect to any proposed project actions that may affect riparian components of 
the Proposed Action Area, particularly in relation to remedial activities proposed for the 
Arkema RAA. 

3.2 UPLAND WILDLIFE SPECIES 

Additional listed species of wildlife and plants that may occur in the vicinity of the Proposed 
Action Area include the following: 

• Northern spotted owl (Strix occidentalis caurina) — The northern spotted owl was listed 
under the ESA in 1990 (50 CFR Part 17).  This species relies on structurally complex, 
mature and old growth forests for nesting, roosting, and foraging, and is found in this 
type of habitat from southwest British Columbia through the Cascade Mountains and 
coastal ranges in Washington, Oregon, and California (USFWS 2010a).  Critical habitat 
was designated in 1992 and revised in 2008, and includes areas of mature forest in the 
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coastal Pacific Northwest; critical habitat does not occur in the vicinity of the Proposed 
Action Area (USFWS 2008).  

• Columbian white-tailed deer (Odocoileus virginianus leucurus) — The Columbia River 
population of Columbia white-tailed deer is found in multiple counties of Oregon and 
Washington surrounding the LCR and is federally listed as endangered (USFWS 2010c).  
Areas with forested cover adjacent to preferred vegetation for browsing, including a 
variety of herbaceous species, are thought to be preferred habitats for this species 
(USFWS 1983).  Historically, this species was found throughout a large area of 
southwestern Washington and western Oregon, but the current distribution is far more 
limited.  Changes in land use and hunting are thought to have played important roles in 
their decline over the past century or longer (USFWS 1983).  There is no critical habitat 
designated for Columbia white-tailed deer. 

• Nelson’s checker-mallow (Sidalcea nelsoniana) — Nelson’s checker-mallow is listed as a 
threatened species by USFWS. This species is an herbaceous plant in the Mallow family 
that is found in swales, wet meadows, in wetlands within remnant prairie grasslands, 
and is sometimes found alongside road crossings at streams. Nelson's checker-mallow 
primarily occurs in open areas with little or no shade and will not tolerate encroachment 
of woody species (USFWS 2010b). These habitat requirements are not consistent with the 
dry riverbank soils and, where vegetation is present, with shading by woody and 
invasive species present in the riverbank portion of the Proposed Action Area. The 
species’ range extends from southern Benton County, Oregon, north to Cowlitz County, 
Washington, and from central Linn County, Oregon, west to the crest of the Coast 
Range; records of distribution from 1990 to present do not include the Arkema site 
vicinity (USFWS 2010b).  There is no critical habitat designated for this plant. 

• Willamette daisy (Erigeron decumbens var. decumbens) – Willamette daisy is listed as an 
endangered species by USFWS. This species in the Asteraceae family occurs on heavy 
alluvial soils in seasonally wet native or dry upland prairie grasslands. Willamette daisy 
is vulnerable to the invasion of woody species. Critical habitat was designated in 2006. 
Historically, this plant was likely widespread throughout the Willamette Valley. 
Currently, 18 sites are known, between Grand Ronde and Goshen, Oregon; all sites are 
south of Multnomah county (USFWS 2012). 

• Water howellia (Howellia aquatilis) – Water howellia is listed as a threatened species by 
USFWS. Though Water howellia is distributed over a large geographic area spanning 
five states, it exists in small pockets of a very particular and sensitive ecological habitat. 
This aquatic plant occurs among small, vernal, freshwater wetlands, glacial pothole 
ponds, or former river oxbows that have an annual cycle of filling with water over the 
fall, winter and early spring, followed by drying during the summer months. These 
habitats are generally less than one hectare in size and contain water less than 3 ft deep. 
Associated species include duckweed (Lemna spp.), water starworts (Callitriche spp.), 
water buttercup (Ranunculus aquaticus), yellow water-lily (Nuphar polysepalum), 
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bladderwort (Utricularia vulgaris), and pondweeds (Potamogeton spp.). The habitat 
requirements and species associations of this plant are not consistent with Arkema site 
conditions. There is no critical habitat designated for this plant. 

• Bradshaw’s desert parsley (Lomatium bradshawii) – Bradshaw’s desert parsley is listed as 
an endangered species by USFWS. The majority of populations occur within 10 miles of 
Eugene, Oregon. This perennial herb is typically found at low elevations near water, on 
seasonally saturated or flooded prairies, and alluvial soils adjacent to creeks and small 
rivers. Bradshaw’s desert parsley typically occurs on heavy clays, with a slowly 
permeable clay layer located 6–12 in. below the surface.  Bradshaw's desert parsley 
currently extends from Clark County, Washington, to the southern end of the 
Willamette Valley, Oregon, and does not include the northern Willamette Valley. There 
is no critical habitat designated for this plant. 

• Kincaid’s lupine (Lupinus sulphureus spp. kincaidii) – Kincaid’s lupine is listed as a 
threatened species by USFWS. It is found mainly in the Willamette Valley, where it 
occupies native grassland habitats, a few sites in the Umpqua River Basin, and one site 
in southern Washington. Kincaid's lupine is typically found in native upland prairie, 
and is vulnerable to herbicides and invasion by alien plant species such as Himalayan 
blackberry, Scotch broom, and aggressive pasture grasses. Critical habitat was 
designated in 2006. The northern limit of Kincaid's lupine is Lewis County, Washington, 
and it ranges south to Douglas County, Oregon. USFWS data indicates that this species 
distribution is south and west of Multnomah County. 

A review of priority habitats and species for the Proposed Action Area and its associated 
uplands did not identify occurrences of the above listed species, nor is appropriate habitat for 
these species present in the Arkema site vicinity. This is consistent with the conclusions of the 
site-wide BA, which states that it is not expected that listed terrestrial species are present within 
the highly industrialized areas of the Portland Harbor site (Anchor QEA 2012b).
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4 ESSENTIAL FISH HABITAT 

The MSA, as amended, requires proposed projects requiring a federal action, such as a permit, 
to evaluate their impacts on the habitat of commercially managed fish populations.  For the 
purposes of the MSA, EFH has been defined as “those waters and substrate necessary to fish for 
spawning, breeding, feeding, or growth to maturity”.3

• “Waters” include aquatic areas and associated physical, chemical, and biological 
properties that are used by fish  

 NMFS has further added the following 
interpretations to clarify this definition:  

• “Substrate” includes sediment, hard bottom, structures underlying the waters, and 
associated biological communities  

• “Necessary” means the habitat required to support a sustainable fishery and the 
managed species’ contribution to a healthy ecosystem  

• “Spawning, breeding, feeding, or growth to maturity” includes all habitat types utilized 
by a species throughout its life cycle (PFMC 2012).  

The EFH mandate applies to all species managed under a federal fisheries management plan. 
There is one fisheries management plan relevant to the action area, covering Pacific salmon. 
Potential impacts of a proposed action must be considered for the Pacific salmon EFH. As the 
proposed project area is consistent with the action considered in the site-wide BA, the EFH 
analysis contained in Section 8 of the site-wide BA (Anchor QEA 2012b) is applicable to the 
Proposed Action Area of this BA. 

EFH for the Pacific coast salmon fishery includes those waters and substrate necessary for 
salmon, which are needed to support long-term sustainable salmon fisheries and contribution to 
a healthy ecosystem (PFMC 2012). The geographic extent of the freshwater Pacific salmon EFH 
is defined as all currently viable waters and most of the habitat historically accessible to salmon, 
excluding areas upstream of longstanding naturally impassible barriers such as waterfalls. This 
description is applicable to the freshwater habitat in the Proposed Action Area (PFMC 1999). 

EFH has been designated by the Pacific Fishery Management Council (PFMC) for federally 
managed Chinook (Oncorhynchus nerka) and coho (O. kisutch) salmon in the waters of the LCR 
and LWR (PFMC 1999). Chinook and coho salmon are expected to be present in the vicinity of 
the Proposed Action Area. Both hatchery and wild populations are considered by the PFMC in 
targeting conservation measures that will support persistence of these species. 

                                                      
3 16 U.S.C. 1802[10]   
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4.1 FALL-RUN CHINOOK SALMON 

The life history, current status, and potential use of the Proposed Action Area by Chinook 
salmon are addressed in the site-wide BA.  The proposed action area does not contain suitable 
spawning habitat for Chinook salmon and, therefore, eggs, larvae, and spawning adult Chinook 
salmon are not expected to be present in the vicinity of the Proposed Action Area. The action 
area may provide suitable habitat for juvenile salmon during rearing and migration (Tables 4 
and 6), and for pre-spawning adult Chinook migrating to freshwater spawning grounds further 
upstream and in tributaries to the Columbia River (Tables 5 and 7).  

4.2 COHO SALMON 

The life history, current status, and potential use of the Proposed Action Area by coho salmon 
are addressed in the site-wide BA.  The proposed action area does not contain suitable 
spawning habitat for coho salmon and, therefore, eggs, larvae, and spawning adults are not 
expected to be present in the vicinity of the action area.  The Proposed Action Area may provide 
suitable habitat for juvenile salmon during rearing and migration and, as juvenile coho 
overwinter in freshwater habitat, there is the potential for them to be found in the Proposed 
Action Area any time of the year (Tables 4 and 6).  Pre-spawning adults migrating through the 
LCR and LWR to freshwater spawning grounds further upstream and to tributaries to these 
systems may occur in the Proposed Action Area (Tables 5 and 7).
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5 EXISTING ENVIRONMENTAL CONDITIONS 

The existing, or baseline, conditions in the proposed action area are described in this section in 
order to define the geographical area for which the baseline is established, describe the habitats 
and physical and chemical conditions present in this area, and discuss habitat features that may 
be affected by project activities, particularly with respect to critical habitat designated for listed 
species. 

5.1 DESCRIPTION OF THE PROPOSED ACTION AREA 

The Proposed Action Area is described in Section 2.  The RAA consists of the in-water areas that 
are proposed to be addressed through remedial action.  The Proposed Action Area 
encompasses: 

• The RAA boundary within the LWR, with the additional consideration that moderately 
elevated turbidity could extend downstream of the immediate footprint of the proposed 
action area during any dredging activities  

• The potential transport corridor from the LWR action area to an offloading facility 
within the LWR for accepting dredged materials.  

• If compensatory mitigation is required, the area within the 4th HUC, including a portion 
of the LCR as described in the site-wide BA. 

Most of the potential effects of the proposed action are expected to occur within the RAA, and 
any additional remediation or containment activities are expected to occur in the adjacent 
riverbank area. As such, the remainder of this section provides detailed environmental baseline 
information for the LWR in the vicinity of the RAA, and more generalized information for the 
LCR portion of the Proposed Action Area. 

5.2 LOWER WILLAMETTE RIVER ENVIRONMENTAL BASELINE 

5.2.1 Shoreline and In-Water Habitats 

The Proposed Project Area’s physical and biological conditions are consistent with the 
conditions described in the Portland Harbor preliminary site-wide BA.  The Arkema site where 
the RAA is located is an industrial property located in the heavily industrialized area of 
Portland Harbor. The Arkema property encompasses approximately 54 acres of land on four 
upland lots and one tract along the Willamette River.  Lots 1 and 2 are located on the north end 
of the site and are covered by a mixture of grasses, bare soil, and disturbed scrub/shrub 
vegetation (Figure 9).  Lots 3 and 4 encompass the developed portion of the site where the 
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majority of chemical manufacturing and processing historically occurred.  Tract A along the 
river is steeply sloping and in some areas is covered with rubble used for bank stabilization; a 
limited amount of ruderal vegetation (colonizing grasses and invasive forbs such as blackberry) 
grows among the bank-armoring material.   

The physical features of the site are defined by its industrial history during former plant 
operations. The shoreline adjacent to the RAA has been substantively developed for industrial 
activities.  Large portions of the shoreline have been rip-rapped (Integral 2010).  In unarmored 
portions of the shoreline, the substrate is sandy and in areas where vegetation is present, it is 
primarily ruderal. Banks are moderately steep in many areas and largely devoid of overhanging 
vegetation or complex features that would support nearshore habitat that is valuable to 
foraging fish and wildlife, particularly in the vicinity of the docks, with an increase in some 
shallow water habitat and overhanging vegetation downstream of the docks on Lot 1 (Integral 
2010).   

Three docks are present at the Arkema site (Dock 1, Dock 2, and the Salt Dock; see Figure 9). 
Dock 1 was originally constructed in the 1940s and consists of a pier section that runs 
perpendicular to the river and the dock section that runs parallel to the river, both with a timber 
walkway hung from the bottom of the dock.  Independent timber walkways that provide access 
from the dock to two concrete dolphins supported on steel H-piles are located adjacent to the 
dock.  Dock 2 was originally constructed in the late 1950s and early 1960s and has the same 
configuration and walkways as Dock 1, with the exception that the adjacent dolphins are timber 
piles and stairs lead under the dock to a small platform, which provides access to barges at low-
river stage elevations. The Salt Dock was built in the 1960s to support a conveyor belt system 
used to offload salt products from ships to the facility. The structure consists mainly of a pier 
section that runs perpendicular to the river to support the conveyor belt system and a short 
section of dock that runs parallel to the river, with walkways to two adjacent concrete dolphins. 

A surface debris survey was conducted in 2009 as part of the Removal Action Area 
Characterization (Integral and ARCADIS 2011). The river bank and in-water portions of the site 
in the area downstream of Dock 2 (Figure 9) include a piling field from a historical dock, 
miscellaneous concrete debris, metal debris, and logs. Between Docks 1 and 2, surface debris 
includes concrete, historical pilings and dolphins, metal debris, logs, and a cover of thick 
invasive vegetation. Debris between Dock 1 and the Salt Dock consists primarily of concrete 
debris, with smaller amounts of scrap metal, logs, pilings, and a few dolphins.  The riverbank 
along the Arkema property includes four active outfalls, three of which will soon be abandoned 
in accordance with a stormwater Mutual Agreement and Order between LSS and DEQ.   

Known and potential dredge and fill activities at Arkema are summarized in the EE/CA Work 
Plan (Parametrix 2007).  Periods of maintenance dredging were historically necessary off the 
Salt Dock and Dock 1 to maintain sufficient depth for docking ships.  
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Industrial development has altered the nearshore areas as well; some shallow water areas 
persist, but historical dredging to accommodate vessel access has likely increased the water 
depth and steepened the nearshore profile in many areas of the LWR.  Depths in the proposed 
RAA range from mean high water 13.3 ft NAVD 88 to deeper than 20 ft below river level (-10 ft 
NAVD 88).  Aquatic vegetation has not been documented in the RAA.  The surface sediments in 
the Arkema RAA are primarily silts with varying amounts of sand and clay.  A mixture of 
sands and silts characterize the shallow areas, transitioning to primarily silty materials in the 
deepwater channel.  Areas near the shoreline consist primarily of sand with varying amounts of 
gravel and coarse anthropogenic debris. 

5.2.2 Prey Resources 

Juvenile salmonids and other foraging fish rely heavily on macroinvertebrates as a food source, 
and amphipods and invertebrates in the water column can be particularly important prey items 
for many fish species (McCabe et al. 1997; Quinn 2005). Studies of benthic macroinvertebrates in 
the LWR have shown a fairly consistent suite of numerically dominant macroinvertebrates, 
including oligochaetes, chironomids, cladocerans, copepods, Corbicula and Corophium spp. 
(Integral et al. 2011; Anchor QEA 2012b). Planktonic crustaceans including Daphnia and 
Corophium are abundant in the LWR and are a common component of juvenile Chinook and 
coho diets (Anchor QEA 2012b).  

Substantial spatial and temporal variation in benthic macroinvertebrates is the norm for lotic 
systems, and it can be difficult to understand effects of discrete disturbances given such high 
spatial and temporal variability (Allan 1995; Weber 2009). However, because many benthic 
macroinvertebrates have short life spans and fast generation rates, invertebrate communities 
tend to rebound quickly from acute disturbances such as dredging. For example, a study of 
benthic community recovery following dredging in the LCR found no significant changes in 
total benthic invertebrate densities or in community composition; most metrics of abundance 
and diversity were as high or higher than pre-dredging conditions within a year of the dredging 
activities (McCabe et al. 1998).  

5.2.3 Sediment Quality 

The sediment quality in the LWR is provided in Section 5.1.3.2 of the preliminary draft of the 
Portland Harbor draft site-wide BA (Anchor QEA 2012b). Potentially unacceptable risks have 
been demonstrated in the draft final site-wide RI including the bounding indicator 
chemicals, polychlorinated biphenyls (PCBs), DDx compounds, dioxins and furans, and 
polycyclic aromatic hydrocarbons (PAHs).  The bounding indicator chemicals generally 
encompass the spatial extent of other contaminants that pose potentially unacceptable risk 
(Integral et al. 2011).  Arkema site constituents of interest as directed by EPA for the EE/CA are 
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DDx, polychlorinated dibenzo-p- /furans, hexachlorobenzene, PCBs, total chlordanes, 
tributyltin, and lindane (gamma-hexachlorocyclohexane).  

5.2.4 Water Quality and Quantity 

The water quality and quantity in the LWR is provided in Sections 5.1.2.1.1 and 5.1.2.1.2, 
respectively, of the site-wide BA (Anchor QEA 2012b). As described in that document, the entire 
LWR is water quality limited.  DEQ’s 2006 CWA section 303(d) list identified water quality that 
was limited for temperature, fecal coliform, biological criteria (fish skeletal deformities), and 
toxics (mercury in fish tissue, dieldrin, aldrin, PCBs, DDT/DDE, dioxin [2,3,7,8-TCDD], PAHs, 
manganese, iron, and pentachlorophenol) (Anchor QEA et al. 2012).  EPA-approved total 
maximum daily loads (TMDLs) are also in place for mercury, bacteria, and temperature. No 
TMDLs have been established for DDT/DDE. 

5.2.5 Anthropogenic Activities 

The RAA lies within an industrial waterway with substantial upland industrial, commercial, 
municipal, and urban activities.  The upland adjacent to the action area has been modified for 
commercial and industrial activities and includes roads, buildings, and overwater structures to 
support industrial activities.  Movements of ships through the LWR are ongoing, and noise and 
movement are regularly generated as part of these activities.  Noise or movement generated 
during proposed activities in the action area is not expected under the preferred alternative to 
exceed these baseline conditions for noise or movement as they relate to potential disturbance 
of fish and wildlife in the area. If project activities are revised to include activities such as 
extensive pile-driving or other activities that may be expected to generate substantive noise 
above background levels, the potential impacts of such activities may be revisited and refined 
during the design phase, and the Arkema BA can be updated with more project-specific 
information. 

5.2.6 Summary of Baseline Conditions and Expected Project Effects 
on Baseline 

Baseline environmental conditions and expected effects of the proposed actions are summarized 
in Table 8.  Sediment and substrate conditions in the Proposed Action Area are representative of 
the general substrate conditions in the LWR in terms of depth and grain size, although 
nearshore bathymetric profiles have been altered over time by dredging to maintain access to 
the port facilities by vessels.  Many of the alterations to water quantity and quality in the 
vicinity of the action area are a function of upstream, large-scale actions related to power 
generation and commercial, municipal, urban, and agricultural land use.  Shoreline conditions 
are a function of the long-term presence of commercial activities.  The proposed project 
activities are expected to maintain and in some cases improve baseline environmental 
conditions in the action area for all the constituents discussed above (Table 8). 
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5.2.7 Current Conditions of Primary Constituent Elements of Critical 
Habitat in the LWR 

Primary constituent elements (PCEs) are those physical and biological features of a landscape 
that a species needs to survive and reproduce (NOAA 2005).  PCEs are established for listed 
species for which critical habitat has been established (Table 9).  The following listed species 
have designated critical habitat that includes the LWR component of the proposed action area: 

• Chinook salmon:  LCR evolutionary significant unit (ESU); upper Willamette River 
(UWR) ESU 

• Steelhead (O. mykiss):  LCR DPS; UWR DPS. 

For salmon and steelhead, there are five PCEs that govern 1) freshwater spawning sites, 2) 
freshwater rearing sites, 3) freshwater migration corridors, 4) estuarine habitats, and 5) marine 
habitats. As there are no estuarine or marine habitats present in the proposed action area, PCEs 
4 and 5 are not applicable. As salmon and steelhead do not spawn in the LWR, PCE 1 is not 
applicable. The characterization of PCEs 2 and 3 in the vicinity of the project area includes the 
following: 

PCE 2. Freshwater rearing sites with sufficient water quantity and floodplain connectivity to 
form and maintain physical habitat conditions and support juvenile growth and 
mobility; water quality and forage supporting juvenile development; and natural cover 
such as shade, submerged and overhanging large wood, log jams and beaver dams, 
aquatic vegetation, large rocks and boulders, side channels, and undercut banks. 

The Willamette River in the vicinity of the Proposed Action Area is wide and relatively deep, 
with a substrate dominated by sandy and finer materials. There are some nearshore shallow 
areas that may be used as foraging areas for juvenile salmonids, though shoreline modification 
for navigational access has likely altered and reduced shallow nearshore habitat in the LWR 
relative to historic conditions, particularly at and upstream of Dock 2 (see Section 5.2.1). Benthic 
invertebrate surveys in the LWR support that the benthic and planktonic community is 
composed of macroinvertebrates that can serve as prey for juvenile salmonids, such as 
oligochaetes, chironomids, amphipods and Daphnia.  Side channels, log jams, undercut banks, 
and similar features that provide the type of complex habitat that supports refugia and 
resources for juvenile salmon are not present in the vicinity of the action area.  There is little 
overhanging vegetation in the vicinity of the RAA that could serve as a source of inputs of 
organic material or invertebrate prey. Extensive armoring and several overwater structures are 
present along the shoreline of the project area.  It is unknown if overwater structures might 
serve as a physical habitat for freshwater rearing, growth, or mobility 

PCE 3. Freshwater migration corridors that are free of obstruction, that have natural cover such 
as submerged and overhanging large wood, aquatic vegetation, large rocks and 
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boulders, side channels, and undercut banks, and have water quality and quantity 
conditions that support juvenile and adult mobility and survival. 

There are no impediments within the proposed action area that would preclude the movement 
of juvenile or adult salmon through the LWR migratory corridor.  The types of complex habitat 
described for this PCE are generally not present in the action area, as shorelines are generally 
armored or have overwater structures, and there is little, if any, natural shading from 
overhanging vegetation present along the shoreline. As described in Section 5.2.4, the water 
quality of the LWR is currently impaired and is 303(d) listed for multiple contaminants. 

5.3 LOWER COLUMBIA RIVER ENVIRONMENTAL BASELINE 

5.3.1 Shoreline and In-Water Habitats 

The project area’s physical and biological conditions are consistent with the conditions 
described in the draft biological assessment (Anchor QEA 2012b). Industrial development has 
altered the near-shore areas in portions of the LCR; some shallow water areas persist, but 
historical dredging to accommodate vessel access has likely increased the water depth and 
steepened the nearshore profile in portions of the LCR.  Depths in the LCR portion of the 
Proposed Action Area range from ordinary high water to deeper than 40 ft.  

5.3.2 Prey Resources 

Juvenile salmonids and other foraging fish rely heavily on macroinvertebrates as a food source, 
and amphipods and invertebrates in the water column can be particularly important prey items 
for many fish species (McCabe et al. 1997; Quinn 2005). Numerically dominant invertebrate taxa 
that have been identified in the main channel of the LCR include turbellaria, oligochaetes, 
chironomids, ceratopogonids, the invasive bivalve Corbicula fluminea, and the amphipod 
Corophium salmonis, with Corbicula and ceratopogonid larvae among the most abundant taxa 
(McCabe et al. 1997). 

5.3.3 Sediment Quality 

The sediment quality in the LCR is described in Section 5.2 of the site-wide BA (Anchor QEA 
2012b), which reviews the substantive historic and ongoing large-scale hydrologic alterations to 
the LCR and its watersheds, including dams, levees, and loss of floodplain connectivity, and 
how these changes have led to substantive changes in sediment supply to the LCR. 

5.3.4 Water Quality and Quantity 

The water quality and quantity in the LCR is described in Section 5.2 of the preliminary draft of 
the site-wide BA (Anchor QEA 2012b).  The U.S. Geological Survey (USGS) monitoring station 
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gage 14245900, at the Columbia River near Quincy, Oregon, RM 53.8, reported the following 
ranges of water quality parameters in the river for water year 2009: dissolved oxygen ranging 
between 8.8 and 13.3 mg/L; temperatures from a low of 3.8°C in February to 20.8°C in August, 
and turbidity ranging between 3.7 and 50 FNU4

The Columbia River has been subject to substantive modifications in water quantity and quality 
in association with long-term anthropogenic activities including hydroelectric projects, 
withdrawals for irrigation, and major land use changes including commercial and agricultural 
development. Dams have reduced peak flows, increased base flows, and trap much of the 
sediment that moves in from upper watershed tributaries. A TMDL, which establishes 
limitations for pollutants that are of concern for a specific water body, has been established for 
the LCR from the mouth to the Snake River, for total dissolved gas in association with four 
hydroelectric projects on the river (WDFW and DEQ 2002). A TMDL for dioxin in the Columbia 
River basin was approved by EPA in 1991. The LCR in Cowlitz County is also on the CWA 
303(d) list for fecal coliform and temperature (WDOE 2010).  Proposed project activities are not 
expected to substantively affect any of these water quality parameters. 

 (USGS 2010).  Suspended sediments are 
seasonally variable in the LCR, with lower loads in winter and early spring, and increasing 
loads in spring through early summer, which closely corresponds to the hydrograph and inputs 
of sediments with increasing water quantities (Fuhrer et al. 2006).  The Cowlitz River and 
Willamette Rivers, in particular, have been noted as contributing high sediment load, up to 5 to 
10 times higher than other tributaries to the LCR (Fuhrer et al. 2006). 

5.3.5 Anthropogenic Activities 

The LCR is characterized by a robust level of commercial and industrial activity relevant to the 
transport of materials both upriver and downriver to ports within and external to the Columbia 
River basin.  Upland landscapes adjacent to the LCR have been extensively modified for 
commercial, industrial, and agricultural activities and include roads, buildings, and overwater 
structures to support industrial activities.  Movements of ships through the action area to 
upstream and downstream ports are ongoing activities, and noise and movement are regularly 
generated as part of these activities.  Noise and visual disturbance generated during mitigation 
activities, if necessary, would not be expected to exceed these baseline conditions for noise or 
movement as they relate to potential disturbance of fish and wildlife in the area. 

                                                      
4 FNU = formazin nephelometric unit, and is similar to the NTU but for its use of infrared instead of white light to 
measure particle abundance. The FNU is USGS’s standard unit of measurement for turbidity. 
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5.3.6 Current Conditions of Primary Constituent Elements of Critical 
Habitat in the LCR 

The following listed species have designated critical habitat within the LCR portion of the 
Proposed Action Area (Table 9): 

• Chinook salmon: UCR spring run ESU; Snake River spring/summer run ESU; Snake 
River fall run ESU; LCR ESU; UWR ESU 

• Sockeye Salmon (O. nerka): Snake River ESU 

• Chum salmon (O. keta):  Columbia River ESU 

• Steelhead:  UCR DPS; Snake River Basin DPS; middle Columbia River DPS; LCR DPS; 
UWR DPS 

• Bull trout (Salvelinus confluentus): Columbia River DPS 

• Eulachon (Thaleichthys pacificus):  Southern DPS. 

The following sections discuss PCEs for the species listed above and evaluate the ability of 
current conditions in the action area to provide for these elements. 

5.3.6.1 PCEs for Salmon and Steelhead 

For salmon and steelhead, there are five PCEs that govern 1) freshwater spawning sites, 2) 
freshwater rearing sites, 3) freshwater migration corridors, 4) estuarine habitats, and 5) marine 
habitats. PCE 1 is not applicable because salmon and steelhead do not spawn in the LCR 
component of the Proposed Action Area. PCEs 4 and 5 are not applicable because there are no 
estuarine or marine habitats present in the Proposed Action Area. The characterization of PCEs 
2 and 3 in the Proposed Action Area include: 

PCE 2. Freshwater rearing sites with sufficient water quantity and floodplain connectivity to 
form and maintain physical habitat conditions and support juvenile growth and 
mobility; water quality and forage supporting juvenile development; and natural cover 
such as shade, submerged and overhanging large wood, log jams and beaver dams, 
aquatic vegetation, large rocks and boulders, side channels, and undercut banks. 

The Columbia River in the vicinity of the Proposed Action Area is wide and deep, with a 
substrate dominated by sandy and fine-grained sediments. Benthic invertebrate surveys in the 
LCR suggest the benthic community is composed primarily of oligochaetes, amphipods, 
chironomids, and ceratopogonids, and these types of macroinvertebrates can serve as prey 
resources for juvenile salmonids.  The shoreline of the main stem LCR is primarily shallow 
gradient or steep vertical banks that are relatively uncomplex, with intermittent areas highly 
developed for ports and other commercial activities.  
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PCE 3. Freshwater migration corridors free of obstruction and with sufficient water quantity 
and quality conditions and natural cover such as submerged and overhanging large 
wood, aquatic vegetation, large rocks and boulders, side channels, and undercut banks 
to support juvenile and adult mobility and survival. 

The main stem LCR is an extremely broad, deep, and swift lotic system that does not generally 
have obstructions that would impede the movement of juvenile or adult salmon through the 
LCR migratory corridor. As described in Section 5.3.4, water quantity and quality conditions 
have been substantively altered by anthropogenic activities and the LCR is 303(d) listed for 
chemical and physicochemical contaminants of concern. 

5.3.6.2 PCEs for Bull Trout 

For bull trout, there are nine PCEs: 

PCE 1. Springs, seeps, groundwater sources, and subsurface water connectivity (hyporehic 
flows) to contribute to water quality and quantity and provide thermal refugia. 

PCE 2. Migratory corridors with minimal physical, biological, or water quality impediments 
between spawning, rearing, overwintering, and freshwater and marine foraging 
habitats. 

PCE 3. An abundant food base, including terrestrial organisms of riparian origin, aquatic 
macroinvertebrates, and forage fish. 

PCE 4. Complex river, stream, lake, reservoir, and marine shoreline aquatic environments and 
processes with features such as large wood, side channels, pools, undercut banks and 
substrates, to provide a variety of depths, gradients, velocities, and structure. 

PCE 5. Water temperatures ranging from 2 to 15°C (36 to 59°F), with adequate thermal refugia 
available for temperatures at the upper end of this range.  Specific temperatures within 
this range will vary depending on bull trout life-history stage and form; geography; 
elevation; diurnal and seasonal variation; shade, such as that provided by riparian 
habitat; and local groundwater influence. 

PCE 6. Substrates of sufficient amount, size, and composition to ensure survival of eggs and 
embryos overwinter, fry emergence, and survival of young-of-the-year and juveniles.  A 
minimal amount (e.g., less than 12 percent) of fine substrate less than 0.85 mm (0.03 in.) 
in diameter and minimal embeddedness of these fines in larger substrates characterize 
these conditions. 

PCE 7. A natural hydrograph, including peak, high, low, and base flows within historic and 
seasonal ranges or, minimal departures from a natural hydrograph if flows are 
controlled. 

PCE 8. Sufficient water quality and quantity to support normal reproduction, growth, and 
survival. 
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PCE 9. Few or no nonnative predatory (e.g., lake trout, walleye, northern pike, smallmouth 
bass); inbreeding (e.g., brook trout); or competitive (e.g., brown trout) species present. 

Bull trout may be expected to use the main stem of the Columbia River in low numbers as a 
migration corridor between tributaries, during outmigration of juveniles, or during upstream 
migration of adults to spawning areas.  The proposed action area fulfills the definition of PCE 2, 
in being free of barriers to passage for migration of these life stages.  For the other PCEs, the 
action area does not contain appropriate conditions: substrates are too fine to support successful 
spawning; summer temperatures are above the thermal requirements for this species; the action 
area is lacking the types of complex habitats preferred for rearing and foraging conditions, 
including suitable physical and thermal refugia; and a diversity of fish species have been 
introduced to the LCR ecosystem, several of them predatory or potential competitors with 
native trout, including smallmouth bass, striped bass, and walleye (Sytsma et al. 2004). 

5.3.6.3 PCEs for Eulachon  

The PCEs relevant to eulachon critical habitat in the LCR include: 

PCE 1. Freshwater spawning and incubation sites with water flow, quality and temperature 
conditions and substrate supporting spawning and incubation, and with migratory 
access for adults and juveniles. 

PCE 2. Freshwater and estuarine migration corridors associated with spawning and incubation 
sites that are free of obstruction and with water quality and temperature conditions 
supporting larval and adult mobility, and with abundant prey items supporting larval 
feeding after the yolk sac is depleted. 

PCE 3. Marine foraging habitat. 

Elements 1 and 2 are present within the proposed action area: spawning and incubation sites 
are known to occur along the main stem LCR, though much is still not known about the timing, 
frequency of use, and distribution of these spawning and incubation sites. There are no 
migratory impediments within the proposed action area that would preclude the movement of 
juvenile or adult eulachon through the LCR.  As larval eulachon are expected to move quickly 
downstream into estuarine areas following emergence from the gravel, the primary forage base 
for eulachon is expected to occur primarily outside of the proposed action area. Marine foraging 
habitat is not present within the proposed action area of the LCR. 
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6 EFFECTS DETERMINATIONS 

6.1 EFFECTS ON LISTED SPECIES 

The proposed action considered in this preliminary draft BA consists of remedial technologies 
and construction methods that are substantively consistent with the technologies and 
construction methods described by the site-wide BA. The proposed action for the Arkema RAA 
may include riverbank work that is not considered in the site-wide BA; however, the proposed 
technologies and methods are still expected to be substantively consistent with those described 
in the site-wide BA. Therefore, for the listed in-water species outlined in Section 3 and Table 3, 
the effects of the proposed action within the Proposed Action Area, as outlined in Section 2 and 
described in the EE/CA, is expected to result in species and critical habitat effects 
determinations consistent with the findings of the site-wide BA. Potential adverse effects on 
PCEs, upland species, and EFH are additionally summarized below in Section 6.2 (Adverse 
Effects on Critical Habitat), Section 6.3 (Adverse Effects on Listed Upland Species), and Section 
6.4 (Adverse Effects on Salmon EFH). 

6.2 ADVERSE EFFECTS ON CRITICAL HABITAT 

PCEs identified as potentially occurring in the Proposed Action Area include two PCEs for 
salmon and steelhead, rearing habitat and migration corridors; one PCE for bull trout, 
migration corridors; and two PCEs associated with proposed critical habitat for eulachon, 
freshwater spawning and migration corridors. The potential for adverse effects on these PCEs 
are evaluated in this section.  As discussed in Section 5.2 and 5.3 other PCEs of critical habitat, 
including spawning areas for all listed species other than eulachon, are not expected to occur in 
the Proposed Action Area and, therefore, will not be affected by proposed activities. 

6.2.1 Freshwater Rearing PCE for Salmon and Steelhead 

The Proposed Action Area provides potential freshwater rearing habitat for listed salmon and 
steelhead species. Effects to habitat within the RAA portion of the area may include the removal 
and burial of sediments that support benthic communities that may be used as forage for listed 
species, and temporary and localized areas of suspended sediments in areas that juvenile 
salmon and steelhead use for foraging.  These effects are expected to be limited in extent and 
duration, and will be minimized by limiting work to the in-water work window during which 
the lowest numbers of listed species are expected to be present. Habitat conditions are expected 
to be maintained or improved relative to baseline (Table 8). Activities downstream in the LWR 
and in the LCR, which could include compensatory mitigation if necessary, are not expected to 
adversely affect freshwater rearing PCEs for salmon or steelhead. 
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6.2.2 Migration PCE for Salmon, Steelhead and Bull Trout 

Proposed activities are not expected to create a meaningful barrier to movement or migration of 
juvenile or adult salmonids.  Work will occur during the in-water work window to minimize 
the likelihood that fish will be migrating through or using the area during project activities; as 
described in Section 2 and in Tables 4 and 5, the in-water work window represents the period 
during which the fewest species and numbers of individuals are expected to be migrating 
through the site vicinity.  Dredging equipment will be limited to a subsection of the river, with 
much of the channel remaining unaffected by project activities so that migration of listed 
species is not impeded.  

6.2.3 Freshwater Spawning and Migration PCEs for Eulachon 

Proposed critical habitat designation for the southern DPS of eulachon includes two PCEs that 
may potentially be present at the LCR portion of the site: freshwater spawning/incubation and a 
migration corridor for returning adults and for dispersing larvae. 

Proposed activities are not expected to create meaningful barriers to movement or migration of 
larval or returning adult eulachon in the LCR.  Activities along the LCR portion of the action 
area are expected to primarily consist of compensatory mitigation activities, if necessary. Work 
will occur during the in-water work window to minimize any overlap with the period during 
which eulachon might use sediments in the vicinity of the Proposed Action Area for spawning, 
and adherence to the in-water work window will also reduce the likelihood that eulachon will 
be migrating through or using the area during project activities.   

6.3 ADVERSE EFFECTS ON LISTED UPLAND SPECIES 

Given that none of the upland species discussed in Section 3.1 have ecological requirements that 
are consistent with habitats in the action area, the proposed action area is not expected to have 
any potential for direct effects on these species. Potential indirect effects would be limited to 
noise disturbance to animals that might be migrating near the action area en route to foraging 
or home range areas.   

6.4 ADVERSE EFFECTS ON SALMON EFH 

The potential effects to salmon are limited to those life stages expected to be present in the 
action area which, as discussed in Section 4, are in-migrating adult salmon and out-migrating 
juvenile Chinook and coho salmon that may use the action area for rearing and/or migration. 
Therefore, potential effects on EFH are expected to be the same as those discussed in the 
Portland Harbor preliminary draft site-wide BA, including: 
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• Entrainment 

• Turbidity 

• Disruption of the benthic community which may serve as a food resource 

• Noise and movement associated with dredging operations. 

These potential effects have been discussed in Section 5 above, and expected effects on baseline 
habitat conditions are reviewed in Table 8.  As listed species include the salmon species that are 
addressed in the Pacific salmon EFH, the effects discussed in these sections fully describe 
potential effects on salmon EFH. 

6.5 EFFECTS DETERMINATION 

Potential adverse effects on listed species and designated critical habitat, as discussed above, are 
expected to be localized and relatively short-term in nature.  The effects of the proposed action 
for the Proposed Action Area are consistent with the effects described and analyzed for ESA-
listed species and EFH in the Portland Harbor preliminary draft site-wide BA. While the 
proposed action is likely to include riverbank work not considered in the Portland Harbor 
preliminary draft site-wide BA, this work is expected to be conducted using methodologies 
substantively similar to those described in the site-wide BA and, in addition, as discussed in 
Section 6.2., upland listed species are unlikely to be present in the vicinity of the action area. 
Therefore, no effects are expected on ESA-listed upland plant or wildlife species. 

The potential effects described will further be avoided and minimized by adherence to 
established in-water work windows, so that activities are occurring during the periods when 
the lowest diversity and abundance of listed species are expected to be present in the area. The 
project will also adhere to all water quality requirements and will adhere to BMPs and 
conservation measures outlined in Section 2.2 of this document and in the CWA Section 404 
evaluation (Appendix C).  Therefore, for the species identified in Section 3, the potential effects 
of the proposed action within the proposed project area are expected to result in species and 
critical habitat effects and determinations consistent with the findings of the site-wide BA.  

If the preferred alternative for the Arkema Proposed Action Area consists of technologies 
and/or activities not considered in the Portland Harbor preliminary draft site-wide BA, or if the 
mitigation sequence implemented in the design phase does not allow adverse effects to be 
avoided, minimized, or compensated to the extent to which adverse effects to listed species are 
de minimis, re-evaluation of the effects determination will be conducted for appropriate species 
in a future revision of this document. 
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Figure 4
Alternative 3(i): Mass-Based Removal,

Capping, and Optimized MNR
Arkema Early Action

Biological Assessment and Essential Fish Habitat Assessment

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 5
Alternative 3(r): Mass-Based Removal and Capping

Arkema Early Action
Biological Assessment and Essential Fish Habitat Assessment

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 6
Alternative 4(i): Removal Focused and Optimized MNR

Arkema Early Action
Biological Assessment and Essential Fish Habitat Assessment

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7
Alternative 4(r): Removal Focused

Arkema Early Action
Biological Assessment and Essential Fish Habitat Assessment

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 8
Alternative 5: Nearshore CDF

Arkema Early Action
Biological Assessment and Essential Fish Habitat Assessment

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Appendix B
Biological Assessment and Essential Fish Habitat Assessment
Engineering Evaluation and Cost Analysis

DRAFT

July 26, 2012

Integral Consulting Inc. Page 1 of 1

No. Description Summary

1 No Further Action No Further Action

2(i) Dredge to Facilitate a Cap and Optimized 
MNR  

Partial dredge and cap placement within Area 1.  Use MNR/EMR to address remainder of 
RAA footprint.  A maintenance and monitoring program will be developed and implemented 
to monitor the cap and MNR performance.  The riverbank area will be regraded and capped.  
Disposal to Subtitle D Landfill.

2(r) Dredge to Facilitate a Cap Partial dredge and cap placement within Areas 1 and 2. Use MNR/ENR to address 
remainder of RAA boundary as described for Alternative 2(i).  The riverbank area will be 
regraded and capped.  Disposal to Subtitle D Landfill.

3(i) Mass-Based Removal, Capping and 
Optimized MNR

Targeted removal of sediment containing the most highly contaminated sediments to a 
maximum depth of 15 feet. Partial dredge and cap of rest of sediments within Area 1. Use 
MNR/ENR to address remainder of RAA boundary as described for Alternative 2(i).  The 
riverbank area will be regraded and capped.  Disposal to Subtitle D Landfill.

3(r) Mass-Based Removal and Capping  Targeted removal of sediment containing the most highly contaminated sediments to a 
maximum depth of 15 feet.  Partial dredge and cap sediments within remainder of Area 1 
and all of Area 2. Use MNR/ENR to address remainder of RAA boundary as described for 
Alternative 2(i).  The riverbank area will be regraded and capped.  Disposal to Subtitle D 
Landfill.

4(i) Removal Focused and Optimized MNR  Dredge majority of horizontal footprint within Area 1 to a maximum depth of 15 feet. Use 
MNR/ENR to address remainder of RAA boundary as described for Alternative 2(i).  The 
riverbank area will be regraded and capped.  Disposal to Subtitle D Landfill.

4(r) Removal Focused  Dredge approximate horizontal footprint within Areas 1 and 2 to a maximum depth of 15 feet. 
Use MNR/ENR to address remainder of RAA boundary as described for Alternative 2(i).  
The riverbank area will be regraded and capped.  Disposal to Subtitle D Landfill.

5 Nearshore CDF  Construct nearshore CDF. Outside CDF footprint, dredge approximate horizontal footprint of 
Areas 1 and 2 to a maximum depth of 15 feet. Use MNR/ENR to address remainder of RAA 
boundary as described for Alternative 2(i).  The riverbank area will be regraded and capped.  
Disposal onsite in CDF.

CDF = confined disposal facility

Table 1. Summary of Arkema EE/CA Alternatives

Notes:

MNR = monitored natural recovery
ENR = enhanced natural recovery

RAA = removal action area



Appendix B
Biological Assessment and Essential Fish Habitat Assessment
Engineering Evaluation and Cost Analysis

DRAFT

July 26, 2012

Integral Consulting Inc. Page 1 of 1

Rearing 
Function 

Total

Migration 
Function 

Total Total

Rearing 
Function 

Total

Migration 
Function 

Total Total
Alternative Bi Alternative Br

SMA 14 -0.53 -0.15 -0.04 -0.19 SMA 14 -0.04 -0.07 -0.06 -0.14
Alternative Ci Alternative Cr

SMA 14 -2.95 -0.87 -0.24 -1.12 SMA 14 1.29 0.09 -0.07 0.02
Alternative Di Alternative Dr

SMA 14 -3.27 -1.00 -0.27 -1.28 SMA 14 1.41 0.07 -0.09 -0.02
Alternative Ei Alternative Er

SMA 14 -5.04 -1.01 -0.42 -1.43 SMA 14 -0.69 -0.27 -0.16 -0.43
Alternative Fi Alternative Fr

SMA 14 -4.08 -1.23 -0.32 -1.55 SMA 14 -0.97 -0.4 -0.22 -0.62

Source:
Anchor QEA (2012a)

Notes:
FS = feasibility study
LWG = Lower Willamette Group
NMFS = National Marine Fisheries Services
RHV = relative habitat value
SMA = sediment management area

Table 2.  Summary of Compensatory Mitigation for SMA 14 by Portland Harbor Draft FS Alternative

Integrated (i) Alternatives Removal (r) Focused Alternatives

SMA
NMFS RHV 

Determination

LWG RHV Determination

SMA 14
NMFS RHV 

Determination

LWG RHV Determination



Appendix B
Biological Assessment and Essential Fish Habitat Assessment
Engineering Evaluation and Cost Analysis

DRAFT

July 26, 2012

Integral Consulting Inc. Page 1 of 2

Table 3.  Endangered Species Act Status of Species That May Be Present in the Proposed Action Area

Speciesa

Potentially Present in 
Proposed Action Area 

(LCR/LWR)b

Endangered 
Species Act 

Listing Status

Federal 
Agency 

Jurisdiction

Essential fish 
habitat 

designated?

Critical 
Habitat 

Designated?

Critical Habitat 
Designation for 

Proposed Action 
Area (LCR/LWR), 

if any

Sockeye Salmon (Oncorhynchus nerka ) 
Snake River ESU LCR Endangered NOAA No Yes LCR

Chinook Salmon (O. tshawytscha ) 
Upper Columbia River spring-run ESU LCR Endangered NOAA Yes Yes LCR
Snake River spring/summer-run ESU LCR Threatened NOAA Yes Yes LCR
Snake River fall-run ESU LCR Threatened NOAA Yes Yes LCR
Lower Columbia River ESU LCR & LWR Threatened NOAA Yes Yes LCR & LWR
Upper Willamette River ESU LCR & LWR Threatened NOAA Yes Yes LCR & LWR

Coho Salmon (O. kisutch ) 
Lower Columbia River ESU LCR & LWR Threatened NOAA Yes No N/A

Chum Salmon (O. keta ) 
Columbia River ESU LCR & LWRc Threatened NOAA No Yes LCR

Steelhead (O. mykiss ) 
Upper Columbia River DPS LCR Threatened NOAA No Yes LCR
Snake River Basin DPS LCR Threatened NOAA No Yes LCR
Lower Columbia River DPS LCR Threatened NOAA No Yes LCR
Lower Columbia River DPS LCR & LWR Threatened NOAA No Yes LCR & LWR
Upper Willamette River DPS LCR & LWR Threatened NOAA No Yes LCR & LWR

Bull Trout (Salvelinus confluentus ) LCR Threatened USFWS N/A Yes LCR

Pacific Eulachon (Thaleichthys pacificus )
Southern DPS LCR Threatened NOAA No Yes LCR

Green Sturgeon (Acipenser medirostris )
Southern DPS LCR Threatened NOAA No Yes No

Steller Sea Lion (Eumetopias jubatus )
Eastern DPS LCR Threatened NOAA No Yes No



Appendix B
Biological Assessment and Essential Fish Habitat Assessment
Engineering Evaluation and Cost Analysis

DRAFT

July 26, 2012

Integral Consulting Inc. Page 2 of 2

Table 3.  Endangered Species Act Status of Species That May Be Present in the Proposed Action Area

Speciesa

Potentially Present in 
Proposed Action Area 

(LCR/LWR)b

Endangered 
Species Act 

Listing Status

Federal 
Agency 

Jurisdiction

Essential fish 
habitat 

designated?

Critical 
Habitat 

Designated?

Critical Habitat 
Designation for 

Proposed Action 
Area (LCR/LWR), 

if any

Northern Spotted Owl (Strix occidentalis caurina ) LCR & LWR Threatened USFWS N/A Yes No

LCR & LWR Endangered USFWS N/A No N/A

Nelson's Checker-Mallow (Sidalcea nelsoniana ) LWR Threatened USFWS N/A No N/A

Bradshaw's Desert-Parsley (Lomatium bradshawii ) LWR Endangered USFWS N/A No N/A

Water Howellia (Howellia aquatilis ) LWR Threatened USFWS N/A No N/A

Willamette Daisy (Erigeron decumbens var. decumbens ) LWR Endangered USFWS N/A Yes No

LWR Threatened USFWS N/A Yes No

Sources:
NOAA (2005, 2012)
USFWS (2012)

Notes:
DPS = distinct population segment
ESA = Endangered Species Act
ESU = evolutionarily significant unit
LCR = lower Columbia River
LWR = lower Willamette River
N/A = not applicable
NOAA = National Oceanic and Atmospheric Administration
USFWS = U.S. Fish and Wildlife Service

b Indicates whether the species is potential present in the LCR portion of the Proposed Action Area, LWR portion of the Proposed Action Area, or both.
c Limited use of the LWR by juvenile chum salmon; adults are not expected. Critical habitat does not include the LWR. 

a The ESA defines a "species" to include any distinct population segment of any species of vertebrate fish or wildlife.  For Pacific salmon, NOAA Fisheries Service considers 
an evolutionarily significant unit, or "ESU," a "species" under the ESA.  For Pacific steelhead, NOAA Fisheries Service has delineated distinct population segments (DPSs) 
for consideration as "species" under the ESA.

Kincaid's Lupine (Lupinus sulphureus (=oreganus ) ssp. 
kincaidii (=var. kincaidii ))

Columbia White-Tailed Deer (Odocoileus virginianus 
leucurus )



Appendix B
Biological Assessment and Essential Fish Habitat Assessment
Engineering Evaluation and Cost Analysis

DRAFT

July 26, 2012

Integral Consulting Inc. Page 1 of 1

Table 4.  Timing of Downstream Juvenile Fish Migrationsa in the Lower Willamette River

Fish Species / ESU or DPS
Chinook Salmonb

Upper Willamette River ESU
Lower Columbia River ESU

Coho Salmonb

Lower Columbia River ESU
Chum Salmonc

Columbia River ESU
Steelhead Trout

Lower Columbia River DPS
Upper Willamette River DPS

Sources:
ODFW (2008)
Murtagh (2012)

Notes:
Black bars represent the peak migration periods.
Gray bars represent the estimated total period of occurrence with the action area. 
DPS = distinct population segment
ESU = evolutionarily significant unit
LWR = lower Willamette River

c Chum salmon are believed to have been extirpated from the LWR and its tributaries; juveniles may occasionally 
move into the LWR with tidal cycles to forage, but are generally expected to be rare in this system.

a For species that may use the lower Willamette River for rearing as well as migration (lower Columbia and upper 
Columbia Chinook \ lower Columbia coho), the time period shown is inclusive of both rearing and outmigration.

DecJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

b Juvenile coho and chinook salmon overwinter in freshwater streams, so may be expected in freshwater habitats 
year round, but the primary period of outmigration is in spring, and the lowest abundances in the Site vicinity may 
be expected in summer.



Appendix B
Biological Assessment and Essential Fish Habitat Assessment
Engineering Evaluation and Cost Analysis

DRAFT

July 26, 2012

Integral Consulting Inc. Page 1 of 1

Table 5.  Timing of Upstream Adult Aquatic Species Migrations in the Lower Willamette River
Fish Species / ESU
Chinook Salmon

Upper Willamette River ESU
Lower Columbia River ESUa

Coho Salmon
Lower Columbia River ESU

Steelhead Trout
Lower Columbia River DPS
Upper Willamette River DPS

Sources:
ODFW (2008)
Murtagh (2012)

Notes:
Black bars represent the peak migration periods.
Gray bars represent the estimated total period of occurrence with the action area.
DPS = distinct population segment
ESU = evolutionarily significant unit
LCR = lower Columbia River

a Spring-run lower Columbia River Chinook that move into the Clackamas River via the lower Willamette 
River are excluded from the ESU listing; fall run Chinook are expected to be a very small component of the 
LCR ESU (see text for discussion).

DecJan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
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Table 6.  Timing of Downstream Juvenile Fish Migrationsa in the Lower Columbia River

Fish Species / ESU or DPS
Chinook Salmon

Snake River fall ESU
Snake River spring/summer ESU
Upper Columbia River spring ESU
Upper Willamette River ESU
Lower Columbia River ESU

Sockeye Salmon
Snake River ESU

Chum Salmon
Columbia Riverb ESU

Coho Salmon
Lower Columbia River ESUc

Steelhead Trout
Upper Columbia River DPS
Snake River Basin DPS
Lower Columbia River DPS
Middle Columbia River DPS
Upper Willamette River DPS

Eulachon
Southern DPS

Bull Trout
Columbia River DPS

Sources:
NRC (2005)
Parametrix (2010)

Notes:
Black bars represent the peak migration periods.
Gray bars represent the estimated total period of occurrence with the action area.
DPS = distinct population segment
ESU = evolutionarily significant unit

a For species that may use the lower Columbia River for rearing as well as migration (lower Columbia and upper Columbia 
Chinook \ lower Columbia coho), the time period shown is inclusive of both rearing and outmigration.
b Although the Columbia River crossing project identifies both rearing and outmigration for chum, chum are not expected to 
have a substantive rearing period and this period more accurately reflects outmigration.

c Juvenile coho salmon overwinter in freshwater streams, so may be expected in freshwater habitats year round, but the 
primary period of outmigration is in spring and summer.
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Table 7.  Timing of Upstream Adult Aquatic Species Migrations in the Lower Columbia River
Fish Species / ESU
Chinook Salmon

Snake River fall ESU
Snake River spring/summer ESU
Upper Columbia River spring ESU
Upper Willamette River ESU
Lower Columbia River ESU

Sockeye Salmon
Snake River ESU

Chum Salmon
Lower Columbia River ESU

Coho Salmon
Lower Columbia River ESU

Steelhead Trout
Upper Columbia River DPS
Snake River Basin DPS
Lower Columbia River DPS
Middle Columbia River DPS
Upper Willamette River DPS

Eulachon
Southern DPS

Bull Trout
Columbia River DPS

Green Sturgeon
Southern DPS

Stellar Sea Lion
Eastern DPS

Sources:
NRC (2005)
Parametrix (2010)

Notes:
Black bars represent the peak migration periods.
Gray bars represent the estimated total period of occurrence with the action area.
DPS = distinct population segment
ESU = evolutionarily significant unit
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Pathways

Indicators
Water Quality

Temperature x x
Sediment x x
Chemical contaminants x x
Nutrients x x

Habitat Access
Physical barriers x x

Habitat Elements
Substrate and sediment x x
Large woody debris x
Off-channel habitat x
Refugia x

Channel Condition and Dynamics
Width/depth ratio x x
Streambank condition x x
Floodplain connectivity x x

Flow/Hydrology
Peak/base flows x x
Drainage network increase x x

Watershed Conditions
Road density and location x x
Disturbance history x x
Riparian reserves x

Source:

Notes:

Table 8. Checklist for Documenting Environmental Baseline and Effects of Proposed Action(s) on Relevant 
Indicators

Environmental Baseline Effects of the Action(s)

Properly 
Functioning At Risk

Not Properly 
Functioning Restorea Maintainb Degradec

N/A
N/A
N/A

b For the purposes of this checklist, "maintain" means that the function of an indicator does not change (i.e., it 
applies to all indicators regardless of functional level.
c For the purposes of this checklist, "degrade" means to change the function of an indicator for the worse 
(i.e., it applies to all indicators regardless of functional level).  In some cases, a "not properly functioning" 
indicator may be further worsened, and this should be noted.

NOAA (1996)

a For the purposes of this checklist, "restore" means to change the function of an "at risk" indicator to 
"properly functioning," or to change the function of a "not properly functioning" indicator to "at risk" or 
"properly functioning" (i.e., it does not apply to "properly functioning" indicators).

N/A



Appendix B
Biological Assessment and Essential Fish Habitat Assessment
Engineering Evaluation and Cost Analysis

DRAFT

July 26, 2012

Integral Consulting Inc. Page 1 of 1

Table 9.  Primary Constituent Elements of Critical Habitat for ESA of Salmon and Steelhead Relevant to the Proposed Action Area

1. Freshwater 
spawning sites

2. Freshwater rearing sites 
to provide for juvenile 

growth and development
3. Freshwater 

migration corridors
4. Estuarine 

areas
5. Nearshore 
marine areas

Sockeye Salmon (Oncorhynchus nerka ) 
Snake River No Yesa,c Yesc No No

Chinook Salmon (O. tshawytscha ) 
Upper Columbia River spring-run No Yesc Yesc No No
Snake River spring/summer-run No Yesc Yesc No No
Snake River fall-run No Yesc Yesc No No
Lower Columbia River No Yes Yes No No
Upper Willamette River No Yes Yes No No

Chum Salmon (O. keta ) 
Columbia River No Yesb Yesc No No

Bull Trout (Salvelinus confluentus ) 
Columbia River No Yesc,d Yesc,d No No

Steelhead (O. mykiss ) 
Upper Columbia River No Yesa,c Yesc No No
Snake River Basin No Yesa,c Yesc No No
Lower Columbia River No Yes Yes No No
Upper Willamette River No Yesa Yes No No
Middle Columbia River No Yesa,c Yesc No No

Sources: Notes:
NOAA (2009, 2012) ESA = Endangered Species Act
USFWS (2012)

c Lower Columbia River portion of the Proposed Action Area only

PCEs That May Be Present in the Proposed  Action Area

Species 

a These populations are spawning and rearing primarily upstream of the Proposed Action Area; the use by juveniles of the action area for rearing 
in these cases is considered to be limited. Critical habitat designation in these cases is primarily as a migration corridor.
b Chum salmon spend very little time in freshwater, heading quickly out to estuarine and marine areas after emergence from gravel, so freshwater 
rearing is not considered an appreciable component of their life cycle.

d Bull trout primarily use cold-water tributaries to the LCR for spawning and rearing; their use of the mainstem LCR for feeding or holding is 
unknown but likely to be limited; use of the mainstem for migration between tributaries may occur in low numbers.
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1 INTRODUCTION 

On behalf of Legacy Site Services LLC, agent for Arkema Inc., this document presents a 
preliminary draft Clean Water Act (CWA) Section 404(b)(1) evaluation for the Arkema Inc. 
facility in Portland, Oregon, in support of the draft engineering evaluation and cost analysis 
(EE/CA).  This EE/CA was prepared in support of a non-time-critical removal action (NTCRA) 
for the Arkema facility.  The EE/CA is required by the Administrative Order on Consent (AOC) 
Statement of Work (SOW) between the U.S. Environmental Protection Agency (EPA) and 
Arkema, effective June 27, 2005 (Docket No. CERCLA 10-2005-0191).  The purpose of the EE/CA 
is to design a removal action for the EPA-directed removal action area (RAA) at the Arkema 
site, which is located within a portion of sediment management area (SMA) 14 of the Portland 
Harbor Superfund Site (also referred to as Portland Harbor Site). 

In 2000, the EPA added the Portland Harbor Site to the National Priorities List (NPL) pursuant 
to the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) of 
1980, as amended, 42 United States Code Section 9601, et seq.  The Portland Harbor Site Study 
Area currently encompasses approximately 10 miles (river mile [RM] 1.9 to 11.8) of the lower 
Willamette River in Portland, Oregon, and the riverbank of the Arkema site (Figure 1).  In fall 
2001, EPA and 10 parties, including Arkema Inc., entered into an AOC for Remedial 
Investigation/Feasibility Study (RI/FS; CERCLA-10-2001-0240) for the Portland Harbor 
Superfund Site.  The RI/FS characterizes the nature and extent of contamination, assesses the 
ecological and human health risks at the Portland Harbor Superfund Site, and evaluates 
feasibility alternative for cleanup.  The revised draft final RI was submitted to EPA in August 
2011 (Integral et al. 2011), and the Portland Harbor draft FS was submitted to EPA in March 
2012 (Anchor QEA et al. 2012). 

The EE/CA, to which this document is an appendix, is for the implementation of remedial 
activities for the Arkema site, located on the Willamette River within the Portland Harbor 
Superfund Site between RM 6.9 and 7.6 (Figure 2).  The EE/CA report partially fulfills the 
requirements of Sections 3 and 4 of the SOW, which also requires preparation of a biological 
assessment (BA) and CWA Section 404(b)(1) evaluation to document compliance with these 
regulations, which were identified by EPA as potentially applicable and relevant or appropriate 
requirements (ARARs) for the Portland Harbor Superfund Site and specifically the Arkema site.  

The sediment remedy for the Arkema site is anticipated to be incorporated as part of the overall 
remedy selected by EPA for the Portland Harbor Superfund Site, as part of the Proposed Plan or 
Record of Decision (ROD).  The Arkema AOC SOW states that construction of the remedy 
would occur under the existing AOC with EPA for completion of a NTCRA under CERCLA.  
Therefore, the Arkema remedy is to be conducted under CERCLA and, under EPA’s request, 
will be coordinated with the Portland Harbor Superfund Site remedy.  CERCLA exempts 
cleanup actions from the process of obtaining permits but requires that cleanup actions comply 
with ARARs established by EPA. For CERCLA actions where CWA Section 404 is an ARAR, 
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Section 404 establishes protocols for evaluating alternatives and demonstrating substantive 
compliance (USEPA 1994).  These protocols are referred to as “equivalency analyses.” 

As part of the Portland Harbor draft FS (Anchor QEA et al. 2012), the Lower Willamette Group 
(LWG) prepared a preliminary draft CWA Section 404(b)(1) evaluation (Appendix M of the 
draft Portland Harbor FS report; Anchor QEA et al. 2012) as part of the equivalency analysis. 
This site-wide draft 404(b)(1) evaluation provide an FS-level estimate of potential compensatory 
mitigation required to be completed in order to substantially comply with CWA Section 404.  
The LWG evaluation determined that all of the proposed alternatives evaluated in the Portland 
Harbor draft FS would comply with CWA Section 404(b)(1).  In addition, some of the Portland 
Harbor draft FS alternatives may require compensatory mitigation to achieve substantive 
compliance with CWA Section 404(b)(1).   

Because the Arkema site remedy is anticipated to be integrated with the overall remedy for the 
Portland Harbor Superfund site, this preliminary draft CWA Section 404(b)(1) evaluation 
considers the eight alternatives evaluated in the draft EE/CA as they relate to the alternatives 
evaluated for the Portland Harbor Site to determine whether the findings of the site-wide 
404(b)(1) evaluation are applicable to the EE/CA alternatives.   

The Arkema project ideally has a goal of no net loss of aquatic habitat and thus compensatory 
mitigation may not be necessary.  The design approach and site-specific avoidance and 
minimization measures that can be identified and applied to the selected remedy that would 
avoid the aquatic habitat impacts are described in Appendix M of the draft Portland Harbor FS 
report (Anchor QEA et al. 2012).  Based on the habitat area occupied by the Arkema RAA and 
SMA 14 (of which the RAA is a part), compensatory mitigation may or may not be necessary.  
Based on information presented in the EE/CA, EPA will select one of the alternatives as the 
proposed action for the Arkema site.  LSS anticipates that a revised CWA Section 404(b)(1) 
evaluation would be conducted on the selected alternative to determine if site-specific 
compensatory mitigation is necessary and confirm that the selected alternative remains 
consistent with the Portland Harbor site-wide draft 404(b)(1) evaluation findings.   



 
Preliminary Draft Clean Water Act Section 404(b)(1) Evaluation DRAFT 
Engineering Evaluation and Cost Analysis July 26, 2012 

Integral Consulting Inc. 2-1 

2 PURPOSE AND NEED FOR THE PROPOSED ACTION 

Detailed information on the NTCRA is presented in the AOC between EPA and Arkema, 
effective June 27, 2005 (Docket No. CERCLA 10-2005-0191).     

The purpose of the proposed action is to remediate contaminated sediments to reduce potential 
risks to acceptable levels consistent with the remedial action objectives (RAOs) for the Arkema 
site and Portland Harbor Superfund Site.  The exact proposed action for the Arkema site will be 
identified through selection by EPA from the various alternatives developed and assessed in the 
draft EE/CA, to which this document is an appendix.  The remedial alternatives evaluated in the 
draft EE/CA address nearshore and offshore sediment contamination that is located within 
potentially jurisdictional waters and, therefore, the sediment remediation is a water-dependent 
activity (40 Code of Federal Regulations [CFR] § 230.10).    

The Arkema site is located within a working harbor with ongoing industrial activities and 
contains a federally maintained navigation channel.  Three docks are present at the Arkema site 
(Dock 1, Dock 2, and the Salt Dock; see Figure 3).  Thus, the proposed action must achieve the 
project purpose (i.e., sediment remediation) in a manner that is consistent with the current and 
future maritime uses of the river and the Arkema site and minimize temporary disruptions of 
these activities.  All of the site buildings have been demolished except for the office building, 
and the only activity at the site is related to the construction of stormwater and groundwater 
source control measures (SCMs).   
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3 DESCRIPTION OF THE PROPOSED ACTION 

3.1 LOCATION 

The Arkema site is located in Portland, Oregon, on the southwest bank of the lower Willamette 
River between approximate RM 6.9 and 7.6 (Figure 2).  The upland portion of the site 
encompasses approximately 54 acres of land.  All of the site buildings have been demolished 
except for the office building.  The EE/CA NTCRA is primarily focused on the in-water portion 
of the site.1

The site is bounded to the south (upstream) by the Bird Inc./CertainTeed roofing products 
facility and the Willbridge petroleum storage terminal (consisting of Kinder Morgan, Chevron, 
and ConocoPhillips).  To the north (downstream), the site is bounded by a City of Portland 
sewer right-of-way that includes a discharge pipe from the groundwater remediation system 
located on the former Rhône Poulenc site.  The City of Portland right-of-way is located 
immediately south of the BNSF Railroad Bridge (Figure 2). 

  However, elements of the EE/CA removal action will integrate portions of the 
riverbank above mean high water (+13.3 ft National Geodetic Vertical Datum of 1988 
[NAVD88]) to the top of bank to facilitate engineering and planning for construction of 
potential riverbank SCMs in those areas.  The remainder of the riverbank will be addressed, as 
needed, directly with the Oregon Department of Environmental Quality (DEQ) in accordance 
with the AOC between LSS and DEQ dated October 31, 2008. 

3.2 SITE HISTORY AND PHYSICAL SITE CHARACTERISTICS 
The following sections briefly describe site history, physical site characteristics, and Willamette 
River Hydrogeology. 

3.2.1 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).  A more detailed description of the 
operational history is presented in the EE/CA Work Plan (Parametrix 2007) and the Upland RI 
Report (ERM 2005). 

                                                 
1 The in-water portion of the site below mean low water is leased from the Oregon Division of State 
Lands. 
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3.2.2 Physical Site Characteristics 

The Arkema property encompasses approximately 54 acres of land comprised of four upland 
lots and one tract along the Willamette River.  Lots 1 and 2 are located on the north end of the 
site and are covered by a mixture of grasses, bare soil, and disturbed scrub/shrub vegetation 
(Figure 3).  Lots 3 and 4 encompass the developed portion of the site where the majority of 
chemical manufacturing and processing historically occurred.  Tract A along the river is steeply 
sloping and in some areas is covered with rubble used for bank stabilization; a limited amount 
of ruderal vegetation (colonizing grasses and invasive forbs such as blackberry) grows among 
the bank-armoring material.  All of the site buildings have been demolished except for the office 
building and the only activity at the site is related to the construction of stormwater and 
groundwater SCMs.     

The physical features of the site are defined by its industrial history during former plant 
operations. The shoreline adjacent to the RAA has been substantively developed for industrial 
activities.  Large portions of the shoreline have been rip-rapped (Integral 2010).  In unarmored 
portions of the shoreline, the substrate is sandy and in areas where vegetation is present, it is 
primarily ruderal. Banks are moderately steep in many areas and largely devoid of overhanging 
vegetation or complex features that would support nearshore habitat that is valuable to 
foraging fish and wildlife, particularly in the vicinity of the docks, with an increase in some 
shallow water habitat and overhanging vegetation downstream of the docks (Integral 2010).   

Three docks are present at the Arkema site (Dock 1, Dock 2, and the Salt Dock; see Figure 3). 
Dock 1 was originally constructed in the 1940s and consists of a pier section that runs 
perpendicular to the river and the dock section that runs parallel to the river, both with a timber 
walkway hung from the bottom of the dock.  Independent timber walkways that provide access 
from the dock to two concrete dolphins supported on steel H-piles are located adjacent to the 
dock.  Dock 2 was originally constructed in the late 1950s and early 1960s and has the same 
configuration and walkways as Dock 1, with the exception that the adjacent dolphins are timber 
piles and stairs lead under the dock to a small platform, which provides access to barges at low-
river stage. The Salt Dock was built in the 1960s to support a conveyor belt system used to 
offload salt products from ships to the facility. The structure consists mainly of a pier section 
that runs perpendicular to the river to support the conveyor belt system and a short section of 
dock that runs parallel to the river, with walkways to two adjacent concrete dolphins. 

A surface debris survey was conducted in 2009 as part of the Removal Action Area 
Characterization (Integral and ARCADIS 2011). The river bank and in-water portions of the site 
in the area downstream of Dock 2 (Figure 3) include a piling field from a historical dock, 
miscellaneous concrete debris, metal debris, and logs. Between Docks 1 and 2, surface debris 
includes concrete, historical pilings and dolphins, metal debris, logs, and a cover of thick 
invasive vegetation. Debris between Dock 1 and the Salt Dock consists primarily of concrete 
debris, with smaller amounts of scrap metal, logs, pilings, and a few dolphins.  The riverbank 
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along the Arkema property includes four active outfalls, three of which will soon be abandoned 
in accordance with a stormwater Mutual Agreement and Order between LSS and DEQ.      

Known and potential dredge and fill activities at Arkema are summarized in the EE/CA Work 
Plan (Parametrix 2007).  Periods of maintenance dredging were historically necessary off the 
Salt Dock and Dock 1 to maintain sufficient depth for docking ships.  

3.2.3 Willamette River Hydrology 

River stage and currents at the Portland Harbor site are influenced by hydrologic conditions in 
both the Willamette and Columbia rivers, and are further affected by the operations of federal 
and non-federal dams along these two rivers.  Tidal fluctuations of up to approximately 3 ft per 
day were observed at the Arkema site during the 2009 EE/CA sediment investigation.  A period 
of relatively high Willamette River stage occurs from late May through June when the 
Willamette River discharge to the Columbia River is restricted by high flows in the Columbia 
River that are associated with the spring freshet, as a result of snowmelt in the much larger 
Columbia River watershed (Anchor QEA et al. 2012). Under certain river stages, flows, and 
flood tidal conditions, typically in the late summer and fall, the influence of the Columbia River 
causes periodic slack water and flow reversals in the lower portion of the Willamette River 
(Anchor QEA et al. 2012). 

Average annual mean discharge in the Willamette River during the water years2

The mudline elevation in the vicinity of the EPA-directed horizontal RAA boundary ranges 
from approximately +15 to +20 ft NAVD88 near the shoreline to -15 to -25 ft NAVD88 on the 
eastern side of the RAA boundary (Figure 3).  The bathymetry presented in Figure 3 shows the 
riverbed sloping steeply toward the navigation channel upstream of Dock 1 and sloping more 
gently toward the navigation channel downstream of Dock 2.  The distance from the shoreline 
to the navigation channel ranges from approximately 200 ft between Docks 1 and 2 to 400 ft in 
the area downstream of Dock 2 (Figure 3).   

 1973 through 
2007 was approximately 33,000 cubic ft per second (cfs) measured at the Morrison Bridge (near 
RM 12.8) in Portland (Anchor QEA et al. 2012).  Late summer discharge levels were typically 
less than 10,000 cfs and December/January averages approached 100,000 cfs.  Most of the 
Willamette River discharge is from upstream flow sources. A detailed review and discussion of 
flows on the lower Willamette River are provided in the draft final Portland Harbor RI (Integral 
et al. 2011) and Portland Harbor FS (Appendix La, Sediment Transport Modeling, Anchor QEA 
et al. 2012).  It is interesting to note that the Portland Harbor RI report documented that DDx 
compounds are the only constituents of interest (COIs) from upstream sources that increase in 
concentration during higher Willamette River flows. 

                                                 
2 A water year is defined as the 12-month period beginning October 1 and continuing through September 30 of the 
following year. 
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The surface sediment in the Arkema RAA is primarily silt with varying amounts of sand and 
clay.  A mixture of sand and silt characterizes the shallow areas, transitioning to primarily silty 
materials in the deepwater channel.  Areas near the shoreline consist primarily of sand with 
varying amounts of gravel and coarse anthropogenic debris.  Habitat within the EPA-directed 
horizontal RAA boundary includes Nearshore Shallow Water (+5.1 to -4.9 ft NAVD88), Shallow 
Water Main Channel (-4.9 to -14.9 ft NAVD88) and Deep Water (deeper than -14.9 ft NAVD88).  

3.3 SUMMARY OF ALTERNATIVES AND TECHNOLOGIES 
The draft EE/CA considers eight alternatives, including the no action alternative (Alternative 1) 
and seven active removal alternatives (Alternatives 2(i), 2(r), 3(i), 3(r), 4(i), 4(r), and 5).  The 
proposed alternatives evaluated in the EE/CA are summarized in Table 1 and shown on Figures 
4 through 10.   

The contaminant distribution was sorted into two general areas within the EPA-directed 
horizontal RAA boundary (see Figure 3-1 of the draft EE/CA) to support the removal alternative 
development:   

• Area 1. The first area is generally between Docks 1 and 2, and is defined by a relatively 
contiguous area of sediment impacts that exceed the DDT and DDE RALs at any depth, 
and a few isolated “islands” where COIs were detected predominantly at depth.  In 
general, the highest concentrations of DDx, furans, and selected other EPA-directed 
COIs occur within the footprint of contiguous sediment impacts of Area 1, and this area 
encompasses the estimated extent of sediments that exceed the RAL for 2,3,4,7,8-PCDF.  
Area 1 corresponds to the area where the majority of COI mass resides both in surface 
and subsurface sediment.   

• Area 2. The second area consists of relatively isolated islands of sediment downstream 
of Dock 2 characterized by sporadic and low DDx concentrations at depth.  DDx 
concentrations are not above RALs in surface sediments in this area, and the other EPA-
directed COIs are generally not elevated in this portion of the RAA.   

Alternative 2(i) integrates a containment approach by capping and also utilizing monitored 
natural recovery (MNR).  Under this alternative, sediments within the majority of Area 1 would 
be dredged to accommodate an engineered cap of suitable materials, placed to return the 
sediment bed to grade.  The banks would be regraded and capped. Removed materials would 
be disposed of in an offsite upland facility.  MNR would be used to address the remainder of 
the RAA footprint, including portions of Area 1 where RAL exceedances are largely absent in 
surface sediments and all of Area 2.  A maintenance and monitoring program would be 
developed and implemented to monitor the cap and MNR performance, and provide protocols 
for response actions (e.g., incorporation of enhanced natural recovery [ENR] or additional 
capping) should monitoring indicate a failure to meet the performance standards.  However, 
since surface sediments in areas identified for MNR already meets RALs, changes or response 
actions are considered to be highly unlikely. 



 
Preliminary Draft Clean Water Act Section 404(b)(1) Evaluation DRAFT 
Engineering Evaluation and Cost Analysis July 26, 2012 

Integral Consulting Inc. 3-5 

Alternative 2(r) is the same as Alternative 2(i) with the exception that the dredge and cap 
footprint would include the footprint where any sediments are present above the DDT RAL, 
regardless of depth (i.e., both Areas 1 and 2).  The remainder of the RAA would be addressed 
by MNR/ENR under a maintenance and monitoring program as described in Alternative 2(i) 
above. 

Alternative 3(i) integrates removal of the most highly contaminated sediments, capping, 
regrading of riverbanks, and MNR. Removed materials would be disposed of in an offsite 
upland facility.  Engineered sediment caps would be constructed over most of the remainder of 
Area 1, including placement of engineered slope caps on the affected banks.  MNR/ENR would 
be applied to address the remainder of the RAA footprint (including portions of Area 1 where 
RAL exceedances are largely absent in surface sediments and all of Area 2) under a 
maintenance and monitoring program, as described for Alternative 2(i). 

Alternative 3(r) is the same as Alternative 3(i) except that sediments in the remainder of Area 1 
(i.e., outside the mass removal area) and in all of Area 2, would be dredged to facilitate the 
placement of an engineered cap.  Engineered slope caps would be placed on the affected banks.  
MNR/ENR would be applied to address the remainder of RAA footprint under a maintenance 
and monitoring program, as described for Alternative 2(r).  

Alternative 4(i) includes dredging to a maximum depth of 15 ft throughout the majority of Area 
1, based on practicality considerations and to minimize impacts to adjacent banks, and 
backfilled to original grades.  The riverbanks would be excavated and regraded. In areas where 
dredging could not remove all contaminated materials, the backfill would be designed to 
function as a cap.  Engineered slope caps would be constructed on the affected banks.  Removed 
materials would be disposed in an offsite upland facility.  MNR/ENR would be applied to the 
remaining RAA footprint (including portions of Area 1 where RAL exceedances are largely 
absent in surface sediments and all of Area 2) under a maintenance and monitoring program, as 
described for Alternative 2(i). 

Alternative 4(r) includes the greatest amount of dredging within the EPA-directed RAA among 
the alternatives.  The alternative is the same as Alternative 4(i), except all material exceeding the 
DDE and DDT RALs would be dredged wherever reasonably feasible (combined footprint of 
Areas 1 and 2).  MNR/ENR would be applied to the portion of the RAA footprint that is below 
the DDE and DDT RALs under a maintenance and monitoring program, as described for 
Alternative 2(r). 

Alternative 5 includes dredging and in-place containment using a nearshore CDF.  A nearshore 
CDF would be constructed to contain a portion of the EPA-directed RAA boundary in-place 
(i.e., constructed around a portion of the most highly contaminated material). The remaining 
RAA footprint exceeding the DDE and DDT RALs (combined footprint of Areas 1 and 2 outside 
of the CDF footprint) would be dredged to a maximum depth of 15 ft (as discussed for 
Alternative 4(r)) and suitable backfill placed to return the site to original grades.  Docks, piling, 
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and debris would be removed. Outfall 4 would be protected, and outfalls which fall within the 
footprint of the CDF would be removed. In areas where dredging could not remove all 
contaminated materials, the backfill would be designed to function as a cap.  Engineered slope 
caps would also be constructed in bank areas. MNR/ENR would be applied to the portion of the 
RAA footprint that is below the DDE and DDT RALs under a maintenance and monitoring 
program, as described for Alternative 2(r). 

3.4 TIMING OF DISCHARGE AND FILL 
The construction schedule for implementation of the removal action will be developed during 
the remedial design and will take into account considerations of site operations as well as the 
implementation timing for the overall Portland Harbor site-wide remedy. It is anticipated that 
the construction of the remedial action would occur during the approved in-water work 
window for the Willamette River.  Timing for completion of any compensatory mitigation that 
may be required to offset potential adverse impacts of the sediment remedy will be determined 
during remedial design.   

Under the preferred alternative outlined in the EE/CA (Alternative 2(i)), the goal is to complete 
project activities within a single work window. Some alternatives that involve more intensive 
construction activities such as extensive dredging or CDF construction may extend into an 
additional one or two seasons to accomplish the work. Alternatives with the potential for 
multiple year time frames (e.g., Alternatives 4(i), 4(r), and 5) would be expected to have greater 
impacts to aquatic resources and listed species because of the longer period of time; however, in 
all cases the proposed alternatives are not expect to extend past a few seasons of in-water work. 

3.5 SOURCES AND GENERAL CHARACTERISTICS OF DREDGED AND 
FILL MATERIAL 

Characteristics of dredged and fill material will be determined during remedial design and will 
be consistent with the details provided in Section 3.6 of Appendix M of the draft Portland 
Harbor FS report (Anchor QEA et al. 2012).  

3.6 QUANTITY OF MATERIAL 
Table 2 presents the proposed quantity of material to be discharged and removed under each 
proposed alternative. 

3.7 PROJECTED LIFE 
The remedial alternatives represent actions that would reduce or isolate potential risks posed by 
contaminated sediments.  The minimum estimated life of the cap material proposed for use in 
the action alternatives is at least 100 years.  General long-term monitoring requirements are 
included in the Portland Harbor draft FS (Anchor QEA et al. 2012) and include measures to 
ensure caps are stable and satisfy performance standards. Specific monitoring requirements and 
response measures will be included in a long-term monitoring and reporting plan to be 
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developed as part of the Arkema NTCRA design.  Following implementation, long-term 
monitoring will commence to monitor effectiveness of the remedial actions.  
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4 EVALUATION CRITERIA 

The regulations under 40 CFR 230 “Section 404(b)(1) Guidelines for Specification of Disposal 
Sites for Dredged and Fill Material” (or CWA Section 404(b)(1) regulations) were used to 
support the development of the site-wide draft 404(b)(1) evaluation and also to apply to the 
evaluation of alternatives for the Arkema project.   

The CWA Section 404(b)(1) regulations require evaluation of the aquatic impacts associated 
with the discharge of dredged or fill material.  The purpose of CWA Section 404(b)(1) as 
described in 40 CFR § 230.1(a) “is to restore and maintain the chemical, physical, and biological 
integrity of waters of the United States through the control of discharges of dredged or fill 
material.”  Specifically, 40 CFR § 230.1(c) states that “dredged or fill material should not be 
discharged into the aquatic ecosystem, unless it can be demonstrated that such a discharge will 
not have an unacceptable adverse impact…”  Section 230.10 of Subpart B of the CWA Section 
404(b)(1) regulations provides four conditions that must be satisfied in order to make a finding 
that a proposed discharge complies with the requirements described in 40 CFR Part 230.  These 
four conditions include:  

1. No discharge of dredged or fill material shall be permitted if there is a practicable 
alternative to the proposed discharge that would have less adverse impact on the 
aquatic ecosystem, so long as the alternative does not have other significant adverse 
environmental impacts (see Section 5.0 and 6.0).  An alternative is considered practicable 
if it is “available and capable of being done after taking into consideration cost, existing 
technology, and logistics in light of overall project purposes.”  40 CFR § 230.10(a). 

2. No discharge of dredged or fill material shall be permitted if it violates any water 
quality standards, jeopardizes any endangered or threatened species, destroys or 
adversely modifies critical habitat, or disturbs any marine sanctuaries (see Sections 5.0, 
6.0, and 7.0).  40 CFR § 230.10(b). 

3. No discharge of dredged or fill material shall be permitted that will result in significant 
degradation of any waters of the United States, including adverse effects on human 
health or welfare, effects on municipal water supplies, aquatic organisms, wildlife, or 
special aquatic sites (see Section 8.0).  40 CFR § 230.10(c). 

4. No discharge of dredged or fill material shall be permitted unless appropriate and 
practicable steps have been taken that will minimize potential adverse impacts (see 
Sections 10.0 and 13.0).  40 CFR § 230.10(d). 

Due to the EE/CA process, specific detailed design information is not available for the remedial 
actions considered in this evaluation.  The potential impacts to aquatic and other resources 
discussed in this evaluation are, therefore, estimated extents of effects based upon the EE/CA 
information and determination of effects in the Portland Harbor site-wide draft 404(b)(1) 
evaluation (Appendix M of the draft Portland Harbor FS report; Anchor QEA et al. 2012).   
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Specific conservation measures to avoid and minimize construction impacts will be developed 
as a component of the remedial design prior to determining if compensatory mitigation 
consistent with CWA Section 404(b)(1) is necessary.  Potentially relevant impact avoidance and 
minimization measures and compensatory mitigation measures are discussed in Section 13 of 
Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  During remedial 
design for the Arkema project, it is anticipated that this preliminary draft CWA Section 
404(b)(1) will be refined to determine whether the design generates conditions that exceed the 
adverse impacts of the EPA-selected site-wide remedy in the ROD and determine an adequate 
amount of compensatory mitigation.  Should the final remedial design for the Arkema project 
include these measures where appropriate, or include actions that are otherwise compliant with 
these measures, it should be considered consistent with the findings of the Portland Harbor site-
wide draft 404(b)(1).   

The potential impacts of the eight EE/CA alternatives are evaluated based on conditions and 
factors set forth in 40 CFR § 230.11, and the factual determination and discussion of conditions 
for compliance are provided in Section 12 and discussed in more detail in Appendix M of the 
draft Portland Harbor FS report (Anchor QEA et al. 2012).   

In Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012), potential 
impacts resulting from implementation of the various alternatives and technologies are 
characterized by their relative magnitude.  For the purposes of the Portland Harbor site-wide 
draft 404(b)(1) evaluation, the following definitions are used: 

• Short-term impacts are localized and temporal in nature and occur for less than several 
weeks.  Short-term impacts are characterized as having a lesser magnitude than that of 
long-term impacts, which can have more substantial effects to the surrounding 
environment.  Short-term impacts will often be avoided or minimized (mitigated) 
through use of certain construction methods and/or best management practices (BMPs) 
selected during the design phase.   

• Long-term impacts include actions that result in a permanent change in the condition or 
use of the surrounding environment, or impacts that are measurable years after 
completion of the action.  Six terms were used to describe the magnitude of impact, 
compared to the existing baseline.  These terms, in order from least to highest impact 
are: 1) No Impact; 2) Beneficial Impact; 3) Negligible Impact; 4) Minor Adverse Impact; 
5) Moderate Adverse Impact; and 6) Significant Adverse Impact.  Table 3 describes the 
hierarchy of impacts and terminology that will be used throughout the document.  

The Portland Harbor site–wide draft 404(b)(1) evaluation identified the potential impacts to the 
components of the aquatic environment based on the distinction between removal focused 
alternatives (those distinguished with -r) and integrated alternatives (those distinguished with 
-i).  The eight action alternatives considered in the EE/CA include combinations of removal and 
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in-place technology applied to the Arkema site, so some mix of potential impacts will be present 
in each EE/CA alternative.   



 
Preliminary Draft Clean Water Act Section 404(b)(1) Evaluation DRAFT 
Engineering Evaluation and Cost Analysis July 26, 2012 

Integral Consulting Inc. 5-1 

5 POTENTIAL IMPACTS ON PHYSICAL AND CHEMICAL 
CHARACTERISTICS OF THE AQUATIC ECOSYSTEM  

The Portland Harbor site-wide draft 404(b)(1) evaluation indicated that each of the proposed 
alternatives evaluated in the Portland Harbor draft FS (Anchor QEA et al. 2012) could be 
designed to be substantially compliant with the regulations.  However, the evaluation also 
indicated that potential impacts on physical and chemical characteristics of the aquatic 
ecosystem were likely to become increasingly adverse on a site-wide basis for the larger 
footprint alternatives that required 10 or more years to implement due to the cumulative effect 
of the disturbances on the aquatic ecosystem. 

It is anticipated that the potential impacts resulting from implementation of the draft EE/CA 
proposed alternatives would be consistent with the determinations sets forth in Section 5 of 
Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012).   

5.1 SUBSTRATE 

Existing physical and chemical substrate conditions in the Arkema site are described in detail in 
the EE/CA.   

For the purposes of the assessment of the physical condition of substrate in the Portland Harbor 
site-wide-draft 404(b)(1) evaluation, several classes of substrate were identified based on their 
importance to aquatic species in Arkema project area (see Anchor QEA et al. 2012, Appendix M 
for additional detail on habitat indicators):   

• Sand 

• Silt/sand (less than 40 percent silty material) 

• Silt (greater than 40 percent) 

• Cobble (e.g., 3 to 6-in. rounded rock) 

• Angular rock (e.g., 3 to 6-in. quarry spall or mechanically processed rock) 

• Large rock (greater than 6 in. in diameter) 

• Anthropogenic debris. 

The chemical conditions of the substrate within the Arkema RAA are presented in Section 2.2 of 
this EE/CA report.  The removal action at the Arkema site is intended to reduce any potentially 
unacceptable risks associated with the chemical conditions of the substrate.  Findings for the 
EE/CA-level analysis with respect to the conditions of the substrate are deferred to the findings 
of the Portland Harbor evaluation, because the potential impacts to physical and chemical 
conditions of the substrate in the Arkema project area are expected to be consistent with the 
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potential impact findings of the Portland Harbor site-wide draft 404(b)(1) evaluation (presented 
in Section 5.1.2 in Appendix M of the draft Portland Harbor FS report; Anchor QEA et al. 2012)  
Additional Arkema site information will be provided in an updated version of this document 
during remedial design.    

The potential impacts to physical and chemical conditions of the substrate in the Arkema 
project area are expected to be consistent with the potential impact findings of the Portland 
Harbor site-wide draft 404(b)(1) evaluation presented in Section 5.1.2 in Appendix M of the 
draft Portland Harbor FS report (Anchor QEA et al. 2012).  Alternative 1 (No Action) would 
have no impact on the physical or chemical condition of the substrate.  As the alternative active 
areas increase from Alternative 2(i) to 5, there would be increased potential for adverse impacts 
to the physical conditions of the substrate.  Alternatives 2(i) through 5 may involve placement 
of armor rock (e.g., in the shoreline area), which would have a moderate adverse effect on the 
physical condition of the substrate that may require implementation of avoidance and 
minimization measures and/or possibly compensatory mitigation.  Alternatives 2(i), 2(r), 3(i), 
3(r), 4(i), 4(r) and 5 would involve significant removal of sediment from within the nearshore 
area and the slope of the shoreline may be reconfigured.  In addition, Alternatives 4(i), 4(r), and 
5 may take 2 or more years to construct and represent the longest duration of short-term 
impacts.  It is anticipated that proposed Alternatives 2(i) through 5 would have a beneficial 
long-term impact on the chemical conditions of the substrate.  

5.2 SUSPENDED PARTICULATES/TURBIDITY  

Existing turbidity conditions for surface water within the Arkema project area are based on 
processes that occur at or within the larger watershed.  Additional Arkema site–specific 
information regarding existing conditions will be provided in an updated version of this 
document during remedial design.   

For the EE/CA analysis, conditions and impacts related to turbidity are assumed to be similar to 
the findings of the Portland Harbor site-wide draft 404(b)(1) evaluation (Appendix M of the 
draft Portland Harbor FS report; Anchor QEA et al. 2012).  The remedial technologies and 
methods for implementing Alternatives 2(i) through 5 are similar to the methods evaluated in 
Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012), and the surface 
water within the Arkema site was included in the site-wide evaluation conducted for the 
Portland Harbor draft FS (Anchor QEA et al. 2012).  Therefore, consistent with the findings in 
Section 5.2 of Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012), 
large footprint alternatives, which involve more removal of sediments, are more likely to lead to 
adverse impacts on turbidity.  The potential impacts of implementation of remedial alternatives 
on turbidity with the Arkema site are expected to be negligible to minor adverse, depending on 
the extent of the dredging involved.  As discussed in the EE/CA, there is likely little benefit 
from deploying barrier controls for the purpose of controlling turbidity, relative to their 
disproportionate impacts on implementability, schedule, and cost.   
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5.3 WATER QUALITY  

Existing water quality within the Arkema project area is generally based on processes that occur 
at or within the larger watershed although some localized areas are impacted by transition zone 
water.  Additional LSS site–specific information regarding existing conditions will be provided 
in an updated version of this document during remedial design.   

For the EE/CA analysis, conditions and impacts related to water quality are assumed to be 
similar to the findings of the Portland Harbor site-wide draft 404(b)(1) evaluation (Appendix M 
of the draft Portland Harbor FS report; Anchor QEA et al. 2012).  The removal technologies and 
methods for implementing Alternatives 2(i) through 5 are similar to the methods evaluated in 
Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012) and the surface 
water within the Arkema site is included in the site-wide evaluation conducted for the Portland 
Harbor draft FS (Anchor QEA et al. 2012).  Therefore, consistent with the findings in Section 5.3 
of Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012), large footprint 
alternatives, which involve more removal of sediments, are more likely to lead to minor adverse 
impacts on water quality.  The Portland Harbor draft FS indicates that all of the alternatives are 
predicted to result in similar long-term surface water COI concentrations, which included 
remediation of the sediments within the Arkema site.   

Alternative 1 (No Action) would not result in any active remediation, and therefore no impact 
on surface water quality.  For Alternatives 2(i) through 5, the potential impacts of 
implementation of active remedial alternatives on water quality are expected to be negligible 
(Alternatives 2(i) and 2(r)) to minor adverse (Alternatives 3(i), 3(r), 4(i), 4(r), and 5) based on the 
extent of dredging involved and duration of construction.  Per Section 6.3.4.2 of the EE/CA, the 
use of sheetpile barriers considered during removal is not expected to appreciably decrease the 
surface water impacts due to releases that will occur during sheetpile placement and removal, 
losses through sheetpile interlocks and equalization ports, and loss of retained water once the 
sheetpile system is removed.  

5.4 CURRENT PATTERNS AND WATER CIRCULATION AND NORMAL 
WATER FLUCTUATIONS  

Existing conditions for water flow and circulation within the Arkema site are a function of 
processes in the lower Willamette River watershed.  Section 5.4 of Appendix M of the draft 
Portland Harbor FS report (Anchor QEA et al. 2012), indicates that implementation of the 
Portland Harbor draft FS alternatives would have negligible impact on current patterns, water 
circulation and water fluctuations.  Similarly, it is anticipated that implementation of EE/CA 
Alternatives 2(i) through 5 would also have negligible impacts on these characteristics of the 
aquatic environment through discharge of dredged or fill material.   
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5.5 SALINITY GRADIENTS  

The Willamette River is a freshwater system with no significant salinity factors; therefore, this 
criterion does not apply.     
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6 POTENTIAL IMPACTS ON BIOLOGICAL CHARACTERISTICS OF 
THE AQUATIC ECOSYSTEM  

The Portland Harbor site-wide draft 404(b)(1) evaluation indicated that each of the proposed 
alternatives evaluated in the Portland Harbor draft FS (Anchor QEA et al. 2012) could be 
designed to be substantively compliant with the regulations.  However, the Portland Harbor 
site-wide evaluation also indicated the potential impacts on the biological characteristics of the 
aquatic ecosystem were likely to become increasingly adverse on site-wide basis for the larger 
footprint alternative that required 10 or more years to implement due to the cumulative effect of 
the disturbances on the aquatic ecosystem.   

Under the preferred alternative outlined in the EE/CA, Alternative 2(i), the goal is to complete 
project activities within a single work window. Some alternatives that involve more intensive 
construction activities such as extensive dredging or CDF construction may extend into an 
additional one or two seasons to accomplish the work. Alternatives with the potential for 
multiple year time frames (i.e., Alternatives 4(i), 4(r), and 5) would be expected to have greater 
impacts to aquatic resources and listed species because of the longer period of time; however, in 
all cases the proposed alternatives are not expected to extend past a few seasons of in-water 
work. 

It is anticipated that the potential impacts from implementation of Alternatives 1 through 5 
would be consistent with the determinations set forth in Section 6 of Appendix M of the draft 
Portland Harbor FS report (Anchor QEA et al. 2012).   

6.1 THREATENED AND ENDANGERED SPECIES 

To demonstrate compliance with Section 7(a) of the Endangered Species Act (ESA; Section 7), 
which was identified by EPA as an ARAR for the Portland Harbor Superfund Site and the 
Arkema site, the LWG has prepared a preliminary draft site-wide BA (Anchor QEA 2012) that 
considers the potential impacts of the proposed removal action, including potential remedial 
technologies and construction of compensatory mitigation that may be conducted, if necessary.  
The Portland Harbor preliminary draft site–wide BA covers the entire Portland Harbor but does 
not evaluate the potential impact of the various alternatives; rather it considers the likely 
construction methods to be used and considers the potential impacts to listed species from an 
action using those methods.  The Portland Harbor preliminary draft site–wide BA includes an 
overall action area for the project that is significantly larger than the Portland Harbor Site to 
accommodate a range of areas where compensatory mitigation might occur.  The Arkema 
Preliminary Draft BA, which was prepared in support of the EE/CA (see Appendix B to the 
EE/CA), relies upon the findings of the Portland Harbor preliminary draft site–wide BA.   
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The species that may be present within the Arkema project area and vicinity are discussed in 
more detail in Section 6.1 of Appendix M of the draft Portland Harbor FS report (Anchor QEA 
et al. 2012) and presented in Table 4. 

Because the implementation of the remediation within the Arkema project site was considered 
as part of the proposed action evaluated in the preliminary draft site-wide BA (Anchor QEA 
2012), the conclusions of that document apply to the implementation of the proposed 
alternatives evaluated in the draft EE/CA. 

Based on the guidance and definitions provided in the preliminary draft site-wide BA (Anchor 
QEA 2012), and previously discussed project effects relative to baseline conditions, it was 
determined that the remedial actions may affect and are likely to adversely affect Lower 
Columbia River Chinook, and Upper Willamette River Chinook salmon.  Additionally, it is 
concluded that the proposed action may affect and is not likely to adversely affect Lower 
Columbia River steelhead, Upper Willamette River steelhead, and Lower Columbia coho.  
Justification for these determinations is provided in the preliminary draft site-wide BA, as well 
as determinations for the species that are found in the broader action area considered in the 
preliminary draft site-wide BA, but are not common within the Willamette River or the Arkema 
site.   

Although there may be some short-term adverse effects, overall, the proposed removal action 
will provide long-term benefits for listed species by removing contaminated sediments.  BMPs, 
avoidance, and minimization measures, and possible compensatory mitigation, are anticipated 
to be components of the selected remedy to meet mitigation requirements under the CWA.  The 
CWA mitigation may be applicable conservation measures for ESA species.  Therefore, the 
overall impact of the site-wide project, which includes completion of remediation with the 
Arkema project, on ESA-listed species is anticipated to result in a net benefit in the long term to 
threatened and endangered species.   

For the purposes of assessing potential impact for this evaluation of the proposed Alternatives 
2(i) through 5, alternatives with larger active remediation footprint and/or remediation 
requiring two or more in-water work seasons to complete (Alternatives 4(i), 4(r), and 5) are 
more likely to have an adverse effect on listed fish than alternatives which have a smaller active 
remediation footprint and require fewer in-water work seasons to complete (Alternatives 2(i) 
and 2(r)).  Specific potential adverse impacts are consistent with those described in Section 6.2 of 
Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012).  Alternative 1 (No 
Action) would have no impact on listed species.  In the long term, the removal of contaminated 
sediments would be anticipated to have a beneficial impact on listed species for all alternatives.   
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6.2 FISH, CRUSTACEANS, MOLLUSKS, AND OTHER AQUATIC 
ORGANISMS IN THE FOOD WEB  

Contaminant concentrations within the Arkema site may affect aquatic organisms in the food 
web.  Further, the highly modified nature of the Arkema site and adjacent uplands (as described 
previously in Section 2) limits the availability of suitable habitat for many species.   

Physical impacts to fish and invertebrates in the food web may occur as a result of potential 
short-term water quality impacts related to turbidity or other water quality issues identified in 
the draft EE/CA Section 7, discussed in Section 5 of Appendix M of the draft Portland Harbor FS 
report (Anchor QEA et al. 2012), and summarized in Section 5 of this document.  Initially, the 
dredging and placement of material for in-place treatment or the dredge residuals cover layer 
will remove the existing non-mobile benthic species in the area of active remediation.  Food web 
impacts may also occur due to changes in substrate and water depth of habitats. 

The removal activities are conducted in order to remove or isolate contaminants and may also 
provide some beneficial long-term impacts to benthic habitat from some of the substrate 
changes.  In the long term, removal or isolation of the contamination may improve benthic 
forage conditions nearby and aid in the recovery of the ecosystem.  Specific assessment of 
existing habitat conditions will occur as part of the remedial design process based on the 
footprint of the preferred alternative. 

Alternative 1 (No Action) would have no impact on the food web.  Implementation of the 
remaining alternatives would be anticipated to have some short-term adverse impacts on the 
food web, with Alternatives 4(i), 4(r), and 5 resulting in short-term impacts over a few years.  It 
is anticipated that the implementation of the remedial action along with possible compensatory 
mitigation would result in a net benefit to chemical conditions of the substrate and overall 
aquatic environment by removing contaminated material and replacing potentially lost habitat 
functions.  The local food web would be negligibly impacted in the short-term through 
implementation of Alternatives 2(i), 2(r), 3(i), and 3(r), increasing to minor adverse impacts for 
Alternatives 4(i), 4(r), and 5, due to the longer duration of construction required for completing 
these alternatives.   

6.3 IMPACTS ON OTHER WILDLIFE  

As indicated in Section 6.3 of Appendix M of the draft Portland Harbor FS report (Anchor QEA 
et al. 2012), a diverse group of birds and a small number of aquatic or aquatic-dependent 
mammals are known to occupy habitat areas in the lower Willamette River.  As indicated in 
Section 2, there is limited suitable habitat within the Arkema project area.  Table 5 lists the 
Oregon Department of Fish and Wildlife state-listed sensitive species that my occur within the 
Action Area defined in the Portland Harbor preliminary draft site-wide BA (Anchor QEA 2012) 
and the Arkema RAA draft BA. 
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Consistent with the findings of the Portland Harbor site-wide 404(b)(1) evaluation (Appendix 
M, Anchor QEA et al. 2012), the in-water work for either in-place treatment or removal 
proposed for Alternatives 2(i) through 5 may disrupt other wildlife through noise and 
additional construction activity in the Arkema project.  Although the active remediation area 
affected increases by each alternative for Alternatives 2(i) through 5, it is anticipated that the 
remedial action alternatives will result in a net benefit to fish and wildlife and the overall 
aquatic environment by removing the contaminated material.  The project-related activities are 
anticipated to be conducted only within the approved in-water work window; therefore 
construction activities will not occur year round.  Alternatives 4(i), 4(r), and 5 would require 
approximately two or three in-water work seasons to complete construction and, therefore, 
would have additional short-term disruptions to wildlife over a longer timeframe than the 
alternatives that can be completed in fewer work seasons.  The No Action alternative 
(Alternative 1) would have no impact on other wildlife.   
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7 POTENTIAL IMPACTS ON SPECIAL AQUATIC SITES 

The Portland Harbor site-wide draft 404(b)(1) evaluation indicated that each of the proposed 
alternatives evaluated in the Portland Harbor draft FS (Anchor QEA et al. 2012) could be 
designed to be substantively compliant with the regulations.  However, the Portland Harbor 
site-wide evaluation also indicated that potential impacts on special aquatic sites were likely to 
become increasingly adverse on a site-wide basis for the larger footprint alternatives that 
required 10 or more years to implement due to the cumulative effect of the disturbances on the 
aquatic ecosystem. 

It is anticipated that the impacts resulting from implementation of Alternatives 1 through 5 
would be consistent with the determinations set forth in Section 7 of Appendix M of the draft 
Portland Harbor FS report (Anchor QEA et al. 2012). 

7.1 SANCTUARIES AND REFUGES 

No sanctuaries and refuges exist within the Arkema project area; therefore, Alternatives 1 
through 5 would have no impact on sanctuaries and refuges. 

7.2 WETLANDS 

Based on the wetlands identification process conducted for the Portland Harbor Site, as detailed 
in Section 7.2 of Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012), 
no wetlands occur within the  Arkema project area.  Therefore, Alternatives 1 through 5 would 
have no impact on wetlands. 

7.3 MUDFLATS 

Based on the mudflat identification process conducted for the Portland Harbor Site, as detailed 
in Section 7.3 of Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012), 
no mudflats occur within the Arkema project area.  Therefore, Alternatives 1 through 5 would 
have no impact on mudflats. 

7.4 VEGETATED SHALLOWS 

Based on the vegetated shallows identification process conducted for the Portland Harbor Site, 
as detailed in Section 7.4 of Appendix M of the draft Portland Harbor FS report (Anchor QEA et 
al. 2012), no vegetated shallows occur within the Arkema project area.  Therefore, Alternatives 1 
through 5 would have no impact on vegetated shallows. 
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7.5 CORAL REEFS 

Because the Willamette River is a temperate inland freshwater system, no coral reefs occur 
within the Arkema project area.  Therefore, Alternatives 1 through 5 would have no impact on 
coral reefs. 

7.6 RIFFLE AND POOL COMPLEXES 

Based on the riffle and pool identification process conducted for the Portland Harbor Site, as 
detailed in Section 7.3 of Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 
2012), no riffle and pool complexes occur in the Arkema project area.  Therefore, Alternatives 1 
through 5 would have no impact on riffle and pool complexes. 
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8 POTENTIAL EFFECTS ON HUMAN USE CHARACTERISTICS 

The Portland Harbor site-wide draft 404(b)(1) evaluation indicated that each of the proposed 
alternatives evaluated in the Portland Harbor draft FS (Anchor QEA et al. 2012) could be 
designed to be substantively compliant with the regulations.  However, the site-wide evaluation 
also indicated that potential impacts on human use characteristics were likely to become 
increasingly adverse on a site-wide basis for the larger footprint alternatives that required 10 or 
more years to implement due to the cumulative effect of the disturbances on the aquatic 
ecosystem. 

It is anticipated that the potential impacts resulting from implementation of Alternatives 1 
through 5 would be consistent with the determinations set forth in Section 8 of Appendix M of 
the draft Portland Harbor FS report (Anchor QEA et al. 2012). 

8.1 MUNICIPAL AND PRIVATE WATER SUPPLIES 

Based on the municipal and private water supplies identification process conducted for the 
Portland Harbor Site, as detailed in Section 8.1 of Appendix M of the draft Portland Harbor FS 
report (Anchor QEA et al. 2012), no points of diversion occur in the Arkema project area, and 
there are no plans for use of Willamette River water for drinking water.  Consistent with the 
findings of the Portland Harbor site-wide draft 404(b)(1) evaluation, implementation of 
remedial alternatives are not anticipated to impact industrial/manufacturing water uses, and 
the implementation of Alternatives 1 through 5 would have no impact on water rights within 
the vicinity of the Arkema project area. 

8.2 RECREATIONAL AND COMMERCIAL FISHERIES 

It was determined that implementation of the Portland Harbor draft FS alternatives would have 
negligible impacts on recreational and commercial fisheries (see Section 8.2 of Appendix M of 
the draft Portland Harbor FS report; Anchor QEA et al. 2012). During construction of EE/CA 
Alternatives 2(i) through 5, recreational fishing activities would be excluded from the Arkema 
project area. Assessment of the impact to recreational fishing in the Arkema project area will be 
revised during remedial design for the preferred alternative, when the specific details of 
institutional controls are identified. Alternative 1 would have no impact on recreational and 
commercial fisheries. 

8.3 WATER-RELATED RECREATION 

Water-related recreation is common throughout the Willamette River and includes recreational 
boating, personal motorized recreational watercraft use (e.g., jet skis), and wakeboarding, 
primarily during the summer months.  Due to the extensive commercial and industrial use of 
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the Arkema project area and site-specific security controls, water-related recreational activities 
previously listed, as well as activities such as swimming, SCUBA diving, and windsurfing, are 
not common in the Arkema project area, and in fact these would be trespasser scenarios in the 
RAA. Assessment of the impact to water-related recreation in the Arkema project area will be 
revised during remedial design for the preferred alternative, when the specific details of 
construction sequencing and institutional controls are identified. Alternative 1 would have no 
impact on water-related recreational activities. 

8.4 AESTHETICS 

The Arkema project area is located within the Portland metropolitan area, and the properties 
within the Arkema project area and adjacent properties are primarily zoned as heavy industrial 
and river industrial and are located within the River Industrial Greenway Overlay Zone (COP 
2011). According to Portland City Code 33.440.030(A)(4), the River Industrial Greenway 
Overlay Zone “encourages and promotes the development of river-dependent and river-related 
industries which strengthen the economic viability of Portland as a marine shipping and 
industrial harbor, while preserving and enhancing the riparian habitat and providing public 
access where practical.” The aesthetic nature of the Arkema project area is characterized by its 
urban setting and includes a variety of  commercial and industrial uses. 

Any impacts from the action alternatives to the aesthetic character of Portland Harbor would be 
temporary (primarily during the in-water work window) and localized to the area where 
remedial activities are being conducted. Assessment of the impact to aesthetics in the Arkema 
project area will be revised during remedial design for the preferred alternative, when the 
specific details of the remedy, construction sequencing, and institutional controls are identified. 
Alternative 1 would have no impact on aesthetics. 

8.5 PARKS, NATURAL AND HISTORIC MONUMENTS, NATIONAL 
SEASHORES, WILDERNESS AREAS, RESEARCH SITES, AND SIMILAR 
PRESERVES 

No parks, natural and historic monuments, national seashores, wilderness areas research sites, 
or similar preserves exist within the Arkema project area; therefore, Alternatives 1 through 5 
would have no impact on these areas. 

8.6 OTHER FACTORS IN THE PUBLIC INTEREST 

8.6.1 Cultural Resources 

The cultural resources analysis for the Portland Harbor site-wide draft 404(b)(1) evaluation 
indicates that the potential of any alternative, including any proposed alternative to be 
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conducted for the Arkema project area, to affect historic or cultural properties depends on the 
amount of associated upland ground disturbance.   

As required by the AOC, a site-specific cultural resources evaluation was conducted for the 
Arkema NCTRA site.  A summary of the evaluation results is provided in Section 5 of the 
EE/CA report and the complete report (Ogle and Ellis 2012) can be found in Appendix E of the 
EE/CA report.  Willamette Cultural Resource Associates (Ogle and Ellis 2012) indicated that it is 
unlikely that the Arkema NCTRA site contains intact archaeological deposits, and because of 
the degree of industrial development at the site, if cultural resources are present, they are 
unlikely to retain enough integrity to be eligible for listing on the National Register of Historic 
Places (NRHP).   

Alternative 1 involves no action, and would have no impact on cultural resources.  Given the 
results of the archaeological assessment as presented in Section 5 and Appendix E of the EE/CA, 
it is unlikely that any archaeological materials would be encountered within the Arkema project 
area proposed for Alternatives 2(i) through 5.  Three dock structures may be removed under 
Alternatives 2(i) through 5.  These docks have been recommended as not eligible for listing in 
the NRHP.  Therefore, the potential to affect an NRHP-eligible historic property is low under 
any of the alternatives. 

8.6.2 Activities Affecting Coastal Zones 

The Oregon Coastal Zone extends inland along the Columbia River to the downstream end of 
Puget Island at approximately RM 39 (OAR 660-035-0010(7)(c)).  Therefore, the Arkema project 
area is not within a Coastal Zone as defined by the State of Oregon and this section is not 
applicable. 

8.6.3 Navigation 

Much of the work involved in remedial activities proposed for Alternatives 2(i) through 5 
involves large vessels and machinery that would be relatively consistent with the types of 
vessels and equipment typically in the Arkema project area.  However, since the RAA is outside 
the navigation channel, potential navigation impacts resulting from the implementation of 
Alternatives 2(i) through 5 are unlikely, but may arise to protect the integrity of capping areas. 
The EE/CA evaluated the site use requirements within the Arkema project area to determine the 
application of remedial technologies such that future maintenance dredge depths in and near 
the federal navigation channel would not be adversely affected through implementation of the 
remedy in those areas.  Short-term impacts to navigation would occur primarily during the in-
water work window and would be localized to the area where remedial activities are being 
conducted. Assessment of the impact to navigation in the Arkema project area will be revised 
during remedial design for the preferred alternative, when the specific details of the remedy, 
construction sequencing, and institutional controls are identified. Alternative 1 would have no 
impact on navigation. 
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9 EVALUATION AND TESTING OF DISCHARGE OR FILL MATERIAL 

The evaluation procedures and testing sequences outlined in 40 CFR Subpart G are intended to 
support the determinations concerning the suitability of the material proposed for discharge 
into waters of the United States. 

It is anticipated that all in-place remediation materials discharged as fill, including the residuals 
cover layer, will be obtained from a source that meets the standards for suitability of material 
according to specifications established at the time of the removal action design.  Therefore, any 
materials imported to the Arkema project area will have low or non-detectable levels of 
contaminants that are not expected to have significant adverse impacts on water quality or biota 
in the short or long term. 

Depending on the selected alternative, additional testing may be necessary at the design level to 
determine characteristics of sediments to be removed within the Arkema project area to inform 
the proposed plans for disposal of those sediments in other facilities as discussed in Section 6 of 
the Portland Harbor draft FS (Anchor QEA et al. 2012). 
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10 ACTIONS TO MINIMIZE POTENTIAL ADVERSE EFFECTS AND 
PRACTICABLE STEPS TO MINIMIZE POTENTIAL ADVERSE 

IMPACTS (SUBPART H) 

10.1 ACTIONS CONCERNING THE LOCATION OF THE DISCHARGE (230.70) 

Under each alternative, the specific remedial action location was determined through an 
assessment of the COIs in the sediment. More information is provided in Section 3 of the 
EE/CA.  The locations of active remediation under all the alternatives are therefore based on the 
project purpose and need to reduce potential risk. 

The development of the remedial alternatives also considered the following criteria: 

• Vertical extent of sediment contamination within the Arkema project area, considering 
the depth of sediment exceeding RALs  

• Physical features (e.g., outfalls, existing bathymetry, and docks) and slope stability 
considerations 

• Substantive requirements of CWA Section 404, including a goal of no net loss of aquatic 
habitat.  

10.2 ACTIONS CONCERNING THE MATERIAL TO BE DISCHARGED, THE 
MATERIAL AFTER DISCHARGE, THE METHOD OF DISPERSION AND 
TECHNOLOGY 

Section 13 of Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012) 
provides a detailed overview of the potential avoidance and minimization measures, BMPs, and 
compensatory mitigation estimates related to the implementation of the proposed alternatives 
evaluated in the EE/CA.  It is anticipated that EPA, consistent with CWA Section 404(b)(1) 
regulations to first avoid and then minimize impacts to the aquatic environment, will select 
specific avoidance and minimization measures appropriate to the remedy during development 
of the remedial design.  Because Alternative 1 involves no action, no minimization actions will 
be required. The following sections focus on Alternatives 2(i) through 5. 

10.3 ACTIONS AFFECTING PLANT AND ANIMAL POPULATIONS 

The implementation of Alternatives 2(i) through 5 would be conducted in such a way as to 
minimize potential impact to plant and animal populations through avoidance and 
minimization measures and possible implementation of compensatory mitigation. 
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10.4 ACTIONS AFFECTING HUMAN USE 

The remedial alternatives are proposed for implementation in order to improve human health 
and the environment through remediation of contaminated sediments that potentially impacts 
biota; therefore, the overall effect on human use as a result of implementation of Alternatives 
2(i) through 5 is assumed to be beneficial in the long term for recreational fishing and other 
recreation.  Some short-term impacts that occur may be avoided or minimized through 
application of the avoidance and minimization measures discussed in Section 13. However, 
water-based recreation and recreational fishing do not commonly occur within the Arkema 
project area, especially in the RAA due to security-based access restrictions, although some 
recreational use occurs within and near  the federal navigation channel. 
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11 ANALYSIS OF PRACTICAL ALTERNATIVES PURSUANT TO SITE 
CRITERIA 

Section 6.6 of the EE/CA provides the analysis of practical alternatives pursuant to CERCLA 
criteria. As previously stated, the purpose of the proposed action is to remediate the 
contaminated sediments at the Arkema project area to reduce potentially unacceptable risks to 
acceptable levels consistent with the RAOs for the Arkema project area and Portland Harbor 
Site. The EE/CA evaluates the available alternatives, including discharge locations, capable of 
achieving the project purpose consistent with 40 CFR 230.10(a).  It is anticipated that the 
remedial alternative selected by EPA in the proposed plan and ROD will be the alternative 
(consistent with CERCLA criteria) most available and capable of achieving the project purpose 
in a manner that is designed to avoid unacceptable adverse impacts to the aquatic ecosystem. 

The subsections below summarize the findings of the EE/CA relative to the CWA Section 
404(b)(1) alternatives analysis criteria. 

11.1 SITE AVAILABILITY 

Pursuant to the CWA Section 404(b)(1) regulations, an alternative is practicable if it is available 
to meet and is capable of meeting the project purpose, among other considerations.  The 
regulations at 40 CFR 230.1(a)(2) state “an area not presently owned by the applicant, which 
could be reasonably obtained, utilized, expanded, or managed in order to fulfill the basic 
purpose of the proposed activity may be considered.” For the Portland Harbor draft FS (Anchor 
QEA et al. 2012), which includes the Arkema project area, EPA has determined that an 
alternative would be available if it is owned or could be reasonably obtained, used, expanded, 
or managed by the individual responsible parties. For the purposes of the draft EE/CA, it is 
assumed that neither site ownership nor access to the remedial action area at the Arkema 
project area will be an impediment to the implementation of the proposed alternatives. 

Within the Portland Harbor draft FS (Anchor QEA et al. 2012), it is assumed that proposed 
confined aquatic disposal and CDF sites are examples of the types of sites that may be used in 
combination to address disposal requirements.  This does not preclude the consideration of 
other sites owned by others for use in removal action design as necessary.  Therefore, 
availability of a specific disposal site is not assessed in the EE/CA or this document. 

11.2 COST EFFECTIVENESS 

Pursuant to the CWA Section 404(b)(1) regulations, a determination of practicability must 
consider if fill or disposal can be accomplished at a reasonable cost (40 CFR 230.10[a][2]).  To 
determine cost effectiveness, the costs of the alternatives and their protectiveness were 
compared to other alternatives and considered in light of the project purpose.  Costs for each 
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alternative are evaluated in Section 7 of the EE/CA and compared among the alternatives in 
Section 8.3.  It is anticipated that the removal action alternative for the Arkema project area 
selected by EPA in the action memorandum, as further developed during remedial design, will 
be the alternative (consistent with CERCLA’s cost-effectiveness criteria) most available and 
capable of achieving the project purpose in a manner that is designed to avoid unacceptable 
adverse impacts to the aquatic ecosystem. 

11.3 FEASIBILITY 

It is anticipated that the remedial alternative for the Arkema project area selected by EPA in the 
action memorandum, as further developed during removal action design, will be the alternative 
(considering technical and administrative feasibility) most available and capable of achieving 
the project purpose in a manner that is designed to avoid unacceptable adverse impacts to the 
aquatic ecosystem. 

11.4 AQUATIC IMPACTS FROM DISPOSAL 

Potential aquatic impacts from the removal action are discussed in Sections 5 and 6. 

11.5 CONSERVATION AND RECOVERY 

Section 13 of Appendix M of the draft Portland Harbor FS report (Anchor QEA et al. 2012) 
provides a detailed set of potential avoidance and minimization measures that may be applied 
in the development of the removal action design. Implementation of specific avoidance and 
minimization measures, such as the decision to backfill a dredged area up to the pre-existing 
grade, are decisions requiring more information than is available at the EE/CA level of detail.  
Section 13 also describes the process for determining compensatory mitigation to account for 
the unavoidable losses to aquatic functions. Finally, conservation measures that may account 
for impacts to any ESA-listed species and their critical habitat are described in the Portland 
Harbor preliminary draft site-wide BA (Anchor QEA 2012). 

11.6 LIMIT NUMBER OF SITES 

The sizes and locations of the removal action areas were determined through application of a 
mass-removal breakpoint analysis and risk-based screening.  This process is described in detail 
in Section 2 and 3 of the EE/CA.  The process for identification of the disposal sites considered 
in the EE/CA is described in Section 6.6 of this EE/CA. 
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12 FACTUAL DETERMINATIONS ON SIGNIFICANT DEGRADATION, 
EITHER INDIVIDUALLY OR CUMULATIVELY, OF THE AQUATIC 

ECOSYSTEM 

Because Alternatives 2(i), 2(r), 3(i), 3(r), 4(i), 4(r), and 5 are substantively similar in type and 
application of technology to the remedial alternatives considered in the Portland Harbor draft 
FS (Anchor QEA et al. 2012), the factual determinations set forth in Section 12 of Appendix M of 
the draft Portland Harbor FS report (Anchor QEA et al. 2012) apply to the EE/CA alternatives, 
and it is determined that based on available information, each of the alternatives could be 
designed to be in compliance with CWA Section 404(b)(1) (Table 6). 
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13 DETERMINATION ON INCLUSION OF ALL APPROPRIATE AND 
PRACTICABLE MEASURES TO MINIMIZE POTENTIAL HARM ON 

THE AQUATIC ECOSYSTEM 

In evaluating a specific discharge, EPA is required to examine other practicable alternatives to 
the proposed discharge, which may include not discharging or discharging at a different 
aquatic site (40 CFR 230.5[c]).  The guidelines state that discharge of dredged or fill material is 
not permitted “if there is a practicable alternative to the proposed discharge which would have 
less adverse impact on the aquatic ecosystem, so long as the alternative does not have other 
significant adverse environmental consequences” (40 CFR 230.10[a]). An alternative is 
considered practicable “if it is available and capable of being done after taking into 
consideration cost, existing technology, and logistics in light of overall project purposes.”  That 
is, if there are locations or suitable methods that meet the overall project purpose and do not 
have other significant adverse environmental consequences, then the least environmentally 
damaging option will be the highest priority for selection of these alternatives.  Thus, EPA may 
find under its regulatory criteria that alternatives that emphasize capping and MNR (e.g., 
Alternatives 2(i) or 2(r)) are preferred to the alternatives that emphasize removal and thus have 
involve greater discharge from dredging (e.g., Alternatives 3(i), 3(r), 4(i), 4(r), or 5), as 
alternatives emphasizing capping and MNR would have less adverse impact on the aquatic 
ecosystem and “do not have other significant adverse environmental consequences” (40 CFR § 
230.10[a]). 

Because detailed design work is not yet available for areas considered under this evaluation, the 
short-term and long-term aquatic impacts expected for the EE/CA are representative examples 
using the preliminary engineering design information.  These expected impacts are also 
consistent with the impacts expected for the alternatives described in the Portland Harbor draft 
FS (Anchor QEA et al. 2012) and Portland Harbor site-wide draft 404(b)(1) evaluation.  Specific 
conservation measures to avoid and minimize short-term construction impacts will be 
developed during the removal action design phase. 

Preliminary conservation measures that should be considered in developing the final plan to 
minimize construction impacts are presented in Section 13 of Appendix M of the draft Portland 
Harbor FS report (Anchor QEA et al. 2012).  To the extent that the removal action ultimately 
selected results in an unavoidable net loss in terms of the relative function and value of habitat, 
the loss will be evaluated and mitigated, as appropriate, in accordance with applicable federal 
and state ARARs, as described in Section 13.4 of Appendix M of the draft Portland Harbor FS 
report (Anchor QEA et al. 2012).  The Portland Harbor draft FS (Anchor QEA et al. 2012) 
provided preliminary evaluations of potential compensatory mitigation estimates for each SMA 
under each proposed Portland Harbor draft FS alternative.  The results for SMA 14, which 
includes the Arkema RAA, depending on the Portland Harbor draft FS alternative evaluated, 
ranged from a mitigation debit of 5.04 acres to a mitigation credit of 1.41 acres, which 
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corresponds to the area in acres of high-quality, off-channel, shallow-water habitat with gently 
sloped shorelines and natural substrates that need to be created or restored to offset potential 
adverse impacts.  For the purpose of the EE/CA, it is assumed that a potential range of 
compensatory mitigation may be necessary based on the implementation of Alternatives 2(i) 
through 5; Alternative 1 (No Action) would have no impact on the aquatic environment and 
would not require any compensatory mitigation. 
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14 OTHER FACTORS IN THE PUBLIC INTEREST 

14.1 NEED 

The remedial alternatives assessed in the EE/CA represent the set of alternatives that passed 
through an initial screening for feasibility and cost effectiveness.  The cleanup or remediation 
should address the contaminated sediments in a way that is consistent with the maritime uses 
of the Arkema project area and Portland Harbor Site. 

Potential impacts from the sediment remedy will be avoided and minimized to the extent 
practicable, and any unavoidable losses of aquatic functions resulting from the sediment 
remedy will be addressed through possible compensatory mitigation. 

The project purpose is to achieve remediation in a manner that is consistent with other maritime 
uses of the Arkema project area and minimization of disruptions of these activities.  The longer 
time frames and construction requirements (up to two or three in-water work seasons) for 
Alternatives 4(i), 4(r), and 5 would involve more disruption of existing maritime uses and have 
a potential economic impact at the Arkema site and, therefore, such an alternative is less able to 
demonstrate consistency with the stated purpose and need for the removal action.  EPA may 
determine that the other alternatives are more practicable with less adverse impact on the 
aquatic ecosystem and do not have “other significant adverse environmental consequences” (40 
CFR 230.10[a]). 

Other factors include: 

• Fish and wildlife impacts (see Section 6) 

• Water quality (see Section 5) 

• Historic and cultural resources (see Section 8) 

• Activities affecting coastal zones (not applicable) 

• Environmental benefits (see Portland Harbor draft FS [Anchor QEA et al. 2012] for 
discussion of overall green remediation and potential impacts on habitat in 
Section 14.6) 

• Navigation (see Section 8). 
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15 REVIEW OF CONDITIONS FOR COMPLIANCE 

The potential for significant adverse impacts on the aquatic ecosystems resulting from 
implementation of the removal action alternatives are mitigated to the extent possible through 
the application of avoidance and minimization measures and possibly by compensatory 
mitigation described in Section 13 of Appendix M of the draft Portland Harbor FS report 
(Anchor QEA 2012). According to the guidance, “…no discharge of dredged or fill material 
shall be permitted if there is a practicable alternative to the proposed discharge which would 
have less adverse impact on the aquatic ecosystem, so long as the alternative does not have 
other significant adverse environmental consequences” (40 CFR 230.10 [a]). 

The alternatives with the most potential for adverse impacts on the aquatic environment are 
Alternatives 4(i), 4(r), and 5 because of their larger active remediation footprint and greater 
amount of material discharged as fill, as well as the extended timeframe required for 
implementation. However, proposed Alternatives 2(i) through 5 are all anticipated to result in a 
net benefit in the long-term due to removal of contamination. 

15.1 AVAILABILITY OF PRACTICABLE ALTERNATIVES 

CFR 230.10 of Subpart B of the CWA Section 404(b)(1) regulations further specifies four general 
conditions which must be met for compliance (see Section 4).  These include consideration of 
practicability, compliance with the ESA, protections for water quality and human uses, and 
compliance with the avoidance, minimization, and possibly compensatory mitigation 
requirements. Activities that do not involve a discharge of material into waters of the United 
States (e.g., the Willamette River) include Alternative 1 (No Action). However, even though the 
Portland Harbor site already meets a risk goal of 10-4 for DDT, DDD, and DDE, this alternative 
is not considered to be acceptable.  Alternatives that result in fewer impacts to the aquatic 
environment due to the duration of implementation (i.e., Alternatives 2(i) and 2(r)) and that 
meet the purpose and need of the remedial action may be considered available. The results of 
the analyses for the alternatives evaluated in the Portland Harbor draft FS (Anchor QEA et al. 
2012) are applicable to the EE/CA alternatives and are summarized in Section 15.1 of Appendix 
M of the draft Portland Harbor FS report (Anchor QEA et al. 2012). 

15.2 COMPLIANCE WITH PERTINENT LEGISLATION 

All alternatives are expected to comply with the Oregon Environmental Cleanup Law, ESA, 
CWA Section 404(b)(1), and Federal Emergency Management Agency requirements. As noted 
in Section 8.2.3 of the Portland Harbor draft FS (Anchor QEA et al. 2012), although all 
alternatives result in reductions in levels of contamination in the Arkema site surface water, 
remediation of the Arkema site alone is not sufficient for the site surface water to achieve 
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certain chemical-specific water quality standards or National Recommended Water Quality 
Criteria due to background concentrations in upstream surface water. 
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16 FINDINGS 

Based on the results of the evaluation of the Portland Harbor draft FS alternatives and the 
demonstrated consistency between those Portland Harbor draft FS alternatives and the 
proposed remedial alternatives for the Arkema project area evaluated in the EE/CA, it is 
determined that each of the proposed action Alternatives 2(i) through 5 evaluated in the draft 
EE/CA would comply with the CWA Section 404(b)(1) regulations; however, the 
implementation of Alternatives 4(i), 4(r), and 5 would result in short-term minor adverse 
impacts over more years than Alternatives 2(i), 2(r), 3(i) and 3(r).  

Specific findings are reserved for a future draft of this document. 
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Figure 3
Horizontal RAA Boundary
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Figure 4
Alternative 2(i): Dredge to Facilitate

a Cap and Optimized MNR
Arkema Early Action

Clean Water Act Section 404(b)(1) Evaluation

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 5
Alternative 2(r): Dredge to Facilitate a Cap

Arkema Early Action
Clean Water Act Section 404(b)(1) Evaluation

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 6
Alternative 3(i): Mass-Based Removal,

Capping, and Optimized MNR
Arkema Early Action

Clean Water Act Section 404(b)(1) Evaluation

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 7
Alternative 3(r): Mass-Based Removal and Capping

Arkema Early Action
Clean Water Act Section 404(b)(1) Evaluation

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 8
Alternative 4(i): Removal Focused and Optimized MNR

Arkema Early Action
Clean Water Act Section 404(b)(1) Evaluation

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 9
Alternative 4(r): Removal Focused

Arkema Early Action
Clean Water Act Section 404(b)(1) Evaluation

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Figure 10
Alternative 5: Nearshore CDF

Arkema Early Action
Clean Water Act Section 404(b)(1) Evaluation

FEATURE SOURCES:
Property Boundaries, OHW, TOB: 2007 DEA Topographic Survey
Navigation Channel: US Army Corps of Engineers
Elevation Contours: Areas Below +16 ft: 2004 Bathymetry and 2001 LiDAR;
Area above +16ft: 2007 DEA Topographic Survey DRAFT
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Appendix C
Preliminary Draft Clean Water Act Section 404(b)(1) Evaluation
Engineering Evaluation and Cost Analysis

DRAFT
July 26, 2012

Integral Consulting Inc. Page 1 of 1

No. Description Summary
1 No Further Action No Further Action
2(i) Dredge to Facilitate a Cap and Optimized MNR  Partial dredge and cap placement within Area 1.  Use MNR/EMR to address remainder of 

RAA footprint.  A maintenance and monitoring program will be developed and implemented to 
monitor the cap and MNR performance.  The riverbank area will be regraded and capped.  
Disposal to Subtitle D Landfill.

2(r) Dredge to Facilitate a Cap Partial dredge and cap placement within Areas 1 and 2. Use MNR/ENR to address remainder 
of RAA boundary as described for Alternative 2(i).  The riverbank area will be regraded and 
capped.  Disposal to Subtitle D Landfill.

3(i) Mass-Based Hot Spot Removal, Capping and 
Optimized MNR

Targeted removal of sediment containing the most highly contaminated sediments to a 
maximum depth of 15 feet. Partial dredge and cap of rest of sediments within Area 1. Use 
MNR/ENR to address remainder of RAA boundary as described for Alternative 2(i).  The 
riverbank area will be regraded and capped.  Disposal to Subtitle D Landfill.

3(r) Mass-Based Hot Spot Removal and Capping  Targeted removal of sediment containing the most highly contaminated sediments to a 
maximum depth of 15 feet.  Partial dredge and cap sediments within remainder of Area 1 and 
all of Area 2. Use MNR/ENR to address remainder of RAA boundary as described for 
Alternative 2(i).  The riverbank area will be regraded and capped.  Disposal to Subtitle D 
Landfill.

4(i) Removal Focused and Optimized MNR  Dredge majority of horizontal footprint within Area 1 to a maximum depth of 15 feet. Use 
MNR/ENR to address remainder of RAA boundary as described for Alternative 2(i).  The 
riverbank area will be regraded and capped.  Disposal to Subtitle D Landfill.

4(r) Removal Focused  Dredge approximate horizontal footprint within Areas 1 and 2 to a maximum depth of 15 feet. 
Use MNR/ENR to address remainder of RAA boundary as described for Alternative 2(i).  The 
riverbank area will be regraded and capped.  Disposal to Subtitle D Landfill.

5 Nearshore CDF  Construct nearshore CDF. Outside CDF footprint, dredge approximate horizontal footprint of 
Areas 1 and 2 to a maximum depth of 15 feet. Use MNR/ENR to address remainder of RAA 
boundary as described for Alternative 2(i).  The riverbank area will be regraded and capped.  
Disposal onsite in CDF.

RAA = removal action area

Table 1. Summary of Arkema EE/CA Alternatives

Notes:
CDF = confined disposal facility
ENR = enhanced natural recovery
MNR = monitored natural recovery



Appendix C
Preliminary Draft Clean Water Act Section 404(b)(1) Evalualtion
Engineering Evaluation and Cost Analysis

DRAFT
July 26, 2012

Integral Consulting Inc. Page 1 of 1

Table 2. Summary of Quantities - Arkema NTCRA Removal Action Alternatives

Quantity 2(i) 2(r) 3(i) 3(r) 4(i) 4(r) 5

Removal/ Disposal  Volumes (cy) a
Bank Excavation              11,000      11,000      11,000                11,000      11,000      11,000                -   
Dredging              22,000      28,000      43,000                48,000      51,000      70,000        57,000 
Total Volume Removed              33,000      39,000      54,000                59,000      62,000      81,000        57,000 
Fill Volumes (cy) 
Sediment Caps              22,000      28,000      10,000                16,000              -                -   -             
Riverbank Slope Capb              11,000      11,000      11,000                11,000      11,000      11,000 -             
Targeted Removal Backfill                      -                -        32,000                32,000      51,000      70,000 57,000       
Total Fill Volume              33,000      39,000      53,000                59,000      62,000      81,000        57,000 
Areas (acres)
Cap Area 2.9 3.7 1.4 2.2 0 0 0
MNR Area 2.1 1.3 2.1 1.3 2.1 1.3 1.2

Notes:
cy = cubic yard
MNA = monitored natural recovery
NCTRA = non-time-critical removal action

bRiverbank Slope Cap volume estimate includes re-use of bank soils, clean soil cover, riprap, and sand fill.

Alternative

a All quantities are rounded to two significant figures. All removal volume estimates include a  6-inch overdepth allowance.  50% contingency applied 
to neatline volume estimates to accommodate dredge cut side slopes and refinements to dredge prism during design.  For Alternatives 3 and 4, 
assumed maximum dredge depth of 15 ft and 3:1 cut slope from toe of riverbank (elev. +13 ft NAVD88) to bottom of dredge cut.



Appendix C    DRAFT 

Preliminary Draft Clean Water Act Section 404(b)(1) Evaluation 

Engineering Evaluation and Cost Analysis     July 26, 2012 

Integral Consulting Inc.  Page 1 of 1 

Table 3. LWG Section 404(b)(1) Impact Terminology and Scale 

Terminology Description 
 No Impact Impact of the remedial action has no measurable impact. 
 Beneficial Impact Impact of the remedial action is an overall benefit with no 

adverse impacts. 
Impact 

Increasing 
Negligible Impact Impact of the remedial action is insignificant and 

discountable but more adverse than beneficial. Short-term 
impacts can be mostly avoided or minimized through BMPs 
or other measures. 

 Minor Adverse Impact Impact of the remedial action is not discountable but is 
relatively minor and can generally be mitigated through 
BMPs or compensatory mitigation.  Some impacts may be 
short term (e.g., acute water quality impacts), while others 
may be short-term impacts experienced over a long-term 
time frame. 

 Moderate Adverse Impact Impact of the action is more substantial but may be 
reduced by BMPs or other avoidance and minimization 
measures and may require compensatory mitigation to 
address.  Impacts are typically experienced over long term 
rather than short term. 

 Significant Adverse Impact Impact is substantial, long term, and cannot be avoided or 
minimized and would require compensatory mitigation to 
replace lost function. 

 
Notes: BMP = best management practice 
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Table 4. Listed Species That May Be Present in the Vicinity of the Removal Action Area and Their Critical Habitat 

Species Status/Agency 
Critical Habitat Status in 

the Project Area Notes 
Lower Columbia River 
ESU Chinook  
(Oncorhynchus tshawytscha) 

Threatened; 
NMFS 

Designated  

Upper Willamette River  
ESU Chinook  
(O. tshawytscha) 

Threatened; 
NMFS 

Designated  

Columbia River  
ESU Chum 
(O. keta) 

Threatened; 
NMFS 

Designated, but not in 
the project area 

Limited use of the LWR by juveniles; 
adults are not expected to use the 
LWR 

Lower Columbia River  
ESU Coho  
(O. kisutch) 

Threatened; 
NMFS 

None Critical habitat proposal under 
development. 

Lower Columbia River  
DPS Steelhead  
(O. mykiss) 

Threatened; 
NMFS 

Designated  

Upper Willamette River  
DPS Steelhead  
(O. mykiss) 

Threatened; 
NMFS 

Designated  

Source: NOAA (2005, 2012) 
Notes: DPS = distinct population segment 

 ESA = Endangered Species Act 
 ESU = evolutionarily significant unit  
 LWR = lower Willamette River 
 NMFS = National Marine Fisheries Service 
 USFWS = U.S. Fish and Wildlife Service 
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Table 5. ODFW State-Listed Sensitive Species That May Occur in the Vicinity of the 
Proposed Action Area 
Common Name Scientific Name 
Critical 

Burrowing owl Athene cunicularia 
Common nighthawk Chordeiles minor 
Foothill yellow-legged frog Rana boylii
Gray wolf Canis lupus 
Lewis's woodpecker Melanerpes lewis 
Oregon spotted frog Rana pretiosa
Oregon vesper sparrow Pooecetes gramineus affinis 
Pacific pond turtle Actinemys marmorata 
Painted turtle (only C. p. bellii SC) Chrysemys picta
Purple martin Progne subis 
Streaked horned lark Eremophila alpestris strigata 
Townsend's big-eared bat Corynorhinus townsendii
Western meadowlark Sturnella neglecta 
Western rattlesnake Crotalus oreganus 
Yellow-billed cuckoo Coccyzus americanus
Yellow-breasted chat Icteria virens 

Vulnerable 
Acorn woodpecker Melanerpes formicivorus 
American peregrine falcon Falco peregrinus anatum 
Bald eagle Haliaeetus leucocephalus
Black-tailed jack rabbit Lepus californicus 
Clouded salamander Aneides ferreus 
Hoary bat Lasiurus cinereus
Little willow flycatcher Empidonax traillii brewsteri 
Long-legged myotis Myotis volans 
Lower Columbia River/Columbia River 

coastal cutthroat 
Oncorhynchus clarkia clarkii 

Northern goshawk Accipiter gentilis 
Northern red-legged frog Rana aurora
Northern spotted owl Strix occidentalis caurina 
Olive-sided flycatcher Contopus cooperi 
Oregon slender salamander Batrachoseps wrighti
Pacific lamprey Lampetra tridentata 
Pallid bat Antrozous pallidus 
Silver-haired bat Lasionycteris noctivagans
Western bluebird Sialia Mexicana 
Western brook lamprey Lampetra richardsoni 
Western gray squirrel Sciurus griseus
Western toad Anaxyrus boreas 
White-breasted nuthatch Sitta carolinensis aculeate 

Source: ODFW (2008) 
Notes: DPS = Distinct Population Segment 

 ESA = Endangered Species Act 
 ESU = Evolutionarily Significant Unit  
 NMFS = National Marine Fisheries Service 
 ODFW = Oregon Department of Fish and Wildlife 
 USFWS = U.S. Fish and Wildlife Service 
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Table 6. Substantive Compliance with CWA Section 404(b)(1) 

Alternative 
Substantive Compliance with 

Section 404(b)(1) 
Compensatory Mitigation Estimated to be 

Required?a 
1 (No Action) N/A N/A 

2 Yes Yes 
3 Yes Yes 
4 Yes Yes 
5 Yes Yes 

 
Notes: NA = not applicable 
a Based on net result for each alternative (i.e., sum of all credits and debits generated for each SMA) as 
in Section 13. 
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Introduction 

Integral Consulting, Inc. (Integral) contracted with Willamette Cultural Resources 

Associates, Ltd. (WillametteCRA) to perform a cultural resources evaluation of the Arkema Inc. 

facility in Portland, Oregon.  The project area is along the Willamette River shoreline between 

River Mile 6.9 and 7.6 immediately southeast of the Burlington Northern Railroad Bridge (also 

known as the Willamette River or St. Johns Railroad Bridge) in Section 13, Township 1 North, 

Range 1 West and Section 18, Township 1 North, Range 1 East of the Willamette Meridian 

(Figure 1).   

This cultural resources evaluation was conducted for the engineering evaluation/cost 

analysis (EE/CA) in support of a non-time critical removal action (NTCRA) for the Arkema 

facility.  The EE/CA 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).  

A comprehensive cultural resource analysis was conducted for the Lower Willamette Group 

as part of the Remedial Investigations/Feasibility Study for the Portland Harbor site (Ellis et al. 

2005).  The Arkema property and the rest of the lower Willamette River are designated in the 

Cultural Resource Analysis Report for the Portland Harbor Superfund Site as a low-probability area.  This 

cultural resources evaluation is a site-specific follow-up study to the comprehensive analysis 

conducted for the Portland Harbor site.  A records review and a site reconnaissance survey of 

the Arkema removal action area (RAA) was conducted to determine if there are any native soil 

exposures or physical evidence of archaeological or historical resources.  This technical 

memorandum presents the results of the survey.  

The Arkema facility is located at 6400 N.W. Front Avenue in Portland, Oregon, on the 

southwest bank of the lower Willamette River.  The Arkema property encompasses 

approximately 54 acres of land and is often discussed in terms of four lots and one tract along 

the Willamette River.  Lots 1 and 2 are an undeveloped portion on the north end of the site that 

is covered by a mixture of grasses, bare soil, and disturbed scrub/shrub vegetation.  Lots 3 and 4 

are the developed portion of the site where the majority of chemical manufacturing and 

processing occurred.  Tract A along the river is steeply sloping and in some areas is covered with 

rubble used for bank stabilization; a limited amount of vegetation grows among the bank-

armoring material (Figure 2).  

The in-water portion of the site is defined as the land below mean high water (18.1 feet [ft] 

City of Portland Datum).  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 



 

2 

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 Arkema site operated as a chlor-alkali plant throughout most of its history from 1941 

until 2001, when the entire facility was shut down due to escalating electricity costs.  The facility 

used electrolytic cells to reduce concentrated sodium chloride brine to produce chlorine, caustic 

soda, hydrogen, hydrochloric acid, and sodium chlorate (CH2M Hill 1997).  Other chemicals 

that have been produced historically at the facility include potassium chlorate, DDT, sodium 

hydroxide, sodium orthosilicate, magnesium chloride hexahydrate, ammonia, ammonium 

perchlorate, and sodium perchlorate.   

WillametteCRA reviewed documents on file with the Oregon State Historic Preservation 

Office (SHPO) to determine if archaeological resources have been recorded in the project area, 

and to identify any previous archaeological studies in the vicinity.  WillametteCRA staff also 

examined copies of historical maps and records to assess the potential for historic-period 

archaeological resources in the project vicinity and to identify areas likely to contain intact native 

shoreline.  WillametteCRA archaeologist Todd Ogle, M.A., performed a pedestrian survey of all 

portions of the project shoreline on May 30, 2012.  Mr. Ogle did not identify any evidence of 

cultural resources during this pedestrian survey.  As the following report explains in detail with 

results based on our studies and the current proposed activities, WillametteCRA recommends no 

additional archaeological studies for the Arkema, Inc. Facility.  

Environmental Setting 

The current project area is on the left bank of the Willamette River just above the 

Burlington Northern Railroad Bridge at River Mile 6.9-7.6.  The entire project area is within the 

Willamette River floodplain where elevations typically range from about 9.1 to 15.2 meters (m) 

(30 to 50 ft) above mean sea level.  This floodplain has been substantially altered by historic 

development as described in more detail below, greatly altering the topography, hydrology, and 

vegetation.  The site was covered by a former industrial plant which has since been demolished 

except for an office building and concrete pads, and there is very little of the natural land or 

vegetation visible today.  Most of the property is relatively flat with the concrete pads that once 

supported plant structures.  The shoreline largely consists of a steep slope from this flat upper 

landform to the river’s edge, with three docks remaining.   
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The project is in the northwestern portion of the Willamette Valley Physiographic Province, 

a broad depression bounded by the Coast and Cascade mountain ranges and characterized by 

gently sloping alluvial flats and low hills (Franklin and Dyrness 1988).  Near-surface sediments in 

the valley are dominated by a series of late-Pleistocene floods that scoured eastern Washington 

and the Columbia Gorge, and formed large temporary lakes including Lake Allison that covered 

the entire Willamette Valley, reaching over 107 m (350 ft) above mean sea level.  These flood 

waters deposited large amounts of fine sediment throughout the valley and rafted large glacial 

erratics as far south as Eugene (Orr and Orr 2000).  After this late-Pleistocene deposition, the 

local streams incised their (eventually) modern channels and deposited more recent alluvium 

across the landscape.  In the Portland Basin, these late-Pleistocene floods deeply scoured the 

Columbia River channel to a level much deeper and wider than its present configuration.  All of 

the near-river sediments along the Columbia and lower Willamette rivers in the Portland Basin 

were deposited during the Holocene as global sea levels rose when the ice sheets melted and 

sedimentation gradually filled the scoured river valley.  Currently, the entire project area has been 

mapped as urban land for the soil survey of Multnomah County (NRCS 2012).   

The project is within the Willamette Valley vegetation zone or Quercus Woodland that is 

characterized by a mosaic of deciduous oaks and open prairies or grasslands, coniferous forests, 

and riparian forests (Franklin and Dyrness 1988).  Maps and survey notes that describe the local 

vegetation from the 1850s and 1860s General Land Office (GLO) surveys indicate that the 

project area was located on a narrow strip of land between the Willamette River to the northeast 

and Doanes Lake to the southwest.  This lake was a typical floodplain lake, being quite shallow 

and fluctuating in size depending on the season.  The GLO surveyor’s notes indicate that there 

was a line of trees (cottonwood and ash) along the top of the riverbank, probably located on a 

natural levee.  Inland from this natural levee were grasslands or prairie with willow and ash trees 

bordering Doanes Lake.  Similar to the fluctuating lake leve, the grasslands or prairie were likely 

seasonally inundated by spring meltwater-fed floods.  While surveying the Doane Donation 

Land Claim (DLC) (Ford 1854), the surveyor noted that the bottomlands were flooded.    

Native People 

From historical accounts and ethnographic data, anthropologists have reconstructed that 

the lower Willamette River from its mouth to Willamette Falls lies within the traditional 

homeland of the Chinookan peoples.  At the time of Euroamerican contact various Chinookan-

speaking groups occupied the Columbia River valley from the Dalles area to the Pacific Ocean.  

Ethnographers today differentiate the Chinookans primarily on linguistic variation.  Speakers of 

the Lower Chinookan language included the Clatsop and Chinook proper, who lived around the 

mouth of the Columbia River.  Upper Chinookan speakers occupied the upriver areas.  Upper 

Chinookans in the Portland area consisted of two groups, the Multnomah and the Clackamas. 
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Multnomah villages were concentrated on Sauvie Island, along the Multnomah Channel, and 

along the northern bank of the Columbia River downstream of the mouth of the Willamette. 

The Clackamas were found primarily on the river of that name, at Willamette Falls, and along 

the lower Willamette River.  There is some evidence that the area around the mouth of the 

Willamette River and the southern shore of the Columbia River between the Willamette and 

Sandy rivers was occupied by both Clackamas and Multnomah groups (French and French 

1998:360-363; Silverstein 1990:533-535). 

As noted above, the first known Euroamerican exploration of the area was by Lt. William 

Broughton of the H.M.S. Chatham in October 1792.  Broughton’s exploration was brief, 

however, and he did not proceed up the Willamette River.  Other than referencing a few villages 

along the Columbia River, Broughton provided little information on the Indians of the area 

(Vancouver 1984:II:754-760). 

Much better information is provided in the journals of the Lewis and Clark Expedition, 

which passed through the research area in the fall of 1805 and the spring of 1806.  The accounts 

of the fall journey through the area are brief as the expedition was anxious to reach the Pacific 

before winter set in.  A cluster of islands around the mouth of the Willamette River prevented 

the expedition from recognizing the river on their westward journey.  A group of Indians they 

encountered just below Hayden Island informed them that there was a village “Situated back of 

those Islands on the Lard. [larboard] side” (Moulton 1990:18).  

Clark’s brief exploration up the Willamette River the following spring included an overnight 

camp near a large Indian house on the east side of the river.  The house was vacant at the time 

and Clark was told by his Indian guide that its residents were fishing at Willamette Falls 

(Moulton 1991:59).  Lewis and Clark later prepared lists of the Native settlements and groups 

they had visited or been told of.  One of these lists (Moulton 1990:478) contains the only 

reference to the name of the lower Willamette village visited by Clark, the “Ne-mal-quin-ner 

Tribe.”  (Silverstein [1990:Figure 1] suggests that “Ne-mal-quin-ner” was in anglicized version of 

the Chinookan nimáłoewinix). The location of the Ne-mal-quin-ner village is uncertain as Clark 

references it as either 8 or 10 miles from the confluence with the Columbia River (Moulton 

1991:59-60).  Based on current river miles on the Willamette River, this would place the village 

in the vicinity of Swan Island. The accuracy of Clark’s mileage estimate is questionable and it is 

likely that he estimated mileage from where he passed between the islands that then clustered at 

the mouth of the Willamette River. Clark, for example, reported it was five river miles to the 

confluence of the Willamette River and the Multnomah Channel.  This confluence is at RM 3.5 

in modern river mileage.   
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The Lewis and Clark map of this area shows the Ne-mal-quin-ner village at the first 

eastward bend of the river upstream of the confluence with the Multnomah Channel.  The map 

also suggests that the village was at the foot of a range of hills that extend to the southeast.  

Historic and modern maps indicate the bend (if the Lewis and Clark map is reliable) is 

downriver of St. Johns and opposite Linnton.  This location would place Ne-mal-quin-ner in the 

vicinity of the historic Gatton’s Slough and modern Terminal 4.  This location also fits the 

relationship with the line of hills (i.e., Alameda Ridge, with St. Johns located at the northwestern 

tip of the ridge). As noted above, an important archaeological site was known historically at the 

mouth of Gatton’s Slough, and Strong (1959:31) identified this site as the location of Ne-mal-

quin-ner. 

There are no written references to the Ne-mal-quin-ner village or any specific settlement at 

that location after the Lewis and Clark Expedition.  John Wacheno, a Clackamas Indian, told 

ethnographer Philip Drucker of a village at modern St. Johns known as woxsûn (Drucker 

1934:18).  It is unclear with which Native group this village was associated.  Curtis (1911:181) 

gives the name of this village as Wákshĭn, which he translates as “dam”, and states that it was 

occupied by the Gahláwákshĭn, a Chinookan group (this name simply means “the people of 

Wákshĭn”). Silverstein (1990:534) terms this village wáksin and places it on Sauvie Island at the 

mouth of the Willamette River.  These are the only written references to Indian settlements on 

the Willamette River in the general area of the Arkema location. 

By the 1840s the character of the Native settlements throughout the lower Columbia River 

drainage had been radically altered by the epidemics of introduced European diseases.  A 

smallpox epidemic is known to have struck the lower Columbia region in the 1770s and is 

estimated to have killed about a third of the Native population.  Native peoples experienced 

periodic outbreaks of smallpox and possibly other introduced diseases such as measles through 

the 1860s.  For the people of the lower Columbia, the most catastrophic epidemic was an 

outbreak of malaria in the 1830s.  This epidemic devastated the Indian people of the lower 

Columbia region (Boyd 1990:146-147, 1999:233-238).  The malaria epidemic of the early 1830s 

destroyed entire villages in a matter of days or weeks.  The Indian population of the Willamette 

Valley and the lower Columbia River valley was reduced by 75 to 90 percent or higher.  Boyd 

(1999:Table 3) has estimated that Cathlamet, Multnomah, Clackamas, and Cascades populations 

declined from about 12,000 in about 1,800 to 300 by the 1850s (a population loss of almost 

98%).   

The first major expansion of Euroamerican settlements began in the 1840s, as thousands of 

American settlers flooded into western Oregon and Washington.  They met with minimal 

resistance from the Native groups that had been devastated by the epidemics described above.  

There was a brief period through the 1840s when the new settlers and the Native populations 
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lived uneasily side by side.  By 1850, however, the need to clear Indian title to the land to 

provide a legal basis for the land claims of American settlers led to a series of treaty negotiations 

beginning in 1851. 

The first treaties signed with the surviving tribes of western Oregon would have established 

several Indian reserves in the Willamette Valley.  These treaties were never ratified by Congress 

due to opposition by American settlers to the reservations.  Treaties signed during a second 

round of negotiations in 1854 and 1855 were ratified.  One of these treaties included the 

Kalapuyan peoples of the Willamette Valley and Chinookan groups of the Clackamas and lower 

Willamette river drainages (Beckham 1990; Kappler 1904:II:665).  No reservations were formally 

defined in the treaties with the tribes of western Oregon, but two reservations (Coast and Grand 

Ronde) were established by executive order shortly after the treaties were ratified.  With creation 

of the reservations, federal troops began the process of relocating the Willamette Valley groups 

to the reservations.  Some of the Chinookans of the Clackamas and lower Willamette river areas 

moved to the Warm Springs and Yakama reservations where they could be with their upriver 

relatives.  Recent research for the Willamette Falls area (Hajda et al. 2004) indicates that there 

was regular movement of Indian people with ties to the Willamette Falls area between the Grand 

Ronde, Siletz, Warm Springs, and Yakama reservations. 

Euroamerican History 

The first Euroamerican visitor to the project vicinity was Lt. William Brougton of the Royal 

Navy during the Vancouver expedition in 1792.  Broughton passed the mouth of the Willamette 

River (he called it the “River Munnings”) while exploring the lower Columbia River but did not 

explore the Willamette itself (Vancouver 1984:II:754-760 [1798]).  As mentioned above, William 

Clark of the Lewis and Clark Expedition explored up the Willamette some distance (the exact 

distance is disputed) and possibly reached Swan Island just upstream from the current project 

area.   

Additional Euroamerican exploration of the area occurred during the fur trade period 

beginning with the establishment of Fort Astoria (later Fort George) in 1811.  Alexander Henry 

provided one of the first written descriptions of the lower Willamette based on his January 1814 

travels, noting that the river is low-lying and flooded during the summer (Gough 1992:656).  

Aside from occasional exploratory forays, the Hudson’s Bay Company presence in the region 

largely avoided the lower Willamette, with the focus of activities being on the north bank of the 

Columbia River where the Company operated a fort and associated farms and dairy operations. 

Permanent Euroamerican settlement in the region began in earnest in the 1840s but was 

primarily focused on the Willamette and Tualatin valleys to the south and west.  As these 
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agricultural settlements grew, they spurred an increased demand for river landings to transport 

their produce and for importing their needed goods and supplies.  The lower Willamette River 

below the falls in Oregon City became an important area for this commerce.  M. M. McCarver 

and Peter Burnett platted the community of Linnton in 1844 with the hope of being the primary 

shipping point for Tualatin Valley farmers via a road between Linton and Bethany.  Linnton did 

not thrive, however; within a few years of its founding it was reported to consist of a single 

family, and the road to Bethany was later abandoned (Corning 1973:10-11; Schafer 1909:46).  

Linnton has since revived to a certain degree as a lumber town and suburb of Portland.  A 

second community of Springville was initially more successful but has since disappeared.  

Springville was founded on the William W. Baker DLC near the modern approach to the St. 

Johns Bridge to the northwest of the project, area along with a road to Hillsboro and a ferry 

across the Willamette to the community of St. Johns.  Springville thrived until the late 1860s 

with a large warehouse for storing grain, but improvements to transportation routes in Portland 

proper led to Springville’s eventual decline.  The warehouse burned in 1872 and was not rebuilt, 

with the rest of the community quickly disappearing. (Corning 1973:166-170) 

The project area itself was selttled by Milton Doane, whose DLC (Claim 39) includes all of 

the project area.  Doane immigrated to the Oregon Territory before 1846 from Kentucky, 

initially settling a claim in what is now Washington before moving to the lower Willamette River 

in 1847 (Genealogical Forum of Portland 1957-1975:I:56; Gurley 1982:62, 172).  The 1855 

General Land Office (GLO) map of Township 1 North, Range 1 West shows a road paralleling 

the Willamette River north of Doane Lake and presumably passing through the Arkema 

property (Figure 3).  This was the river road between Portland and Sauvie Island built in 1852.  

This GLO map shows an agricultural field near the southern edge of the Doane DLC but no 

other developments in the project area.  While the 1855 map and associated survey notes do not 

indicate a residence, the 1850 census data suggest he was living on his claim with his wife and 

seven children (U.S. Bureau of the Census 1850) and he was described as living along the 

Willamette River not far from Baker’s Landing (Springville) in 1852 (Corning 1973:167). 

By 1888 (U.S. Coast and Geodetic Survey Map), the road along the river was gone, having 

been replaced by a road and the Northern Pacific Railroad on higher ground along the current 

US 30/Burlington Northern railroad corridor (Figure 4).  The railroad was built in 1883 from 

Portland to Goble on the lower Columbia River (Culp 1972).  This 1888 map also shows a small 

farm at Doanes Point (just north of the railroad bridge) to the northwest of the project area.  

Most of the remaining floodplain was undeveloped, likely due to seasonal flooding that made 

permanent habitation or use of the land for anything but pasture and hay production impractical. 

Use of the low-lying floodplain increased during the 1905 Lewis and Clark Exposition that 

was centered on Guild Lake about 3.2 kilometers (km) (2 miles [mi]) southeast.  After the 
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exposition, Guild Lake and much of the floodplain to the south of the project area was filled and 

developed for industry; Doanes Lake initially remained untouched.  The construction of the 

railroad bridge across the Willamette River in 1906-1908 and railroad across the floodplain lake 

marked the beginning of major modifications to the Doanes Lake hydrology.  Around the same 

time, a railroad spur was constructed across the lake to a dock or wharf on the river, presumably 

within the current project area south of the railroad bridge (Staehli 1985:12-13).   

Industrial development spread to the southern edge of Doanes Lake in the 1940s, by which 

point the lake had shrunk to three ponds, probably due to changes in the drainage system rather 

than fill.  The spur line to the river across the lake abandoned prior 1945 and the remaining 

agricultural land had been abandoned and reverted to woodland and brush.  A general land use 

history map based on 1936 data shows the entire project area as undeveloped at that time 

(Integral et al. 2007:Map 4.1-6). 

Based on information provided in a comprehensive review of Portland Harbor (Ellis et al. 

2005) based on historic aerial photography, the southern portion of the project area was 

developed prior to 1948 while the northern half was developed between 1961 and 1974 (Integral 

et al. 2007:Maps 4.1-5a-c, 4.1-6-9).  As stated in the introduction, the Arkema site operated as a 

chlor-alkali plant beginning in 1941 in the southern portion of the current project area.  

Additionally, the project shoreline appears to have undergone extensive modification as a 2000 

aerial photograph showing the 1936 and 1948 shorelines indicate that the existing shoreline has 

been moved well into the previous river channel (Integral et al. 2007:Map 4.1-11a).  Another 

map provided in the Portland Harbor study indicates that the southern half of the project area 

had fill added between 1948 and 1957 while the northern half had fill added in 1957 (Integral et 

al. 2007:Map 4.1-12d).  Geologic cross sections based on geotechnical boring performed for the 

current project show that artificial fill is found in all but the very bottom few feet of the river 

bank in the far northern portion of the project area, with this fill covering native alluvium by 

approximately 6 m (20 ft) on the upper portion of the project area.  The central and southern 

portions of the project area contain artificial fill to below the ordinary high water level of the 

Willamette River with a similar depth of fill on the upper portion of the parcel.  Following its 

closure in 2001, the Arkema plant has since been demolished and, with the exception of 

concrete pads and an office building, removed from the site. 

Three docks are currently located within the project area (see Figure 2), while earlier docks 

closer to the railroad bridge were removed in 1957 (Integral et al. 2007:Map 4.1-12d).  Of the 

existing docks, Dock 1 was built between 1936 and 1941 based on aerial photography (Integral 

et al. 2007:Map 4.1-5a; Brubaker Aerial Surveys, 1941, Portland, Oregon, OHS Photo Number 

41159 ), and was expanded between 1941 and 1948 and again between 1961 and 1963 (AMEC 

Earth and Environmental, 2003, Historical Aerials 1961, 1963, 1967, 1971, on file, Integral 



 

9 

Consulting, Inc., Portland, Oregon).  Dock 2 was built between 1957 and 1959 (Integral et al. 

2007:Map 4.1-5b; Ackroyd Photography Inc., 1959, Untitled Aerial Photograph, on file, Integral 

Consulting, Inc., Portland, Oregon), with expansion occurring between 1963 and 1967 (AMEC 

Earth and Environmental, 2003, Historical Aerials 1961, 1963, 1967, 1971, on file, Integral 

Consulting, Inc., Portland, Oregon).  The last of the three docks to be built, the Salt Dock, was 

installed between 1961 and 1963 (AMEC Earth and Environmental, 2003, Historical Aerials 

1961, 1963, 1967, 1971, on file, Integral Consulting, Inc., Portland, Oregon), with no apparent 

subsequent modifications. 

Previous Archaeological Investigations 

To determine if previous archaeological studies or archaeological sites occur in the project 

vicinity WillametteCRA staff reviewed records on file with the Oregon SHPO.  While not found 

in the SHPO GIS database, the closest previous archaeological study was for a then-proposed 

correctional facility site adjacent to the current project area to the southwest (Ellis and Chapman 

1997).  Aside from this previous study, SHPO records indicate that the closest previous 

archaeological studies are located along the U.S. Highway 30 and Burlington Northern Railroad 

corridor approximately 430 m (1,400 ft) southwest of the Arkema parcels (Ellis et al. 1999; 

Iverson et al. 2000) or further to the northwest of the current project (Ellis 1981; Ellis and Baker 

2004; Ogle and Ellis 2005).  No previously recorded archaeological sites are in the immediate 

project vicinity but one prehistoric site is reported to be located approximately 1.6 km (1 mi) to 

the northwest (Strong 1959). 

As mentioned above, the closest previous archaeological study was performed for a 

proposed correctional facility location immediately southwest of the Arkema, Inc. property (Ellis 

and Chapman 1997).  This 1997 project area was located in the now mostly filled and developed 

Doane (or Doanes) Lake area.  This study provided a review of background information but did 

not include a systematic archaeological survey due to the presence of fill, industrial development, 

and contamination by hazardous wastes from previous industrial activities. 

Two proposed fiber-optic line surveys are located along the U.S. Highway 30 and 

Burlington Northern Railroad corridor southwest of the current project area.  While these 

studies did include an on-ground archaeological survey, neither identified evidence of 

archaeological or historical resources in the project vicinity (Ellis et al. 1999; Iverson et al. 2000). 

The other projects in the vicinity are located between the railroad and St. Johns bridges 

approximately 1.6 km (1 mi) to the northwest.  An assessment of the potential for archaeological 

and historical resources, monitoring of geotechnical borings (Ellis and Baker 2004), and 

subsequent monitoring of contaminated sediment removal at the GASCO location (Ogle and 
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Ellis 2005) failed to identify any archaeological deposits.  While modern field investigations did 

not identify archaeological resources, Strong (1959) notes the presence of a prehistoric site from 

which artifacts were collected prior to it being “covered by the plant of the Portland Gas and 

Coke Company” at this location in 1912-1913.  Unfortunately, Strong provides no details 

regarding the artifacts found at this location.  The remaining study in the project vicinity was an 

assessment of proposed modifications of buildings at the U.S. Government Moorings 

immediately northwest of the GASCO location (Ellis 1981) that did not identify any 

archaeological resources.  

Results of the Field Investigations 

WillametteCRA conducted a cultural resources survey of the Willamette River shoreline 

across the entire project area (Tract A) on May 30, 2012.  Todd Ogle, M.A., performed this 

pedestrian survey by walking all of the accessible shoreline and by examining areas of steep fill 

material extending to the river from the adjacent bank.  Mr. Ogle examined all areas of exposed 

ground surface (i.e., those areas not covered by modern fill debris or extremely dense vegetation) 

for evidence of archaeological deposits.  With the exception of modern debris placed in the 

project area as fill or deposited by the Willamette River, Mr. Ogle observed no cultural material 

within the project area.  Due to the presence of structural remains, ongoing construction 

activities, and a lack of currently proposed activities, the current investigations did not address 

the remainder of the Arkema, Inc. parcels farther from the shoreline.     

The project area shoreline can be characterized as three distinct sections based on the 

amount of modern disturbance and fill: the southeasternmost portion around the Salt Dock; the 

central portion around Docks 1 and 2 and approximately 250 m (820 ft) downstream from Dock 

2; and the northwesternmost portion north of Lot 1.  In general terms, the level of modern 

disturbance decreases as one moves downstream (northwest) along the shoreline.   

The southeasternmost portion of the shoreline surrounding the Salt Dock consists of a very 

steep slope from the upper bank to the Willamette River composed entirely of fill (Figure 5).  

This area contained large pieces of concrete and metal and is partially overgrown by grasses and 

blackberry.  The 90-degree angle of the bank in the far southeastern corner of the project area 

(see Figure 2) indicates that this entire landform is artificial and has little to no likelihood of 

containing archaeological deposits. 

The central portion of the shoreline within the project area is more varied, with areas of 

modern fill extending from the upper bank to the shoreline, interspersed with small sandy 

beaches exposed at the bottom of the bank slope (Figure 6).  All of this central portion contains 

a steep fill slope from the upper bank to the shoreline or these small sandy beaches with a 
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composition similar to that seen in the area surrounding the Salt Dock.  While this area has a 

greater potential of containing archaeological resources than the fill slope to the southeast, it is 

still considered unlikely.  The sandy beaches undoubtedly represent very recent alluvium with 

older shorelines and higher ground likely to contain habitation sites covered by the modern fill. 

The northwesternmost portion of the shoreline is a wide sandy beach that supports 

deciduous trees and grasses (Figure 7).  The upper bank is much lower in this area, and while 

modern debris is visible in the bank itself, this fill is not a thick as seen to the southeast (Figure 

8).  Of all the areas observed in the project area, this is the most likely to contain archaeological 

deposits.  However, as is the case in the smaller sandy beaches to the southeast, this shoreline is 

likely the result of recent alluvium, while older shorelines and habitable areas are buried beneath 

the modern fill and recent alluvium. 

Conclusions and Recommendations 

WillametteCRA completed a records review for the entire Arkema Inc. property and 

performed a cultural resources survey of the Willamette River shoreline (Tract A) in Multnomah 

County, Oregon.  While the records review identified multiple previous archaeological studies in 

the immediate project vicinity, none included the current project area itself.  Reported 

archaeological sites in the vicinity have been largely destroyed or buried by modern 

development, indicating that while prehistoric occupation of this area was widespread, the 

modern evidence of such activity is rare.  Documented historic developments in the project area 

indicate that this location has been extensively altered from its original state.  Evidence of 

prehistoric or historic activities is therefore considered unlikely to be present. 

Our review of historic photographs indicates that the three docks within the current project 

area that are potentially slated for removal are each 50 years old or older.  However, given the 

abundance of similar docks on the lower Willamette River, modifications to the oldest two 

docks, and the lack of any significant historic association, we recommend that the docks are not 

eligible for listing in the National Register of Historic Places.   

Our survey of the Arkema facility shoreline supports the conclusions of this background 

research that the landscape has been extensively modified.  Virtually all of the southeastern 

portion of Tract A (northeast of Lot 4) is covered by a very steep slope composed entirely of fill 

to the current river shoreline.  The central portion of the shoreline (northeast of Lot 3) contains 

small sections of sandy beach and the northwestern portion is almost entirely sandy beach, but 

these areas are bounded by a steep bank composed largely or entirely of fill material.  Given that 

the sandy beaches represent very recent alluvium and that historic documents show that the 
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current shoreline occupies a portion of the historic river channel, it is very unlikely that Tract A 

contains intact archaeological deposits.   

If cultural resources are present within the project area, they are likely to be buried beneath 

modern fill inland from the current shoreline (within Lots 1-4).  Given the degree of industrial 

development on this parcel, if cultural resources are present, they are very unlikely to retain 

enough integrity to be eligible for listing on the National Register of Historic Places.  As a result, 

we recommend no additional cultural resources investigations for the Arkema RAA. 

Should unanticipated archaeological or historical resources be encountered during future 

activities at this location, all ground-disturbing activity in the vicinity of the find should be halted 

and SHPO notified immediately.  In the event that evidence of human skeletal remains is 

encountered during future work, all ground-disturbing activity in the vicinity of the discovery 

should be halted immediately, efforts taken to protect such evidence in place, and the Oregon 

SHPO, Oregon State Police, Legislative Commission on Indian Services, appropriate Tribes, and 

Multnomah County Medical Examiner promptly notified to ensure compliance with state and 

federal laws. 
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Figure 1.  Project area location.  
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Figure 3.  Project area depicted on the ca. 1850s General Land Office maps.   
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Figure 4.  Project area depicted on the 1888 U.S. Coast and Geodetic Survey map.   
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Figure 5. View to the southeast of the steep fill shoreline in the southeast portion of the project 
area. 

 
Figure 6.  View to the northwest of the central portion of the project area showing a small sandy 
beach bounded by steep fill slopes. 
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Figure 7.  View to the southeast of the northwest portion of the project area showing a wide, 
sandy beach and emerging riparian vegetation. 

 
Figure 8.   View to the southwest of the lower bank containing some modern fill debris in the 
northwestern portion of the project area. 
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COST ESTIMATE DETAILS 
 

 



Engineering Evaluation and Cost Analysis
Arkema Early Action

DRAFT
July 26, 2012

Integral Consulting Inc. Page 1 of 1

Table E1.  Cost Estimate Sources and Key Assumptions

TASK UNIT COST UNIT Assumptions/Basis

DIRECT COSTS
Site Preparation/Construction Engineering 10% LS Includes mob/demob, temporary facilities, erosion controls, contractor engineering & surveying, PM, bonding.  Source: LSS based on past project experience;  

Other regional projects.
Dock Removal 1,200,000$       LS Assumes removal of Docks 1 and 2, non-hazardous waste disposal.  Source: Engineer's estimate;  LSS based on past project experience.
Dredging & Transloading 40$                   CY Assumes mechanical dredging, gravity dewatering, nearby transloading facility (possibly on-site).  Quantity includes provisions for 6" allowable overdredge and 

50% design contingency.   Source:  LSS based on past project experience.
Transportation and Disposal 50$                   TN Assumes truck, rail, barge to regional Subtitle D landfill.  No moisture restrictions. Source: Vendor quotes;  LSS based on past project experience.
Backfill 26$                   TN Assumes sand and gravel backfill to original grades.  Armor as required.  Source: LSS based on past project experience;  Other regional projects.
Capping

Filter Material 34$                   TN Assumes 12" sand filter layer amended with GAC (2.5% by weight).  (Other cap types will be evaluated during design.)  Source:  LSS based on past project 
experience;  Other regional projects.

Armor Material 45$                   TN Assumes 24" rock armor layer over filter material.  Source:  LSS based on past project experience; Other regional projects.
Water Quality Controls

Conventional BMPs 400,000$          LS Includes provisions for barge decant water filtration, absorbent booms and conventional silt curtains (as needed).  Source: LSS based on past project 
experience;  Other regional projects.

Engineered Barrier Contingency 12,769,000$     LS Assumes ~2,300 LF steel sheetpile enclosure around RAA.  Includes mob/demob, installation and removal, 20% contingency.  Source:  Based  on 
extrapolation of engineer's estimate for sheet pile deflection wall barrier concept.

Riverbank Stabilization 1,156,000$       LS Includes excavation and regrading of designated bank slope, offsite disposal of contaminated soil & debris, bank capping, mob/demob.  Source:  Engineer's 
Estimate (ERM).

Confined Disposal Facility 11,500,000$     LS Assumes king-pile and tie-back supported sheetpile containment with low permeable cap and groundwater monitoring/extraction wells.  Source: LSS based on 
past project experience.

Habitat Mitigation 150,000$          LS Assumes CDF encroachment into waterway will require habitat mitigation.  Source:  Assumed value  (TBD during design).
INDIRECT COSTS (Percent of Direct Costs)

Design and Permitting 7% LS Includes preparation of design documents and work plans, permitting support.  Source: Recent Projects.
Construction QA/Oversight 5% LS Includes independent QA oversight, WQ monitoring,  post-dredge/cap sediment sampling and analysis, reporting .  Source: Recent projects.
Project Management (Internal LSS) 2% LS Internal management costs.  Source:  LSS experience on recent projects.
Agency oversight 4% LS Includes assumed EPA oversight costs.  Source BPJ.
Contingency 30% LS Design/Construction Contingency.  Source:  BPJ & EPA cost guidance.

LONG-TERM MONITORING, OPERATION & MAINTENANCE 
  Monitoring 214,000$          LS Assumes bathymetric survey, sediment chemistry (10 samples) at years 1, 3, 5, 10, 15, 20, and 30.  NPV with 7% discount.  Source: Recent projects.
  Cap O & M $               Varies LS Assumes O&M costs = 10% of cap construction costs + 15% mob for yrs 5, 10, 15, 20, 30.  NPV with 7% discount.  Source: Recent similar projects.
  Riverbank O&M 85,000$            LS Riverbank cap maintenance.  Source:  Engineer's estimate (ERM)



 

 

 

 

 

APPENDIX F 
RIVERBANK ALTERNATIVES 

EVALUATION 
 

 



 

 

 
 

 

 

 

 

Draft Memorandum 


To: Todd Slater, Legacy Site Services LLC, agent for 
Arkema Inc. 

From: Erik Ipsen P.E., Brendan Robinson, P.E., ERM 

Cc: David Livermore, Integral Consulting, Inc. 

Date: July 26, 2012 
RAA Riverbank Alternatives Evaluation, Arkema 

Subject: Inc., Portland, Oregon 

Environmental 
Resources 
Management  

1001 SW 5th Avenue,  
Suite 1010 
Portland, Oregon 97204 
(503) 488-5282 
(503) 488-5142 (fax) 

On behalf of Legacy Site Services LLC (LSS), agent for Arkema Inc. 
(Arkema), ERM-West, Inc. (ERM) has prepared this Technical 
Memorandum in support of the Riverbank Alternatives Evaluation (RAE) 
for the former Arkema facility in Portland, Oregon (the “Site”).   

The purpose of this memorandum is to evaluate riverbank source control 
measure (SCM) alternatives for a focused portion of the riverbank as it 
relates to the non-time critical removal action being conducted at the site 
under the direction of U.S Environmental Protection Agency (EPA).  The 
portion of the riverbank considered in this memorandum is the area of 
riverbank that is co-located with the sediment Removal Action Area 
(RAA) defined in the Removal Action Area Characterization Report 
(Integral 2011). 

The recommended focused Riverbank SCM alternative developed herein 
will be used during the evaluation of in-water Removal Action 
alternatives in the Engineering Evaluation /Cost Analysis (EE/CA) that is 
currently being prepared by Integral Consulting, Inc. (Integral) on behalf 
of LSS. A full Riverbank SCM Alternatives Evaluation will evaluate 
source control alternatives for the entire riverbank pending Oregon 
Department of Environmental Quality (ODEQ) approval of the Hot Spot 
Evaluation Update. This current memorandum, which considers only a 
specific portion of riverbank, is intended to enable preparation of the 
Arkema EE/CA and comply with EPA directives.   

The source control measure alternatives presented in this memorandum 
comprise the range of alternatives that will be considered for the 
remaining areas in the full Riverbank SCM Alternatives Evaluation. 

A member of the Environmental
 
Resources Management Group
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SITE INFORMATION 

This section presents a description of the Site, the results of the riverbank 
source control screening evaluation, and the riverbank source control 
measure objectives. 

SITE BACKGROUND 

The Site is located at 6400 N.W. 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 Arkema site 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 United 
States Environmental Protection Agency (EPA). 

The property lies within the Guild’s Lake Industrial Sanctuary Plan 
(formerly the Northwest Portland Industrial Sanctuary) (Integral 2006).  
The Site is zoned and designated “IH” for heavy industrial use, which 
precludes it from most nonindustrial uses (Portland Development 
Commission 2004).  The purpose of the Guild’s Lake Industrial Sanctuary 
Plan is to maintain and protect this land as a dedicated area for heavy and 
general industrial uses. Therefore, while future use of the facility is 
unknown, it will likely be heavy industrial. 

RAA Riverbank Conditions 

This riverbank alternatives evaluation focuses on the region of the 
riverbank which is co-located and adjacent to the in-water RA (Figure 2).  
The riverbank is defined as the area between the top of bank and the edge 
of the Willamette River. For the purpose of this evaluation, the river’s 
edge, or the toe of the slope, is defined at an elevation of 13.3 feet using 
the 1988 North American Vertical Datum (NAVD 88) as shown in the 
conceptual riverbank cross section (Figure 3). 
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The portion of river bank under consideration (the RAA Riverbank) is 
characterized by steep slopes and is covered with large pieces of concrete 
and asphalt for much of its 1100-foot length.  The slope of the RAA 
Riverbank varies between 1.5H:1V and 2H:1V for approximately 850 feet.  
In limited portions of the riverbank (approximately 250 feet length) that 
are adjacent to the dock structures, the riverbank slope decreases to 
between 4H:1V and 5H:1V.   

Baseline Habitat Condition Survey 

The RAA Riverbank is covered with concrete debris and asphalt rubble 
that serve as riprap, providing erosion control and slope stability.   

In accordance with an ODEQ request, LSS performed a baseline analysis 
of the riverbank salmonid habitat conditions along the entire riverbank in 
early 2010. The results of the condition survey were presented in the 
Baseline Salmonid Habitat Survey (Integral 2010). A baseline habitat 
survey was performed that consisted of taken systematic observations of 
the plant community; soil; debris; fill material present; covered structures; 
pilings; and coarse woody material.  Observations were made every 50 
feet along the riverbank. 

The riverbank is heavily industrial in nature and is dominated by 
structures associated with the former site use. What nominal plant 
community exists on the sloped riverbank has few native species, and is 
predominantly comprised of weedy or ruderal invasive species. 

The results of the baseline habitat survey within the RAA indicated that 
the riverbank in the vicinity of Docks 1 and 2 (Figure 2) is characterized by 
steep slopes, predominance of riprap, and covered structures.  These 
characteristics result in a low salmonid habitat quality value for this area 
of riverbank. One of the major conclusions of the baseline habitat survey 
was that any remedial alternative that added vegetated grass/shrub land 
would improve existing conditions. In particular, alternatives that include 
unarmored or bioengineered slopes would result in improved salmonid 
habitat value of the riverbank area. 

The active channel, or in-water, portion of the Dock 1 and 2 area was 
found to have a moderate salmonid habitat value. This moderate value 
was due to the presence of high habitat value gravel and finer substrates, 
but was diminished by the presence of covered structures (i.e., the docks).  
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The Baseline Salmonid Habitat Survey also included a relative habitat 
evaluation of the existing conditions.  Specific salmonid habitat ranking 
values potentially applicable in Portland Harbor (National Marine 
Fisheries Service [NMFS] 2010) were assigned to each habitat.  These 
habitat ranking values were multiplied by the percentage of each 
condition within each area, then summed to derive a habitat value for the 
portion of riverbank under consideration. 

Area habitat value rankings as described above can be used to evaluate 
the relative values of existing conditions and the potential benefits/cost of 
subsequent remedial alternatives.  However, due to the uncertainty of 
habitat ranking values applicable to Portland Harbor, no specific habitat 
value comparison was developed for this RAA Riverbank alternatives 
evaluation memorandum. 

Further evaluation of the existing habitat ranking value and the 
comparison of potential future riverbank modifications that change this 
value (i.e., that either improve habitat or require habitat mitigation), will 
be assessed further once a preferred remedy is selected and removal 
action design is conducted. 

SUMMARY OF RIVERBANK SOURCE CONTROL SCREENING 
EVALUATION 

The Riverbank Erodible Soil Source Control Screening Evaluation (SCSE), 
dated December 2008 (ERM 2008) was prepared in order to evaluate 
historical site characterization data in accordance with the ODEQ and 
United States Environmental Protection Agency (EPA) Portland Harbor 
Joint Source Control Strategy (JSCS) (ODEQ 2005) guidance document.  
The SCSE considered the analytical results for 37 riverbank and beach 
samples collected from the riverbank along the Willamette River between 
1998 and 2007. The analytical results were screened against JSCS 
screening level values (SLVs) and other appropriate screening levels.  The 
results of the screening evaluation related to the RAA riverbank are 
summarized below. 

Conclusions from Source Control Screening and Weight-of-Evidence 
Evaluation 

The following conclusions regarding the RAA Riverbank were reached in 
the source control screening and weight-of-evidence evaluation: 
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	 DDT, DDD, and DDE (collectively DDx) in the area of No. 2 Dock 
(samples RB-9 and RB-10) are considered a high priority.  This 
location is co-located with the in-water RAA; 

	 Furan congeners are considered a high priority in the RAA 
Riverbank. However, the furans and DDx appear to be co-located 
in the river bank soil in the area of Dock 2.  Therefore, the area of 
furan concentrations will be addressed in tandem with the DDx 
area. 

Based on these conclusions, an alternatives evaluation for the high-
priority DDx area identified above was recommended.   

Agency Review of the Riverbank Source Control Screening Evaluation 

ODEQ and EPA provided comments on the SCSE dated 21 July 2009 
(ODEQ 2009). ODEQ requested that proposed remedial alternatives be 
provided for review and approval prior to preparing the riverbank 
alternatives evaluation.  The Summary of Remedial Alternatives, Riverbank 
Source Control Measure (SRA) memorandum, dated 16 October 2009 (ERM 
2009) was prepared in response to this request.  The SRA is the basis for 
the alternatives included in this focused alternatives evaluation. 

The ODEQ and EPA provided comments on the SRA in April 2010. The 
agency comments included directives to consider specific alternatives (i.e., 
cut slope angles and clean cover requirements).  This memorandum 
addresses these agency requirements where applicable to the area under 
consideration. 

REMEDIAL ACTION OBJECTIVES 

In accordance with the Administrative Order on Consent for Removal Action 
between Arkema and EPA, dated 27 June 2005, the objectives of the RA, 
including sediment and riverbank actions, are to include: 

	 Reduce human health risks to acceptable levels from direct contact 
with and incidental ingestion of chemicals of concern (COCs) in 
sediments and riverbank within the RAA; 

	 Reduce COC concentrations in sediment and riverbank within the 
RAA to levels that will result in acceptable risks to humans that eat 
fish and shellfish from the Willamette River; 
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	 Reduce human health risks to acceptable levels from direct contact 
with and incidental ingestion of water with COCs within the RAA; 

	 Reduce ecological risks from contact with and ingestion of COCs in 
sediments or riverbank material or prey within the RAA to 
acceptable levels; 

	 Reduce ecological risks to acceptable levels from direct contact with 
and incidental ingestion of water with COCs within the RAA; 

	 Eliminate the potential for migration of contaminants at 

unacceptable levels from RAA to the Willamette River; and
 

	 Reduce contaminant flux from uplands, riverbank, and sediment so 
that recontamination of any sediment or riverbank caps put in 
place does not occur. 

Additional remedial action objectives for the Riverbank SCM that have 
been identified include: 

	 Ensure compatibility with the Groundwater and Stormwater SCMs; 

	 Ensure compatibility with other potential remedial actions (e.g., in-
water Removal Action, Groundwater SCM, and Stormwater SCM), 
including a phased design and implementation schedule; and 

	 Ensure compatibility with the upland feasibility study and final site 
remedy selection. 

Consideration of Hot Spots 

Per agreement between ODEQ and LSS, riverbank soils were specifically 
excluded from a hot spot evaluation (HSE) update submitted to the ODEQ 
in January 2012 (ERM 2012). Agency comments on the HSE update were 
received on 28 June 2012. Negotiation and finalization of the HSE is 
ongoing.  Thus, any potential hot spots associated with riverbank soils 
have not yet been fully identified.  For the purposes of this evaluation, and 
because the primary COC associated with the RA, DDT, is present in 
riverbank soil in the Dock No. 2 area, the RAA Riverbank was assumed to 
require remedial measures per ODEQ rules. Remedial measures that 
prevent contact, either through source removal or providing a barrier to 
contact, can address these areas of DDT in soil. 
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In general, the remedial technologies under consideration for the RAA 
Riverbank SCM involve removal of some portion of riverbank material, 
including debris and soil. The removal of this material is anticipated to 
include removal of any potential hot spot material.  Complete removal of 
any potential hot material is technically impracticable due to multiple site 
constraints as discussed below. 

The Groundwater SCM that is currently being implemented at the site is 
intended to prevent flux of COCs in groundwater from the site to the 
Willamette River. This will be achieved by maintaining an inward 
hydraulic gradient from the Willamette River.  Any COCs potentially 
leaching from soil to groundwater on the riverward side of the GWBW, 
including the RAA Riverbank, will tend to flow towards the barrier wall 
(i.e., away from the river), thus containing any potentially highly mobile 
hot spots. 

Compatibility with In-Water Removal Action 

One of the requirements of the RAA and Riverbank SCM is compatibility 
with other remedial actions and source control measures at the site.  The 
proposed in-water sediment RA will likely require some armoring to be 
placed over sediment removal and/or cap areas. For the purpose of this 
memorandum, ERM has assumed that armoring material (e.g., rip rap, 
habitat gravel, etc.) used for riverbank stabilization will be consistent with 
the armoring material used for the in-water RA and other recently 
implemented riverbank source control measures implemented in the 
Lower Willamette River (e.g., Zidell Waterfront Property). 

The extent of removal of sediment as part of the in-water RA is likely to 
intersect with the toe of the riverbank slope.  The depth of sediment 
removed will be determined by the depth required to achieve the RAOs, 
while also maintaining riverbank stability.  The depth of sediment 
removal is anticipated to be between 3 and 5 feet from existing mudline 
within the area under consideration in this memorandum.  In order to 
maintain slope stability, the depth of riverbank soil removal will also be 
limited to a maximum of approximately 3 feet.  A slope stability analysis 
to determine the safe depth of removal will be conducted as part of the 
detailed design of the selected in-water RA and Riverbank SCM. 
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SOURCE CONTROL ALTERNATIVES EVALUATION 

This section presents a focused feasibility evaluation of four alternatives 
for riverbank source control in the RAA Riverbank. 

IDENTIFICATION AND DESCRIPTION OF REMEDIAL 
ALTERNATIVES 

Four remedial alternatives were identified in the Summary of Remedial 
Alternatives Memorandum dated 16 October 2009, including: 

 No action; 

 Limited action; 

 Riverbank regrading and stabilization; and 

 Riverbank soil removal and stabilization. 

For the purpose of this alternatives evaluation, the sheet pile wall 
stabilization technology identified in the Summary of Remedial 
Alternatives Memorandum (ERM 2009) is considered a standalone 
alternative as it involves a different technological approach than the 
riverbank regrading and soil removal alternatives. 

ODEQ and USEPA comments, dated 20 April 2010 and 16 October 2009, 
respectively, on the Summary of Remedial Alternatives Memorandum 
requested that several variations of these four alternative technologies be 
considered, including increased soil removal and establishing lower angle 
slopes (e.g., a 5H:1V slope). The requested variations have been 
incorporated into this alternatives evaluation in the form of sub-
alternatives to the broader alternative technologies identified above.  The 
sub-alternatives were developed by combining the different stabilization 
technologies with the range of slope angles (1.5H:1V, 2H:1V, and 5H:1V) 
considered in this evaluation. The major components of the resulting 
seven sub-alternatives are summarized below and presented in Table 1.   
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No Action 

The no action alternative consists of leaving the riverbank in its current 
state. It is included as an alternative in the evaluation process in order to 
provide a baseline comparison to the other alternatives.  This alternative 
does not include active remedial measures and, therefore, represents the 
findings in the Human Health Risk Assessment (Integral 2008) and 
Baseline Ecological Risk Assessment (Integral 2008) and addenda. 

Limited Action 

The limited action alternative consists of the following components: 

	 Institutional controls to prevent activities from disturbing the 
riverbank; and 

	 Periodic inspection and maintenance of the riverbank to ensure that 
existing vegetation and armoring is maintained. 

Implementation of institutional controls and a periodic inspection and 
maintenance program will minimize the potential for riverbank erodible 
soils to become mobilized in the future. 

Riverbank Regrading and Stabilization 

The riverbank regrading and stabilization alternative consists of the 
following components: 

	 Removal of debris and potential localized hot spot material; 

	 Cutting and filling soil along the riverbank in order to create a 
uniform slope from the top of the bank to the toe that is more stable 
and resistant to erosion; 

	 Placement of suitable cover soil; and 

	 Stabilization of the riverbank with vegetation, riprap, or suitable 
soil-filled geocell. 

For the purpose of this evaluation and for the EE/CA, it was assumed that 
all excavated material will be disposed of off-site at a Subtitle D landfill 
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facility. Additional disposal options, including on site management may 
be developed and be evaluated as part of the comprehensive Riverbank 
SCM Alternatives Evaluation to be prepared subsequent to this 
memorandum. 

Various options exist for stabilizing the regraded riverbank.  As noted 
above, stabilizing the regraded slope with vegetation, riprap, or geocell 
has been considered for this alternatives evaluation. Given the varying 
effectiveness, reliability, and acceptability of these stabilization 
technologies, three riverbank regrading sub-alternatives have been 
created to facilitate this evaluation. For each sub-alternative, one of the 
three stabilization techniques is paired with the other components of the 
overall alternative, as identified above. The resulting sub-alternatives are: 

	 3A - Regrading, Soil Cover, and Riprap; 

	 3B - Regrading, Soil Cover, and Geocell; and 

	 3C - Regrading, Soil Cover, and Vegetation. 

A conceptual schematic for each of these sub-alternatives is presented in 
Figures 4 through 6. 

Riverbank Soil Removal and Stabilization 

The riverbank soil removal and stabilization alternative consists of the 
following components: 

	 Removal of debris, potential localized hot spot material, and soil, in 
order to decrease the slope of the riverbank; 

	 Placement of suitable cover soil; and 

	 Stabilization of the riverbank with vegetation, riprap, or suitable 
soil-filled geocell. 

As discussed above, for the purpose of this evaluation, it was assumed 
that all excavated material will be disposed of off-site at a Subtitle D 
landfill facility. 

Similar to the riverbank regrading and stabilization alternative, three sub-
alternatives have been created to facilitate evaluation of the vegetation, 
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riprap, and geocell stabilization technologies.  Additionally, each sub-
alternative includes laying back the riverbank to a different slope angle.  
Three slope angles have been considered in this alternatives evaluation, 
including slopes of one and one-half horizontal to one vertical (1.5H:1V), 
2H:1V, and 5H:1V. For the purpose of this focused alternatives 
evaluation, each stabilization technology has been paired with a slope 
angle that is complementary to the characteristics and limitations of that 
technology. In general, the stabilization technology is paired with the 
maximum slope angle achievable with that technology. The resulting sub-
alternatives are: 

	 4A - Removal, Soil Cover, and Riprap, (2H:1V slope).  Riprap cover, 
can typically achieve the steepest un-reinforced slopes. 

	 4B - Removal, Soil Cover, and Geocell (1.5H:1V slope).  Reinforced 
stabilization technology such as Geocell allows for the steepest 
vegetated slopes to be achieved; and 

	 4C - Removal, Soil Cover, and Vegetation, (5H:1V slope).  This 
slope angle is typically used to achieve the maximum habitat value 
for riverbank stabilization activities and can be achieved without 
reinforcement. 

A conceptual schematic for each of these sub-alternatives is presented in 
Figures 7 through 9. 

Other slope angle – stabilization technology combinations are possible 
and may be considered as part of the comprehensive Riverbank SCM 
Alternatives Evaluation. 

Sheet Pile Wall 

The sheet pile wall alternative consists of the following components: 

	 Sheet pile retaining wall at the toe of the riverbank; and 

	 Placement of backfill, possibly including suitable dredge material, 
within the void behind the wall to create a flat slope. 

A conceptual schematic for this alternative is presented in Figure 10. The 
sheet pile wall will function as a retaining wall.  One of the alternatives 
under evaluation in the EE/CA is a nearshore confined disposal facility 
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(CDF) for sediment.  The footprint of the conceptual nearshore steel sheet 
pile CDF extends further in water than any potential riverbank sheet pile 
wall alignment. If a nearshore CDF is implemented, a second interior 
sheet pile wall, and indeed any potential RAA Riverbank SCM, will not be 
required, as this portion of riverbank will be physically separated from the 
Willamette River and become encapsulated in the CDF structure.    

ALTERNATIVES EVALUATION 

The above alternatives for riverbank source control were evaluated on the 
basis of the following factors: 

 Effectiveness; 

 Long-Term Reliability; 

 Implementability; 

 Implementation Risk; and 

 Reasonableness of Cost. 

The evaluation of the alternatives with respect to each factor is 
summarized in Table 2. 

Comparative Analysis of Alternatives 

Characteristics common to, and distinguishing, multiple alternatives were 
evaluated for each of the alternatives. 

Effectiveness 

Although the existing rip rap and large concrete debris protect against 
erosion and scour, the no action and limited action alternatives may not 
necessarily prevent potential transport of impacted riverbank materials. 

The riverbank regrading and stabilization alternatives are effective at 
preventing erosion and transport of potentially impacted riverbank 
materials. The cover soil component of these alternatives prevents contact 
with underlying riverbank soil and is protective of burrowing animals, if 
any. The riprap and geocell technologies are expected to be more effective 
than vegetation at resisting erosion and scour. 
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The riverbank soil removal and stabilization alternatives are also effective 
at preventing potential erosion and transport of riverbank soil. Greater 
quantities of riverbank material will be removed under the removal 
alternatives rather than the regraded riverbank alternative.  Similar to the 
riverbank regrading and stabilization alternatives, the riprap and geocell 
materials will be more effective than vegetation alone at resisting erosion 
and scour. Both the vegetation and geocell sub-alternatives are expected to 
improve the quality of the riverbank habitat for fish and other in-water 
and upland biota. 

The sheet pile wall alternative is very effective at preventing erosion and 
transport of potentially impacted riverbank materials as a result of the 
rigid barrier between riverbank soils and river water.  

Long-Term Reliability 

The no action and limited action alternatives are considered somewhat 
less reliable in the long-term due to limited ability to prevent transport of 
potentially impacted riverbank materials to the river under certain 
conditions. 

The riprap and geocell sub-alternatives of the riverbank regrading and 
stabilization alternative are considered reliable in the long-term as they 
are widely available and proven techniques for preventing shoreline 
erosion and scour. The vegetation sub-alternative has slightly reduced 
long-term reliability due to susceptibility to erosion during severe flood 
events. 

Similarly, the riprap and geocell sub-alternatives of the riverbank soil 
removal and stabilization alternative are considered reliable in the long-
term. The 5:1 slope sub-alternative, which was paired with vegetative 
stabilization for the purpose of this alternatives evaluation, is considered 
less reliable due to susceptibility to erosion during severe flood events. 

The sheet pile wall alternative is considered reliable in the long-term. 

Implementability 

The no action and limited action alternatives are considered highly 
implementable. 
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The riverbank regrading and stabilization alternatives are considered 
readily implementable. These alternatives involve regrading the 
riverbank and, depending on the existing riverbank configuration, may 
involve a net fill situation in the floodplain.  There are additional 
permitting requirements for actions that involve filling within the 
floodplain. 

The riverbank soil removal and stabilization alternatives are considered 
implementable. However, the 5:1 slope sub-alternative of soil removal and 
stabilization technology would, in many locations, result in the top of 
bank being approximately 70 feet landward of the current top of bank (see 
Figure 11 for the approximate location of the proposed top of bank for the 
three slope angles considered). This offset is likely to affect the stability of 
existing and proposed site structures.  There is a potential for interference 
with implementation of the Stormwater and Groundwater SCMs.   

The Stormwater SCM consists of regrading the site to direct stormwater 
through a large detention basin and then through a sand filter basin.  The 
treated stormwater is then discharged to the Willamette River through an 
existing outfall. 

The Groundwater SCM consists of a bentonite slurry groundwater barrier 
wall (GWBW) and a Groundwater Extraction and Treatment (GWET) 
System. The GWBW will be installed from ground surface to basalt 
bedrock (approximately 50 and 85 feet below ground surface).  
Groundwater recovery wells will be installed on the upland side of the 
GWBW and be used to maintain an inward hydraulic gradient across the 
GWBW. Extracted groundwater will be collected and treated in the 
GWET System, then discharged to the Willamette River through an 
existing outfall.   

The GWBW alignment was selected to maximize capture of groundwater, 
while maintaining an offset from the top bank that provided an acceptable 
factor of safety for slope stability. 

Laying back the riverbank to low slopes (i.e., 5H:1V) will require removal 
of significant portions of the riverbank.  As presented in Figure 11, the 
resulting top of bank will intersect and compromise the stability of the 
slurry wall, the groundwater recovery system, and the treatment system 
building, particularly during seismic events.  This constraint limits the 
implementability of a 5H:1V, slope particularly within the RAA 
Riverbank. 
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The sheet pile wall alternative is considered to have low implementability 
as it is unlikely that sufficient embedment depth can be attained in 
sediment to maintain stability, particularly in the northern region of the 
RAA riverbank. Significant permitting challenges are associated with this 
alternative due to the elimination of the riverbank, and the subsequent 
decrease in salmonid habitat ranking value. 

As noted above, one of the alternatives under evaluation in the EE/CA is 
a nearshore CDF for sediment. If a nearshore CDF is implemented any 
potential RAA Riverbank SCM will not be required, as this portion of 
riverbank will be become encapsulated in the CDF structure. 

Implementation Risk 

The no action and limited action alternatives are considered to have low 
implementation risk. 

The limited grading associated with the riverbank regrading and 
stabilization alternative presents little implementation risk to the 
community and site workers. 

The riverbank soil removal and stabilization alternatives involve more 
extensive soil excavation, grading, and on site transport, and thus present 
a moderate implementation risk to the community and environment. 

The sheet pile wall alternative is considered to have a moderate to high 
implementation risk due to in water pile driving activities and significant 
backfilling operations required. 

Reasonableness of Cost 

The no action and limited action alternatives are projected to have the 
lowest capital and operation and maintenance (O&M) costs. 

The riverbank regrading and stabilization alternatives are projected to 
have low to moderate capital costs and low O&M costs. 

The riverbank soil removal and stabilization alternatives are projected to 
have moderate to high capital costs and low O&M costs due to the need to 
manage large quantities of materials removed from the riverbank. 
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The sheet pile wall alternative is projected to have the highest capital cost 
due to high equipment mobilization/demobilization costs and material 
expenses. This alternative will likely have a relatively low O&M cost. 

Recommended Alternative 

Based on the alternatives evaluation, the riverbank regrading and 
stabilization with riprap alternative is the recommended measure for the 
RAA Riverbank. The selection of this alternative is based primarily on the 
following factors: 

	 Effectiveness – Debris and some potential hot spot soil will be 
removed, and riverbank regraded to a uniform, more stable 
configuration that is more resistant to erosion.  Contact with 
underlying riverbank soil and potential erosion and transport of 
impacted materials is minimized as a result of the soil cover and 
riprap cover. 

	 Long-Term Reliability – The alternative consists of a proven 
riverbank stabilization technique. Additionally, the quality of 
habitat will be improved from the current riverbank conditions. 

	 Implementability – The alternative involves widely available 

materials and conventional construction techniques. 


	 Implementation Risk – There is little potential for adverse impacts 
to the community and site workers from implementation of this 
alternative. 

	 Reasonableness of Cost – Limited excavation and grading and 
common, proven construction materials result in projected 
moderate capital costs and low O&M costs. 

As noted above, the intent of the riverbank regrading alternative is to 
create a more stable slope from the top of the bank to the toe by cutting 
and filling soil along the riverbank. The slope of the regraded riverbank 
will, therefore, largely be similar to the existing slope.  

The capital cost for implementation of the recommended alternative is 
approximately $1,200,000. This EE/CA-level cost is estimated to be within 
+50 percent / - 30 percent of actual costs. An itemized breakdown of the 
estimated capital costs is included as Attachment 1.  This estimate will be 
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incorporated into the cost analysis of the EE/CA and used for selection of 
a preferred RAA alternative. 
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Vertical Datum: NAVD88 (For River Mile 7 to 8 Subtract 5.2 feet for elevation in CRD.) 
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Vertical Datum: NAVD88 (For River Mile 7 to 8 Subtract 5.2 feet for elevation in CRD.) 
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Vertical Datum: NAVD88 (For River Mile 7 to 8 Subtract 5.2 feet for elevation in CRD.) 
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Alternative 3c - Regrading, Soil Cover, and Vegetation 
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Vertical Datum: NAVD88 (For River Mile 7 to 8 Subtract 5.2 feet for elevation in CRD.) 
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Alternative 4a - Removal, Soil Cover, and Riprap 
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Vertical Datum: NAVD88 (For River Mile 7 to 8 Subtract 5.2 feet for elevation in CRD.) 
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Vertical Datum: NAVD88 (For River Mile 7 to 8 Subtract 5.2 feet for elevation in CRD.) 
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Alternative 4c - Removal, Soil Cover, and Vegetation 
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Vertical Datum: NAVD88 (For River Mile 7 to 8 Subtract 5.2 feet for elevation in CRD.) 
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Alternative 5 - Steel Sheet Pile Wall
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 DRAFT 

 Table 1 

 Summary of Riverbank Alternatives 

 EE/CA RAA Riverbank Alternatives Evaluation 

 Arkema Inc. - Portland, Oregon 

  

Remedial Alternative Remedial Components 

Alternative 1 
No Action 

- No further action 

Alternative 2 
Limited Action 

- Institutional controls 
- Periodic riverbank inspection and maintenance 

Alternative 3a 
Regrading, Soil Cover, and Riprap 

- Debris removal 
- Regrading riverbank 
- Placement of suitable fill 
- Riprap 

Alternative 3b 
Regrading, Soil Cover, and Geocell 

- Debris removal 
- Regrading riverbank 
- Placement of suitable fill 
- Geocell 

Alternative 3c 
Regrading, Soil Cover, and  Vegetation 

- Debris removal 
- Regrading riverbank 
- Placement of suitable fill 
- Vegetation and TRMs 

Alternative 4a 
Removal, Soil Cover, and Riprap 

- Layback slope to 2:1 
- Placement of suitable fill 
- Riprap 

Alternative 4b 
Removal, Soil Cover, and Geocell 

- Layback slope to 1.5:1 
- Placement of suitable fill 
- Geocell 

Alternative 4c 
Removal, Soil Cover, and Vegetation 

- Layback slope to 5:1 
- Placement of suitable fill 
- Vegetation and TRMs 

Alternative 5 
Steel Sheet Pile Wall 

- Sheet pile retaining wall at toe of riverbank 
- Soil backfill from on and/or off site 

 
TRMs = Turf Reinforcement Mats 



1 of 3 

 DRAFT 

  Table 2 

 Evaluation Summary for Riverbank Alternatives 

 EE/CA RAA Riverbank Alternatives Evaluation 

 Arkema Inc. - Portland, Oregon 

   

Remedial 
Alternative 

Remedial 
Components Effectiveness Score 

Long-Term 
Reliability  Score Implementability Score Implementation Risk Score 

Reasonableness of 
Cost Score 

Summary of 
Evaluation 

Average 
Score 

Alternative 1 
No Action 

- No further action – Existing riprap, concrete and 
asphalt debris protects against 
erosion and scour; however, may 
contribute COPCs 
- The future risk may remain and  
not all RAOs will  be achieved 

1 - Potential risk may 
remain in the future 

2.5 - No constraints to implementation 5 - No adverse impact on 
community 
- No adverse impact on 
environment, such as 
release of residuals to the 
river 

5 - No capital cost 
- No O&M cost 

5 - Alternative does 
not meet all RAOs 

3.7 

Alternative 2 
Limited Action 

- Institutional controls 
- Periodic riverbank 
inspection and 
maintenance 

– Existing riprap, concrete and 
asphalt debris protects against 
erosion and scour; however, may 
contribute COPCs 
- The future risk may remain and 
not all RAOs will be achieved 
- Land use controls will prevent 
future disturbance 

2 - Potential risk may 
remain in future 
- Periodic inspections 
will facilitate 
maintenance of riprap, 
existing debris and 
vegetative cover 

3 - Requires coordination with 
multiple agencies 

4.5 - No adverse impact on 
community 
- No adverse impact on 
environment, such as 
release of residuals to the 
river 

5 - Low capital cost 
- Low O&M cost 

4.5 - Alternative does 
not meet RAOs 

3.8 

Alternative 3a 
Regrading, Soil 
Cover, and Riprap 

- Debris removal 
- Regrading riverbank 
- Placement of suitable 
fill 
- Riprap 

- Impacted soil regraded but largely 
left in place 
- Cover soil/cap  prevents contact 
with impacted material 
- Large diameter riprap will limit 
erosion and scour potential 
- Effective immediately upon 
completion of construction 
- Combination of large diameter 
riprap and fine gravel can be used 
to increase salmonid habitat ranking 
value 

5 - Compatible with 
upland SCMs and 
reasonable range of in 
water actions (e.g., 
dredging, sediment 
capping) 
- Riprap is a proven 
riverbank armoring 
method 
 

5 - Conventional construction 
methods and materials 
- Proven riverbank stabilization 
methodology 
- - Common controls likely needed 
to minimize risk of releasing 
impacted materials to river during 
construction  

4.5 - Limited grading 
presents moderate risk 
of releasing impacted 
materials to river during 
implementation 
- No significant adverse 
impacts on community 
- Little potential for 
adverse impact on 
workers; PPE and work 
procedures address 
worker risks 

4.5 - Moderate capital cost 
- Low O&M cost 

4.5 - Good 
effectiveness 
- Good long-term 
reliability 
- Good 
implementability 
- Good 
implementation 
risk 
- Good 
reasonableness of 
cost 

4.7 

Alternative 3b 
Regrading, Soil 
Cover, and Geocell 

- Debris removal 
- Regrading riverbank 
- Placement of suitable 
fill 
- Geocell 

- Impacted soil regraded but largely 
left in place 
- Cover soil/cap  prevents contact 
with impacted material 
- Cells can be in-filled with soil and 
vegetated, creating a natural 
appearance and habitat, while 
enhancing erosion and scour 
protection 
- Effective immediately upon 
completion of construction 
- Vegetated condition has high 
salmonid habitat ranking value  

4 - Compatible with 
upland SCMs and 
reasonable range of in 
water actions (e.g., 
dredging, sediment 
capping) 
- Proven erosion 
countermeasure and 
shallow soil 
stabilization technique 
 

4.5 - Conventional construction 
methods and materials 
- Proven riverbank stabilization 
methodology 
- Common controls likely needed to 
minimize risk of releasing impacted 
materials to river during 
construction  

4.5 - Limited grading 
presents moderate risk 
of releasing impacted 
materials to river during 
implementation 
- No significant adverse 
impacts on community 
- Little potential for 
adverse impact on 
workers; PPE and work 
procedures address 
worker risks 

4.5 - Moderate capital cost 
- Moderate O&M cost 

3.5 - Good 
effectiveness 
- Excellent long-
term reliability 
- Good 
implementability 
- Good 
implementation 
risk 
- Good 
reasonableness of 
cost 

4.2 
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  Table 2 

 Evaluation Summary for Riverbank Alternatives 

 EE/CA RAA Riverbank Alternatives Evaluation 

 Arkema Inc. - Portland, Oregon 

   

Remedial 
Alternative 

Remedial 
Components Effectiveness Score 

Long-Term 
Reliability  Score Implementability Score Implementation Risk Score 

Reasonableness of 
Cost Score 

Summary of 
Evaluation 

Average 
Score 

Alternative 3c 
Regrading, Soil 
Cover, and  
Vegetation 

- Debris removal 
- Regrading riverbank 
- Placement of suitable 
fill 
- Vegetation and TRMs 

- Impacted soil regraded but largely 
left in place 
- Cover soil/cap  prevents contact 
with impacted material 
- Vegetated slope will be less 
resistant to erosion and scour than 
other bank stabilization measures 
- Effective immediately upon 
completion of construction 
- Vegetated condition has high 
salmonid habitat ranking value 

3 - Compatible with 
upland SCMs and 
reasonable range of in 
water actions (e.g., 
dredging, sediment 
capping) 
- TRMs and erosion 
control blankets are a 
proven erosion 
countermeasure 
 

3.5 - Conventional construction 
methods and materials 
- Proven riverbank stabilization 
methodology 
-  
- Common controls likely needed to 
minimize risk of releasing impacted 
materials to river during 
construction  

4 - Limited grading 
presents moderate risk 
of releasing impacted 
materials to river during 
implementation 
- No significant adverse 
impacts on community 
- Little potential for 
adverse impact on 
workers; PPE and work 
procedures address 
worker risks 

4 - Low to moderate 
capital cost 
- Moderate O&M cost 

4 - Moderate 
effectiveness 
- Good long-term 
reliability 
- Good 
implementability 
- Good 
implementation 
risk 
- Good 
reasonableness of 
cost 

3.7 

Alternative 4a 
Removal, Soil 
Cover, and Riprap 

- Layback slope to 2:1 
- Placement of suitable 
fill 
- Riprap 

- Material excavated during slope 
layback is taken off site or managed 
on site 
- Cover soil/cap prevents contact 
with impacted material 
- Combination of large diameter 
riprap and fine gravel can be used 
to increase suitability for fish 
habitat.   
- Effective immediately upon 
completion of construction 
- Riverbank is generally flatter than 
existing conditions and less 
susceptible to erosion and instability 
- Combination of large diameter 
riprap and fine gravel can be used 
to increase salmonid habitat ranking 
value 

5 - Compatible with 
upland SCMs and 
reasonable range of in 
water actions (e.g., 
dredging, sediment 
capping) 
- Riprap is a proven 
riverbank armoring 
method 
 

5 - Conventional construction 
methods and materials 
- Proven riverbank stabilization 
methodology 
-  
- Common controls likely needed to 
minimize risk of releasing impacted 
materials to river during 
construction  

4.5 - Intensive grading and 
removal presents 
elevated risk of releasing 
impacted materials to 
river during 
implementation 
- No significant adverse 
impacts on community 
- Little potential for 
adverse impact on 
workers; PPE and work 
procedures address 
worker risks 

3 - Moderate to high 
capital cost 
- Low O&M cost 

3 - Excellent 
effectiveness 
- Good long-term 
reliability 
- Good 
implementability 
- Moderate 
implementation 
risk 
- Moderate 
reasonableness of 
cost 

4.1 

Alternative 4b 
Removal, Soil 
Cover, and Geocell 

- Layback slope to 1.5:1 
- Placement of suitable 
fill 
- Geocell 

- Material excavated during slope 
layback is taken off site or managed 
on site 
- Cover soil/cap  prevents contact 
with remaining impacted material 
- Cells can be infilled with soil and 
vegetated, creating a natural 
appearance while enhancing erosion 
and scour protection 
- Effective immediately upon 
completion of construction 
- Riverbank is generally flatter than 
existing conditions and less 
susceptible to erosion and instability 
- Vegetated condition has high 
salmonid habitat ranking value 

4.5 - Compatible with 
upland SCMs and 
reasonable range of in 
water actions (e.g., 
dredging, sediment 
capping) 
- Proven erosion 
countermeasure and 
shallow soil 
stabilization technique 
 

4.5 - Conventional construction 
methods and materials 
- Proven riverbank stabilization 
methodology 
- Steep slope angles can be achieved 
- Common controls likely needed to 
minimize risk of releasing impacted 
materials to river during 
construction  

4 - Intensive grading and 
removal presents 
elevated risk of releasing 
impacted materials to 
river during 
implementation 
- No significant adverse 
impacts on community 
- Little potential for 
adverse impact on 
workers; PPE and work 
procedures address 
worker risks 

3 - Moderate to high 
capital cost 
- Moderate O&M cost 

2.5 - Good 
effectiveness 
- Very good long-
term reliability 
- Good 
implementability 
- Moderate 
implementation 
risk 
- Moderate 
reasonableness of 
cost 

3.7 
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Remedial 
Alternative 

Remedial 
Components Effectiveness Score 

Long-Term 
Reliability  Score Implementability Score Implementation Risk Score 

Reasonableness of 
Cost Score 

Summary of 
Evaluation 

Average 
Score 

Alternative 4c 
Removal, Soil 
Cover, and 
Vegetation 

- Layback slope to 5:1 
- Placement of suitable 
fill 
- Vegetation and TRMs 

- Material excavated during slope 
layback is taken off site or managed 
on site 
- Cover soil/cap  prevents contact 
with impacted material 
- Vegetated slope will be less 
resistant to erosion and scour than 
other bank stabilization measures 
- Effective immediately upon 
completion of construction 
- Riverbank is flatter than existing 
conditions and less susceptible to 
erosion and instability 
- Vegetated condition has high 
salmonid habitat ranking value 

3.5 - Not compatible with 
Groundwater SCM 
(i.e., GWBW) 
- TRMs and erosion 
control blankets are a 
proven erosion 
countermeasure 
 

1 - Not compatible with Groundwater 
SCM (i.e., GWBW) 
Conventional construction methods 
and materials 
- Proven riverbank stabilization 
methodology 
- Common controls likely needed to 
minimize risk of releasing impacted 
materials to river during 
construction  

1.5 Intensive grading and 
large volume of soil 
handling presents 
elevated risk of releasing 
impacted materials to 
river during 
implementation 
- No significant adverse 
impacts on community 
- Little potential for 
adverse impact on 
workers; PPE and work 
procedures address 
worker risks 

2.5 - High capital cost 
- Moderate O&M cost 

1 - Not compatible 
with Upland 
Remedies 
- Moderate 
effectiveness 
- Low long-term 
reliability 
- Low 
implementability 
- Moderate 
implementation 
risk 
- Poor 
reasonableness of 
cost 

1.9 

Alternative 5 
Steel Sheet Pile 
Wall 

- Sheet pile retaining 
wall at toe of riverbank 
- Soil backfill from on 
and/or off site 

- Sheet pile wall will limit erosion 
and scour potential 
- Sheet pile wall prevents contact 
with impacted material 
- Effective immediately upon 
completion of construction 
- Sheet pile wall has very low 
salmonid habitat ranking value 

4 - Compatible with 
upland SCMs and 
reasonable range of in 
water actions (e.g., 
dredging, sediment 
capping) 
- Sheet pile is a proven 
riverbank stabilization 
method 
 

3.5 - Conventional construction 
methods and materials 
- Proven riverbank stabilization 
methodology 
- Common controls likely needed to 
minimize risk of releasing impacted 
materials to river during 
construction  
- May involve challenging permit 
conditions due to likely net fill in 
floodplain 
- May involve challenging permit 
conditions due to low habitat value 
- Existing dock structures present an 
obstruction 

2 - Limited grading 
presents low risk of 
releasing impacted 
materials to river during 
implementation 
- No significant adverse 
impacts on community 
- Little potential for 
adverse impact on 
workers; PPE and work 
procedures address 
worker risks 

3 - High capital cost 
- Low O&M cost 

1 - Good 
effectiveness 
- Good long-term 
reliability 
- Fair 
implementability 
- Excellent 
implementation 
risk 
- Poor 
reasonableness of 
cost 

2.7 

 
Notes: 
1.  Each alternative was scored against each criterion on a scale of 1 to 5 (1 = poor, 2 = fair, 3 = moderate, 4 = good, and 5 = excellent) 
 
COPCs = Constituents of Potential Concern 
GWBW = Groundwater Barrier Wall 
O&M = Operation and Maintenance 
RAOs = Remedial Action Objectives 
TRMs = Turf Reinforcement Mats 
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Opinion of Probable Construction Cost - Capital Costs 
RAA Riverbank Alternatives Evaluation 

Arkema, Inc. 
Portland, Oregon 

Item Unit Quantity Unit Price Total Cost 

Site Preparation 
Mobilization/Demobilization (incl. H&S, site mgmt) LS 1 50,000$ 
Erosion and Sediment Control (incl. controls and sequencing) LS 1 60,000$ 
Decontamination Pad LS 1 10,000$ 
Construction Survey AC 3 5,500$ 
Subtotal 

Earthwork 
Excavation CY 10,910 3$ 
Furnish and Place Clean Soil Cover CY 6,530 18$ 
Furnish and Place Riprap CY 4,355 50$ 
Sand/Gravel Infill CY 1,745 25$ 
Subtotal 

Transportation and Disposal 
Transportation and Disposal of Excess Excavated Soil and Debris TON 15,262 40$ 
Subtotal 

50,000$ 
60,000$ 
10,000$ 
13,750$ 

133,750$ 

32,730$ 
117,540$ 
217,750$ 

43,625$ 
411,645$ 

610,480$ 
610,480$ 

CONSTRUCTION SUBTOTAL: 1,155,875$ 

Post Closure 
Operation and Maintenance (30 Years NPV) LS 1 84,548$ 
Subtotal 

84,548$ 
84,548$ 

POST-CLOSURE SUBTOTAL: 84,548$ 

TOTAL PRESENT WORTH COST (INCLUDING CAPITAL AND POST CLOSURE COSTS): 1,240,423$ 

Notes: 
1. All costs include material and labor. 
2. Unit prices obtained from Building Construction RS Means, Environmental Remediation RS Means, and engineering experience. 
3. The Engineering and Administration and Construction Management line item calculations do not include cost for transportation and 
disposal. 
4. Disposal of impacted soil is assumed non-hazardous. 
5. LS = Lump Sum, AC = Acre, CY = Cubic Yard, SF = Square Foot, SY = Square Yard, TON = Short Ton, NPV = Net Present Value 
6. The cost provided is for stabilization of the portion of the riverbank directly upgradient of the in-water removal action area (assumed 
to be approximately 1,100 feet in length along the river). 
7. The remedy includes regrading the riverbank adjacent to the in-water removal action area. Slopes steeper than 2 horizontal to 1 
vertical (2:1) will be regraded to 2:1, while flatter slopes will remain at their current slope. The excavated soil will be managed with a 
combination of off-site disposal and on-site regrading. A clean soil cover will be placed over the riverbank. 
8. Sand/Gravel infill is used to fill the voids of the riprap layer and does not add to the total volume of fill with respect to the cut/fill 
balance. 
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ERM 1 LSS/93634.06 –MARCH 2009 

 

1.0 INTRODUCTION 

On behalf of Legacy Site Services LLC (LSS), agent for Arkema Inc., ERM-
West Inc. (ERM) has prepared this Data Gaps Investigation Work Plan (Work 
Plan) for the former Arkema Portland Plant (the Site) located at 6400 NW 
Front Avenue, Portland, Oregon (Figure 1-1).  This work plan provides the 
rationale and proposed scope of work to fill identified data gaps in 
support of the upland feasibility study (FS) and groundwater source 
control measure (SCM) to be performed at the Site.   

On 28 January 2009, and again on 24 February, representatives from LSS, 
Oregon Department of Environmental Quality (ODEQ), ERM, and 
Integral met to discuss and agree upon data gaps to be investigated at the 
Site as part of this investigation.  This work plan has been prepared in 
accordance with the agreements reached in those meetings. 

This work plan includes the following three scope of work elements: 

• Collection of one round of groundwater samples from all site 
monitoring wells and analysis for a wide range of constituents of 
interest (COIs); 

• Collection of soil samples from two areas of the site and analysis of 
the samples for dioxins/furans.  The samples will be collected from 
1) the vicinity of the historical chlorate cell room (now identified as 
the former maintenance shop) and, 2) the area of the former brine 
residue and asbestos ponds; and 

• Performance of four aquifer hydraulic conductivity tests (i.e., pump 
tests): two in the shallow groundwater aquifer and two in the 
intermediate groundwater aquifer.   

This work will be conducted in general accordance with the procedures 
described in Elf Atochem Acid Plant Area Remedial Investigation and 
Feasibility Study Work Plan (Exponent 1998) (RI/FS Work Plan). 

The following subsections provide the objectives of this Work Plan and 
the data gaps investigation, a Site description and history, and the 
organization for the remainder of the work plan.  
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1.1 OBJECTIVES 

The objectives of this Data Gaps Work Plan and the data gaps 
investigation are to: 

• Provide an updated Conceptual Site Model (CSM) for 
dioxins/furans at the Site; 

• Identify and fill data gaps sufficient to evaluate remedial 
technology alternatives in the uplands FS; and 

• Collect data to support the design of the groundwater SCM. 

• Provide additional information regarding the migration of 
contaminants from the upgradient Rhone-Poulenc  facility (across 
NW Front Ave) onto the Site 

1.2 SITE DESCRIPTION  

The Site is located at 6400 N.W.  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 is located 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 in the northwest industrial area of Portland, Oregon (Figure 1-1).  
The property is located adjacent to the Portland Harbor Superfund site. 

The property lies within the Guild’s Lake Industrial Sanctuary Plan 
(formerly the Northwest Portland Industrial Sanctuary).  The Site is zoned 
and designated “IH” for heavy industrial use, which precludes it from 
non-industrial uses.  The purpose of the Guild’s Lake Industrial Sanctuary 
Plan is to maintain and protect this land as a dedicated area for heavy and 
general industrial uses.  Therefore, while future use of the facility is 
unknown, it will likely be heavy industrial. 

1.3 SITE HISTORY  

Inorganic chemicals were manufactured at the 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 
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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 for the docks in the Willamette River, 
but the docks are not currently in use.  Current and historical upland 
contaminant sources are shown in Figure 1-2.  

Arkema (formerly known as ATOFINA Chemicals, Inc., Elf Atochem 
North America, Inc., and the Pennwalt Corporation) has conducted 
investigations and performed a number of Interim Remedial Measures 
(also referred to as SCMs) in the upland portion of the Site since 1994.  In 
1995, Arkema (then known as Elf Atochem) submitted an intent to 
participate in the ODEQ Voluntary Cleanup Program, an agreement that 
was later signed with ODEQ in 1996.  In 1998, Arkema signed a voluntary 
agreement with ODEQ 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 Upland Remedial 
Investigation Report Lots 3 & 4 and Tract A – Revision 1 (RI Report) was 
submitted to ODEQ 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 near shore 
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 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 2006a).  In 
addition, following the submittal of the final RI Report, ODEQ and 
Environmental Protection Agency (EPA) issued the Portland Harbor Joint 
Source Control Strategy guidance document (ODEQ 2005). 

Arkema and EPA entered into an Administrative Order on Consent on 
27 June 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 
26 September 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 14 July 2006 (Integral 2006a).  
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The revised work plan included screening results for sediments, river 
bank soils and groundwater, transition zone water, and surface water at 
the Site.  In 2007, EPA prepared the Arkema Early Action EE/CA Work Plan 
(EPA 2007).  An EE/CA work plan addendum was subsequently prepared 
by Integral and dated 22 July 2008 (Integral 2008b). 

In May 2008, LSS submitted a focused feasibility study for a groundwater 
SCM at the Site (ERM 2008).  On 23 February 2009, ODEQ approved the 
general approach for the groundwater SCM.  This approach includes 
installation of a slurry groundwater barrier wall and a groundwater 
extraction and treatment system, with treated water discharge to the 
Willamette River. 

Arkema and ODEQ entered into an Administrative Order on Consent on 
31 October 2008 (Consent Order) for the upland portion of the Site.  The 
upland Order requires submittal of various documents in support of 
upland source control (groundwater, storm water, and erodible soil) and 
the upland Feasibility Study.  This Data Gaps Work Plan is one of the 
documents specified in the Consent Order.  

1.4 REPORT ORGANIZATION 

The remainder of this report is organized as follows:  

• Section 2 provides an updated conceptual site model, focusing on 
dioxin and furans on site.  

• Section 3 presents an analysis of data gaps to be investigated.   

• Section 4 details the scope of activities to be performed as part of 
this investigation. 

• Section 5 contains the schedule for activities proposed in this work 
plan. 

• Section 6 lists the references cited in the work plan. 

Appendix A provides standard operating procedures for the proposed 
aquifer pump test. 
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2.0 DIOXINS AND FURANS CONCEPTUAL SITE MODEL 

The CSM for the Site has been presented in several previous documents, 
including the RI report (ERM 2005) and, most recently, the Revised Draft 
Arkema Work Plan: Engineering Evaluation/ Cost Analysis (Integral 2006a).  
To date, the Site CSM has not included discussion of the presence of 
chlorodibenzo-p-dioxins (CDDs) and chlorodibenzo-p-furans (CDFs) 
(collectively referred to as dioxins/furans).  This section presents the 
revised CSM for dioxins/furans at the Site. 

2.1 BACKGROUND 

When used in an environmental context, the term “dioxins” refers to 
CDDs and CDFs, of which there are 210 individual compounds, or 
congeners.  Concentrations of dioxins are typically given as toxic 
equivalency quotients (TEQs), or equivalent amounts of 2,3,7,8-
tetrachlorodibenzo-p-dioxin, the most toxic congener.  Chromographic 
patterns associated with different congeners and their relative amounts, 
referred to as the “dioxin fingerprint,” are also reflective of the sources of 
the dioxins. 

The 75 individual CDDs and 135 CDFs form a set of CDD and CDF 
congeners.  When CDDs and CDFs are subdivided by the degree of 
chlorination, the term homolog is used, e.g., the Tetrachlorodibenzo-p-
dioxin homolog, in which there are 14 different CDD congeners each 
containing four chlorine atoms.  CDDs and CDFs of a given homolog with 
different chlorine substitution positions are isomers.  Individual CDDs 
and CDFs are referred to as congeners.  

To evaluate dioxin/furan sources at the Site, in the immediate vicinity, 
and in the region, congener profiles were prepared from groundwater, 
soil, and sediment CDD and CDF analyses.  Congener profiles present the 
fractional distribution of CDDs and CDFs contained in a sample (i.e., 
dioxin fingerprint).  Congener profiles can be used to compare or 
distinguish differences in the types and amounts of congeners present and 
provide insights on formation of CDDs and CDFs from different sources.  
In the analysis of the CDDs and CDFs, congener profiles were prepared 
by summing the concentration of CDDs and CDFs in a sample and 
dividing the homologous groups by the total CDD/CDF concentration.   
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The histogram charts for solids (soil, river sediment, and catch basin 
sediment) and groundwater are shown on Figures 2-1 and 2-2, 
respectively.  The pie charts for solids (soil, river sediment, and catch 
basin sediment) and groundwater are shown on Figure 2-3 and 2-4, 
respectively. 

2.2 CDD/CDF FORMATION AND SOURCES 

CDDs and CDFs are formed as a by-product or contaminant in 
manufacturing and combustion processes.  Sources of CDDs/CDFs vary 
widely, but are typically a combination of chlorine, organics, and oxygen 
coupled with heat.  The EPA has grouped the major sources of 
environmental releases of CDDs and CDFs into five broad categories (EPA 
2006): 

1) Combustion Sources:  CDDs /CDFs are formed in most combustion 
systems, including waste incineration, burning of fuels such as coal 
and petroleum products, and uncontrolled combustion such as forest 
or building fires. 

2) Metal Smelting, Refining, and Processing Sources:  CDDs/CDFs can be 
formed during primary and secondary metals operations including 
sintering, steel production, and scrap metal recovery. 

3) Chemical Manufacturing:  CDDs/CDFs can be formed as by-products 
from the manufacture of chorine bleached wood pulp, chlorinated 
phenols, polychlorinated biphenyls, phenoxy herbicides, and 
chlorinated aliphatic compounds. 

4) Biological and Photochemical Processes:  Studies suggest that 
CDDs/CDFs can be formed under certain environmental conditions 
(e.g., composting) and from photolysis of highly chlorinated phenols. 

5) Reservoir Sources:  Reservoirs are material or sources that contain 
previously formed CDDs/CDFs that have the potential for 
redistribution into the environment.  Potential reservoir sources 
include soils sediments, biota, and water. 
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2.3 CDDS/CDFS AND THE CHLOR-ALKALI PROCESS 

Rappe, et al (Rappe 1991) and EPA (EPA 2006) have reported that CDDs 
and CDFs are produced during chlorine production using the chlor-alkali 
process.  Chlorine gas is produced by electrolysis of brine electrolytic 
cells.  Until the late 1970s, the primary type of electrolytic process used in 
the chlor-alkali industry to produce chlorine consisted of the use of cells 
containing graphite electrodes (EPA 2006).  Elevated concentrations of 
CDFs have been detected in the sludge formed on graphite electrodes.  
Although the origin of the CDFs in graphite electrode sludge is uncertain, 
chlorination of the cyclic aromatic hydrocarbons (such as dibenzofuran) 
present in the coal tar used as a binding agent in the graphite electrodes 
has been proposed as the primary source (Strandell 1994). 

Both Rappe and EPA observed that, predominately, CDFs were produced 
in the process and that the concentrations of CDDs were below detection 
limits.  Rappe has called this pattern the “chlor-alkali pattern.”  Various 
studies have observed this distribution of CDFs in sludge and soil at 
chlor-alkali plants (EPA 2006, Shields 2006).  Examples of the chlor-alkali 
pattern, based on profiles presented in An Inventory of Sources and 
Environmental Releases of Dioxin-Like Compounds in the United States for the 
Years 1987, 1995, and 2000 (EPA 2006), are provided in Figure 2-5 below. 
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Figure 2-5 Examples of chlor-alkali CDF/CDD homolog patterns in three samples of 
graphite electrode sludge from chlorine production.  Source: An Inventory 
of Sources and Environmental Releases of Dioxin-Like Compounds in 
the United States for the Years 1987, 1995, and 2000 (EPA 2006) 
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Based on the distinctions between CDD/CDF congener profiles observed 
in different sources, and the CDF-dominated congener profile observed 
by Rappe and others at chlor-alkali plants, comparison of congener 
profiles can be used to evaluate sources of groundwater, soil, and 
sediment CDD/CDF contamination at the Site. 
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2.4 SOURCES OF CDDS/CDFS AT THE ARKEMA SITE 

Chlorine was manufactured in two areas of the facility: the old chlorine 
cell room (more recently used as a maintenance shop), and the new 
chlorine cell room (also referred to as “Diamond”) (Figure 1-2).  The old 
chlorine cell room used asbestos diaphragm chlorine cells with graphite 
anodes.  As discussed in Section 2.3 above, chlorine production using 
graphite anodes is a potential source of predominately CDFs.  Production 
in this area ceased in 1971. 

Chlorine manufacturing was then moved to the new chlorine cell room.  
Graphite anodes were not employed in the new cell room; rather, titanium 
metal anodes were used.  Sludge produced using titanium anodes are not 
expected to contain CDFs (EPA 2006).  Waste asbestos from the new 
chlorine cell room was stored in the former asbestos pond located on Lot 2 
of the Site (Figure 1-2). 

2.5 VICINITY SOURCES OF CDDS/CDFS 

The presence of CDDs/CDFs has been documented in “practically all 
media including air, soil, meat, milk, fish, vegetation, and human 
biological samples” (Travis 1991).  The widespread occurrence of 
CDDs/CDFs is likely the result of “atmospheric dispersion and deposition 
of particles resulting from combustion processes, from forest fires to waste 
incineration to auto exhaust” (Shields 2006). 

Table 1-1 provides a summary of known or suspected sources of 
CDDs/CDFs in the vicinity of the Site.  This information has been 
obtained from the ODEQ Environmental Cleanup Site Information 
database.  Many of the sites in Table 1-1 have undergone, or are currently 
undergoing, cleanup for CDD/CDF contamination.  Possible transport 
pathways from these sites to surrounding sites include groundwater 
migration, air deposition, and surface run-off. 

In addition to the vicinity sources identified in Table 1-1, other point and 
non-point sources of CDDs/ CDFs exist in the region, which fall within 
the five broad EPA categories identified above.  These sources present a 
source of airborne CDDs/CDFs, and include coal fired utilities, metal 
smelting, incinerators, diesel trucks, land application of sewage sludge, 
burning treated wood, and trash burn barrels (EPA 2006). 
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2.6 SOURCES OF DATA AT THE ARKEMA SITE 

Groundwater, soil, and sediment samples have been collected and 
analyzed for dioxins/furans during several rounds of sampling at the Site.  
The primary sources of dioxin/furan and other analytical data to prepare 
this revised CSM include: 

• August 2006 groundwater sampling results from the Site; 

• April 2007 groundwater sampling results from the Site; 

• Storm water catch basin sampling results from the Site; 

• Riverbank soil sampling from the Site; 

• LWG river sediment sampling results; and 

• Historical soil and groundwater sampling results from the former 
Rhone-Poulenc (RP) property (currently owned by Starlink 
Logistics, Inc.) and surrounding properties.  Detailed references for 
RP data are provided in the last section of this report. 

The analytical results from these sampling events, including CDD/CDF 
fingerprints, are presented on Figures 2-1 through 2-4. 

2.7 ANALYSIS OF CDD/CDF DISTRIBUTION 

The following sections present an analysis of the observed dioxin/furan 
fingerprint patterns for the various media for which data were obtained. 

2.7.1 Solids 

Solid samples include soil (shallow and deep), river sediment, and storm 
water catch basin sediment.  The dioxin fingerprints for these media are 
shown on Figures 2-1 and 2-3.  Figure 2-6 presents a “scatter diagram” of 
CDD and CDF detections in upland solid samples (soil and catch basin 
sediment) from the study area.  Figure 2-7 presents a “scatter diagram” of 
CDD and CDF detections in river sediment samples from the study area. 
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Figure 2-6 Scatter diagram of CDD and CDF detections in upland solid samples (soil 
and catch basin sediment) from the study area (μg/kg) 
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Figure 2-7 Scatter diagram of CDD and CDF detections in river sediment samples 
from the study area (μg/kg) 
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2.7.1.1 Storm Water Catch Basin Samples 

Samples of storm water catch basin sediment (which include samples 
collected from the catch basins themselves and from filter socks placed 
above the catch basin) indicate a fairly uniform signature that is 
predominately composed of CDDs (average of 86 percent relative CDDs 
compared to total CDDs/CDFs).  A typical fingerprint from the catch 
basin samples is shown on Figure 2-1 (Sample CB-001-05-FS).  The high 
relative CDD content indicates the source of CDDs/CDFs in the catch 
basins is not likely associated with historical chlor-alkali operations at the 
Site.  Figure 2-3 shows the close grouping with respect to percent 
composition of these samples – evidence of the consistent nature of these 
results.  All of the catch basin sediment samples share remarkably similar 
dioxin fingerprints and concentrations.  These fingerprints are similar to 
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documented background dioxin fingerprints (Shields 2006, EPA 2006), 
providing evidence these detections are likely the result, at least in part, of 
ubiquitous atmospheric sources of CDDs/CDFs discussed above. 

Sediment samples from the catch basins themselves are representative of 
material that could have been deposited years ago, up through the time of 
sampling.  Since the filter socks were only recently placed (after site 
demolition), sediment samples from the filter socks are representative of 
material generated post-demolition.  Figure 2-6 reveals that the samples 
with the highest CDD/CDF concentrations were collected from the filter 
socks, indicating that at least the majority of CDDs/CDFs were 
transported post-demolition.  There is strong evidence that 
pentachlorophenol (PCP) from treated wood poles may be this post-
demolition source, and is the major source of the CDD/CDF detections in 
the storm water catch basins and filter socks, especially the three samples 
with the highest detections. 

PCP has historically been used for a variety of commercial applications, 
most commonly for wood treatment or use as a biocide.  Utility poles, and 
other wood products, are still currently treated using PCP.  CDDs and 
CDFs are common contaminants in PCP.  During a walk of the Arkema 
property, it was observed that several cut power poles were located 
immediately adjacent to storm water catch basins that contained elevated 
CDD/CDF and PCP concentrations.  It was noted that these power poles 
were removed immediately prior to the catch basin sampling, and thus 
CDDs/CDFs could have resulted from the cutting and removal of the 
power poles.  Analytical results for samples from the power pole stumps 
confirmed the presence of elevated concentrations of CDDs and CDFs.  
The observed fingerprint was consistent with PCP. 

Figure 2-8 presents a “scatter diagram” of the CDD/CDF TEQ and PCP 
concentrations in the Arkema storm water catch basins and filter socks.  
The diagram shows that the three samples with the highest CDD/CDF 
concentrations also possessed the three highest PCP concentrations.  The 
coefficient of correlation (R) for the TEQ and PCP variables is 0.76 
(coefficient of determination [R2] is 0.58).  This indicates good correlation 
between CDD/CDF concentrations and PCP concentrations (R = 1 
indicates perfect correlation, R = 0 indicates no correlation), and offers 
evidence that the CDDs/CDFs detected in the catch basins is likely related 
to contaminated PCP from the nearby power poles.  A comparison of PCP 
concentrations to the total Hx-CDF and Pe-CDF homologs, two homologs 
which have been associated with PCP contamination (Shields 2006), reveal 
an identical R value (0.76). 
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Figure 2-8 Scatter diagram of CDD/CDF TEQ and PCP concentrations in Arkema 
storm water catch basin sediment samples.  R = 0.76 

p

R2 = 0.58

0
2
4
6
8

10
12
14
16

0 0.001 0.002 0.003 0.004 0.005
Dioxin/Furan TEQ (mg/kg)

Pe
nt

ac
hl

or
op

he
no

l 
C

on
ce

nt
ra

tio
n 

(m
g/

kg
)

Catch Basin Sediment

Filter Sock Sediment

Trendline

 

While three of the sediment catch basin samples contained relatively high 
concentrations of CDFs, as well as CDDs, the total concentration of all 
CDFs was less than or on the same order of magnitude as soil samples 
from the upgradient RP site, and sediment samples from the vicinity of 
storm sewer Outfall 22B.  The consistency in dioxin/furan fingerprint 
between all of the catch basin samples, regardless of magnitude of the 
concentrations detected, indicates that it is unlikely the elevated CDF 
detections in some of the catch basins are “masking” a chlor-alkali CDF 
signature.  If chlor-alkali activities were responsible for the CDDs/CDFs 
detected in catch basin samples, a chlor-alkali signature would be evident 
in the samples with low concentration detections.  This is not the case, and 
therefore other sources (e.g., treated wood poles or atmospheric sources) 
appear to be the more likely source of CDDs/CDFs in all of these catch 
basin samples. 

2.7.1.2 Soil 

Figures 2-1, 2-3, and 2-6 reveal that there is a diversity of relative 
CDD/CDF composition and fingerprints for soil results across the study 
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area (i.e., Arkema and upgradient sites).  While soil samples from the 
former RP site display some localized patterns, the fingerprints from the 
RP site cover a spectrum of profiles.  This is consistent with the variety of 
potential CDD/CDF sources which exist at the RP site and in the 
immediate vicinity, including herbicide production, lead smelting, and 
waste handling. 

River bank soil samples from the Arkema site show similar variability 
with little consistency in dioxin fingerprints.  While some samples show 
high relative concentrations of CDFs, only one river bank sample (out of 
18 samples) indicated greater than 70 percent relative CDFs (compared to 
total CDD/CDF concentration).  This appears to indicate that the source of 
CDDs/CDFs in the river bank soil is not predominately historical chlor-
alkali operations. 

Soil samples that showed consistency were the shallow soil samples from 
Lots 1 and 2, which are clustered closely on Figure 2-6.  These four 
samples, which were collected between 2- and 13-feet below ground 
surface (bgs) during Starlink Logistics, Inc.’s soil investigation of Lots 1 
and 2, indicate relative CDD concentrations between ten and 100 times the 
respective CDF concentrations (96 to 99 percent CDDs).  By comparison, 
the two deep soil samples from Lots 1 and 2 (86- to 93-feet bgs) indicated 
more evenly-distributed relative CDD and CDF concentrations.  Although 
the number of samples in this data subset is small, these data indicate that 
the CDDs in these shallow soil samples are not attributable to historical 
chlor-alkali operations at the Site.  The concentrations of CDDs detected in 
these samples are very low compared to other on- and off-site soil samples 
and may be attributable to dredge sediment historically placed on Lots 1 
and 2. 

2.7.1.3 River Sediment 

Figure 2-7 provides relative CDD and CDF compositions for sediment 
samples from the Willamette River upstream, downstream (near the 
railroad bridge), and immediately adjacent to the Site.  A few patterns are 
apparent from this figure.  First, total CDD/CDF concentrations (but not 
TEQs) are generally higher immediately adjacent to the Site, although 
concentrations do span the entire spectrum for river sediments.  This is 
driven primarily by the CDF concentrations in several samples in the 
vicinity of docks No. 1 and No. 2 (e.g., Sample LWG0107R006SDS015C00).  
Concentrations upstream of the Site are generally lower than adjacent and 
downstream samples. 
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Second, while upstream and downstream samples indicated CDD 
concentrations greater than the respective CDF concentrations (in-between 
the red and black bars on Figure 2-7), sediment samples from adjacent to 
the Site showed the opposite (in-between the blue and black bars on 
Figure 2-7).  For example, the sediment sample collected from between 
docks No. 1 and No. 2 (LWG0107R006SDS015C00) contained 99 percent 
relative CDFs, whereas samples from the vicinity of Outfall 22B show a 
more CDD-dominated profile (see comparative fingerprints in Figure 2-9).  
This indicates a separate signature (and likely source) for the CDFs in 
these sediments samples.  The high relative CDF concentrations in sample 
LWG0107R006SDS015C00 appear to suggest that the source of the 
CDDs/CDFs could be historical chlor-alkali operations at the Site. 

Figure 2-9 Dioxin/furan fingerprints for sediment samples collected between No. 1 
and No. 2 docks (left) and adjacent to Outfall 22B (right) 
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Sample WLCDRD05PG060
(adjacent to Outfall 22B)
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The dioxin fingerprints for the sediment samples collected downstream of 
the Arkema property, immediately adjacent to the railroad bridge and the 
RP storm water outfall 22B, are very similar in profile, relative percent 
CDD, and concentrations (see Figures 2-1, 2-3, and 2-7).  This consistency 
appears to be indicative of a common source of the CDDs/CDFs in these 
samples.  The location of the samples, and the associated consistent 
fingerprints which differ from those adjacent to the Arkema site, appear to 
indicate the nearby RP storm water outfall is the likely source of these 
CDDs/CDFs.   
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2.7.2 Groundwater 

Detections of CDDs/CDFs in groundwater on the Site have been 
characterized by relatively low concentrations and predominately CDF 
compositions.  Less than 30 percent of the wells sampled during the 2006 
and 2007 monitoring events and analyzed for CDDs/CDFs indicated 
detectable levels of CDDs/CDFs (eight detections total).  Six of the eight 
detections were 100 percent CDFs.  Of the remaining two samples with 
CDD detections, the concentrations were very low (“J” or estimated 
values).  Historical groundwater data (year 2000) from the properties 
immediately upgradient of the Site (e.g., Esco, Gould, and Metro) also 
reveal low concentration, all-CDF detections.   

The CDD/CDF TEQs for the monitoring wells in the former Acid Plant 
area of the Site are higher than those observed on Lots 1 and 2, and in 
upgradient wells (Figure 2-4).  Two possible explanations for CDF 
detections in the former Acid Plant area are: 1) CDFs are related to 
historical chlor-alkali operations at the Site, or 2) the elevated CDFs 
represent a “slug” of higher concentration groundwater moving from an 
upgradient source.   

CDD/CDF impacts on Lots 1 and 2 appear to be minimal.  Groundwater 
detections at the former RP site are relatively high and cover a spectrum 
of fingerprints (see Figure 2-2).  Thus, it is possible that the CDDs/CDFs 
on Lots 1 and 2 result from an upgradient source (e.g., the former RP site). 
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3.0 IDENTIFICATION OF DATA GAPS  

The following section present the rationale for identification of the data 
gaps addressed in this work plan. 

3.1 DIOXINS/FURANS 

As presented in the CSM for dioxins/furans in Section 2.0 above, 
sufficient data exists for groundwater, river bank soil, and sediment at the 
Site to allow risk assessment and evaluation of remedial alternatives in the 
upland FS.  However, to date, upland soil samples have only been 
collected from Lots 1 and 2.  As a result, several soil samples will be 
collected and analyzed for dioxins/furans as part of this data gap 
investigation. 

Samples will be collected from two areas of the Site: the old chlorine cell 
room (Lot 4) and the former asbestos and brine residue ponds (Lot 2).  As 
discussed in Section 2.4, chlorine was manufactured in the old chlorine 
cell room using diaphragm cells with graphite anodes.  These graphite 
anodes are a possible source of predominately CDFs, and therefore several 
soil samples will be collected from this area. 

The former asbestos pond received asbestos waste from the new chlorine 
cell room.  While it is highly unlikely that the newer asbestos diaphragm 
chlorine cells that used titanium anodes would generate quantities of 
furans above industrial background levels (EPA 2006), soil samples will be 
collected from this area to confirm the absence of furans at concentrations 
indicative of a source area. 

3.2 GROUNDWATER CHEMICAL DATA 

The last complete round of groundwater sampling was performed at the 
Site in April 2007 (ERM 2007).  Since that time, seven new monitoring 
wells have been installed that have not yet been sampled.  In order to 
provide current groundwater data for the upland FS and the groundwater 
SCM, a complete round of groundwater samples will be collected and 
analyzed for a wide spectrum of COIs. 
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3.3 GROUNDWATER SOURCE CONTROL MEASURE 

An important design component of the groundwater SCM is the 
groundwater extraction well design.  Extraction wells must be properly 
designed and spaced to provide hydraulic capture.  Hydraulic 
conductivities for both the shallow and intermediate groundwater 
aquifers (the two aquifers from which groundwater will be captured) are 
key parameters in the design of these extraction wells. 

To date, hydraulic conductivity has been estimated based on several short 
pump tests performed at the Site.  In order to provide a reliable estimate 
of hydraulic conductivity in both the shallow and intermediate 
groundwater aquifers, several long-term pump tests are required. 
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4.0 SCOPE OF WORK AND SAMPLING METHODOLOGY 

4.1 GROUNDWATER MONITORING 

One groundwater monitoring event will be conducted to support the 
design of the proposed groundwater SCM.  A monitoring well location 
map is included in Figure 3-1.  Groundwater sampling activities will be 
conducted in accordance with the Remedial Investigation/FS Work Plan.   

Groundwater monitoring field work will include the collection of 
groundwater elevation data, general water quality data, and groundwater 
samples for laboratory analysis. 

4.1.1 Groundwater Elevation Monitoring 

Groundwater elevation data will be collected from monitoring wells to be 
sampled prior to sampling activities.  The measurements will be recorded 
to the nearest 0.01 inch with an electronic water level indicator relative to 
a surveyed reference point.  The water level indicator will be rinsed with 
isopropyl alcohol, followed by deionized water between each 
measurement.  

4.1.2 Low Flow Groundwater Sample Collection Procedure  

Groundwater samples will be collected using low flow sampling 
techniques from a total of 97 monitoring wells.  One sample will be 
collected from each well, except for well MWA-75i.  Samples will be 
collected from two depths in well MWA-75i, where a 15-foot screen 
interval was installed across two potential water-bearing zones.  
Monitoring well locations are shown on Figure 3-1.  The proposed 
analytical schedule for each well is outlined in Table 3-1. 

Groundwater samples will be collected using low-flow sampling 
techniques employing a submersible, air-actuated bladder pump.  Low-
flow purging and sampling methods will be used to obtain representative 
groundwater samples while minimizing the amount of purge water 
generated.  Low-flow well purging procedures are as follows: 

• New, disposable polyethylene (or equivalent) tubing will be 
attached to the outlet of the decontaminated pump prior to purging 



 
 

ERM 21 LSS/93634.06 –MARCH 2009 

 

each well.  The pump will be slowly lowered into the well to 
minimize the mixing of casing water and the suspension of silt at 
the bottom of the well.  The pump will be placed near the middle or 
slightly above the middle of the screened interval and as close as 
possible to the same depth used in past sampling events.  The 
pumping rate will be adjusted to approximately 100 to 500 
milliliters per minute, and as close to the same rate used during 
past sampling events based on field notes.  The depth of the pump 
intake will be recorded in the field notes. 

− At well MWA-75i, the well will be purged and then sampled at 
two separate depths.  The pump will first be set between 27 and 
30 feet bgs.  The pump will then be set between 34 to 40 feet bgs.   

• Purge water temperature, pH, specific conductance, dissolved 
oxygen, redox potential, and turbidity will be monitored using an 
in-line flow cell.  At a minimum, readings will be taken and 
recorded every three to five minutes. 

• Purging will be suspended when the following parameters have 
stabilized for three successive readings or when at least one well 
casing volume has been purged: 

− Temperature: ± 1 degree Celsius; 

− pH: ± 0.1 units; 

− Specific conductance: ± 10 percent; and 

− Dissolved oxygen or turbidity: ± 10 percent. 

• Purging will be continued with a goal of turbidity readings less 
than 10 nephelometric turbidity units (NTUs).  

• After well-purging criteria are satisfied, the in-line flow cell will be 
disconnected and groundwater samples will be collected in the  
appropriate containers.  Samples to be analyzed for dissolved 
phase constituents shown on Table 3-1 will be field filtered using a 
0.45 micron filter. 

• The pump will be removed from the well, disposable tubing will be 
discarded, and the pump will be decontaminated as described in 
Section 4.1.5. 

When purging and sampling wells with relatively low-yield rates where 
continuous flow is not sustainable during well purging, the pump will be 
turned off and the well will be allowed to recover for a period not longer 
than 24 hours.  After the water level in the well has recovered, the 
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required samples will be collected with the pump placed near the middle 
of the screened interval. 

4.1.3 Regenerative Cellulose Dialysis Membrane Sampling  

Several monitoring wells (MWA-15r and MWA-69) have historically 
elevated, but variable, concentrations of DDT.  These samples are thought 
to be influenced by the inclusion of soil/sediment entrained in sample 
during collection.  Previous efforts to investigate the interference of DDT 
absorbed to entrained soil have included decanting or filtering (0.45 
micron) the samples.  The results of these investigations have been 
inconclusive (ERM 2007).   

Recent advancements in passive sampling technology include the 
development of regenerated-cellulose dialysis membrane (RCDM) 
samplers (Interstate Technology and Regulatory Council (ITRC) 2006).  
RCDM samplers are passive samplers consisting of a tube of high-grade 
regenerated-cellulose dialysis membrane filled with deionized water.  The 
RCDM tube is held inside an outer protective layer of low density 
polyethylene (LDPE) mesh.  The semi-permeable membrane allows 
diffusion of dissolved ionic species into the sampler.   

The sampler is lowered into the well to the required sampling depth and 
secured.  The sampler is left in place for approximately 2 weeks, and then 
retrieved.  The sample bag is opened and the contents transferred into the 
appropriate laboratory container.  The sample is then packaged and 
submitted for analysis as per the low flow sampling procedures (Section 
4.1.2). 

Currently, RCDM samplers are not commercially available, in part 
because they will tend to biodegrade over time.  The proposed samplers 
will require custom construction for use at the Site following ITRC 
guidance on RCDM construction, modified for use in smaller (2-inch) 
diameter wells.   

4.1.4 Analytical Requirements 

Groundwater samples from monitoring wells will be selectively analyzed 
for one or more of the following: 

• Volatile organic compounds by United States Environmental 
Protection Agency (USEPA) Method 8260B;  
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• Total Petroleum Hydrocarbons (Diesel range) by method NWTPH-
Dx; 

• Polycyclic Aromatic Hydrocarbons by USEPA Method 8270; 

• Organochlorine pesticides by USEPA Method 8081A; 

• Herbicides (silvex, 2,4-D) by USEPA 8151A; 

• Dioxin and Furans by USEPA Method 8290; 

• Chloride by USEPA Method 300.0; 

• Perchlorate by USEPA Method 314.0;  

• Hexavalent Chromium by USEPA Method 7195; 

• Dissolved metals (arsenic, aluminum, cadmium, copper, lead, 
nickel, zinc, iron, and manganese) by USEPA Method 6010B; and 

• Dissolved Methane by Method RSK 175. 

The analytical requirements for individual monitoring wells are detailed 
in Table 3-1.  These analyses are in accordance with the Quality Assurance 
Project Plan (QAPP) for the RI/FS Work Plan and addenda.   

Based on the results of the April 2007 site-wide groundwater monitoring, 
the dissolved metals analytical schedule has been reduced in order to 
focus on areas that are potentially impacted by COIs, and provide 
information for the design of the proposed groundwater SCM.  The 
proposed changes in analytical scope are as follows: 

• Arsenic sampling to be focused on those areas that have historical 
arsenic concentrations greater than the Portland Harbor  Joint Source 
Control Strategy screening level value of 50 micrograms per liter 
(μg/L), and have low or high pH. 

• Removing total chromium from the list of dissolved metals analyses 
due to the low solubility and low toxicity of chromium and the 
historically low concentrations following implementation of the 
Hexavalent Chromium IRM.  Hexavalent chromium will continue to 
be monitored. 

• Manganese sampling to be focused on providing information for the 
planning and design of the aquifer pumping test and groundwater 
extraction and treatment system.   

The samples collected for hexavalent chromium analysis will be delivered 
to Columbia Analytical Services in Kelso, Washington.  All other samples 
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will be delivered either by hand or shipped to TestAmerica Laboratories 
in Beaverton, Oregon for analysis.  

4.1.5 Equipment Decontamination 

All non-disposable sampling equipment will be decontaminated prior to 
use and between sample locations.  Sampling equipment will be scrubbed 
with an aqueous solution of laboratory-grade detergent (e.g., Alconox), 
followed by a rinse with tap water, followed by an iso-propyl alcohol 
rinse, followed by a rinse with deionized water.  To avoid cross 
contamination between samples, the disposable bladder on the pump and 
the polyethylene tubing will be changed between each well.  

4.1.6 Investigation-Derived Waste Management 

Decontamination fluids and purge water will be contained in segregated 
55-gallon drums.  ERM will be responsible for collecting, sampling, 
characterizing, and labeling containers, as necessary.  ERM will be 
responsible for coordinating disposal of investigation-derived wastes. 

4.1.7 Quality Assurance /Quality Control  

Field quality assurance/quality control (QA/QC) samples will be 
collected in accordance with the QAPP.  Trip blanks will be included in 
each cooler that contains volatile organic compound samples.  One field 
duplicate sample will be collected for every 20 samples with a minimum 
of one for each analyte.  In order to verify efficacy of decontamination of 
equipment, one rinsate sample will be collected for every 20 samples with 
a minimum of one per sampling event.  QA/QC samples will 
preferentially be collected at wells known to have significant 
concentrations of the selected analytes.  A summary of all groundwater 
analyses, including the QA/QC samples, is provided in Table 3-2.   

Field notes taken during sampling activities will be recorded in the field 
log book using indelible ink.  Samples will be immediately labeled 
following collection, with the required data.  Sample data will be entered 
into the Chain-of-Custody record to ensure proper tracking and control.  
Samples will be shipped or delivered to the laboratory in sealed 
containers and accompanied by the Chain-of-Custody record.  QA/QC 
samples, including trip blanks, field duplicates, and rinsate samples will 
be collected, controlled, and shipped in the same manner as normal field 
samples.  
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4.2 SOIL SAMPLING 

Soil samples will be collected from three locations (B-122 to B-124) near 
the historical chlorate cell room (now identified as the former maintenance 
shop) to assess for the presence of dioxins and furans.  Dioxin and furan 
samples will also be collected from the former brine residue pond (B-125) 
and the former asbestos pond (B-126).  Proposed soil sampling locations 
are shown on Figure 3-2.   

4.2.1 Utility Clearance 

Prior to drilling, the boring locations will be marked in the field for 
inspection and approval by a facility representative familiar with utilities 
at the Site.  The boring locations will be cleared for underground utilities 
by facility personnel.  In addition, the Oregon Utility Notification Center 
will be notified prior to any drilling activities.  In the event that one of the 
planned locations interferes with subsurface utilities, the boring will be 
relocated as close to the original location as possible.  Relocated drilling 
locations will be approved by ERM’s project/site manager and an LSS 
representative. 

Additionally, attempts will be made to hand-clear all selected drilling 
locations to a depth of 4 feet bgs. 

4.2.2 Soil Sampling Approach 

Soil samples will be collected from locations B-122, B-123, and B-124 using 
a hand auger (or equivalent) to 4 feet bgs and by direct-push drilling rig 
from 4 feet bgs to the top of the water table (approximately 10 feet bgs).  
One soil sample will be collected from each of B-125 and B-126 at 
approximately 10 feet bgs by direct-push drilling rig. 

Soil samples will be collected in 2-foot intervals (i.e. 0 to 2 feet bgs, 2 to 4 
feet bgs, etc.).  Each interval will be composited by mixing in a stainless 
steel bowl and then transferred to laboratory-provided sample collection 
jars.   

Composite samples collected from the 0 to 2-foot interval will be analyzed 
within standard turn-around-time.  Deeper sample intervals will be held 
by the laboratory at 4 degrees Celsius.  Samples from deeper sample 
intervals will be released for analysis if data indicates a need for further 
vertical delineation.   
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4.2.3 Sample Identification 

Samples will be identified by the sample location (B-122 through B-126) 
and the sample depth interval.  For instance, the soil sample collected 
from 4 to 6 feet bgs at location B-122 will be identified as B-122-4-6.   

4.2.4 Analytical Method 

All soil samples will be analyzed for dioxins and furans by USEPA 
Method 8290. 

4.2.5 Equipment Decontamination 

All reusable drilling and sampling equipment will be decontaminated 
prior to use and between borings or sample collection.  Sample equipment 
may include the drill sample rod and shoe, hand auger, soil mixing bowl, 
and mixing trowel.  Sampling equipment will be scrubbed with an 
aqueous solution of laboratory-grade detergent (e.g., Alconox), followed 
by a rinse with tap water, followed by a rinse with isopropyl alcohol, 
followed by a rinse with deionized water.  All equipment will be 
positioned after the decontamination to preclude inadvertent 
contamination prior to reuse. 

4.2.6 Investigation-Derived Waste Management 

Decontamination fluids and soil cuttings will be contained in segregated 
55-gallon drums.  ERM will be responsible for collecting, sampling, 
characterizing, and labeling containers, as necessary.  ERM will be 
responsible for coordinating disposal of investigation-derived wastes. 

4.2.7 Quality Assurance /Quality Control  

Field QA/QC samples will be collected in accordance with the QAPP, 
included in the Remedial Investigation/FS Work Plan, and will include 
the following samples:  

• One field duplicate sample will be collected from a shallow soil 
sample within the study area.  The field duplicate will be identified 
with the sample location name and depth followed by a “-D”.   

• One rinsate sample will be collected in order to verify efficacy of 
decontamination of equipment.  The rinsate blank will be collected 
by collecting deionized water poured over the shoe of the sample 
collection rod and the hand auger collection bucket.  Sample 



 
 

ERM 27 LSS/93634.06 –MARCH 2009 

 

identifiers for equipment rinsate blanks will be the same as the 
primary sample collected immediately prior to the rinsate blank, 
followed by an ”R.” 

Field notes taken during sampling activities will be recorded in the field 
log book using indelible ink.  Samples will be immediately labeled 
following collection, with the required data.  Sample data will be entered 
into the Chain-of-Custody record to ensure proper tracking and control.  
Samples will be shipped or delivered to the laboratory in sealed 
containers and accompanied by the Chain-of-Custody record.  QA/QC 
samples, including trip blanks, field duplicates, and rinsate samples will 
be collected, controlled, and shipped in the same manner as normal field 
samples. 

4.3 AQUIFER TESTING PROGRAM  

4.3.1 Objectives 

Pumping tests will be performed on four new recovery wells installed 
near the proposed alignment of the barrier wall (Figure 4-1 and 4-2).  
These tests will be performed to obtain better estimates of the hydraulic 
properties of the Shallow and Intermediate Zones, and the radius of 
influence of pumping wells in this area.  The drawdown data from the 
aquifer tests will also used to re-calibrate the groundwater flow model 
developed for the Groundwater SCM Focused Feasibility Study (ERM 
2008). 

4.3.2 Background  

Currently, limited pumping test data are available from the Arkema 
facility to support the design of the barrier wall system.  Short-term (4-
hour), constant-rate pumping tests of three wells screened in the Shallow 
Zone were performed in April 2006.  Two of the wells tested, PT-1 and 
PT-2, are located near the former Chlorate Cell Room and the third well, 
PT-3, is located downgradient of the former Chlorate Cell Room near the 
Willamette River (Figure 4-3).  Only one of the wells tested, PT-2, had a 
significant yield (27.6 gallons per minute [gpm]) during testing.  The other 
two wells had yields of less than 1.0 gpm and irregular drawdown 
responses indicating possible damage to the well borings during drilling.  
A more detailed discussion of the pumping tests performed on these three 
wells is provided in Arkema Active Pilot Test Workplan, Appendix B, 
Hydraulic Testing Summary (GeoSyntec 2006). 
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The following sections describe components of the aquifer testing 
program. 

4.3.3 Observation and Recovery Well Design and Installation 

4.3.3.1 Observation Well Design and Installation 

Four shallow zone (i.e., approximately 30 feet bgs) and four intermediate 
zone (i.e., approximately 50 feet bgs) observation wells will be used 
during aquifer testing to monitor the effects of pumping in the shallow 
and intermediate aquifers.  A pair of observation wells will serve to 
monitor the effects of pumping in each aquifer, at each recovery well 
location.  The observation wells will be spaced approximately 15 feet and 
50 feet from each recovery well (see Figures 4-1 and 4-2 for recovery well 
locations).  Existing monitoring wells MWA-2, MWA-8i, MWA-41, and 
MWA-60 will be assessed (location and screened interval) for feasibility of 
use as observation wells. 

The observation wells will be constructed such that the screen intervals 
are approximately the same as the screened interval of the recovery wells 
(see Section 4.3.3.2 for recovery well design).  The observation wells will 
be installed using sonic drilling techniques, and continuous soil cores will 
be collected and described geologically by ERM personnel.   

Representative soil samples will be collected from screen zone intervals 
from two shallow observation wells and two intermediate observation 
wells.  Soil samples will be collected, described, and submitted to a 
geotechnical laboratory for grain size (sieve) analysis.  The results of the 
sieve analyses will be used to properly size the recovery well filter packs 
and well screen slot size, in order to optimize the operational efficiency of 
each recovery well.   

Construction specifications for the observation wells were based on 
previous boring logs and existing monitoring wells in the proposed 
installation areas, therefore, the following construction information is 
assumed.  Modifications will be made based on actual observations and 
data.  Observation wells will be constructed using 2-inch diameter, 
Schedule 40 PVC, flush-jointed well screen and riser pipe.  The well 
screens will have 0.010-inch slots and have a sand pack consisting of No. 
2/12 Morie sand (or equivalent) installed to a minimum height of 2 feet 
above the top of the well screen.  Upon completion of the placement of the 
sand pack, bentonite chips will be installed to approximately 2 feet bgs.  
Observation wells will be completed with lockable well caps and flush-
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mounted steel traffic-rated well boxes concreted to depth of 
approximately 2 feet bgs. 

4.3.3.2 Recovery Well Installation and Design 

Two shallow and two intermediate zone recovery wells will be installed 
for aquifer testing to determine hydraulic properties of the aquifers for the 
design of the barrier wall.  A pair of recovery wells (one shallow and one 
intermediate) will be installed at the north and south ends of the proposed 
barrier wall alignment, as presented on Figures 4-1 and 4-2.  The recovery 
well locations were selected such that: 

• The recovery wells can be used as part of the proposed 
groundwater extraction system; and  

• Impacted groundwater removed during the pump tests can be 
managed efficiently and cost effectively.  

The screen intervals for the recovery wells were identified based on 
previous borings and monitoring wells completed in the vicinity of the 
north and south barrier wall end points.  The actual screen intervals will 
be based on lithologic observations during well installation.  The recovery 
well screen intervals are presented in Table 4-1. 

The recovery wells will be installed using hollow stem auger drilling 
techniques.  Sonic drilling techniques will not be used so as to not damage 
the aquifer during well installation.  For the shallow zone recovery well 
installations, a borehole will be advanced to the top of the shallow-
intermediate silt horizon using 6-1/4-inch internal diameter (ID) augers.  
Split spoon soil samples will be collected every five feet to a depth of 25 
feet bgs and continuously thereafter, until the silt horizon is identified.  
All soil samples will be described geologically by ERM personnel.  

For the intermediate zone recovery well installations, a borehole will be 
advanced to the top of the underlying shallow-intermediate silt horizon 
using 12-1/4-inch ID augers.  Split spoon soil samples will be collected 
every five feet to a depth of 25 feet bgs and continuously thereafter, until 
the silt horizon is identified.  Once the silt horizon is identified, a 
permanent conductor casing will be installed within the augers in the 
borehole and will be backfilled with cement grout.  After the grout has 
cured, a borehole will be advanced through the conductor casing to the 
top of the deep zone (approximately 50 ft bgs) using 8-1/4-inch ID augers.  
Split spoon sampling will resume at a frequency of every five feet below 
the shallow-intermediate silt.    
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Recovery wells will be constructed using 4-inch diameter, stainless steel 
well screens (length as indicated above) and stainless steel casings.  
Recovery well sand pack and screen slot size will be determined based on 
the results of the sieve analyses completed by the geotechnical laboratory 
during the installation of the observation wells.  Upon completion of the 
placement of the sand pack, bentonite chips will be installed to 
approximately 2 feet bgs.  Recovery wells will be completed with lockable 
well caps and flush-mounted steel traffic-rated well boxes concreted to 
depth of approximately 2 feet bgs. 

4.3.3.3 Monitoring and Recovery Well Development 

The objectives of the observation and recovery well development will be 
to remove fines (silts and fine sands) from the filter pack and the natural 
formation in the vicinity of the well screen.  Removal of the 
aforementioned materials will result in maximizing the well efficiency, 
porosity, permeability, and the hydraulic communication between the 
well and the adjacent formation.  Proper well development increases both 
the reliability of data from aquifer tests and the operating efficiency of the 
well. 

Following completion, the monitoring well and recovery well installations 
each will be developed by purging via a submersible pump and surge-
block methods (Driscoll 1986).  Each recovery well will be developed for a 
maximum duration of approximately 10 hours, or until sand-free/silt free 
water is obtained (i.e., less then 50 NTUs).  Each observation well will be 
developed for a maximum of 4 hours or until sand free/silt free water is 
obtained (i.e., less than 50 NTUs). 

Water generated during well development activities will be managed in 
accordance with the steps outlined in Section 4.3.5.10. 

 

4.3.4 Recovery Well Stepped-Discharge Testing 

Following well development, stepped-discharge tests will be performed 
on each of the four newly installed recovery wells to determine a 
sustainable discharge rate for the constant rate pumping test.  Ground 
water will be pumped with a 3-inch submersible pump which is 
temporarily installed in the well.  A total of three successive higher rate 
pumping steps will be conducted at flow rates to be determined (i.e., 5, 10 
and 15 gpm).  Each step rate will be maintained until drawdown appears 
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to stabilize and/or a maximum duration of four (4) hours per pumping 
rate (i.e., no longer than 12 hours per recovery well).  Detailed procedures 
and guidelines for conducting the stepped-discharge tests are presented in 
Appendix A.  

Step test data will be used to determine, specific capacities and specific 
drawdowns for each step rate and will be utilized in selecting the most 
appropriate pumping rate for the 24-hour constant rate aquifer test.    

4.3.5 Groundwater Elevation Monitoring 

4.3.5.1 Objectives 

The objectives of the constant rate pumping tests will be to estimate the 
hydraulic properties of the shallow and intermediate zones and the radius 
of influence of pumping wells in this area for the design the barrier wall 
system.  It has been assumed that each pump testing at each recovery well 
will be conducted independently.  Detailed procedures and guidelines for 
conducting the constant rate discharge tests are presented in Appendix A. 

4.3.5.2 Background Ground Water Level Monitoring 

In order to facilitate the analysis of background water level fluctuations, 
hourly background water level data will be obtained from an on-site 
monitoring well (to be determined) that is located outside the expected 
area of influence of the tests.  Hourly background water level data will be 
collected a minimum of 24 hours before the pumping tests begin, during 
the 24-hour test, and for a minimum of 24 hours after pumping is stopped.  
The water level data will be obtained using remote data loggers equipped 
with a pressure-sensitive transducer (one background well). 

4.3.5.3 Synoptic Water Level Measurements 

Static water level measurements prior to pumping tests will be collected 
from all on-site monitoring and observation wells.  The depth-to-water in 
each well will be measured from the previously surveyed permanent 
elevation marks at the top of each inner well casing, and the 
measurements will be recorded in a field notebook.  Water level 
measurements will be taken to the nearest 0.01 foot and double-checked to 
ensure that the readings are accurate. 
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The depth-to-water level measurements will be used to calculate ground 
water elevations in the shallow and intermediate zones, and to construct 
ground water contour maps.   

4.3.5.4 Weather Data 

Prior to initiating the pumping tests, barometric pressure will be 
monitored and recorded.  The barometric monitoring will continue 
throughout the tests and for 24 hours following completion of the tests.  
The barometric pressure transducer (i.e., BaroTroll) will be placed in one 
well (to be determined) during the pumping tests. 

4.3.5.5 Equipment 

In order to perform the pumping tests of the four recovery wells, a 3-inch 
diameter submersible pump will be temporarily installed in the wells by a 
drilling subcontractor.  The submersible pump will be suspended in the 
well and will be equipped with check valves, a pressure gauge, an 
instantaneous and totalizing flow meter, y-fitting and valve after flow 
meter to connect an inline flow through cell for measurement of field 
parameters and a gate valve for discharge rate control.  The groundwater 
discharge will be directed to the on-site holding tanks and additional 
storage as described in Section 4.3.5.10 

4.3.5.6 Pumping Test Period 

A constant-discharge pumping test will be performed at each of the newly 
installed recovery wells.  The duration of each pumping test will be 24 
hours, and the discharge rate of the pump will be held at a constant rate as 
determined by the step test at each well.  During the first hour of the 
pumping test, the discharge rate in each pumping well will be monitored 
and recorded from the instantaneous and totalizing flow meter as 
frequently as practical.  At a minimum, the discharge rate will be checked 
four times after the first hour, throughout the pumping test period.  

4.3.5.7 Groundwater Sample Collection  

Groundwater samples will be collected from each of the four recovery 
wells during pump testing.  Groundwater samples will be collected at the 
startup, during the mid-point, and at the completion of the constant rate 
pumping tests and will be analyzed for VOCs, pesticides, dissolved 
metals, perchlorate, and chloride using the methods described in Section 



 
 

ERM 33 LSS/93634.06 –MARCH 2009 

 

4.1 of this Work Plan.  Samples will be delivered to Test America Inc., of 
Portland, Oregon and will be analyzed at a standard turnaround time. 

4.3.5.8 Drawdown Measurements 

During the pumping tests, water level measurements will be collected 
from the pumping well and the two new observation wells associated 
with each of the recovery wells using pressure transducer/data logging 
systems.  Vented pressure transducer cables will be used, which will 
compensate for any changes in barometric pressure that might affect the 
water level measurements. 

At the start of pumping, water level measurements for the aforementioned 
observation points and pumping well will be collected.  The data loggers 
will be programmed to record logarithmically for 30 minutes followed by 
linear measurements every 5-10 minutes for the remainder of the tests. 

As previously described, hourly water level data will be collected from a 
background monitoring well during the background monitoring period, 
the 24-hour pump test and the recovery period. 

4.3.5.9 Recovery Measurements 

At the 24 hour point of the pumping test, the pump in the recovery well 
will be shut off and the recovery water level data will be collected for 
approximately 24 hours.  The recovery water level data will be collected in 
each of the observation wells associated with the recovery well that was 
pumped using data loggers equipped with pressure-sensitive transducers. 

At the end of pumping, water level measurements for the aforementioned 
observation points and for the pumping well will be collected.  The data 
loggers will continue to collect measurements every 5-10 minutes until the 
24-hour recovery period is complete.  

As previously described, hourly water level data will be collected from the 
background monitoring period, the 24-hour pump test and the recovery 
period. 

4.3.5.10 Pump Test Water Conveyance and Disposal 

Development and pump test water will be discharged to the Publicly 
Owned Treatment Works sewer network with permission from the City of 
Portland – Bureau of Environmental Services (BES).  ERM will coordinate 
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with the City of Portland and will complete permitting requirements and 
the BES Batch Discharge Authorization Application prior to discharge of 
any development or pumping test water generated at the Site (see 
Appendix B). 

Water generated during the well development and testing will be 
conveyed to the existing on-site tank for temporary storage and additional 
tank storage (i.e., 20,000 gallon steel tank) as necessary, through the 
existing on-site piping network.  Prior to well development and testing 
activities, the on-site piping conveyance network will be checked by ERM 
personnel, and damaged or aged sections will be replaced as necessary.   

Water collected in the tanks after well development and testing activities 
will be batch sampled for the presence of VOCs, pesticides, metals, 
perchlorate, and chloride.  Batch samples will be submitted to Test 
America, Inc. of Portland, Oregon on an expedited 24-hour turnaround 
time.  The analytical results from each batch test will be used to determine 
if concentrations meet the applicable discharge values.  If the values 
exceed the approved discharge criteria, the accumulated water will need 
to be treated prior to discharge.  As such, accumulated development and 
pump test water will be pumped through liquid phase granular activated 
carbon to remove the dissolved organic contamination ensuring that 
discharge limitations are achieved.  Therefore, mobilization of the 
granular activated carbon treatment vessel prior to receipt of the 
analytical results of the first batch test will be necessary in order to meet 
the project schedule. 

If discharge to the Publicly Owned Treatment Works is approved, water 
will be directed to a pre-designated sanitary sewer manhole.  Water 
discharged to the sanitary sewer will not exceed the discharge rate limit 
established in the permit. 

4.3.6 Calculation of Aquifer Parameters 

4.3.6.1 Analytical Methods 

The water level data from the constant-discharge and recovery tests will 
be analyzed to obtain estimates of the hydraulic conductivity and storage 
coefficient of the shallow and intermediate zones.  The water level data 
will be analyzed using drawdown and recovery models that are 
appropriate for both the type of tests that are performed and the 
groundwater flow conditions at the Site.  The flow test data will analyzed 
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with AQTESOLVE for Windows™, a software package for estimated 
aquifer properties from slug and pumping tests (HydroSOLVE, 2003). 

The effective radius of influence of the pumping wells will also be 
estimated from the measured drawdown in the observation wells by 
projecting a linear regression of the maximum drawdown versus the log 
of the radial distance between the observation wells and the pumping well 
to zero drawdown according to the method described by Dawson and 
Istok (1991). 
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5.0  PROJECT SCHEDULE 

The project is expected to start upon approval of this work plan.  The 
following preliminary schedule is anticipated: 

• Fieldwork completion: July 2009; 

• Draft Report: January 2010; and 

• Review Meeting: upon ODEQ review. 

This schedule may be adjusted as needed.   
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Table 1-1
Known or Suspected Vicinity Dioxin / Furan Sources

Data Gaps Work Plan
March 2009

ODEQ ID Site Address Activities Data Source Products Precursors/Products used on site
Additional COCs/Indicator 
Compounds

183
Wacker Siltronic 
Corp.

7200 NW Front 
Ave

Former Oil-gas manufacturer (NW Natural), on site disposal 
of  coal-tar (30,000 cyds).  Subsequent releases of solvents 
(TCE) by current occupant (microchip wafer manufacturer). 

ECSI LPG
TCE, PAHs, Vinyl Chloride, BTEX, 
phenols

Coal-Tar.  PAHs, TCE, VC, 
BTEX, phenols and metals 
detected in subsurface soils and 
groundwater

49
Gould Inc./NL 
Industries

5909 NW 61st Ave
Secondary lead smelter, lead-acid battery recycling, lead oxide 
production.  Battery acid drained to Doan Lake.  Smelter 
wastes and battery casings used as fill.

ECSI, EPA 
Website

Lead, lead oxide Plastic battery casings, battery acid pH, As, Cd, Cr, Zn

395
Schnitzer Investment -
Doane Lake

6529 NW Front 
Ave

Acetylene manufacturer, on-site disposal of calcium 
hydroxide, releases of oil, acetone and MEK.  Subsurface soils 
have detections of PCB1254, PCE, TCA, and 1,2-DCA.  Dioxin 
contamination in subsurface soils, part of Rhone-Poulenc 
cleanup.

ECSI Acetylene, calcium hydroxide Acetone, MEK, heavy oils
Lead, arsenic, PCBs, pH, 
tetrachloroethane, PCE, 1,1-
DCA

155 Rhone-Poulenc
6200 NW St Helens 
Rd, Portland, OR

Insecticide and herbicide manufacturer
ECSI, Consent 
Order, SOW 
and RI

Bromoxnil Octanoate, 2,4-D (2-(2,4-
dichlorophenoxy)acetic acid), MCPA (2-(4-
chloro-2-methyl-phenoxy)acetic acid), 2,4,5-
TP (Silvex), 2,4-DB (butyl 2-(2,4-
dichlorophenoxy)acetate), 2-(2,4-
dichlorophenoxy)propanoic acid, DDT, 
Aldrin, Endrin, Heptachlor, Malathion, 
Arsenic based herbicides

2,4,6-Trichlorophenol, 2-Chlorophenol, 
Pentachlorophenol, Phenol, 1,4-
Dichlorobenzene, benzene, 
chlorobenzene, TCE, diesel

Pb, Hg, Vn, 1,2,4-
Trimethylbenzene, TCE, Vinyl 
Chloride, 2-Methylnaphthalene, 
Benzo(a)pyrene, Chrysene, 
Naphthalene, dioxins

74
McCormick and 
Baxter

6900 N Edgewater 
St

Wood Treatment Facility, directly across river from Arkema 
site.  Undergoing remedial action (almost complete).  Sheet-
pile / slurry wall installed to contain upland plume, sediment 
cap.  Known source of dioxins to sediment.

ECSI, RI/FS Treated Wood Products
Creosote, pentachlorophenol, diesel, 
heavy oils, arsenic, chromium, copper, 
zinc.

Dioxins, metals, PAHs, 

117
GenStar Roofing 
Products/Certainteed 
Roofing

6350 NW Front 
Ave

Asphalt roofing manufacturer.  Historic releases of fuel oil and 
gasoline to soil and groundwater.  NFA issued for site.

ECSI Asphalt roof tiles Fuel oil, asphalt Gasoline, benzene

1549
Kinder Morgan 
Willbridge Terminal

5924 NW Front 
Avenue

Bulk Fuel Terminal.  Petroleum releases to soil, groundwater, 
surface water.  DDT and chlorinated solvents detected in soil 
and groundwater

ECSI
Petroleum products (gasoline, diesel, fuel oil, 
heavy oils)

Fuel oils, oil sludge
DDT, chlorinated solvents, 
VOCs, lead

Notes ECSI = Oregon DEQ Environmental Cleanup Site Information database
RI/FS = Remedial Investigation / Feasibility Study
SOW = Scope of Work

03/09-93634.06



Table 3-1
Monitoring Wells and Proposed Analytical Parameters

Data Gaps Work Plan
March 2009

Hexavalent 
Chromium

Dissolved 
Arsenic

Dissolved 
Aluminum

Dissolved 
Cadmium

Dissolved 
Copper Dissolved Lead

Dissolved 
Nickel Dissolved Zinc Dissolved Iron

Dissolved 
Manganese

ft-bgs USEPA 8260B TPH-Dx USEPA 8270 USEPA 8081A USEPA 8081A USEPA 8151A USEPA 8290 USEPA 300.0 USEPA 314.0 USEPA 7195 USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B RSK 175

Volume (L) 0.04 1 1 1 1 2 0.25 0.25 0.25 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.04

Containers 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3

NMP-3D 25.0-30.0 X X X X X

NMP-4D 25.0-30.0 X X X X X

MWA-2 21.5-31.5 X X X X X X X

MWA-3 20.7-30.7 X X X X X X

MWA-4 19.5-29.5 X X X X X

MWA-5 36-38 X X X X

MWA-6r 30.5-33.5 X X X X X X X

MWA-7 28.2-33.2 X X X X X X X

MWA-8i 42-47 X X X X X X

MWA-9i 40.5-45 X X X X

MWA-10i 40.2-45.2 X X X X X X

MWA-11i 46.2-50.8 X X X X X X

MWA-12i 42-51.75 X X X X X X

MWA-13d 51-53 X X X X X

MWA-14i 44-49 X X X X X

MWA-15r 22.5-32.5 X X X X X X X X

MWA16i 39.2-44.2 X X X X X

MWA-17si 33.5-35 X X X X X X

MWA-18 19.2-29.2 X X X X X

MWA-19 19.2-29.2 X X X X X

MWA-20 24.7-34.7 X X X X X X

MWA-21b 61-68.2 X X X X X

MWA-22 24.7-34.7 X X X X X

MWA-23 15.2-25.2 X X X X X

MWA-24 24-34 X X X X X

MWA-25 23.7-33.7 X X X X X X

MWA-26 21.2-31.2 X X X X

MWA-27 24-34 X X X X X

MWA-28i(d) 53.9-58.9 X X X X

MWA-29 24.9-34.9 X X X X

MWA-30 19.1-29.1 X X X X X X X X X

MWA-31i(d) 54.8-59.8 X X X X X X

MWA-32i 37-42 X X X X X X X

MWA-33 20-30 X X X X X X

MWA-34i 32-37 X X X X X X X

MWA-35 23-33 X X X X X

MWA-36 23-33 X X X X X

MWA-37 23-33 X X X X X

MWA-38 22-32 X X X X X

MWA-39 15.05-24.3 X X X X

MWA-40 20.25-29.5 X X X X X

MWA-41 25.05-34.3 X X X X X

MWA-42 21.55-30.8 X X X X X X X

MWA-43 25.05-34.3 X X X X X

MWA-44 25.05-34.3 X X X X X X X X

MWA-45 24.55-33.8 X X X X X X X

MWA-46 19.75-29 X X X X X X

MWA-47 25.05-34.3 X X X X X X

MWA-48i 42.05-46.5 X X X X X X

MWA-49i 38.85-43.3 X X X X X X X

MWA-50i 40.85-45.3 X X X X X X

MWA-51i 37.35-41.8 X X X X X X X

MWA-52i 38.15-42.6 X X X X X

MWA-53i 39.25-43.7 X X X X

MWA-54i 35.95-40.4 X X X X X X

MWA-55i 38.55-43 X X X X X X X

MWA-56d 55.5-60.25 X X X X X X

MWA-57d 54.7-59.45 X X X X X X

MWA-58d 55.2-59.95 X X X X X X

PAHs

Organo-
chlorine 

Pesticides Dioxin-Furans

Dissolved3 

Organo-
chlorine 

Pesticides Silvex / 2,4-DWell ID Screened Interval VOCs
TPH- Diesel 

Range Chloride Perchlorate
Dissolved 
Methane

Metals
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Table 3-1
Monitoring Wells and Proposed Analytical Parameters

Data Gaps Work Plan
March 2009

Hexavalent 
Chromium

Dissolved 
Arsenic

Dissolved 
Aluminum

Dissolved 
Cadmium

Dissolved 
Copper Dissolved Lead

Dissolved 
Nickel Dissolved Zinc Dissolved Iron

Dissolved 
Manganese

ft-bgs USEPA 8260B TPH-Dx USEPA 8270 USEPA 8081A USEPA 8081A USEPA 8151A USEPA 8290 USEPA 300.0 USEPA 314.0 USEPA 7195 USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B USEPA 6010B RSK 175
PAHs

Organo-
chlorine 

Pesticides Dioxin-Furans

Dissolved3 

Organo-
chlorine 

Pesticides Silvex / 2,4-DWell ID Screened Interval VOCs
TPH- Diesel 

Range Chloride Perchlorate
Dissolved 
Methane

Metals

MWA-59d 54.7-59.45 X X X X X X

MWA-60 27-36.8 X X X X X X

MWA-61 22.3-32.1 X X X X X

MWA-62 20.5-30.3 X X X X X X X

MWA-63 19.8-29.6 X X X X X X X X X X X X X

MWA-64i 42-46.5 X X X X X X

MWA-65i 42-46.5 X X X X X

MWA-66i 37.6-42.4 X X X X X X

MWA-67si 36.3-37.8 X X X X X X X

MWA-68si 32.3-33.8 X X X X X X X

MWA-69 19.5-29.3 X X X X X X X

MWA-70i 42.5-32.7 X X X X

MWA-71 12.5-22.5 X X X X X X X X

MWA-72 12.0-22.0 X X X X X X X X

MWA-73 11.0-21.0 X X X X X X X X

MWA-74i 38.0-43.0 X X X X X X X X

MWA-75i(1) 25.0-40.0 X X X X X X X X

MWA-75i(2) 25.0-40.0 X X X X X X X X

MWA-76g 89.0-94.0 X X X X X X X X

MWA-77g 86.0-91.0 X X X X X X X X

PMP-4 21.6-31 X X X X

PMP-5 22.2-31.6 X X X X

PMP-6 25.9-34.9 X X X X

RP-02-31 25-30 X X X X X X X X X X X X X X X X X

RP-02-51 43-48 X X X X X X X X X X X X X X X X

RP-02-66 60-65 X X X X X X X X X X X X X X X X

RP-08-23 13-22.5 X X X X X X X X

RP-08-80 73-79.5 X X X X X X X X

RP-08-107 102-107 X X X X X X X X

RP-09-35 24.5-35 X X X X X X X X X

RP-09-47 42-46.5 X X X X X X X X

RP-09-64 59-64 X X X X X X X X

RP-10-30 20-29.5 X X X X X X X X

RP-10-60 55-59.5 X X X X X X X X

RP-10-97 92-97 X X X X X X X X

RP-10-130 125-130 X X X X X X X X

W-19-S 20-25 X X X X X X X X X X X X X X X X X

W-19-I 44-49 X X X X X X X X X X X X X X X X

W-19-D 63-68 X X X X X X X X X X X X X X X X
Totals 79 24 24 80 2 24 26 98 66 52 58 7 7 7 7 7 7 63 18 14

ft-bgs = Feet below ground surface

VOC = Volatile organic compound

TPH = Total Petroleum Hydrocarbons

PAH = Polycyclic Aromatic Hydrocaorbons

1 = Collect sample from middle of 27- to 30-foot range, within upper water-bearing zone

2 = Collect sample from middle of 34- to 40-foot range, within lower water-bearing zone

3 = Collected using regenerated cellulose dialysis membrane (0.0018 micron) diffusion samples
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Table 3-2
Groundwater Quality Assurance/Quality Control Samples

Data Gaps Work Plan
March 2009

Parameters Method
Standard 
Samples Trip Blanka Duplicateb Rinsatec

Total
Volatile Organic Compounds USEPA 8260B 79 7 4 4 94
TPH Diesel Range NWTPH-Dx 24 - 1 1 26
PAHs USEPA 8270 24 - 1 1 26
Organochlorine Pesticides USEPA 8081A 82 - 4 4 90
Silvex / 2,4-D USEPA 8151A 24 - 1 1 26
Dioxin-Furans USEPA 8290 26 - 1 1 28
Chloride USEPA 300.0 98 - 5 5 108
Perchlorate USEPA 314.0 66 - 4 4 74
Hexavalent Chromium USEPA 7195 52 - 3 3 58
Dissolved Arsenic USEPA 6010B 58 - 5 5 68
Dissolved Aluminum USEPA 6010B 7 - 1 1 9
Dissolved Cadmium USEPA 6010B 7 - 1 1 9
Dissolved Copper USEPA 6010B 7 - 1 1 9
Dissolved Lead USEPA 6010B 7 - 1 1 9
Dissolved Nickel USEPA 6010B 7 - 1 1 9
Dissolved Zinc USEPA 6010B 7 - 1 1 9
Dissolved Iron USEPA 6010B 63 - 4 4 71
Dissolved Manganese USEPA 6010B 18 - 4 4 26
Dissolved Methane RSK 175 14 - 1 1 16

a = To be included in each cooler containing volatile organic compound samples.
b = To be collected at the frequency of 1 per 20 standard samples with a minimum of 1 per sampling event.

USEPA = United States Environmental Protection Agency

c = To be collected at the frequency of 1 per 20 standard samples with a minimum of 1 per sampling event, and a 
minimum of one per each plant area in which the analyte is collected.
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Table 4-1
Recovery Well Screen Intervals

Data Gaps Work Plan
March 2009

Location Along Proposed
Barrier Wall

Aquifer Zone Nearby Well Approximate Screen 
Zone Setting 

Screen Length

(feet bgs) (feet)

North Shallow MWA-60 22 to 37 15
Intermediate None 37 to 47 10

South Shallow MWA-41 18 to 33 15
Intermediate MWA-41 39 to 54 15
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APPENDIX A - STANDARD OPERATING PROCEDURES: STEPPED-DISCHARGE 
AND CONSTANT RATE DISCHARGE TESTING 

DEFINITIONS 
 
Aquifer Testing - Refers to flow testing methods used to estimate the hydraulic 
properties of confined or unconfined aquifers.  Slug tests, and specific capacity, 
stepped-discharge and constant-discharge pumping tests are commonly used 
testing methods. 
 
Stepped-Discharge Pumping Tests - Used to estimate well performance, determine 
a sustainable optimum pumping rate for the well, and estimate aquifer properties.  
The test is conducted by pumping the well at several successively higher rates and 
measuring the corresponding water level drawdown. 
 
The Constant-Discharge Pumping Test  - Involves discharging water at a constant 
rate from a well by pumping and monitoring the corresponding water level 
drawdown.  The recovery of water levels in the well may also be monitored after 
pumping is terminated (recovery test).  Water level monitoring during a pumping 
and recovery test commonly includes the pumping well and one or more nearby 
observation wells.  In certain instances, observation wells are not available and 
water level monitoring is limited to only the pumping well. 
 
Cone of Depression - A depression in the groundwater table or potentiometric 
surface that has the shape of an inverted cone around a well from which water is 
being withdrawn. 
 
Confined or Artesian Aquifer - An aquifer that is overlain and underlain by 
confining layers of lower hydraulic conductivity and, at a given point, the total 
head of the aquifer is higher than the base of the upper confining layer. 
 
Drawdown - The difference between the height of the static water level and that of 
the water level in a well during pumping or water withdrawal.  Or, in a confined 
aquifer, the reduction of the pressure head as a result of the withdrawal of free 
water. 
 
Discharge (Q) - Volume of water removed per unit of time (l3/t). 
 
Electronic Water Level Indicator - A water level measuring device that uses a light, 
or sounds a buzzer, to show that the end of the tape has entered the water.  The 
water in the well completes an electric circuit that turns on the light or sounds a 
buzzer.  The tape is graduated to show the depth. 
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Flow Regulator - Flow regulators (flow controllers) are used to control the 
discharge rate (in volume/time) of water from the well while pumping.  The 
discharge from the mechanical pump is normally set at a constant rate. 
 
Hydraulic Conductivity (k) - A quantitative measure of the ability of a porous 
material to transmit a fluid.  Also defined as the volume of water that will flow 
through a unit cross-sectional area of porous material per unit time under a unit 
hydraulic gradient (l/t).  Hydraulic conductivity is dependent upon properties of 
the material and fluid. 
 
Measuring Point - A fixed and clearly identified point of reference from which 
water levels in a monitoring well may be measured.  It is generally established on 
the upper rim of the outer protective well casing and has a surveyed location and 
elevation. 
 
Mechanical Pump - An electric-powered water pump used to withdraw water 
from the well during a pumping test. 
 
Observation Well - A non-pumping well used to observe the groundwater levels 
during a pumping test. 
 
Potentiometric Surface - The surface defined by water levels from multiple tightly 
cased wells that penetrate an aquifer or hydrogeologic unit.  Also, a map of the 
hydraulic head of an aquifer. 
 
Pressure Transducer and Data Logger - An electronic sensor that can accurately 
measure hydrostatic pressure.  By relating hydrostatic pressure to depth below the 
water level, the water level can be electronically measured as the transducer is 
held in the water.  Periodic water level measurements can be stored by the data 
logger for later recall and data evaluation. 
 
Recovery - The time rate of return to the static water level during a slug test or 
after cessation of a pumping test.  This is related to the aquifer's response to the 
change in water level during the flow test.  After the water level has been raised or 
lowered by raising or lowering the slugging rod, or after the pump is turned off 
during a pumping test, the water will return to static conditions (static water 
level). 
 
Saturated Thickness (b) - For unconfined aquifers, the interval between the water 
table and base of the unconfined water bearing unit.  For confined aquifers, the 
interval between the base of the upper confining unit and the top of the lower 
confining unit. 
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Specific Capacity (C) - Discharge per unit of drawdown in a pumping well (Q/s). 
 
Specific Yield (Sy) - The ratio of the volume of water that saturated soil or rock will 
yield under the influence of gravity, per unit volume of the saturated soil or rock.  
Specific yield is dimensionless. 
 
Storage Coefficient or Storativity (S) - The volume of water that an aquifer releases 
from, or takes into storage per unit area of aquifer, per unit change in head.  
Storage coefficient is dimensionless. 
 
Transmissivity (T) - A quantitative measure of the ability of an aquifer to transmit 
water.  It is the product of the hydraulic conductivity and saturated thickness 
(k•b) (l2/t). 
 
Unconfined Aquifer - An aquifer in which the water table forms the upper 
boundary. 
 
Water Level - The position of the air-water interface in a well.  The water level is 
usually measured as the depth to the water from a measuring point (such as the 
top of the outer protective well casing) by the use of a weighted measuring tape or 
electronic water level indicator.  Changes in the water level over time may also be 
monitored by a pressure transducer installed at a known depth within the water 
column inside the well.  The water level is called the static water level when it is 
not influenced by well drilling activities, aquifer testing, well development, or 
groundwater sampling. 
 
Water Table - The saturated zone surface at which the pore water pressure is equal 
to atmospheric pressure.  The water table is the potentiometric surface for an 
unconfined aquifer. 
 
Wellhead Flow Meter - A meter installed in the water discharge line near the well 
head to measure the discharge (in volume/time) of water by the mechanical pump 
and controlled by the flow regulator. 

FIELD METHODS 
 
This section describes the field procedures, data collection methods, and 
documentation requirements for aquifer testing. 
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Stepped-Discharge and Constant-Discharge Testing 

The pumping tests covered in this section include stepped-discharge and constant-
discharge pumping tests.  A stepped-discharge test is conducted for the pumping 
well and is recommended prior to initiation of any constant-discharge pumping 
test.  The data provided by the stepped-discharge test is used to evaluate well 
performance and determine the optimum discharge rate for the subsequent 
constant-discharge test. 
 
The stepped-discharge test entails conducting three or more steps of increased 
discharge while monitoring water level drawdown.  This effectively produces 
successive stepped drawdown curves.  Flow testing may potentially be 
discontinued at a well after the stepped-discharge pumping test if: 1) only a single 
well pumping test is planned; and 2) the stepped-discharge test provides all the 
necessary data of a single well pumping test. 
 
The constant-discharge test involves the pumping of water from a well at a 
constant rate and monitoring the water level drawdown in response to the 
pumping.  Water level recovery may also be monitored after the pumping is 
discontinued. 
 
Water level monitoring may be limited to the pumping well (single well pumping 
test) or include one or more nearby observation wells (multiple well pumping 
test).  The single well pumping test utilizes a single well (the pumped well) and a 
mechanical pump to remove water at a constant rate from the water bearing unit.  
The same well is used to measure water level drawdown and recovery in the 
formation.  The multiple well test utilizes one or more observation wells at selected 
distances and locations relative to the pumping well.  Water levels are monitored 
in the pumping and observation wells throughout the duration of the test. 
 
The remaining discussion provides the general guidelines and procedures for 
stepped-discharge tests, and single and multiple well constant-discharge tests.  
These represent minimum requirements as site- and project-specific information 
and criteria must be incorporated in planning and conducting pumping tests.   
 
The procedures below describe the use of pressure transducers/data loggers to 
monitor water levels during the pumping tests. 
 
Stepped-Discharge Tests 
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Stepped-discharge testing should be conducted before other pumping tests.  All 
newly installed wells should be developed before conducting stepped-discharge 
tests. 
 

• Inspect the equipment to be used to ensure that it is in good working order.  
Equipment used for the stepped-discharge testing will vary widely based upon 
site-specific conditions.  The project work plans will outline the type of 
equipment to be used. 

• Measuring and test equipment (M&TE) used for field activities will be 
calibrated by the equipment manufacturer or an approved calibration 
laboratory using appropriate standards.  Certificates of calibration for M&TE 
will be obtained from the M&TE supplier and kept in the project files.  No 
M&TE will be utilized without verification of calibration certification. 

• Decontaminate all downhole equipment. 

• Visually inspect and access the well. 

• Obtain a depth to water level measurement and sound the bottom of the well 
with the electronic water level indicator.  Compare the measured total depth to 
the bottom of the well to the well construction diagram to determine if sediment 
is in the bottom of the well. 

• Install the mechanical pump in the well using the manufacturer's instructions.  
The position of the pump intake inside the well should be based upon well 
construction and site specific factors stipulated in the project work plans.  The 
criteria for placement of the pump in the well should also be contained on the 
project work plans.  Note the height of the water column from the static water 
level to the pump intake.  Record all information on the appropriate form as 
specified by the project work plans.  During testing, the drawdown should not 
be so great as to cause the pump to cavitate. 

• Connect the pressure transducer to the data logger.  Lower the pressure 
transducer inside the pumping well to a depth below the bottom of the 
anticipated drawdown.  The transducer should be installed at a level that: 1) 
eliminates effects from the pump intake; 2) is below the anticipated water level 
during maximum drawdown; and 3) does not exceed the maximum transducer 
head limitation.  In addition, the transducer must be secured inside the 
pumping well in such a manner that the transducer will not be affected by 
turbulence from the pump.  Record the depth of the transducer. 

• Turn on the pressure transducer/data logger, set the recording frequency for 
pre-test monitoring to that specified by the project work plans.  (Data loggers 
should be placed in a secure location to prevent tampering.) 
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• Physically measure the water level with the electronic water level indicator and 
record along with the time.  Commence pre-test monitoring with the pressure 
transducer/data logger.  The total length of time over which the pre-test 
measurements are made will be provided in the project work plans.  Generally 
water levels are recorded for a period before the stepped-discharge test that is at 
least twice as long as the time expected for the stepped-discharge test and the 
recovery period.  Record the information, including times of measurements, on 
the appropriate form as specified by the project work plans. 

• Once the pre-test monitoring period is ended, re-measure the water level using 
the electronic water level indicator and record along with the time. 

• Change the recording frequency on the data logger to the appropriate frequency 
of stepped-discharge data entry as required by the project work plans.  Begin 
recording water level measurements with pressure transducer/data logger as 
required by the project work plans for the initial pumping phase of the stepped-
discharge test.  Start the mechanical pump and adjust the valve or flow 
regulator to maintain the constant rate of discharge specified by the project-
specific work plan.  This rate will be the first step in the stepped-discharge test.  
Record the time of the start of the stepped-discharge test as specified in the 
project work plans. 

• Continue to monitor water level decline during the first step with the pressure 
transducer/data logger, taking periodic water level measurements with the 
electronic water level indicator.  Data logger and electronic water level indicator 
readings should be conducted in accordance with the schedule outlined in the 
project work plans.  As the first step continues, review the water level data and, 
if necessary, adjust the recording frequency of the data logger.  Observe and 
record the wellhead flow meter readings as required by the project work plans. 

• Continue pumping and recording water levels and flow meter readings in the 
first step as long as required by the project work plans. 

• Once the first step is ended, measure the water level with the electronic water 
level indicatory and record depth and time.  Adjust the data logger as necessary 
(based upon review of data from the first step) or specified in the project work 
plans for commencement of the second step of the test. 

• Without turning the mechanical pump off, initiate the second step of the test by 
changing the pumping rate with the valve or flow regulator to the rate specified 
by the project work plans. 

• Monitor the water levels and flow meter readings continue pumping and 
recording water levels and flow meter readings in the first step as long as 
required by the project work plan.  Once the first step is ended, measure the 
water level with the electronic water level indicatory and record depth and time.  
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Adjust the data logger as necessary (based upon review of data from the first 
step) or specified in the project work plans for commencement of the second 
step of the test. 

 

• Repeat the cycles of changing pumping rate and recording depth of water as 
often as is required (for each step of the stepped-discharge test) by the project 
work plan. 

• Once the last step is completed, re-set the data logger for the recovery period 
measurement duration and frequency as specified in the project work plans.  
Obtain a water level measurement with the electronic water level indicatory and 
record the measurement and time.  Shut down the mechanical pump.  Record 
the time (to the nearest 10 sec) that the pump was shut down on the appropriate 
form. 

• Continue to measure and record the water level recovery with the pressure 
transducer/data logger as long as is required by the project work plans or until 
the water level has recovered to within 90 percent of the level expected from the 
pretest trends.  Also, continue to take physical water level measurements 
periodically during recovery.  Once the recovery period is ended, take a 
physical water level measurement at the end of the test.  Record the 
measurement and time on the appropriate form. 

• The data should be reviewed in the field to help ensure the validity of the test.  
The field data review may also be used to determine the discharge rate to be 
used during the subsequent single or multiple well pumping test.  Complete all 
documentation on the appropriate form as outlined in the project work plans. 

• Once the stepped-discharge test is satisfactorily completed for the well, the 
equipment may be left in the well for subsequent single or multiple well pump 
testing.  If the subsequent testing will not be conducted then the downhole 
equipment may be removed and the wellhead secured. 

 
Single and Multiple Well Constant-Discharge Tests 
 
The procedures in this section are written for a multiple well constant-discharge 
test; however, these procedures are directly applicable to a single well constant-
discharge test.  The only difference is that testing and measuring equipment are 
installed only in the pumping well, and water level measurements are only 
collected from this well. 

• Inspect the equipment to be used to ensure that it is in good working order.  
Equipment used for the pump testing will vary widely based upon site-specific 
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conditions.  The project work plans will outline the type of equipment to be 
used. 

• M&TE used for field activities will be calibrated by the equipment manufacturer 
or an approved calibration laboratory using appropriate standards.  Certificates 
of calibration for M&TE will be obtained from the M&TE supplier and kept in 
the project files.  No M&TE will be utilized without verification of calibration 
certification. 

• Decontaminate all downhole equipment.  Equipment maintained inside the 
pumping well from the stepped-discharge test and to be used directly for the 
subsequent pumping test does not need to be re-decontaminated. 

• Visually inspect and access the wells to be used during the pumping test. 

• Obtain a depth to water level measurement and sound the bottom of each well 
to be used with the electronic water level indicator.  Compare the measured 
total depths to the bottom of the wells to their respective construction diagrams 
to determine if sediment is in the bottom of the wells. 

• If necessary, install the mechanical pump in the well using the manufacturer's 
instructions.  The position of the pump intake inside the well should be based 
upon well construction and site specific factors stipulated in the project work 
plans.  The criteria for placement of the pump in the well should also be 
contained on the project work plans.  Note the height of the water column from 
the static water level to the pump intake.  Record all information on the 
appropriate form as specified by the project work plans.  During testing, the 
drawdown should not be so great as to cause the pump to cavitate. 

• If a multiple well test is being conducted, connect the pressure transducers to 
their respective data loggers.  Install the transducers inside the observation 
wells at this time.  The transducers should be installed at a position inside each 
well that is below the anticipated water level during maximum drawdown, and 
does not exceed the maximum head limitation.  Set up another pressure 
transducer in an outlying well (outside of the suspected influence of the 
pumping well) to record station barometric effects.  Connect the pressure 
transducer to the data logger.  Lower the pressure transducer inside the 
pumping well to a depth below the bottom of the anticipated drawdown.  The 
transducer should be installed at a level that: 1) eliminates effects from the 
pump intake; 2) is below the anticipated water level during maximum 
drawdown; and 3) does not exceed the maximum transducer head limitation.  In 
addition, the transducer must be secured inside the pumping well in such a 
manner that the transducer will not be affected by turbulence from the pump.  
Record the depth of the transducer. 
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• If any transducer cables are run across traffic areas, they must be appropriately 
protected.  Data loggers should also be placed in a secure location to prevent 
tampering. 

• Turn on the pressure transducers/data loggers, set the recording frequencies for 
pre-test monitoring to that specified by the project work plans.  It is also 
important before initiating pre-test monitoring for the pumping test to ensure 
that water levels from any previous stepped-discharge testing have completely 
recovered. 

• Physically measure the water levels in the pumping and observation wells with 
the electric tape and record along with the time.  Separate data sheets should be 
used for each well. 

• Commence pre-test monitoring with the pressure transducers/data loggers.  
The total length of time over which the pre-test measurements are made will be 
provided in the project work plans.  Generally water levels are recorded for a 
period before the pumping test that is at least as long as the time expected for 
the pumping and recovery period.  Record the information, including times of 
measurements, on the appropriate form as specified by the project work plans. 

• Once the pre-test monitoring period is ended, re-measure the water levels in the 
wells using the electronic water level indicator and record along with time. 

• Change the recording frequencies in the data loggers for the pumping test as 
required by the project work plans.  Just before starting the pump, begin 
recording the pressure transducer measurements. 

• Start the mechanical pump and adjust the valve or flow regulator to maintain a 
constant rate of discharge as determined from the stepped-discharge test and/or 
specified by the project work plans.  Record pump start time on the appropriate 
form. 

• Continue to monitor water levels during pumping with the pressure 
transducers/data loggers, taking periodic water level measurements in each of 
the wells with the electronic water level indicator.  Data logger and electronic 
water level indicator readings should be conducted in accordance with the 
schedule outlined in the project work plans.  However, the water level data 
should be evaluated during the test and, if necessary, the recording frequencies 
of the data loggers adjusted.  

• Observe and record the wellhead flow meter readings as required by the project 
work plans. 

• The project hydrogeologist or designee will determine the time that the 
mechanical pump should be shut down as specified in the project work plans 
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and/or based on review of field generated drawdown versus time plots from 
the pumping and observation wells. 

• Once the pumping phase is completed, re-set the data loggers for the recovery 
period recording duration and frequencies as specified in the project work 
plans.  Obtain a water level measurement in each of the wells with the electronic 
water level indicator and record the measurements and times.  Shut down the 
mechanical pump.  Record the time (to the nearest 10 sec) that the pump was 
shut down on the appropriate form. 

• Continue to record the water level recovery in the wells with the pressure 
transducers/data loggers as long as is required by the project work plans or 
until the water levels have recovered to within 90 percent of the level expected 
from the pretest trends.  Also, continue to take physical water level 
measurements periodically during recovery.  Once the recovery period is ended, 
take a physical water level measurement in each well at the end of the test.  
Enter the measurements and times on the appropriate form. 

• The project work plans may require additional depth to water measurements to 
be physically taken following complete well recovery in order to monitor post 
test trends in water level.  The project work plans will specify the frequency of 
measurements, and the length of time that the measurements must be taken. 

• The data should be reviewed in the field to help ensure the validity of the test.  
Complete all documentation on the appropriate form as outlined in the project 
work plans. 

• Once the pump test is satisfactorily completed for the wells, the downhole 
equipment may be removed and the wellheads secured. 

FIELD DOCUMENTATION 
 
At minimum, flow testing information will be documented on a Flow Test Field 
Data form and in the field logbook.  Both documents will be completed in the field 
at the time of flow testing.  All entries will be legible and recorded in indelible 
black ink. 
 
Changes or corrections on any project documentation will be made by lining 
through the erroneous entry and dating and initialing (by the person performing 
the correction) the correction.  The original entry, although erroneous, must 
remain legible.  The new information will be written above the crossed-out entry.  
Corrections must be written clearly and legibly with indelible ink. 
 
Flow Test Field Data 
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The following items will be recorded on the Flow Test Field Data form: 

• Project Name 

• Project Location 

• Project Number (OHM) 

• Date 

• Observers 

• Pumping Well 

• Observation Well 

• Type of Test 

• Measuring Point 

• Measuring Point Elevation 

• Radial Distance to Pumping Well 

• Static Water Level 

• Discharge Rate 

• Water Level Measurement Method 

• Discharge Measurement Method 

• Start Time of Test 

• End Time of Test 

• Duration of Test 

• Elapsed Time Since Pumping Started 

• Elapsed Time Since Pumping Stopped 

• Depth to the Water Level 

• Drawdown or Recovery of the Water Level 

• Comments. 
 
Field Logbook 
 
A permanently bound field logbook with consecutively pre-numbered pages will 
be assigned to this project.  All entries will be recorded in indelible black ink.  
Corrections will be made by lining through erroneous data with a single line, 
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dating, and initialing the correction.  At the end of each workday, the logbook 
pages will be signed by the responsible sampler and any unused portions of 
logbook pages will be crossed out, signed, and dated. 
 
If it is necessary to transfer the logbook to another person, the person relinquishing 
the logbook will sign and date the last page used, and the person receiving the 
logbook will sign and date the next page to be used. 
 
At minimum, the logbook will contain the following information: 

• Project name and location; 

• Date and time; 

• Personnel in attendance; 

• General weather information; 

• Work performed; 

• Field observations; 

• Flow testing performed, including well tested, type of test performed, start time 
of test, end time of test, test duration; 

• Instruments used during flow testing and instrument checks, including 
problems, and calibration records; 

• Descriptions of deviations from Flow Testing Procedures; 

• Problems encountered and corrective action taken; 

• QC activities; 

• Verbal or written instructions; and 

• Any other events that could affect the flow tests. 
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Appendix B 
BES Batch Discharge 
Authorization Application 
 

 



   BATCH DISCHARGE AUTHORIZATION APPLICATION 
 

Batch Discharge Number: 
 

____________  --  _________ 
(For City use only) 

Date of Request:  ________________________________ 

 

Requested by: 

Contact Name:  _______________________________________________________________________ 

Company Name:  ______________________________________________________________________ 

Company Address:  ____________________________________________________________________ 

City:  _____________________________________  State:  ____________  Zip:  __________________ 

Telephone:  _____________________________________   Cellular:  ____________________________ 

Facsimile:  ______________________________________   Pager:  _____________________________ 

Email Address:  ______________________________________________________________________ 

Waste Generator: 

Facility Name:  _______________________________________________________________________ 

Facility Address:  ______________________________________________________________________ 

City:  _____________________________________  State:  ____________  Zip:  __________________ 

Facility Contact:  ___________________________________     Telephone:  ______________________ 

Description of Discharge (attach analytical data report if applicable): ___________________________ 

____________________________________________________________________________________ 

Proposed Date(s) of Discharge:  __________________________________________________________ 

Discharge Volume:  ________________ gallons Requested Rate of Discharge:  _____ gallons per minute  

Building Permit/City Project Number: _____________________________________________________ 

City of Portland Project Manager (if applicable): ____________________________________________ 

Proposed point of disposal (attach diagram):  _______________________________________________ 

____________________________________________________________________________________ 

 
________________________________________________________       _________________________ 
Signature                     Date 
 

revised:04/22/08 
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Legacy Site Services LLC 
468 Thomas Jones Way 
Exton, PA 19341-2528 
Tel: 610 594-4421 

 
February 25, 2010  
 
Mr. David Lacey 
Oregon Department of Environmental Quality 
Northwest Region 
2020 Southwest 4th Avenue, Suite 400 
Portland, Oregon 97201-4987 
 
Subject: Review and Evaluation of Historical Source Information and Assessment of 

Historical Connections to Doane Lake, Doane Creek, and Saltzman Creek 
 Former Rhône Poulenc Portland Site 
 ECSI Nos. 36 and 155 
 
Dear David, 
 
This letter provides a summary of Legacy Site Services’ (LSS) review of historical documents, 
maps, and photos that relate to historical manufacturing operations and disposal practices at the 
Rhône Poulenc site.  LSS, agent for Arkema Inc., is submitting this information for several 
reasons: 
 

- After review of the additional information provided herein, LSS is concerned that 
Rhône Poulenc has not adequately investigated all of their source areas and 
related transport pathways, including former surface water pathways to the river 
(other than HDD and LADD).  There are many other transport pathways (e.g., 
Doane Creek and Saltzman Creek) and groundwater beneath the METRO and Air 
Liquide facilities through which Rhône Poulenc chemicals have migrated. 

 
- LSS is also concerned that not all chemicals of interest (COIs) generated by the 

many herbicide, pesticide, and other chemical manufacturing processes that were 
conducted at the site for approximately 50 years have been adequately 
investigated.  The absence of a full and complete investigation of the chemicals 
generated by Rhône Poulenc leaves substantial uncertainty in any conclusions 
drawn from the remedial investigations and source control measures being 
considered for the Rhône Poulenc site. 

 
- Finally, LSS is concerned that many of the areas where waste disposal occurred 

(as documented in DEQ file and other historical document sources) have not been 
adequately located or investigated.  Some disposal practices, both on and off the 
Rhône Poulenc site, are documented; however, many of the disposal practices 
especially in the first 20-30 years of manufacturing, including the southern 
portions of the Rhône Poulenc facility appear to have been left largely 
unexplored.  These uninvestigated source areas may pose a serious threat to 
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human health and the environment and could be a continuing long term source of 
contamination to the Willamette River and/or downgradient properties.  

 
LSS hopes that that the information provided in this letter will provide summaries of source 
areas, COIs, and disposal practices and likely COI pathways that will aid DEQ in the resolution 
of issues as summarized above.  This information will also aid the Department of Environmental 
Quality (DEQ) in the review and assessment of the groundwater source control evaluation being 
conducted by Starlink Logistics for the Rhône Poulenc site.  A final reason for LSS’ review is 
recent assertions by Oregon DEQ and the U.S. Environmental Protection Agency (USEPA) that 
certain chemicals that are presently detected in buried sediments in the Willamette River 
adjacent to and immediately downstream of the Arkema Portland site, a depositional area, are 
related to historical practices and sources on the Arkema facility.  LSS has investigated the likely 
sources of some of these chemicals (e.g., insecticides and herbicides such as aldrin and lindane 
[gamma-hexachlorocyclohexane], and dioxins) and have concluded that the likely sources of 
some of these and other chemicals are from historical discharges from Rhône Poulenc via 
Saltzman Creek, Doane Lake, Doane Creek and/or Rhône Poulenc’s former outfalls. 
 
Some of the information provided in this letter is critical to the understanding of the Rhône 
Poulenc site conceptual model and, in particular, its relevance to the historical and/or ongoing 
transport and disposition of Rhône Poulenc chemicals in soil, groundwater, stormwater, and 
Willamette River surface water and sediments.  This review focuses on historical information 
that illuminates the historical processes and pathways that have allowed for the transport of 
Rhône Poulenc chemicals to the Willamette River, via various connections including Doane 
Lake, Doane Creek, historic Rhône Poulenc outfalls, Outfall 22B, and Saltzman Creek.  Based 
on this review, there is extensive documentation on known direct discharge of Rhône Poulenc 
wastes to Doane Lake and to the Willamette River north of the Rhône Poulenc facility, as well as 
other evidence that Rhône Poulenc wastes may have been either discharged directly or spilled 
and transported to the Willamette River via Saltzman Creek south of the Rhône Poulenc facility, 
where the earliest records indicate production of pesticides and herbicides were initiated on the 
Rhône Poulenc Site.   
 
This comprehensive review draws upon an extensive amount of historical information that was 
available from the following sources: 
 

• DEQ cleanup and water quality files for the Rhone-Poulenc site (ECSI No. 155), 
including archived DEQ files and some files originally designated as “lost” by 
DEQ but later recovered by DEQ from their archives. 

 
• DEQ cleanup files for the Doane Lake site (ECSI No. 36).  

 
• DEQ fact sheet for the Alkali Lake Chemical Waste Disposal site (ESCI No. 

291). 
 

• Historical aerial photos, including both plan view and oblique photos, of the area 
in the vicinity of the Rhône Poulenc site, Doane Lake, and Saltzman Creek dating 
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from 1923 through 1983.  Aerial photos were obtained from both private and 
public sources. 

 
• Willamette river sediment data that were summarized in the Arkema revised draft 

EE/CA work plan (Integral 2006). 
 

• Historical City of Portland as-built storm-sewer maps obtained from 
Portlandmaps.com. 

 
• Historical United States Geologic Survey (USGS) topographic maps obtained 

from Environmental Data Resources Inc. (EDR) and the U.S. Geological Survey. 
 

• Sanborn maps obtained from EDR.    
 

• Reports on sediment and stormwater sampling of the Front Avenue sewer (AMEC 
2005 and 2009b; City of Portland 2009a). 

 
• An article from the Oregon Historical Quarterly regarding the early days of 

regulating pollution in Oregon, published by the Oregon Historical Society 
(Carter 2006). 

 
Documents cited in this letter are listed in Attachment A.  Complete copies of selected cited 
references, as identified in the letter, are provided in Attachment B.  Selected historical aerial 
photos, topographic maps, sewer maps, and Sanborn maps are provided in Attachment C.  
 
The remainder of this letter summarizes: 
 
 Historical Rhône Poulenc chemical handling and waste generation and disposal 

practices, including a description of the historical site layout, and waste disposal 
practices from 1943 through the mid 1990s. 

  
 A description of the historical connections between Rhône Poulenc and the Willamette 

River via Doane Lake and Doane Creek, including information from aerial photos. 
 
 A summary of recent sampling completed by the City of Portland in the Front Avenue 

stormwater conveyance system (Outfall 22B) from locations upgradient of Arkema and 
downgradient of the Rhône Poulenc site.  

 
 A description of the historical connections between Rhône Poulenc and the Willamette 

River via Saltzman Creek, including information from aerial photos, historic topographic 
maps, and current and historical City of Portland sewer maps. 
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Historical Rhône Poulenc Processes and Waste Generation and 
Historical Disposal Practices 
 
DEQ files do not provide a comprehensive description of the Rhône Poulenc waste generation 
and handling activities.  However, based on the limited historical information from DEQ files a 
brief summary of selected historical waste generation and handling activities that are 
documented for the Rhône Poulenc Portland site is provided below.  
 
Rhône Poulenc (historically known as Chipman Chemical and Rhodia Inc.) manufactured and 
formulated herbicides and insecticides (pesticides) from 1943 to 1990 (Integral et al. 2009).  A 
1957 Chipman Chemical Catalogue obtained from DEQ’s files (Chipman Chemical Company 
1957; Attachment B) identifies chemicals that were manufactured by Chipman at that time.  
Manufactured chemicals identified in the catalogue included insecticides (e.g., Aldrin, 
Chlordane, Dieldrin, DDT, and lead arsenate), herbicides (e.g., 2,4-D, 2,4,5-T, and a mixture of 
2,4-D and 2,4,5-T [also known as Agent Orange]), as well as many others.   
 
The production of Agent Orange and its two active ingredients, 2,4-D and 2,4,5-T, are known to 
contain high levels of dioxins (particularly highly toxic 2,3,7,8-TCDD) and furans, not only in 
the commercial product, but also in their associated wastes.  The manufacture of 2,4,5-T was 
suspected to have exposed Rhône Poulenc workers to dioxins (particularly 2,3,7,8-TCDD) and 
was the subject of an investigation by the National Institute of Occupational Safety and Health 
(NIOSH) in 1982 (Fingerhut and Blade 1982; Attachment B).  Approximately 608,000 lbs of 
2,4,5-T was manufactured from 1960 to 1963 in the 2,4-D Plant.  The employees working in the 
2,4-D Plant during the time period February 1961 and December 1962 were recommended to be 
added to the NIOSH dioxin registry (Fingerhut and Blade 1982; Attachment B).   
An article written by Oregon State Sanitary Authority (OSSA) pioneer Glen D. Carter states that 
“The company [Chipman Chemical] – located on the west bank of the Willamette near the old 
Spokane, Portland, and Seattle Railroad bridge – had greatly increased its production [of 
herbicides] to accommodate the U.S. military, which was then applying millions of gallons of 
herbicides in Vietnam to defoliate the jungle.  The increase in production resulted in a 
corresponding increase in the company’s waste discharges” (Carter 2006; Attachment B).  Carter 
also stated in the article that “the continued production of herbicides for the Vietnam War was a 
matter of national security, OSSA allowed Chipman Chemical Company to continue operations, 
but ordered them to work toward ameliorating the water pollution”.  A 1969 Sanborn map 
indicates that the Chipman facility operated 24 hours per day in the late 1960s, apparently to 
keep up with demand from the U.S. military for the Vietnam War effort (see Sanborn map in 
Attachment C).  Wastes at this time were either discharged to Doane Lake or directly to the 
Willamette River via a 6-inch outfall (DEQ No date; Attachment B).  It was also during these 
high 24 hr per day production periods that the frequent reporting of tainted fish in the Willamette 
River was occurring (see further discussion about tainted fish in the Rhône Poulenc wastes in the 
1960s section below).  Unfortunately, at that time dioxin and furan testing was not completed. 
 
According to Rhône Poulenc, the 2,4-D Plant was built and operations were started without 
pollution control equipment (Rhône Poulenc 1987, Attachment B).  During the time period from 
1966 to 1971, approximately 25,000 drums of pesticide wastes generated by Rhône Poulenc 
were disposed of at the Alkali Lake Chemical Waste Disposal Site (ESCI No. 291; DEQ 2007, 
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Attachment B).  The waste products were mostly distillation residues from the production of 2,4-
D, 2,4-dichlorophenol, and 2-methyl-4-chlorophenoxyacetic acid (MCPA).  The DEQ fact sheet 
for the Alkali Lake site states that all of these chemicals contain dioxins (DEQ 2007; Attachment 
B).   
 
In general, little information is available that provides the volume of product or waste generated.  
However, in a 1990 DEQ memorandum, a former Rhône Poulenc employee stated that “In the 
‘50s until ’65, 16-18 tons of DDT per day was made in the dust plant.  Volume-wise, DDT was 
the biggest product” (DEQ 1990; Attachment B).  A 1983 report submitted by Rhone Poulenc to 
NIOSH as part of the NIOSH Dioxin Registry indicates that from 1963-1982 approximately 
221,794,000 lbs of 2,4-D acid was produced for use in the various 2,4-D products.  From 1966-
1976, 22,886,000 lbs of MCPA was also produced for use in the production of the Chiptox brand 
herbicide (Fingerhut and Blade 1982; Attachment B).  According to Rhône Poulenc, insecticide 
manufacturing ceased at the site in 1969, whereas herbicide manufacturing continued until the 
plant closed in 1990 (Integral et al. 2009).   

Site Layout 
A 1979 site map from DEQ files1

 

 shows the Rhône Poulenc site layout including the location of 
buildings, process and storage areas, mixing tanks, and rail access (1979 Rhône Poulenc plant 
layout map; Attachment C).  The site map shows that the manufacturing processes were 
primarily located in the northern two-thirds of the site, during this period, and that there were 
more than four dozen storage and mixing tanks located throughout the site.  Site access for 
vehicles was by either a driveway directly to NW St. Helens Road on the west, or to Front 
Avenue at the southern end of the site.  Three main rail spurs are also shown entering the site 
from the south.  The site access shown on the 1979 map is essentially unchanged from 1957 as 
shown on an oblique aerial photo from that period (1957 aerial photo; Attachment C).  A 1965 
site map shows the location of the insecticide plant and drainage to a dry well near the southern 
property boundary (1965 Rhône Poulenc plant layout map; Attachment C).  In 1965, the 
insecticide plant was located in the building labeled “warehouse” on the 1979 plant layout map.  

Sanborn maps show the historical site layout in 1950 and 1969 (Attachment C).   The 1950 
Sanborn map shows four buildings located on the facility, a warehouse south of the entry 
driveway off of NW St. Helens Road, a combination office/lab/warehouse facility building in the 
same location as the office (1979 Rhône Poulenc plant layout map), a small chemical mixing 
building located east of the office building and where the laboratory building is shown in the 
1979 map, and a combination warehouse and mixing room building located where the storage 
building is north of the office (1979 Rhône Poulenc plant layout map).  An elevated liquid spray 
tank is also shown on the 1950 map immediately north of the combination office/lab/warehouse 
building. 
 
The Sanborn maps show a much more expanded facility in 1969 in a layout that is very similar to 
the 1979 Rhône Poulenc plant layout map.  Many more production facilities and tanks are 
identified in the 1969 map.  Facility descriptions on the Sanborn map include: shop, lab, pipe 
                                                 

1 Received by DEQ Water Quality Control on November 12, 1982 
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rack, equipment warehouse and service building, offices, lunch room, steel grating, chemical 
manufacturing, chemical storage, chemical mixing, an esterfying plant, multiple chemical tanks 
and boilers, tanks, and drum storage.  The 1969 Sanborn map also noted that the plant operated 
24 hours, presumably to keep up with the demands for Agent Orange production at that time. 
 
United States Geologic Survey (USGS) topographic quadrangle maps also show the facility 
expansion in the northern portion of the site between 1961 and 1970 (see the new buildings 
depicted in red on the 1970 topographic map; Attachment C). 

Chemical Waste Streams 
Waste streams are documented in various DEQ records that date back to the early 1960s.  LSS 
did not find records prior to 1963 in DEQ files; therefore the first 20 years of waste generation 
and disposal activities are not documented in this letter.  One of the earliest DEQ file documents 
on Rhône Poulenc wastes is an August 19, 1963 Oregon Sate Board of Health (OSBH) 
memorandum authored by EJW, that describes a request from Chipman chemical to inject “their 
liquid waste effluents by deep well injection into the salt water aquifer” (OSBH 1963; 
Attachment B).  There is no indication that Chipman Chemical ever followed through with this 
request or assessment of its feasibility; however, the memorandum indicates that Chipman 
Chemical was exploring ways to handle liquid waste disposal at that time.  The memo also 
indicates that Rhône Poulenc was operating an MCP process and was obtaining data on the 
effluent from the process for OSBH. 
 
Rhône Poulenc Wastes from 1943 to 1963 
No documentation of Rhône Poulenc wastes streams or discharges prior to 1963 were provided 
in DEQ files.  Aerial photographs, however, show the Rhône Poulenc operations through this 
time period.  Based on DEQ file information, it is assumed that Rhône Poulenc waste discharges 
were directed to West Doane Lake and that West Doane Lake discharges to the Willamette 
River, via various pathways, occurred during this time frame, just as it did in subsequent periods 
(i.e., the 1960s, 1970s, 1980s, etc.). 
 
Rhône Poulenc Wastes in the 1960s 
Throughout the mid to late 1960s, during the peak of their Agent Orange production, Rhône 
Poulenc attempted to address discharges of phenolic wastes that were causing “bad chemical 
tastes” in salmon and other fish caught in the lower Willamette River and Multnomah Channel.  
The earliest memorandum from DEQ’s file that addresses this issue is dated March 16, 1965 
(OSBH 1965; Attachment B).  The OSBH memo simply documents a “complaint on the taste of 
two spring Chinooks caught in the vicinity of Gray’s Moorage near the head of Sauvies Island.”  
The taste of the fish was described as “medicinal” and the memo notes that it is “probably the 
first complaint we have received on tainted fish this year.”  This last statement indicates that 
complaints about tainted fish in the Willamette River had evidently occurred prior to 1965.  LSS 
requested from DEQ, but did not obtain, any earlier records on the Willamette River fish taste 
issue from DEQ’s file. 
 
Two Oregonian articles from spring 1965 also mention the contaminated Willamette River fish 
(The Oregonian 1965a and 1965b; Attachment B).  The April 6, 1965 article states that “more 
than 100 complaints of a medicinal taste and smell from these fish have been received by the 
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sanitary authority, state fish and game commissions and US Public Health Service.”  The article 
also mentions that some of the fish samples were tested at the US Public Health Service 
laboratory in Cincinnati.  At that time, the source of the chemical was not known. 
 
By August 1965, the source of the tainted fish had been established as the Chipman Chemical 
plant along the Willamette River.  In an October 26, 1965 letter from Ely J. Weathersbee, Deputy 
State Sanitary Engineer, to R. F. Gitschlag of Chipman Chemical, Chipman Chemical is given 
notice that it must comply with an August 26 action of the OSSA which established a March 1, 
1966 deadline by which “the liquid effluents from your Portland, Oregon, plant and Doane Lake 
must be adequately treated or disposed of in a manner so as not to cause objectionable tastes and 
odors in fish” (Weathersbee 1965; Attachment B).  The letter indicates that OSSA was expecting 
a letter from Chipman Chemical that among other things identifies: “Facilities and procedure for 
pumping out Doane Lake,” and “Proposed changes in 2-4-D plant to further reduce waste 
concentrations.”  According to the OSSA letter, improvements to the fish taste problem were to 
be gained by changes in the MCPA plant and process and “by pumping out or neutralizing the 
fish tainting effects of the large inventory of waste waters in Doane Lake.” 
 
A July 14, 1966 letter from Kenneth H. Spies, State Sanitary Engineer, to Mr. Gitschlag 
conditionally approves the plan for a new MCPA/MCPP plant submitted by Chipman Chemical 
in June 1966 (Spies 1966; Attachment B).  Among the conditions for approval are that, 

- “Discharge of liquid effluents from your plant to the Willamette River is 
considered by our office to be temporary until a municipal sewer is available in 
the area.” 

- “A considerable quantity of water containing DCP [dichlorophenol] is still 
contained in Doane Lake.  Not only does this present a potential source material 
that may, under low flow conditions, produce off-flavors in fish; but it also 
contributes to the odor problem in the local area.” 

- “Monitoring for O-cresol and DCM [dichloromethane] in the plant area shall be 
done on a continual basis.  In addition, monitoring of the proposed incinerator 
facility and all odor and abatement equipment shall be continually accomplished 
in order to maintain them in an effective and efficient operating condition.” 

 
An August 31, 1967 OSBH memorandum documents discharges of Chipman Chemical water 
from Morgan Creek (currently referred to as Doane Creek) to the Willamette River (OSHB 1967; 
Attachment B).  Based on the description in the OSBH memorandum, Doane Creek is the 
drainage from the north side of the railroad embankment to the Willamette River.  The 
memorandum states that “I started at the mouth of the creek and followed it upstream to the point 
where it becomes a pond or lake of sorts.  Up to this point the creek exhibited some foaming at 
points where it was getting aeration (small falls, etc.) and was rusty brown in appearance….  It 
appears the only source of water is seepage from Doane Lake across the railroad fill.  There was 
very definite signs of this occurring all along the railroad side of the pond.  Apparently because 
of the long dry spell any runoff, etc., has been drained away and the drainage to the river is 
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straight seepage from Doane Lake.  This evidently accounts for the foaming and the strong 
odors.”  
 
In August 5, 1968, an OSBH memorandum documented additional complaints about tainted fish 
(OSBH 1968a; Attachment B).  In addition, an August 23 memorandum documented that Dick 
Gitschlag of Rhodia Inc. Chipman Division stated to the OSBH that their effluent tests indicated 
that total phenol (which included DCP, TCDP, and cresol [dioxin/furan analysis was not 
conducted at this time]) was in the range of 20-25 mg/L (OSBH 1968b; Attachment B).  By the 
end of December 1968, Mr. Gitschlag provided a plan for treating MCPA waste discharges 
which were identified as the primary contributors to the tainted fish taste issue in the river 
(Gitschlag 1968).  In the letter, Mr. Gitschlag documented that concentrations of phenolic 
compounds had been reduced from 100-500 ppm, prior to the installation of a treatment system 
in February 1966, to 5-15 ppm.  According to Mr. Gitschlag, this had reduced the complaints 
about tainted fish in the Willamette River to one complaint in 1968.  In the December 1968 
letter, Mr. Gitschlag’s proposed a charcoal absorption system to absorb phenolics and other 
organic carbon.  According to the letter the treatment system was going to be applied to the 
MCPA system wastes only because these wastes were found to be the biggest contributor to the 
fish taste problem.  The plant was supposed to be completed by May 1969.  
 
A May 6, 1969 Oregonian article (Holm 1969; Attachment B) documented another tainted fish 
caught in the river in April 1969 and DEQ memos from September 15 and 19 1969 (DEQ 1969a, 
1969b; Attachment B) indicate that tainted fish were still being caught in the Willamette River at 
that time.  The September 19, 1969 memo indicated that Rhodia’s MCPA treatment system was 
still not online. 
 
A document titled “Recollections of the 1966 Doane Lake (Chipman Chemical) Brouhaha” by 
Robert A. McHugh2

 “DEQ installed live-boxes containing hatchery steelhead and rainbow trout of 
about two pounds each at sites from the Sellwood Bridge upstream to St. Helens 
downstream.  Fish were removed for tasting every 24 hour period of exposure to 
the river water.” 

 (McHugh 1976) provides a synopsis of the tainted fish issues within the 
Willamette River.  The memorandum is stamped as received by Oregon DEQ on March 24, 
1976.  A few key observations from the McHugh memo include: 

 “No tainted fish were ever found at the Sellwood Bridge (most upstream live-box) 
or at St. Helens.  All fish in the three live-boxes in the Multnomah Channel were 
tainted, as were fishes exposed at the Corps of Engineers dock and at a fire-boat 
dock in lower Portland Harbor.” 

                                                 

2 Robert McHugh is identified by Glen Carter in an article titled “Pioneering Water 
Pollution Control in Oregon” (Carter 2006) as an OSAA biologist.  The OSAA was 
the forerunner to the DEQ, which was established in 1969. 
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 “Doane Lake received a variety of materials from Chipman Chemical, mostly 2,4-
D and materials used in its manufacture.  The company had a large order from the 
U.S. government for defoliants to be used in the Viet Nam War, then in progress.  
The lake itself was a black, stinking mass of chemical wastes, some of which had 
doubtless interacted within the lake.  DEQ analysis of river water were (sic) for 
phenol, a probable constituent of many if not all of these wastes.” 

 “The Northern end of Doane Lake was blocked by a rock railway embankment.  It 
was through this rock fill that material from the lake leaked into a small creek, 
which emptied into the Willamette River.  As the river is tidal at this point, the 
tainting materials spread for some distance upstream as well as downstream.” 

 
It is clear from this partially documented history that Rhône Poulenc waste chemicals were 
discharging continuously to Doane Lake, which, at that time, either drained directly to the 
Willamette River through the Historical Drainage Ditch or via seepage through the railroad track 
embankment to Doane Creek throughout the 1960s.  According to the file records, the direct 
discharges occurred at a minimum from 1963 through the 1960s and continued into the 1970s 
even after water treatment was added as discussed below.  Despite the fact that these wastes were 
in part from their Agent Orange component processes, no dioxin and furan analysis was 
performed at that time.   
 
Rhône Poulenc Wastes in the 1970s to 1995 
An undated Public Notice and Fact Sheet (Application No. 071-OYA-2-000314) from DEQ files 
presents information on the status of Rhône Poulenc discharges to the Willamette River in the 
late 1960s and early to mid-1970s (DEQ no date; Attachment B).  In the Description of Facility 
and Discharge section the notice states that “In November 1969 Rhodia completed installation of 
two carbon absorption/filtration units with lime neutralization for removal of phenols, cresols 
and product related molecules from waste waters.  The company has two waste streams.  The 
total combined flow averages 0.129 MGD (0.193 cfs).  The existing outfall line has become 
inoperative so that both streams flow to what remains of Doane Lake and overflows to the 
Willamette River.”  This notice indicates that at that time, Rhône Poulenc was discharging 
approximately 85-90 gallons per minute, of waste to Doane Lake, which then discharged to the 
Willamette River. 
 
The public notice indicated the plant had the following effluent concentrations at the time of the 
public notice:   

- phenols (including chlorophenols) of 2.15 lbs/day 

- cholorophenols (including chlorocresols) of 1.07 lbs/day 

- Total chlorinated hydrocarbons of 22.0 lbs/day 

- Chemical oxygen demand (COD) of 1,800 lbs/day 
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- Total suspended solids (TSS) of 260 lbs/day, and  

- Total dissolved solids (TDS) of 46,000 lbs/day. 
 
The proposed permit required the “installation of a treated waste outfall line and diffuser in the 
Willamette River by September 1, 1974” and to “upgrade waste treatment and take other 
measures to achieve effluent limits required after April 1, 1976”.  The permit notice also 
specifies that the mixing zone for the Willamette River discharge will be allowed and will be 25 
ft upstream, 50 ft on either side, and 100 ft downstream of the diffuser.  Despite the fact that 
these wastes were in part from their Agent Orange process and the link between Agent Orange 
and dioxin/furans had been established, no dioxin/furan analysis was performed at that time. 
 
Other DEQ files, and submissions to the EPA document various spills or waste handling 
activities at the Rhône Poulenc site.  A synopsis of selected documented activities of note is 
provided below.  Some of the drum disposal practices described below have recently been 
confirmed by a magnetic survey and test pit investigation and drum removal activities conducted 
in 2007 and 2008 (AMEC 2009a). 
 

- An interoffice memo documented interviews of Dick Forney and Don Beckle, 
who were former Rhône Poulenc employees (DEQ 1990; Attachment B).  Dick 
Forney was a truck driver at the Rhône Poulenc plant and Don Beckle was the 
foreman at the dust (insecticide) plant from 1951 until the early 1970s.  Don 
Beckle worked in the shipping department from the early 1970s until he retired in 
November 1982.  The memo documented a number of disposal practices that are 
summarized below. 

 
 A pit in the yard behind the dust plant was open for a couple of weeks and 

received 2-3 tons of bad batches of Parathion, Heptachlor, empty 
Parathion drums, Ag Rocks (a mercury product), and Mergamma, also a 
mercury product, and talc used to clean out the containers.  

 
 Most of the waste water from the dust (insecticide plant) drained into a 

ditch which drained into the “lake” behind the dust plant on the Rhône 
Poulenc property.  The memo also states that “the ditch frequently “ran 
red” from the dye used to mark mercury products”. 

 
 Drums are buried beneath the waste water treatment plant and all over the 

undeveloped portion of the plant [see AMEC 2009a for recent drum 
removal activities in this portion of the plant].  Chlordane and parathion 
are buried in what is now the northwest corner of the wastewater treatment 
plant. 

 
 During the early 70s, an attempt was made to pump Doane Lake dry.  An 

8” pipe was run from the lake to the river and the lake was pumped and 
discharged to the river.  The memo states that normally a ditch ran from 
the lake to the river [likely the Historical Drainage Ditch]. 



February 25, 2010 
Page 11 
 
 

 A pit was dug behind the office to mix DCP bleed with water so it could 
be re-barreled and shipped to Alkali Lake.  The pit was 18-20 ft deep and 
lined with metal [Sandra Anderson, the DEQ project manager for the 
Rhône Poulenc site, speculated that this may have been the “underground 
storage tank” that is labeled on some of the plant diagrams].  The DCP 
bleed, which was eventually sent to Alkali Lake (one of Rhône Poulenc’s 
largest Agent Orange component and dioxin/furan hazardous waste site in 
Oregon), was stored in 33 tank cars on the Linton Spur toward Scappoose.  
Some of the tank cars leaked.  

 
 

- A submission to the EPA documenting spill information for a variety of chemicals 
from 1958 to 1985 (Ferguson 1983; Attachment B).  The document details the 
material spilled, the location of the spill, and comments about the spill.  Examples 
include: 

 
 A 1969 spill of 50,000 lbs of 2,4-D ester mixture containing 

approximately 10,000 lbs of 2,4-D. 
   

 A 1958 spill of 4,000 lbs of 2,4-D. 
 

 Two spills in March 1976 of phenolics and O-cresol. 
 A 1975 spill of 2,000 gallons of 2,4-D ester which overflowed from the 

storage tank. Only 320 gallons of this material was recovered.   
 

- A memo documented interviews of three long-time employees with Rhône 
Poulenc by Sandra Anderson of DEQ (Anderson 1990; Attachment B).  The 
names of the employees interviewed were not included in the memo.  The memo 
documented a number of spills and disposal practices that are summarized below. 

 
 Aldrin, Malathion, DDT, Parathion, Toxaphene, mercury products, 

Chlordane, Heptachlor, and Dieldrin were formulated in the insecticide 
plant (also referred to as the dust plant).These insecticides were 
manufactured in a 400 gallon tank, which needed to be cleaned between 
batches to avoid contamination.  The water used to wash the tank drained 
to the soil beneath the building.  The tank was considered clean when the 
water ran clean.  The memo states that “Enough water collected at times to 
give the appearance of a waist-high lake.”  Mineral spirits were also run 
through the tank and then discharged to the ground beneath the building.  
The water discharged from the insecticide plant followed a natural 
drainage along the railroad spur to the yard behind the plant where it ran 
into a pit dug to receive the excess water. 

     
 Open barrels containing DCP caustic were buried in the insecticide plant 

yard, likely west of the railroad spur.  The memo also noted that 
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insecticides and the contents from four condensation tanks from the 2,4-D 
plant were also buried in the insecticide plant yard. 

 
 There were spills and overfills associated with unloading tank cars 

containing bleed DCP.  The drums that were filled with the bleed DCP 
were stacked on pallets without containment while filling. 

 
 Drains in the floor of the 2,4-D building discharged directly to Doane 

Lake through an open ditch off the north end of the building [presently 
referred to as the Lake Area Drainage Ditch].  The interviewees mentioned 
a number of spills that went to the lake including 2,500 gallons of 2,4-D 
slurry and DCP. 

 
 Spills from the 2,4,5-T in the ester room also drained to the lake through 

the same ditch as the 2,4-D building. 
  

 In the formulation area north of the maintenance building, Tank 15 
released a mixture of 2,4-D and 2,4,5-T [likely Agent Orange] that flowed 
to a low-lying area along the fence with Kirk Battery and then toward the 
lake.  All spills in the formulation area drained along this path.  Near Tank 
15, a railcar full of 2,4,5-T ester tech spilled when the railroad 
inadvertently dragged the car down the tracks as it was being emptied.  
The ester drained along the same path mentioned above. 

 
 The 2,4-DB and the early experimental MCPA plant buildings were built 

on a gravel base.  In the 1950s, very cold temperatures resulted in frozen 
pipes and many spills. 

 
 On the railroad tracks near the office, 2,4-D isobutyl ester tech boiled over 

and spilled from a tank car. 
 

 In the late 1960s, 3,000 to 4,000 gallons of MCPA (fall-out batches) were 
discharged to Doane Lake at irregular intervals. A gate allowed the lake to 
discharge to the Willamette River. 

 
 The 2,4-DB plant and the MCPA plant were combined and spills and 

wash/rinse water drained into a sump in the floor about 7-8 ft deep.  The 
sump was to be pumped to the 2,4-D plant, but the sump leaked so much 
for many months in the late 1960s or early 1970s that there was 
insufficient water in the sump to pump it out.  The sump would have 
contained 2,4-DB, MCPA, tars, creosol, and other materials used in the 
two plants.  

 
 Thousands of drums containing bleeds and insecticides were stacked along 

the north and east boundaries of the property in the late 1960s or early 
1970s.  The drums were in bad shape and rusty before they were removed.  
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Some of the drums were buried in Doane Lake and in the vicinity of the 
waste water treatment plant [see AMEC 2009a for recent drum removal 
activities in this portion of the plant]. 

 
 Crushed barrels and insecticides were dumped intermittently to Doane 

Lake in the 1960s and prior to 1974.  In some instances the lake was filled 
in and then holes were dug and the wastes buried.  Other times the metal 
barrels were dumped into the lake and the lake was filled over the barrels 
[see AMEC 2009 for recent drum removal activities in this portion of the 
plant].  Thousands of drums may have been disposed of in this fashion. 

  
 Rhône Poulenc used City water to flush lines and tanks.  The water lines 

were connected directly to the process lines.  One time in approximately 
1970, chemicals in the process lines back-flushed into the city water lines 
in the buildings that supplied drinking water. 

 
 A number of other spills are mentioned in the memorandum, but are not 

summarized in this list (see Attachment B).  
     

- An interoffice memo documented a spill of 2,4-D butyl ester on January 27, 1982 
(DEQ 1982).  Approximately 139 gallons were spilled when a rail car tank was 
overfilled.  Some of the material went into a storm drain and solidified.  The 
memo stated that “Rhône Poulenc thinks they cleaned up the majority of the 
spill.” 

 
- A DEQ memo documented the release of approximately 20-50 gallons 2,4-D iso-

octyl ester on June 17, 1982 (Clinton 1982).  The release occurred when the tank 
of a truck cracked when loading the 2,4-D.  The 2,4-D was spilled on concrete, 
but some spilled on the railroad tracks. Bob Briggs from Rhône Poulenc reported 
the release and indicated that the soil would be removed from the railroad track 
area. 

 
- A letter from DEQ dated January 27, 1995 documented a total of six hazardous 

waste violations at the Rhône Poulenc facility (Christiansen 1995; Attachment B). 

Drainages and Connections from Rhône Poulenc to the Willamette 
River via Doane Lake and Doane Creek 
 
DEQ’s Rhône Poulenc file has extensive information on the connection from the Rhône Poulenc 
site to Doane Lake and the Willamette River.  Because of the topography at the site, drainage 
from operations on the northern end of the facility naturally drained to Doane Lake.  In addition 
Rhône Poulenc had documented discharges to Doane Lake as identified in DEQ files (see 
previous section of this letter for selected summary).   
 
The most direct documentation of the Rhône Poulenc to Willamette River connection via Doane 
Lake is from the review of the extensive documentation from the 1960s that indicated Chipman 
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Chemical’s wastes were tainting migratory fish that were passing through the Willamette River 
during this period.  Based on this documentation alone, Rhône Poulenc waste streams were 
discharging to the River near the Burlington Northern RR bridge and impacting fish downstream, 
past the Corps of Engineers Dock, and in Multnomah Channel adjacent to Sauvie Island at least 
4 miles downstream of Rhône Poulenc.  The connection from Doane Lake was described by 
Robert McHugh as seepage through the railroad embankment and discharge from the outlet 
stream to the river.  This is likely the same drainage that was described as discharging Rhône 
Poulenc wastes to the river in an August 31, 1967 OSBH memo (OSBH 1967; Attachment B).  
In an April 1, 1971 memorandum Roger Sherwood from DEQ stated that “Their plant [Chipman 
Chemical] drainage is still going into Doane Lake with seepage to Morgan [Doane] Creek3

 

 and 
the River.  We need to evaluate this seepage problem” (DEQ 1971; Attachment B).   

Discharges to the Willamette River prior to 1963 are not documented; however a map 
accompanying the DEQ Public Notice for the NPDES permit shows an “Exist. 6 Outfall Line 
(inoperative)” that extends directly from the Chipman Chemical Company site to the Willamette 
River (DEQ no date; Attachment B).  The figure is dated October 7, 1965, so it is likely that this 
outfall line was used to discharge wastes to the Willamette River sometime prior to the 1960s, 
during the first two decades of operation of the Rhône Poulenc (then Chipman Chemical) plant.  
In addition, untreated waste streams were discharged from the Rhône Poulenc site through the 
Lake Area Drainage Ditch4 to West Doane Lake.  During storm events, water with untreated 
waste streams from West Doane Lake was discharged directly to the Willamette River through 
the Historic Drainage Ditch5

 

 (Figure 1a).  The discharge of chemical waste streams would have 
been consistent with the historical use of the Willamette River as an industrial sewer as 
documented in the article by Glen Carter, an early OSAA employee (Carter 2006, Attachment 
B).  

Based on the NPDES permit application, discharge from Rhône Poulenc operations was still 
allowed at least through the mid- to late 1970s, and even though the water was being “treated”, 
based on the discharge limits provided in the permit, a substantial flux of Rhône Poulenc waste 
material was still directly entering the Willamette river through this period.  It is not known if 
Rhône Poulenc ever discharged effluent waters to the Guilds Lake Interceptor sewer line, but a 
report indicates they were looking into the possibility of connecting to this sewer line in 1975 
(Bryan M. Johnson and Associates 1975).  The Guilds Lake Interceptor sewer line was 

                                                 

3 Doane Creek was referred to as Morgan Creek in memos from DEQ and OSBH (DEQ 
1971 and OSBH 1967; Attachment B).  The current nomenclature for this drainage is 
Doane Creek (see 2009 City of Portland Doane Lake map, Attachment C). 

4 The term “Lake Area Drainage Ditch” has been used in a number of recent documents 
produced by AMEC for the Rhône Poulenc site (e.g., AMEC 2009c). 

5 The term “Historic Drainage Ditch” has been used in a number of recent documents 
produced by AMEC for the Rhône Poulenc site (e.g., AMEC 2009c).  
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completed in about 1969 and pumps sewage through pipes beneath the Willamette River to the 
Columbia Boulevard Treatment Plant (Bryan M. Johnson and Associates 1975).   

Aerial Photographs 
Aerial and oblique aerial photographs were reviewed from 1923 to 1983.  The information from 
these photographs was used to prepare figures that present the historical drainage/effluent water 
pathways from the Rhône Poulenc facility to the Willamette River through West Doane Lake, 
North Doane Lake, and Doane Creek from 1943 to present (Figures 1a through 1f).     
 
Figure 1a presents the historical drainage pattern from 1943 through 1947.  Beginning in 
approximately 1943, untreated waste streams from the Rhône Poulenc site were discharged to 
West Doane Lake through the Lake Area Drainage Ditch and seeped through the BNRR track 
ballast into North Doane Lake.  North Doane Lake drained through a small tributary into Doane 
Creek, which discharged to the Willamette River near the boundary between the Gasco and 
Siltronic sites (Figure 1a).  During storm events, water with untreated waste streams from West 
Doane Lake was discharged directly to the Willamette River through the Historic Drainage 
Ditch, located just south of and parallel to the BNRR tracks (Figure 1a).   
 
The general interpretation of flow paths observed from the aerial photos described above is 
confirmed by a 1964 map from the DEQ file for the Rhône Poulenc site (1964 Doane Lake 
drainage map; Attachment C) and by historical topographic maps (Appendix C).  Seepage 
through the BNRR ballast is documented in the 1964 map and by observations from DEQ and 
OSBH personnel in two separate memoranda (DEQ 1971 and OSBH 1967; Attachment B).   
 
Figure 1b presents the historical drainage patterns from 1948 to 1956.  During this time interval 
the path of the main channel of Doane Creek had been straightened just downstream of St. 
Helens Road.  The rest of the features are similar to those shown on Figure 1a.  Figure 1C 
presents the historical drainage patterns from 1957 to 1964.  The main channel of Doane Creek 
has been moved to the south, apparently a result of filling activities on the Siltronic site.  During 
this time interval, West Doane Lake increased in size, likely due to filling near the present 
alignment of Front Avenue that raised the water level of the lake.  The other drainage patterns 
are similar to the previous time periods. 
 
Figure 1d presents the historical drainage patterns from 1965 to 1971.  Doane Creek has been 
rerouted around the Siltronic site and through North Doane Lake.  Active excavation of the new 
channel between North Doane Lake and the Willamette River (parallel to the BNRR tracks) is 
shown on the 1964 aerial photo presented in Attachment C.  The footprint of North Doane Lake 
is significantly smaller than it is in Figure 1c as a result of being drained by the rerouted Doane 
Creek channel.  The rerouting of Doane Creek through North Doane Lake also likely increased 
the flushing of contaminants in North Doane Lake to the Willamette River.  According to Rhône 
Poulenc, the tainted Willamette River migratory fish issue in the mid to late 1960s was caused by 
the excavation of the ditch, which drained water from North Doane Lake and West Doane Lake 
(via seepage through railroad ballast) to the Willamette River (Rhône Poulenc 1987).   
 
Between 1968 and 1969, the railroad spur that bends to the north from the Burlington Northern 
Railroad (BNRR) Bridge was constructed (see aerial photos from 1968 and 1969 in Attachment 
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C).  This enclosed North Doane Lake as a triangle between the three railroad spurs.  In the 1971 
aerial photo, the Siltronic site was actively being filled with spoils from dredging activities 
adjacent to the site (Attachment C).  Some water from the dredge spoils appears to be draining 
into Doane Creek.  At the same time, rock mining activities were occurring near the channel of 
Doane Creek immediately west (upstream) of St. Helens Road.        
 
Figure 1e presents the drainage patterns from 1972 to present.  North Doane Lake has been 
confined to the area between the railroad spurs and the section of Doane Creek between North 
Doane Lake and the Willamette River has been routed through a culvert.  The path of the culvert 
parallels the railroad tracks.  Seepage from North Doane Lake through the railroad ballast is still 
likely discharging to the Willamette River through the open channel of Doane Creek, 
cracks/joints in the Doane Creek culvert, and through the fill material surrounding the culvert.  
Periodic discharge of West Doane Lake through the Historical Drainage Ditch reportedly ended 
in 1980 when an earthen berm was raised on the northwestern end of the lake (AMEC 2009c). 
 
A composite of the drainage patterns from 1936 to present is shown on a recent (2007) aerial 
photograph in Figure 1f.  The present configuration of Doane Creek is also presented in a map 
produced by the City of Portland (Attachment C), which was part of a National Resource 
Inventory Report (City of Portland 2009b).    

Recent Rhône Poulenc Chemical Discharges through Outfall 22B 
The City of Portland’s Outfall 22B discharges to the Willamette River at the north end of Lot 
1/Tract A at the Arkema site (Figure 2).  Outfall 22B was installed in 1980.  Stormwater along 
NW Front Avenue and 61st Street has discharged to the Willamette River through Outfall 22B 
from 1980 to present.  Prior to 1980, stormwater from Front Avenue and 61st Street discharged to 
the Willamette River via Saltzman Creek (see the Saltzman Creek discussion below).   
 
Groundwater plumes from the Rhône Poulenc site continue to infiltrate into the Outfall 22B 
stormwater system.  A number of Rhône Poulenc’s preliminary chemicals of potential concern 
(COPC) have historically been detected in Outfall 22B effluent samples, including 2,4-D, 2,4,5-
T, 1,2-dichlorobenzene, 1,4-dichlorobenzene, and dioxins/furans (AMEC 2005, 2009b).  This 
indicates that Rhône Poulenc chemicals continue to be discharged to the Willamette River 
through City of Portland’s Outfall 22B. 

City of Portland Front Avenue Sewer Sampling 
In 2007-8, the City of Portland (City) collected stormwater solids (sediment) from inline 
samplers located in the sewer pipeline along Front Avenue (City of Portland 2009a).  Sediment 
was collected from two locations at the upstream end of the Outfall 22B catchment, which 
represents sediment sources from the Air Liquide and Metro Waste Transfer facilities.  Sample 
results detected various chemicals above Joint Source Control Strategy screening values 
including, PCBs, DDx, chlordane, dieldrin, and selected metals (i.e., cadmium, lead, and 
mercury).  The sediment samples were not analyzed for chlorinated herbicides or dioxins/furans. 
 
Based on these results, the City concluded that the detected chemicals were derived from the 
Metro and Air Liquide sites, which are both located immediately downgradient from the Rhône 
Poulenc site.  According to the City’s analysis, at least some of these chemicals are entering the 
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storm water drainage system as a result of migration of Rhône Poulenc chemicals in groundwater 
onto neighboring properties.  This area of chemical migration is in the same general vicinity as 
the Saltzman Creek drainage along NW 61st Avenue on the southern end of the Rhône Poulenc, 
Metro, and Air Liquide sites.  The presence of Rhône Poulenc chemicals in this Front Avenue 
storm drain location indicates that current and/or historical migration of Rhône Poulenc wastes 
into the storm drain system immediately adjacent to Saltzman Creek is also very likely.  To LSS’ 
knowledge, no direct sampling of any of the NW 61st Avenue vicinity storm drains has yet been 
conducted and, therefore, the actual impact of Rhône Poulenc chemicals on the Saltzman Creek 
drainage basin in this area has not been directly measured. 
 

Doane Lake/Doane Creek Drainage Summary 
The following is a summary of the documentation of discharges of Rhone Poulenc wastes to the 
Willamette River via direct discharge through outfalls, Doane Lake, and/or Doane Creek. 

- Discharges to the Willamette River prior to 1963 are not well documented, but 
may have been through a 6-inch outfall line that is identified as extending directly 
from the Chipman Chemical Company site to the Willamette River.   

- During the mid to late 1960s, extensive documentation describes the connection 
from Rhône Poulenc to Willamette River via Doane Lake and Doane Creek as 
evidenced by the Chipman Chemical wastes that were found to be tainting 
migratory fish that were passing through the lower Willamette River during this 
period.  

 From at least 1936 through 1980, West Doane Lake drained either directly 
to the Willamette River through the Historic Drainage Ditch or by seepage 
through railroad ballast and into North Doane Lake located on the north 
side of the BNRR tracks (Figures 1a through 1f).  North Doane Lake 
drained into Doane Creek, which discharged to the Willamette River near 
the present Siltronic/Gasco site boundary (1936 to 1964) or the area 
immediately north of the BNSF railroad bridge (1964 to present; Figure 
1f).   

 
 In 1964, a ditch was excavated to drain North Doane Lake on the north 

side of the BNSF railroad tracks and re-route Doane Creek (Figure 1d).  
This drainage ditch was approximately 8 ft wide and 6 ft deep and 
conveyed water from North Doane Lake to the Willamette River (Rhône 
Poulenc 1987).  According to Rhône Poulenc, the tainted migratory fish 
issue in the mid to late 1960s was caused by the excavation of this ditch, 
which drained water from North Doane Lake to the Willamette River 
(Rhône Poulenc 1987).  

 
 Between 1968 and 1969, the railroad spur that bends to the north from the 

BNRR Bridge was constructed enclosing a triangular North Doane Lake.  
After this period, North Doane Lake continued to drain to Doane Creek 
and ultimately to the Willamette River by seepage through railroad ballast 
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into the open channel of Doane Creek, through cracks/joints in the Doane 
Creek culvert, and through fill material surrounding the culvert.      

 
- Historical sampling of City of Portland Outfall 22B, which was installed in 1980, 

has shown detections of Rhône Poulenc chemicals in effluent discharging to the 
Willamette River (including 2-4-D, 2,4,5-T, 1,2-dichlorobenzene, 1,4-
dichlorobenzene, and dioxins/furans; AMEC 2005, 2009b).  Some of these Rhône 
Poulenc chemicals have been detected in sediment samples collected from the 
Willamette River in the vicinity of Outfall 22B. 

- Recent sampling of sediment from two locations at the upstream end of the 
Outfall 22B catchment, representing Air Liquide and Metro Waste Transfer 
facilities detected various chemicals including, PCBs, DDx, chlordane, dieldrin, 
and selected metals (i.e., cadmium, lead, and mercury) above JSCS values.  
Sediment samples were not analyzed for chlorinated herbicides or dioxins/furans. 

Drainages and Connections from Rhône Poulenc to the Willamette 
River via Saltzman Creek 
There area number of lines of evidence that strongly suggest that Rhône Poulenc wastes also 
historically entered the Willamette River via Saltzman Creek.  These lines of evidence include 
aerial photographs, historical topographic maps, City of Portland storm-sewer plans and as-built 
maps, City of Portland Outfall 22B chemical data, and chemical data and observations from 
drilling of sediments near and immediately downstream of the mouth of Saltzman Creek.  Each 
of these lines of evidence is described further below.  Figure 2 presents the drainages and sewer 
lines connecting Rhône Poulenc effluent wastes to the Willamette River through Saltzman 
Creek.     

Aerial Photographs 
A number of aerial photographs clearly show black water discharging into the Willamette River 
from Saltzman Creek from approximately 1951 to 1967 (see photos from 1951, 1955, 1959, 
1961, and 1967 in Attachment C).  The black water discharging from Saltzman Creek was 
observed from the lower reaches of Saltzman Creek to the Willamette River.  The black water 
discharging from the creek is very distinct and has a color similar to that of Doane Lake in these 
same years.  The water in Doane Lake was black from Rhône Poulenc’s treated effluent waters 
that were discharged to the lake in the 1960s. 
 
A portion of the Saltzman Creek channel just downstream of Front Avenue was filled between 
1959 and 1961 (compare the 1959 and 1961 aerial photos in Attachment C).  It is unknown 
where the fill materials were obtained or if the fill contained any chemicals of concern.    

Topographic Maps 
Historical USGS and United States Army Corps of Engineer (USACE) topographic maps from 
1897, 1940, 1954, 1961, and 1970 were reviewed to determine how the drainage pattern of 
Saltzman Creek has changed through time (Attachment C).  All of the topographic maps show a 
relatively straight creek channel that originates in Forest Park and discharges to the Willamette 
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River.  In addition to the main creek channel, the 1940 USACE topographic map shows two 
small intermittent tributaries on the north side of the creek.  One of these small tributaries 
originates in the general vicinity of the southern end of the Rhône Poulenc site.  In 1940 the 
Rhône Poulenc site was beginning operations at the southern portion of the site.  Based on site 
topography, chemical spills that occurred near one of the tributaries would have ultimately 
drained to Saltzman Creek and discharged directly to the Willamette River.   
 

Historical Storm Sewer Maps 
Historical storm sewer maps along NW Front Avenue from 1951, 1969, and 1980 were obtained 
from the City of Portland Bureau of Environmental Services (BES) through the website 
Portlandmaps.com.  Maps showing the current configuration of the storm sewer system along 
NW Front Avenue were also obtained from the website Portlandmaps.com.  These sewer maps 
are presented in Attachment C. 
 
The 1951 sewer map shows a 10-in diameter sewer pipe along the west side of Front Avenue 
from 61st Avenue north of Saltzman Creek and discharging directly to the 8-ft square concrete 
culvert at Balboa Avenue that conveys Saltzman Creek to the Willamette River.  The 10-in 
diameter sewer pipe had a slope of 0.80%.  The cross section shows a 30 ft long section of 8-in 
sewer pipe that is connected to the 10-in sewer pipe near 61st Avenue.  The 1969 as-built sewer 
map shows the same sewer pipe along the west side of Front Avenue from NW 61st Avenue and 
discharging to the 8-ft square concrete culvert that conveys Saltzman Creek (Figure 2).  The 
1980 as built storm sewer system map shows the current configuration of the storm sewer line 
along Front Avenue toward the Saltzman Creek box culvert (Figure 2).  The 1980 as built map 
calls for the abandonment of selected manholes that were shown on the 1951 and 1969 sewer 
maps.    
 
The historical sewer maps show the storm sewer line along NW Front Avenue from NW 61st 
Avenue to Balboa Avenue discharged to the 8-ft square concrete culvert that conveys Saltzman 
Creek to the Willamette River from 1951 to present.  From 1980 to present, storm water north of 
the intersection of 61st Avenue and Front Avenue has flowed to the north along Front Avenue 
and discharged through City of Portland Outfall 22B.  The new storm sewer lines shown on the 
1980 “as-built” maps were installed when NW Front Avenue was extended north to the Siltronic 
facility.  Although historical sewer maps that show the drainage from the Rhône Poulenc facility 
entrance at NW 61st Avenue and NW Culebra Avenue toward NW 61st Avenue were not 
available, the current configuration of the storm sewer lines show that stormwater flow from this 
area would flow toward Front Avenue and drain to the Saltzman Creek box culvert at Front 
Avenue (2009 sewer map, Attachment C).  Based on surface topography and the location of the 
Willamette River, historical and current surface water flow in the southern portion of the Rhône 
Poulenc property drained overland or by storm sewer pipes from the Rhône Poulenc facility 
entrance toward Front Avenue and ultimately to the Willamette River via Saltzman Creek from 
at least 1951 to present (Figure 2).  The Rhône Poulenc site operated from 1943 to 1990; 
therefore, any liquid spills or process effluents discharged to the storm sewer line along Front 
Avenue and 61st Avenue between 1951 and present would have discharged to the Willamette 
River through Saltzman Creek.   
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Rhône Poulenc Chemicals in Buried Sediments 
Rhône Poulenc chemicals have been detected in buried sediments in the Willamette River just 
downstream of Saltzman Creek.  Aldrin and lindane, insecticides manufactured at the Rhône 
Poulenc facility, were both detected in buried sediment samples collected in the Willamette 
River off the Arkema property, just downstream of Saltzman Creek.  Both of these Rhône 
Poulenc chemicals were detected in sediments from 4-8 ft and greater than 8 ft below mudline 
(Maps 214, 215, 249, and 250; Integral 2006; Attachment C).  Mercury, another Rhône Poulenc 
chemical, was also detected in sediments at a depth of 4-8 ft and greater than 8 ft below mudline 
just downstream of Saltzman Creek (Map D1.1-50h; Integral et al 2009; Attachment C).  The 
area around the docks at the Arkema site where these chemicals were detected is known to be a 
depositional area (Integral 2006).  The relatively deep sediment where these chemicals were 
detected indicates they were likely deposited historically during the time interval that the Rhône 
Poulenc plant was operating and could have discharged to the Saltzman Creek drainage. 

Saltzman Creek Drainage Summary 
 
The following is a summary of the evidence for connection from the Rhône Poulenc site to the 
Willamette River via Saltzman Creek.   

- A number of aerial photographs clearly show black water discharging from 
Saltzman Creek from approximately 1951 to 1967.  The black water discharging 
from the creek was very distinct with a color similar to that of Doane Lake.  The 
black water discharging from Saltzman Creek was observed in the lower half of 
Saltzman Creek (i.e., halfway between Front Avenue and the Willamette River).  
This suggests there could have been a conveyance system or conduit that 
terminated in the lower portion of the creek.  In addition, a portion of the 
Saltzman Creek channel just downstream Front Avenue was filled between 1959 
and 1961 with materials from an unknown source that could also contain 
chemicals of concern.   

- A number of historical spills and discharges have been documented at the Rhône 
Poulenc site.  One small tributary to Saltzman Creek that was shown on the 1940 
USACE topographic map originates in the general vicinity of the southern end of 
the Rhône Poulenc site.  In the early 1940s, Rhône Poulenc was operating on the 
southern portion of the site and spills or discharges that would have occurred in 
this area would have flowed naturally to the tributary or directly to Saltzman 
Creek. 

- Historical sewer maps obtained from the City of Portland showed the sewer line 
along Front Avenue from NW 61st Avenue to Balboa Avenue discharged to the 8-
ft square concrete culvert that conveys Saltzman Creek to the Willamette River 
from 1951 to present.  From 1980 to present, storm water north of the NW 61st 
Avenue to Front Avenue intersection has flowed to the north along Front Avenue 
and discharged through City of Portland Outfall 22B.  The Rhone-Poulenc site 
operated from 1943 to 1990, therefore any water discharged to the sewer line 
south of Front Avenue and along NW 61st Avenue from 1951 to present would 
have discharged to the Willamette River through Saltzman Creek. 
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- Rhône Poulenc chemicals, including aldrin, lindane, and mercury, have been 
detected in buried sediments immediately downstream of Saltzman Creek.   

Summary and Conclusions 
 
Based on the review of DEQ file documents, current and historical maps, and aerial photos, it 
has been conclusively shown that Rhône Poulenc generated waste liquids that were discharged 
directly and continuously to West Doane Lake for at least a 30-35 year period (from 1943 to at 
least 1975).  Even though the approximately 20 year period of plant operation prior to 1963 are 
not well documented in the DEQ file information obtained by LSS, waste handling procedures 
during these years are assumed to be no better than they were in the 1960s when direct discharge 
to the river was occurring.  This practice is well documented by Glen Carter in his summary of 
historic pollution discharges to the Willamette River (Carter  2006).  In addition, interviews of 
long-term employees conducted in 1990 showed very poor waste handling practices, some of 
which were confirmed by a recent geophysical survey and test pit investigation.  
 
Rhône Poulenc waste chemicals discharging to West Doane Lake at various times either drained 
directly to the Willamette River through an old outfall pipe or the Historical Drainage Ditch, or 
drained to the river via seepage through the railroad track embankment to North Doane Lake and 
then to Doane Creek.  Doane Creek discharged to the river near the current boundary of the NW 
Natural and Siltronic sites prior to 1965 and immediately downstream of the BNRR railroad 
embankment after the Doane Creek drainage was modified and diverted immediately north along 
the railroad embankment in about 1965.  According to Rhône Poulenc, the tainted migratory fish 
issue in the mid to late 1960s was caused by the excavation of this ditch, which drained water 
from North Doane Lake to the Willamette River (Rhône Poulenc 1987).   
 
The evidence also indicates that discharges occurred to the Willamette River via Saltzman Creek.  
Waste handling and disposal practices occurred in the southern portion of the site (including 
leakage from railcars that were often located in this portion of the property).  The natural 
topographic drainage and connections of City storm water conduits to Saltzman Creek were well 
established prior to the construction of the Chipman Chemical plant and would naturally carry 
any waste spills or discharges in these parts of the site to the Saltzman Creek drainage and 
discharge to the Willamette River.  From 1980 to present, storm water north of the intersection of 
NW 61st Avenue and Front Avenue have discharged through City of Portland Outfall 22B.  
Water discharged from Outfall 22B continues to convey groundwater plumes with Rhône 
Poulenc chemicals to the Willamette River.      
 
As a result of this file review, LSS has determined that: 
 

- Rhône Poulenc has not adequately investigated all of their source areas and 
related transport pathways, especially former surface water pathways to the river.   

 
- Not all COIs generated by the many herbicide, pesticide, and other chemical 

manufacturing processes that were conducted at the site for approximately 50 
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years have been adequately identified leaving data gaps in the understanding of 
COIs that may need to be remediated or controlled. 

 
- Many of the areas where waste disposal occurred have not been adequately 

located or investigated, especially those identified in the first 20-30 years of 
manufacturing, including the southern portions of the Rhône Poulenc facility.  
Uninvestigated source areas may pose a serious threat to human health and the 
environment and could be a continuing long term source of contamination to the 
Willamette River and/or downgradient properties.  

 
LSS appreciates the opportunity to provide this historical information and review to DEQ.  
Please do not hesitate to contact me (610-594-4430) or David Livermore at Integral Consulting 
(503-284-5545) if you have any questions about the information summarized in this letter. 
 
Sincerely, 
 
Legacy Site Services LLC 
 
 

 
 
J. Todd Slater 
Manager, Environmental Technologies 
And Remedial Procurement 
 
Attachments 
 
cc: Sean Sheldrake, EPA 
 Matt McClincy, DEQ 
 Tom Gainer, DEQ 
 Henning Larsen, DEQ 
 Karen Traeger, LSS 
 Steve Parkinson, Groff Murphy 
 David Livermore, Integral  
 Erik Ipsen, ERM 
 Larry Patterson, ERM  
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Fact Sheet - May 2007

Alkali Lake Chemical Waste
Disposal
Site
The Alkali Lake Chemical Waste Disposal
Site is in Lake County, Oregon, about 60
miles north of Lakeview. The main
disposal area occupies about l0 acres just
west of Alkali Lake. Alkali Lake is dry
most of the year, as are most surface water
bodies in this area.

About 25,000 drums of pesticide
manufacturing waste were disposed of here
in the late 1960s and early 1970s. Despite
thê large quantity of toxic materials, it does

not present a significant risk to the public
or the environment because the waste has been
buried and fenced, and the site's location is

about 35 miles from the nearest town. A small
group of people live and work at an ODOT
maintenance facility on Highway 395, about
three miles from the site.

Background

In 1969, the Oregon Department of Agriculture
issued a temporary permit to Chemical Waste
Storage and Disposition, Inc. to store herbicide
manufacturing wastes at the site. Approximately
25,000 55-gallon drums of these wastes, generated

by Rhodia Inc., Portland, Oregon, were disposed
of at the site.

The waste products were primarily distillation
residues from the production ofthe herbicides 2,4-
D,2,4-dichlorophenol, and MCPA. These wastes

also include dioxins.

ln 1971, the Departments of Agriculture and
Environmental Qualrty (DEQ) issued directives
prohibiting additional shipments of waste to the
site. These directives were in response to improper
waste handling practices. Between 1972 and 1914,
the State took legal action in an attempt to force
Chemical Waste Storage to comply with newly
developed hazardous waste regulations. The
Circuit Court and then the Court of Appeals sided
with the company, however, noting that the
company was financially unable to address the new
requirements, and that the state had to some extent
supported the previous activities. As a result, DEQ
has been maintaining the site ever since.

In July 1976, ¡he Oregon Legislature allocated
funds for remedial action at the site. In October
1976, the State condemned and took possession of
the lO-acre disposal area. By this time, many of the

drums, which contained highly corrosive, acidic
wastes, had rusted and were leaking. In November
1976, the drums were crushed and buried in 12

shallow unlined trenches in an area referred to as

the chemical waste disposal area (CWDA). Each

trench was 2to 2.5 feet deep (the water table in the

area is typically only 3 to 6 feet below the gtound

swface). The trenches were approximately 400 feet

long and 60 feet apart. Each mound of crushed

d¡ums was covered with two feet of soil, with an

additional six inches of crushed rock to prevent

wind erosion of the soil cover. The trenches were
sunounded with a four-foot barbed wire fence.

Some of the waste has leached through the soils to
shallow groundwater. As a result, a groundwater

contaminant plume extends about 2,000 feet west-
norlhwest of the CWDA. The edge of the plume is

near another primarily dry lake known as West
Alkali Lake. Annual groundwater monitoring
indicates that the plume has not expanded in the
past 15 years.

In the early 1970s, the Oregon State University
Environmental Health Sciences Center
conducted land application research at the site to
determine whether the chemicals could be

treated by exposure to sunlight and the natural
alkaline conditions. These experiments were
done in four soil test plot areas covering about
25 acres south and east of the CWDA. Testing
in 2001 did not show phenols and herbicides at
these test sites. However, elevated levels of the
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more persistent dioxin compounds were found in
about a quarter of the samples.

Dioxin levels in soil are in the range of 50 to 100

parts per trillion at the CWDA and the nearby soil
incorporation areas and soil test plots. Dioxin
concentrations in groundwater just downgradient
of the CV/DA were measured at about 0.4 parts

per trillion. In October 2001, DEQ measured

dioxin at several locations a quarter mile and half
mile from the site to determine whether wind-
blown dioxin might present risk to offsite
receptors. No elevated levels of dioxin were
found. Dioxin was also measured in rats and mice
at the site n 1996, primarily to evaluate potential

effects on their predators. No elevated levels were

found in these samples either.

Risk to people and an¡mals

A risk assessment completed in 2005 concludes

that risk to offsite residents and workers is well
below safe levels. Risk to trespassers on the site is

also at or below safe levels. Nonetheless, DEQ
has placed barbed wire fence around the CWDA
and drum mound, and posted waming signs to
minimize unnecess¿Ìry exposure.

Areas surrounding the site a¡e occasionally used

for cattle graztng. To prevant cattle from gúng
in the most affected areas, DEQ installed an

additional 3.9 miles of barbed-wire fence, which
encloses the Crù/DA, the groundwater

contamination plume and West Alkali Lake.

The site is about 1.5 miles south of Hutton
Springs, which is the sole habitat of the Hutton tui
chub. The Hutton tui chub is classified as a
threatened subspecies by the U.S. Fish and

Wildlife Service. DEQ has therefore sampled
water in this spring several times, and concluded

that the site contamination does not affect this
spring.

Several species of migratory birds, including the
snowy plover, also inhabit springs and lakes in
the vicinity on a seasonal basis. The risk
assessment evaluated risk to migratory birds as

well as wildlife living at that the site. The study
concluded that these ariimals are not exposed to
unsafe levels,

Gurrent Activities

In April 2007, DEQ prepared a Record of
Decision that summarizes site history and site

conditions, and specihes future monitoring and

maintenance activities. Fencing, sigfis, soil cover
on the CWDA, and gravel roads to the site will be
maintained as needed. The site will be inspected

annually. Up to 15 groundwater monitoring wells

will be sampled six times over the next 20 years,

at two and a half-year intervals.

For more ínformation, please contact Bob

Schwatz, Proj ect Manager
Phone: 54 I-298-7255 ext. 30
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Ackroyd Photography Inc.  1951.  Untitled Aerial Photograph. 





 
 
 
 
 
 
Environmental Data Resources.  1955.  Untitled Aerial Photograph. 
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Source Unknown.  1971.  Untitled Aerial Photograph. 
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Sanborn Map Company.  1950.  Map of 6200 NW St. Helens Road, Portland, Oregon, 
97210.  Environmental Data Resources. 
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Sanborn Map Company.  1969.  Map of 6200 NW St. Helens Road, Portland, Oregon, 
97210.  Environmental Data Resources. 



1969 Certified Sanborn Map

2C
62-4B

A
8-96C

F

Order Date:
EDR Inquiry:
Client:

Site Name:

Address:

City, ST, ZIP:

Certification #

Copyright: 1969

8/7/2009 2:45:01 PM
2532194.2
Integral Consulting, Inc.

6200 NW Saint Helens Rd

6200 NW Saint Helens Rd

Portland OR 97210

2C62-4BA8-96CF

2532194 - 2    page 5



1969 Certified Sanborn Map

2C
62

-4
B

A
8-

96
C

F

Order Date:
EDR Inquiry:
Client:

Site Name:

Address:

City, ST, ZIP:

Certification #

Copyright: 1969

8/7/2009 2:45:01 PM
2532194.2
Integral Consulting, Inc.

6200 NW Saint Helens Rd

6200 NW Saint Helens Rd

Portland OR 97210

2C62-4BA8-96CF

2532194 - 2    page 6



1969 Certified Sanborn Map

2C
62-4B

A
8-96C

F

Order Date:
EDR Inquiry:
Client:

Site Name:

Address:

City, ST, ZIP:

Certification #

Copyright: 1969

8/7/2009 2:45:01 PM
2532194.2
Integral Consulting, Inc.

6200 NW Saint Helens Rd

6200 NW Saint Helens Rd

Portland OR 97210

2C62-4BA8-96CF

This Certified Sanborn Map combines the following sheets
(thumbnails on page 3).

Volume 1, Sheet 97

Volume 1, Sheet P

Volume 1, Sheet 99O

Volume 1, Sheet 99D

0 Feet 150 300 600

2532194 - 2    page 7



 
 
 
 
 
 
Sewer Maps 



 
 
 
 
 
 
City of Portland.  1951. Map of Sewer in NW Front Avenue, Portland, OR.  Job No. 
1910.  City of Portland, Portland, OR. 





 
 
 
 
 
 
City of Portland.  1969.  Unit 1, Guilds Lake Interceptor Plan & Profile. As Built dated 
April 15, 1969.  Sheet 1 of 8.  City of Portland, Department of Public Works, Portland, 
OR. 





 
 
 
 
 
 
City of Portland.  1980.  N.W. Front Ave. Parts I & II Storm Sewer System. As Built 
dated September 4, 1980.  EDA Project No. 07-01-01976.1.  Job No. 3595.  Sheet 5 of 
8.  City of Portland, Department of Public Works, Portland, OR. 
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US Geological Survey.  1897.  Topographic Map.  Available at: 
www.lib.utexas.edu/maps/historical/portland_or_1897.jpg  





 
 
 
 
 
 
US Army Corps of Engineers.  1940.  Topographic Map. 





 
 
 
 
 
 
US Geological Survey.  1954.  Topographic Map.  Environmental Data Resources. 
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US Geological Survey.  1970.  Topographic Map.  Environmental Data Resources. 
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Oregon DEQ.  1964.  Doane Lake Drainage Map. 





 
 
 
 
 
 
Oregon DEQ.  1965.  Rhone Poulenc Plant Layout Map. 







 
 
 
 
 
 
Oregon DEQ.  1979.  Rhone Poulenc Plant Layout Map. 
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Arkema Site
Surface & Sub-Surface Sediment Samples

Depth Range: Intermediate Subsurface (4-8 ft)

 REVISED DRAFT
DO NOT QUOTE OR CITE

This document is currently under review by US EPA and its federal, state, and
tribal partners, and is subject to change in whole or in part.
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FEATURE SOURCES:
Bathymetric Information: Multibeam bathymetric survey conducted by David Evans and Associates, Inc. from February 6 - March 6, 2004.
Contours were derived from a Digital Terrain Model (DTM) based on a three-foot grid of multibeam data.
Vertical Datum:  North American Vertical Datum of 1988(NAVD88).
Horizontal Datum:  North American Datum of 1983 - 91 adjusted (NAD83/91), State Plane Coordinate System (SPCS), Oregon North Zone.
Units:  International Feet.
Basemap:  Basemap features updated in 2006 by David Evans and Associates.  Ordinary high water line, top of bank, and other site features surveyed in April 2006. 
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 For sample intervals that span more than one depth range, 
the bottom depth of the sample interval 
was used in selecting the depth range for display. 
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Contours were derived from a Digital Terrain Model (DTM) based on a three-foot grid of multibeam data.
Vertical Datum:  North American Vertical Datum of 1988(NAVD88).
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OHW and Top of Slope lines were created from the April 2006 DEA survey, the +12ft contour line was derived from the combined lidar/bathymetry grid.
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 For sample intervals that span more than one depth range, 
the bottom depth of the sample interval 
was used in selecting the depth range for display. 
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 For sample intervals that span more than one depth range, 
the bottom depth of the sample interval 
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 For sample intervals that span more than one depth range, 
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RECONTAMINATION ASSESSMENT 

INTRODUCTION 

A recontamination evaluation of the dredging, capping, and monitored natural 
recovery/enhanced natural recovery (MNR/ENR) alternatives was performed to support 
the Arkema Engineering Evaluation and Cost Analysis (EE/CA).  Remedial Alternatives 
2(i), 2(r), 3(i), 3(r), 4(i), 4(r), and 5 include various proportions of dredging, capping, and/or 
MNR/ENR over selected areas within the Arkema removal action area (RAA).  
Recontamination modeling was performed with a simplified fate and transport model and 
applicable site-specific data to assess the effects of recontamination on the sediment surface 
that would be left after implementing each of these above alternatives. 

Ongoing sources of constituents of interest (COIs) to the RAA include both upland and 
upstream activities.  Regulation and remediation of upland sources is being performed by 
Arkema/LSS pursuant to Arkema’s Administrative Order on Consent with the Oregon 
Department of Environmental Quality (DEQ).  Potential upland and onsite sources of COIs 
to the Arkema RAA include groundwater plumes, riverbank erosion, and stormwater 
discharge.  A brief discussion of these onsite sources and proposed source control measures 
(SCMs) is presented in Section 1.4 of the EE/CA report and offsite uplands sources are 
presented in Section 4.2 of the EE/CA report.  Upland and onsite pathways of other 
Portland Harbor sites upstream of the Arkema RAA have been identified as potential 
ongoing sources of COIs (Appendix Q, Anchor QEA et al. 2012).  Per the draft Portland 
Harbor feasibility study (FS), Portland Harbor upland onsite and offsite sources are 
assumed to be controlled under the DEQ program prior to the commencement of a 
sediment remedy (Anchor QEA et al. 2012).  This assumption was applied for the Arkema 
screening-level recontamination analysis, and modeled conditions reflect control of onsite 
sources prior to implementation of sediment removal and capping.    

Tributaries to the Willamette River may adversely affect COI concentrations in the Arkema 
RAA following sediment remediation.  DEQ placed Johnson Creek, which enters the 
Willamette River at river mile (RM) 18.9, on Oregon’s 303(d) list of impaired waters due to 
exceedances of water quality standards for DDT, PCBs, and other COIs (Portland Bureau of 
Environmental Services 2005).  Historical agricultural use of pesticides has likely been the 
primary source of DDT for Johnson Creek.  As a result of these historical sources, DEQ has 
established a total maximum daily load and waste load allocation in an attempt to control 
DDT inputs to Johnson Creek and the downstream watershed.  The Arkema 
recontamination analysis examines the impact of potential ongoing upstream sources of 
COIs, such as those from tributaries, as well as potential future conditions in which these 
sources are controlled. 
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RECONTAMINATION MODELING 

A mathematical mass balance model, SEDCAM (Jacobs et al. 1988), was applied to evaluate 
potential recontamination.  SEDCAM predicts surficial sediment contaminant 
concentrations over time.  The model assumes that the source inputs of sediments are fully 
mixed within the surficial layer over the area of potential recontamination.  Model inputs 
include sediment concentrations of incoming (upstream) sediments, sediment load and 
concentration in the stormwater discharge from the site, initial surficial sediment 
concentration over the area of potential recontamination, and sedimentation rate.  Model 
input parameters were developed from available site data. Where parameters were 
uncertain, a range of values was evaluated to provide a bounding estimate of potential 
sediment concentrations.   

The model was set up to evaluate DDD, DDE, and DDT.  The evaluation assumed the 
completion of the onsite stormwater and groundwater SCMs, and evaluated the existing 
conditions in Portland Harbor as well as the future remediated conditions.  The 
recontamination analysis includes both existing upstream loads and reduced upstream 
loads, representative of a possible future condition following potential upstream source 
control activities.   

Modeling Approach 

The SEDCAM model was developed to estimate natural recovery of contaminated 
sediments due to burial by cleaner sediments.  SEDCAM has frequently been applied to 
evaluate recontamination following dredging or capping remedial activities.  The model 
provides conservative estimates of surficial sediment concentrations in a mixed layer as a 
function of incoming loads and initial contaminant concentrations.  The SEDCAM mass 
balance equation is: 

𝐶𝐶𝑂𝐼(𝑡) =
1

1 + 𝑘𝑇𝑠
∗  𝐶𝐶𝑂𝐼,𝐷𝐸𝑃 ∗ �1 − 𝑒

−(1+𝑘𝑇𝑠)𝑡
𝑇𝑠 �+  𝐶𝐶𝑂𝐼(0) ∗ 𝑒

−(1+𝑘𝑇𝑠)𝑡
𝑇𝑠  

 

Where: 

CCOI(t) = COI concentration in mixed layer sediment at time t (COI mass/sediment mass) 

CCOI,DEP  = weighted average of COI concentration in sediment deposited over cap area (COI 
mass/sediment mass) 

CCOI(0) = initial COI concentration in cap (COI mass/sediment mass) 

k = combined first-order decay and diffusion rate constant for COI loss (year-1) 
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t = time (years) 

Ts = ML / Rs 

ML = mixed layer thickness (cm) 

Rs = net sedimentation rate (cm/year) 

Model inputs (e.g., upstream COI loadings) are assumed constant over time.  The model 
results are predictions of the fully mixed sediment contaminant concentrations in the 
mixed layer over time. 

Model Inputs 

Stormwater Loads 

Stormwater loads from the Arkema site were calculated from regional information (e.g., 
average annual rainfall), site-specific data (e.g., drainage area), and target treatment 
concentrations.  Modeled conditions assumed onsite stormwater conveyances, detention 
ponds, and other SCMs were in place and discharged stormwater concentrations were 
meeting the target treatment level of 0.05 µg/L for each DDx analyte.  A complete 
description of the estimation of the stormwater loads can in found in Integral (2011). 

Upstream Loads 

Incoming sediment to the Portland Harbor Site and resuspension of upstream sediments 
will contribute to the depositional load within the Arkema RAA.  Three upstream sediment 
load scenarios (Table 1) were considered in the evaluation:  

1. Existing conditions:  Sediment trap data collected in 2007 immediately upstream of 
the Arkema site (RM 7.7) during the Portland Harbor FS were averaged to 
characterize existing upstream sediment concentrations for DDD, DDE, and DDT 
(Anchor QEA et al. 2012).   

2. Potential future conditions – complete Portland Harbor sediment remediation, no 
upstream source control:  Sediment trap data collected in 2007 near the upstream 
end of the Portland Harbor Site (between RM 11 and 12) during the Portland 
Harbor FS were averaged to characterize existing upstream sediment 
concentrations for DDD, DDE, and DDT (Anchor QEA et al. 2012).   

3.  Potential future conditions – complete Portland Harbor sediment remediation, 
upstream source control: Implementation of future source control actions were 
assumed to result in a 50 percent reduction of the loads calculated from data 
collected upstream of the Portland Harbor Site (data used in scenario 2).   
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Table 1.  Model Scenarios: Upstream Sediment Concentrations 

COI 

1. Existing Upstream 
Sediment 
Concentration 
(µg/kg) 

2. Potential Future Upstream 
Sediment Concentration: 
Remediated Sediments, No 
Upstream Source Control 
(µg/kg) 

3. Potential Future Upstream 
Sediment Concentration: 
Remediated Sediments, 
Upstream Source Control 
(µg/kg) 

DDT 7.8 2.7 1.33 

DDE 2.9 1.9 0.93 

DDD 4.0 0.90 0.45 

 

Estimates of the upstream sediment deposition load are calculated from the difference of 
the net sedimentation load and the mass loading from the Arkema site’s stormwater solids: 

Net Sedimentation Load = Upstream Sedimentation Load + Arkema Site Stormwater Load 

where the net sedimentation load is estimated as the net sedimentation rate multiplied by 
the depositional area (the Arkema RAA, 5.4 acres).  A conservative assumption inherent in 
the SEDCAM model is that all solids associated with the Arkema stormwater discharge 
deposit over the specified depositional area.  It is likely that some portion of the 
stormwater solids load may be entrained in the water column. 

SEDCAM Model Parameters 

SEDCAM Model parameters include the mixed layer depth, net sedimentation rate, initial 
surficial sediment concentration and sediment density.  These parameters are described 
below. 

Mixed Layer – Bioturbation, anthropogenic activity, and natural forces contribute to the 
mixing of surficial sediments.  To account for the Willamette River’s high amount of ship 
traffic and relatively fast currents, the thickness of the surficial sediment’s mixed layer was 
assumed to be 10 cm, consistent with the mixing layer assumed in the FS. 

Net Sedimentation Rate – The net sedimentation rate was estimated by evaluation of 
depth differences between sequential bathymetric surveys.  The bathymetric data collected 
in 2002 and 2009 were evaluated to characterize net deposition rates over the nearshore 
sediments adjacent to the Arkema site (note that the bathymetry data does not cover the 
full nearshore extent of the site).  The depth difference map indicates net sedimentation 
rates over the proposed early action area ranging from 0 to approximately 30 cm/yr in local 
areas. 

Sediment cores collected within the proposed early action area were quantitatively 
analyzed to better understand local sedimentation patterns (Integral 2011).  In all of these 
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cores the peak DDx concentrations, which are assumed to correspond to DDT 
manufacturing operations at the site between approximately 1947 and 1954, were buried 
with depth in the sediment, located at depths ranging from approximately 2 to 10 ft below 
the sediment-water interface.  These data indicate a long-term net depositional 
environment and suggest an average local net deposition rate of 3.3 cm/year in the early 
action area (Integral 2011).  

The available data generally suggest a depositional environment, although the ongoing net 
depositional rate varies over the nearshore areas.  To evaluate potential recontamination, a 
low (1 cm/yr) and a high (5 cm/yr) net sedimentation rate were evaluated. 

Initial Surficial Sediment Concentrations – The initial surficial sediment concentration in 
the depositional area was conservatively assumed to be 0, representing a remediated (e.g., 
capped) scenario. 

Sediment Density – The average dry bulk density of sediment was measured to be 
0.92 g/cm3 from samples collected within the preliminary RAA boundary at the Arkema 
site.  

Model Results 

Model predictions were compared to remedial action levels (RALs) developed for the 
Arkema RAA (RM 7-8 RAL) and the Portland Harbor sediment preliminary remediation 
goals (PRGs) (Table 3.5-2, Anchor QEA et al. 2012; Table 2-1 of the EE/CA report).  An RAL 
was not developed for total DDD as the spatially weighted average concentration of this 
COI within RM 7 to 8 has met the PRG and no action is required.  The RALs, PRGs, and the 
fully mixed, steady state, predicted surficial sediment concentrations are summarized in 
Table 2.  Predicted surficial sediment concentrations for each of the three model scenarios 
are below the RM 7-8 RALs and Portland Harbor PRGs.  These results were also compared 
with the RALs developed for the Portland Harbor draft FS, and are more conservative than 
those developed for the Arkema EE/CA (Table 7.0-1, Anchor QEA et al. 2012).  With the 
exception of DDE at the existing upstream sediment concentrations and a low net 
sedimentation rate, all modeled conditions meet the Portland Harbor’s most conservative 
RAL, which corresponds with Portland Harbor remedial Alternative F.  RALs for all other 
draft Portland Harbor remedial alternatives were met.  
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Table 2.  Comparison of Model-Predicted Fully Mixed Sediment Concentrations with Portland Harbor 
Sediment PRGs and RALs 

   

Existing Upstream 
Sediment 

Concentrations (µg/kg) 

Remediation of PH 
Sediments, No 

Upstream Source 
Control (µg/kg) 

Remediation of PH 
Sediments, Upstream 

Source Control 
(µg/kg) 

Analyte 

PH 
Draft 
PRG 

(µg/kg) 

RM 7-8  
RAL 

(µg/kg)  

Low Net 
Sedimen-

tation 
Rate 

High Net 
Sedimen-

tation 
Rate 

Low Net 
Sedimen-

tation 
Rate 

High Net 
Sedimen-

tation 
Rate 

Low Net 
Sedimen-

tation 
Rate 

High Net 
Sedimen-

tation 
Rate 

Total 
DDT 

62.9 6,000 25.7 11.4 20.5 6.2 19.2 4.9 

Total 
DDE 

31.3 400 20.8 6.5 19.7 5.4 18.8 4.5 

Total 
DDD 

28 NA 21.8 7.5 18.8 4.5 18.3 4.0 

PH = Portland Harbor 

 

Model results for all analytes indicate some recontamination following remediation from 
upstream loads.  Predictions are presented as a function of time, where the initial surficial 
sediment concentration in the depositional area is assumed to be zero at time=0 (Figure 1).  
The high and low net sedimentation rates provide bounds on the expected results, and a 
typical rate in between these values would result in model predictions falling between 
those presented for each condition.  An estimated sedimentation rate of 3.3 cm/yr would 
result in predicted surficial concentrations below all RALs and PRGs for the three DDx 
isomers—total DDT, total DDD, and total DDE.  The model results suggest that the extent 
of the recontamination and the achievement of the remedial goals will depend on the 
upstream sediment COI concentrations, ongoing net sedimentation rate in the RAA, and 
the implementation of upstream SCMs.   
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Figure 1.  Predicted DDE Surficial Sediment Concentrations, High and Low Net Sediment 
Deposition Rates 
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