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PART 1: DECLARATION FOR THE RECORD OF DECISION
SITE NAME AND LOCATION
Portland Harbor Superfund Site
Portland, Multnomah County, Oregon
Superfund Site Identification Number: ORSFN1002155
STATEMENT OF BASIS AND PURPOSE

This Record of Decision (ROD) presents the Selected Remedy for the in-river portion of the
Portland Harbor Superfund Site (the Site) in Multnomah County, Oregon. The Selected Remedy
was chosen in accordance with the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), and to the extent practicable, the National Contingency Plan (NCP).
This decision is based on the Administrative Record file (Appendix V) for the Site. The State of
Oregon concurs with the Selected Remedy.

ASSESSMENT OF THE SITE

The response action selected in this ROD is necessary to protect public health or welfare or the
environment from actual or threatened releases of hazardous substances into the environment and
pollutants or contaminants which may present an imminent and substantial endangerment to the
public health or welfare.

DESCRIPTION OF THE SELECTED REMEDY

The Selected Remedy is a final action for the in-river portion of the Site from approximately
river mile (RM) 1.9 to 11.8. It addresses unacceptable human health risks associated with
consumption of resident fish and shellfish and exposure to in-river sediments, surface water, and
groundwater. It also addresses ecological risks to wildlife that consume fish, shellfish, and other
biota, as well as bottom-dwelling organisms (benthic invertebrates), fish, and wildlife from
exposure to sediment, surface water, and groundwater.

The overall strategy for addressing contamination at the Site has included actions at various
locations throughout the Site, including upland source control work conducted by the Oregon
Department of Environmental Quality (DEQ) and other enforcement and cleanup actions within
the Site at the following locations: Terminal 4 (RM 4.5 East), NW Natural (RM 6 West),
Arkema (near RM 7 West), U.S. Moorings (near RM 6 West), Triangle Park (RM 5 East), Gasco
(RM 6.5 West), River Mile 11E Project Area, McCormick and Baxter Superfund NPL Site (RM
7 East), Gould Superfund NPL Site (RM 5 West), and BP Arco Bulk Terminal (RM 4.5 West).
Additional details regarding these cleanup actions are provided in ROD Section 2.3.

The Selected Remedy addresses all areas where contaminant concentrations exceed the cleanup
levels through a combination of technologies, including capping, dredging/excavation, in-situ
and ex-situ treatment, enhanced natural recovery (ENR), monitored natural recovery (MNR), and
institutional controls (ICs). Certain contaminated river banks will be addressed using the same
remedial technologies that will be used for the adjacent contaminated sediment, if it is
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determined that those river banks should be remediated in conjunction with the sediment action.
Caps can be constructed of layers of clean material and can be augmented with reactive
amendments in areas with groundwater plumes and/or constructed as armoured caps in higher
energy environments. ENR includes placement of clean material over low-level contaminated
sediments, with reactive amendment such as activated carbon, as required, to reduce contaminant
concentrations. MNR relies on natural processes such as burial of contaminated sediments by
cleaner sediments from upstream. All areas with principal threat waste (PTW) will be addressed
by active remediation, not MNR. Dredged material will be sent to off-site disposal facilities,
either Resource Conservation and Recovery Act (RCRA) Subtitle D or C compliant, as
appropriate.

In the Proposed Plan, EPA requested public comment on all of the proposed alternatives. As
discussed in the Decision Summary, EPA received comments on all alternatives, including
numerous comments that the Preferred Alternative in the Proposed Plan was not protective
enough of human health and the environment. In response to this new information, EPA selected
a different alternative that will more closely address the concerns raised through public
comments.

The Selected Remedy will include a total constructed area of 394 acres of sediment and 23,305
lineal feet of river bank and will allow 1,774 acres of sediment to recover naturally. The
construction will include 365.3 acres of capping and dredging contaminated sediment and 28.2
acres of ENR. Additionally, the 23,305 lineal feet of river bank are assumed to be either
excavated or covered with an augmented reactive cap or an engineered cap using beach mix or
vegetation. The Selected Remedy also requires compensatory mitigation for loss of habitat
resulting from the cleanup, currently estimated at 60 acres.

The Selected Remedy includes dredging of approximately 215.2 acres of sediment to varying
depths (3,017,000 cubic yards [cy]) and excavating approximately 123,000 cy of contaminated
material from river banks. The need for, and extent of, ex-situ treatment will be based on the off-
site disposal requirements and material testing during design and construction. For purposes of
the FS, disposal locations and requirements were assumed and cost estimates were calculated
based on those assumptions. If, during design, more proximate or cost-effective disposal
facilities emerge, EPA would support use of these options to reduce the cost and environmental
impact of the cleanup.

As part of the FS, observed current uses were assumed to continue in the river. As part of the
public comment period, some parties identified that the potential future use(s) of a part of the
river may be other than current uses or EPA’s assumptions. To ensure that the correct reasonably
anticipated future uses are used for the remedial design, these assumptions will be verified and
will be altered, as appropriate. For example, eliminating the need for a more expensive dredge
and armored cap remedy may be possible if a significant area is no longer to be used for marine
terminal purposes.
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The Selected Remedy is estimated to take 13 years to construct. As the cleanup is constructed,
levels of contamination in fish tissue are expected to decline over time until levels of
contamination in resident fish reach background anthropogenic levels.

The Selected Remedy includes short-term monitoring during construction and long-term
monitoring of caps, dredge areas, and MNR areas after construction to evaluate long-term
effectiveness and ensure the remedies function as designed.

ICs will be implemented to: (1) protect human health and the environment by limiting exposure
to contamination left in place and (2) protect the long-term integrity of the engineered
components of the Selected Remedy. An Institutional Control Implementation and Assurance
Plan (ICIAP) will be developed during remedial design which will, at a minimum, set out the
specifics of the ICs and measures that will be implemented and who will be responsible for
implementing, enforcing, and monitoring each IC. Among others, three types of ICs that will be
used are described further below:

= Fish Advisories and Educational Outreach: A fish advisory is currently in effect for
the Lower Willamette River. Once construction is complete, the advisory will be updated
to allow an increased consumption rate based on fish tissue concentrations. The advisory
may be periodically updated until Remedial Action Objectives and cleanup levels are
reached. The outreach program to communicate with the public regarding risks from
consumption of contaminated fish may include: informational meetings, presentations,
and workshops targeting affected community groups; development and distribution of
informational materials such as brochures or maps; advisory notifications communicated
through a variety of culturally appropriate outlets; installation and maintenance of
advisory signs at known fishing locations; and coordination with sport or recreational
fishing clubs and licensing locations.

Waterway Use Restrictions or Regulated Navigation Areas (RNASs): Where caps will
be utilized to contain contamination in navigable areas of the river, waterway use
restrictions may be implemented to ensure the integrity of the cap is maintained in
perpetuity. These restrictions may preclude boat anchoring and keel dragging, the use of
spuds to stabilize vessels, structure and utility maintenance and repair, and future
maintenance dredging in areas containing caps. Notifications such as signs and buoys
placed by the Oregon Marine Board may be used to warn vessels away from the area.
Periodic inspections of RNA notifications will be needed to ensure they are functional
and effective and will be evaluated in five-year reviews.

= Land Use/Access Restrictions: Land use or access restrictions will be implemented in
nearshore areas and river banks to maintain the integrity of caps from current or future
activities, such as construction and maintenance of structures. Where needed,
coordination with Oregon’s Department of State Lands (DSL) and adjacent landowners
will be conducted to implement land use or access restrictions. Monitoring, including
inspections, will be conducted to ensure that restrictions are functioning as intended.
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Since the Selected Remedy will leave contamination in place above levels that allow unlimited
use and unrestricted exposure, five-year reviews will be conducted as required by CERCLA.
Other types of controls that likely will be used include coordinated permit reviews of in-river
work (e.g., maintenance dredging, pile removal) that will be necessary to minimize
recontamination to the Site.

Total estimated net present value costs (discounted at 7 percent) for the Selected Remedy are
$1,054,200,000. The total non-discounted capital costs are $1,184,607,000 and periodic costs are
$524,028,000.

STATUTORY DETERMINATIONS

The Selected Remedy is protective of human health and the environment, complies with federal
and state requirements that are applicable or relevant and appropriate to the remedial actions
(unless justified by a waiver), is cost effective, and uses permanent solutions and treatment
technologies to the maximum extent practicable.

Although CERCLA § 121(b)(1), 42 U.S.C. § 9621(b)(1), expresses a preference for selection of
remedial actions that use permanent solutions and treatment technologies to the maximum extent
practicable, there are situations that may limit the use of treatment, including when treatment
technologies are not technically feasible or when the extraordinary size or complexity of a site
makes implementation of treatment technologies impracticable. The Selected Remedy will
generate approximately 2,481,000 to 3,308,000 cy of contaminated sediments through dredging.
The Selected Remedy will address all principal threat waste (PTW) by excavation and off-site
disposal or, if left in place, with augmented reactive caps to provide in-situ treatment.
Additionally, as necessary, dredged or excavated PTW will be treated prior to disposal if
required by state or federal regulations. The Selected Remedy is estimated to provide ex-situ
treatment of approximately 191,500 cy of contaminated sediment and river bank soil. In-situ
treatment such as cap amendments will be applied over 133 acres. With these treatment actions,
the preference for treatment requirement of the NCP has been met.

The Selected Remedy will result in hazardous substances, pollutants, or contaminants remaining
on-site above levels that allow unlimited use and unrestricted exposure. Therefore, statutory
reviews will be conducted every five years after the initiation of the remedial action to ensure the
remedy continues to provide adequate protection of human health and the environment.

DATA CERTIFICATION CHECKLIST

The following information is included in the Decision Summary section of this ROD. Additional
information can be found in the Administrative Record file for this Site.

= Contaminants of Concern (COCs) and their respective concentrations are in Section 6,
"Summary of Site Characteristics."

= Baseline risks for human health and the environment represented by the COCs are in
Section 8, "Summary of Site Risks."
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» Cleanup levels established for COCs and the basis for these levels are in Section 9,
"Remedial Action Objectives,”

* How source materials or highly toxic materials that are PTW are addressed is in Sections
6, Summary of Site Characteristics”, and 14, “Selected Remedy”.

= Current and reasonably anticipated future use assumptions used in the baseline risk
assessment and ROD are in Section 7, "Current and Potential Future Site and Resource
Uses."

* Estimated capital, operation and maintenance (O&M) and total present value costs,
discount rate, and the number of years over which the remedy cost estimates are
projected in Section 14.3. "Summary of Estimated Remedy Costs."

= Key factors that led to selecting the remedy (i.e., how the Selected Remedy provides the
best balance of tradeoffs with respect to the balancing and modifying criteria,
highlighting criteria key to the decisions) are in Section 11, "Comparative Analysis of
Alternatives." and Section 14, "Statutory Determinations."

AUTHORIZING SIGNATURE:

b e O Jxhor

Gin\ﬂ; McCarthy Daté
Adminstrator
U.S. Environmental Protection Agency

Record of Decision
Portland Harbor Superfund Site




TABLE OF CONTENTS

PART 1: DECLARATION FOR THE RECORD OF DECISION ..........ccooiviiiiiin, i
ACRONYMS e e e e e e e e Xi
PART 2: THE DECISION SUMMARY ... ., 1
1. SITE NAME, LOCATION, AND BRIEF DESCRIPTON ......ccooiiiiieeieeeeeeeee, 1
2. SITE HISTORY AND ENFORCEMENT ACTIVITIES ......cooiieieieeeeeeeeee 2
2.1, SHEE HISTOIY ..ottt ettt ettt et et eereeeae e ae e 2
2.2, Previous INVESTIGAtIONS ..........ccuoiuiiiieieeieeieceete ettt ettt ettt e 4
2.3. Enforcement Activities and Cleanup Actions Planned or Completed to Date by
E P A ettt bbbt ettt e s atete b et eseete et e st eseebe s eseeneaseneas 4
3. TRIBAL COORDINATION AND CONSULTATION......ccotiiteieieeeeeeeeeees 6
4. COMMUNITY PARTICIPATION. ....cooiiiiiiieeeee ettt ens 7
5. SCOPE AND ROLE OF THE RESPONSE ACTION ......cccooiiiiiieieeieeeeeeeeeenes 9
6. SUMMARY OF SITE CHARACTERISTICS.......c.coieieeeeeeeeeee e 10
6.1. Conceptual SIte IMOEL ..........cveeoiieieeeeeeee ettt 10
6.2. Site Overview and Physical CharacteristiCS .............cocvvevvieiiiiecieieeeceeeeeeeeiee 11
6.2.1. Geographical and Topographical Information............c...ccoecoevieiiiiiceciee. 12
6.2.2.  SITE GROIOGY ...ttt ettt ere s 12
6.2.3.  Site Hydrogeological FEAtUIES ..........cc.ooieiieeieieeieceeteee e 12
6.2.4. Bathymetry and Sediment CharacteristiCs.............cccccvevvieieniecieeieeeeee e, 13
6.2.5.  Areas of Archeological or Historical Importance.............cccoceevveieveecieceennennee. 15
6.3.  Sources of CoNtAMINATION ........c.ccuiiiiiiiiiiieeeeee e 15
6.3.1.  DIreCt DISCRAIGE......c..eeeveeeeeeeeeeeee ettt ettt e eveeees 16
6.3.2.  OVerland TranSPOIT.........c.cooiiiiieciieeeeee ettt et evee e 16
6.3.3.  GIOUNAWALEL .....c.ooviitiieeiieteettetete ettt st ebeeteesaesa e s essesesseeseenas 16
6.3.4. River Bank Erosion and Leaching ..........ccccoceveeiieiiiiciecieeeeceeeeee e 17
6.3.5.  AtMOSPNEriC DEPOSITION .....c..ocviiiieiiciieeeeee e 17
6.3.6.  OVErWALEr ACTIVITIES ....ccuiciieiieiieieeieee ettt 17
6.3.7. Upstream Watershed..............ccooveiiiiiiiceeeeeeee e 17
6.3.8.  Summary of Known or Suspected SOUFCES...........cccevueevieeienreeiieeieeeeee e 17
6.4, SAMPIING STFALEGY ..oovvieeeieeee ettt et e eaaeevees 18
Record of Decision vi

Portland Harbor Superfund Site



6.5. Types of Contamination and Affected Media.............cccoevvieeinieciieiieieeeeeee, 18

6.5.1.  Contaminants Of CONCEIN .....c..oiiiiiiieieeeeeeee et 18
6.5.2.  Contaminated MEIA .........coceeieieieieeeeeee e s 21
6.6. Nature and Extent of Contamination .............ccceeveieieiineninieeeeeeeeee e 21
6.6.1.  Surface and Subsurface SEdiment............cccoevveieieieniniceeeeee e 21
6.6.2.  Suspended SEAIMENT ...........coviiiiieeeceeee ettt 22
6.6.3.  SUITACE WAL ......c.oiiiiiiiceeeeeeee ettt et se e nseeaeenas 23
6.6.4.  GIOUNAWALEL ......ooviiiiiieiietieieeteeetet ettt ettt be st eseeseeseesae e ensensensesseenas 23
B.6.5.  BIOTA .oviiieeieiieeieieet ettt ettt ettt eeeens 23
6.6.6.  RIVEI BANKS ..ottt 24
6.6.7. RCRA Hazardous Waste in Media ...........ccceveeieieienenienenceeeeeeeee e 26
6.7. Computer Models Used For Fate and Transport............ccceevveeeeeeiiecieeieecreeeeeenen. 26
6.7.1. Hydrodynamic and Sediment Transport Models .............ccccceeveeieeeecieeeeenenne. 26
6.7.2.  MasS Transfer MOGEL...........cccueiiiiiiiieiceeeeeeee e 26
6.7.3.  HST Model UTHIZatioN.........ccccoeieieieeeeeceeeeeeeee e 27
7. CURRENT AND POTENTIAL FUTURE SITE AND RESOURCE USE ................ 28
7.1. Current Land and RIVEN USE.........ccooiiiiieieiieieieieeeeie ettt 28
7.2.  Groundwater and Surface Water USE............cccoeieieiierienienirieeceeeee e 29
7.2 1. GroUNAWALET USE ..ottt sttt ettt 29
7.2.2. SUITACE WALEE USE ....o.eiiiiiiieieeee ettt 29
7.3.  Cultural and Recreational RESOUICES............ccccveieierieriirieeieeieeee et 29
T4, NATUFAl RESOUICES ....c.vevivieiietieieiieiete sttt ettt ettt e sbe st eseeseeseesaensessesassesseese e 30
7.4.1. Upland and Aquatic Habitat................cccooovieiiiiciiicececeeeee e 30
7.4.2.  Threatened and Endangered SPECIES..........ccucvuvevieuieiiieiieeieeieecee et 30
7.5. Potential Future Land, River and ReSOUrce USE..........ccccovivieieieieieieieniese e 31
8. SUMMARY OF SITE RISKS......cooiiiiiiieieeeteestet ettt 31
8.1, Human Health RISKS ..........cccoiiiieieeeee e 31
8.1.1.  Hazard 1dentifiCatioN...........ccocueiiieriiiirieeeeeeeee e 32
8.1.2.  EXPOSUIE ASSESSIMENT......c.uviiiiiieeiiie ettt e e e e e etre e e eareeeaaeesaeeesareeens 33
8.1.3.  TOXICITY ASSESSMENT.......eiiviieiieeieieeee ettt ettt ettt ettt et eae et e eve s 36
8.1.4.  RISK CharaCterization............cccocvevieiieriiiieiieeeieeeeesee ettt eae e e 37
8.1.5.  Uncertainty Analysis for the BHHRA.............cooioiieeeeeee, 42
Record of Decision vii

Portland Harbor Superfund Site



8.2, ECOIOQICAI RISKS......ocuiiiieiieiieieee ettt ettt ettt be e saeebeeneaa 44

8.2.1.  Problem FOrmulation ............ccoooiiiiiiiiieeeee s 45
8.2.2.  Ecological EXposure ASSESSIMENT ..........cceeevieivieeieeieeeie et et eeaee e eevee e 47
8.2.3. Ecological Effects ASSESSIMENT..........ccviiiuiiciieieeeie ettt e 48
8.2.4. BERA Risk CharacCterization.............cccocoeieieieieieriesiecieceeeeeeeeeeeeae e 48
8.2.5.  Ecologically Significant Contaminants of Concern.............cccooeevveevecieeveenenee. 50
8.2.6. Risk Characterization SUMMAIY..........cccoieiiiiieiiicieceeeeee et 50
8.2.7. BERA AsSesSMent UNCEITaiNTIES.........cccevieeeieieieieriesie et 51
8.3, BASIS TOFr ACTION......ooiiiiiictieitcteeeee ettt ettt st a st ene e aeaesaesaeereas 52
9. REMEDIAL ACTION OBJECTIVES ......oo e 53
0.1, ClEANUP LLEVEIS. ...ttt ettt e eas 55
9.1.1. Human Health Risk-Based Cleanup LeVels ...........c.cccovveeieeiiecieeeccieceee, 56
9.1.2. Ecological Risk-Based Cleanup LeVEIS ...........cooovieveiiecieiieeeeeeeeeeeeee. 56
9.1.3. Cleanup Levels Based on Applicable or Relevant and Appropriate
REQUITEIMENTS ...ttt ettt ettt ettt et et e e teeeteeteeaaeeseeseeaseesseeseensens 57
9.1.4. Background CoNCENTIAtIONS ..........c.coviiuieeiieiieetiete ettt 57
9.1.5. Summary of Selected Cleanup Levels and Fish Tissue Targets....................... 58
10. DEVELOPMENT AND DESCRIPTION OF ALTERNATIVES.........cccooeevernnee. 58
10.1. Summary of Remedial AIterNatiVeS...........c.ocoveivieiiieieieee e 58
10.1.1. Common Elements of the AItErNatiVES ...........ccooereiiriiieiceeeeee e 60
10.1.2. Application of Technologies by River RegioN ..........c..cooveeieeiieciicieeeeeeeeee, 71
10.2. Remedial AItEINATIVES. ......cc.ooiiieiieieieeeee ettt 72
10.2.1.  Alternative A: NO ACHION ..ottt 72
10.2.2. AREINALIVE Bi......o.oiieeeeeeeeee ettt besae b ene 73
10.2.3. AEINALIVE C ..ottt sttt st eaeene s 74
10.2.4.  AREINALIVE D ...ttt ettt e eaeene 75
10.2.5.  AEINALIVE E...c.ooeeiiieeeeee ettt ettt 76
10.2.6.  AREINALIVE Fo.oooeeieeeee ettt ene 78
10.2.7. AREINALIVE G ...ttt 80
10.2.8.  AIEINAtIVE H ..ot 81
10.2.9.  AREINALIVE L. ..ottt saesae b eae e 83
11.  SIGNIFICANT CHANGES TO THE SELECTED REMEDY ........ccccecveiviererrrnne. 85
12. SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVES.................... 87
Record of Decision viii

Portland Harbor Superfund Site



12.1. Overall Protection of Human Health and the Environment...........cooeooeeveeeeenaennnn. 89

12.2. Compliance with Applicable or Relevant and Appropriate Requirements............ 90
12.3. Long-Term Effectiveness and PErmanence ...........cccooveevveieieeiiieeieceeeeeee e 91
12.4. Reduction of Toxicity, Mobility, or Volume of Contaminants Through Treatment.
........................................................................................................................................ 92

12.5. ShOrt-Term EffECTIVENESS .......ccveieieeieieieeeeteete ettt 93
12.6. IMPIlementability ...........ccooiiiiiie e 95
12.8. State and Tribal ACCEPLANCE .......c.oocvieuiieieiieeeteee ettt 96
12.9. COMMUNITY ACCEPTANCE ......ocuiieieteeieeeeeete ettt et ettt e aeeae e 97
12.10.Summary of Comparative ANAlYSIS..........ccoeveiieiiiiieieeie et 98
13.  PRINCIPAL THREAT WASTES. ... ..o 102
14, SELECTED REMEDY ....coooiiiiiiiieieieeteeeeteit ettt 102
14.1. Summary of Rationale for the Selected Remedy.........c..ccccoeevieviiciiciieciecee, 103
14.2. Description of the Selected ReMEdY ..........ccooovieeieiiiiiiiieieeeeeeeeeeee e 104
14.2.1.  Navigation Channel ...........c.ocoooiiiiiiieeeeeeeeeeeeeee e 107
14.2.2. Future Maintenance Dredge (FMD)AFEAS .......c..cceeeeeueeceeeeeceeieeeeereeee e 107
14.2.3.  Intermediate REJION .........covieiiiiieieeieeeeee et 108
14.2.4.  ShalloOW REQION .......cviiiiiiieeeeeeeteee ettt et 108
1425, RIVEr BanK REQION.........cciiiieiiciicieeeeeteete ettt 109
14.2.6.  INStItUtioNal CONTIOIS........ccooiiieieee e 109
14.2.7.  MONItoring REQUITEMENTS .........ooviiiiieciieeieeeeee ettt e 111
14.2.8.  FIVE-YEAI REVIBWS .....oouiiieiieiieiesieeteeieeteete ettt sttt 112
14.2.9.  DeSign ReQUIFEMENTS ........ooviiiiieiecieeeeeteete ettt 113
14.2.10.  Performance Standards .............cccoeieieieieieieiesiese e 116
14.2.11.  Remedy IMplementation............c.oooveeieiiieiiiieceeeeeee e 116
14.2.12.  Use of Green Remediation PractiCes ...........ccooeveeirieieieieieeeseee e 116
14.3. Summary of Estimated Selected Remedy COStS..........ccoveieeieviieiicieeeeceee, 117
14.4. Expected Outcomes of Selected RemMedy..........cccoovveiiiieviieiieieeeeceeeee e 117
15. STATUTORY DETERMINATIONS .....ccooiiieiieeeeeee e 120
15.1. Protection of Human Health and the Environment.............ccocooovieiiienienenenenne. 120
15.1.1.  Human Health RAOS........cc.oiiieieeeeceeeeeeteee et 121
15.1.2.  ECOIOQICAI RADS. ...ttt 122
15.1.3.  Human Health and Ecological RAO ..........ccccveiuieiieeeeeeeeeeeeee e 123
Record of Decision iX

Portland Harbor Superfund Site



15.2. ComplianCe With ARARS.........ooiiieeeeeeee ettt sae s 123

15.2.1. Compliance with Chemical-Specific ARARS..........ccccoovieiirieiieieeeeeeee e 124
15.2.2.  Compliance with Location-Specific ARARS.........ccccevieiieieeeeceee e 125
15.2.3  Compliance with Action-Specific ARARS .......cccoocveeiieiieiicieeeeeeee e 127
15.3. COSt EFfECHIVENESS.....cueeiiiiticieeteeeteete ettt sttt ss e sesaeenas 132
15.4. Use of Permanent Solutions and Alternative Treatment Technologies ................ 133
15.5. Preference for Treatment as a Principal Element..............c.cccoeieiiiieiiicecieee. 135
15.6. Five-Year ReView ReQUITEMENTS ........c.ocveiuiiiiieeieciecieeeeeee ettt 135
REFERENCES CITED .....ccoiiiiioiieieieeet ettt 135
GLOSSARY .ttt ettt ettt ettt b ettt e bt ne st ens 137

PART 3: RESPONSIVENESS SUMMARY

Appendices

Appendix I Figures

Appendix II Tables

Appendix I Human Health Risk Assessment Tables Supplemental
Appendix v Information for Alternative F (Modified)

Appendix \Y State Letter of Concurrence

Appendix VI Administrative Record Index

Record of Decision

Portland Harbor Superfund Site



LIST OF ACRONYMS

ADD average daily dose

AOC Administrative Settlement and Order on Consent
ARAR applicable or relevant and appropriate requirements
AWQC ambient water quality criteria

BA Biological Assessment

BaPeq benzo(a)pyrene equivalent

BEHP bis-2(ethylhexyl) phthalate

BERA baseline ecological risk assessment

BHHRA baseline human health risk assessment

bml below mud line

BMP best management practice

BNSF Burlington Northern Santa Fe Railway Company
C carbon

CAA Clean Air Act

CAG Community Advisory Group

CDF confined disposal facility

CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CFR Code of Federal Regulations

CGF Coarse-grained Flood Deposits

Chem Waste Chemical Waste Management of the Northwest
CIP Community Involvement Plan

cm centimeter

COC contaminant of concern

COPC contaminant of potential concern

cPAH carcinogenic polycyclic aromatic hydrocarbon
CRBG Columbia River Basalt Group

CRD Columbia River datum

CRITFC Columbia River Inter-Tribal Fish Commission
CSM conceptual site model

CSO combined sewer overflow

CTE central tendency

CWA Clean Water Act

cy cubic yard

DDD dichlorodiphenyldichloroethane

DDE dichlorodiphenyldichloroethene

DDT dichlorodiphenyltrichloroethane

DDx DDT+DDD+DDE

DEQ Oregon Department of Environmental Quality
dioxins polychlorinated dibenzo-p-dioxins

DMM disposed material management

DSL Oregon Department of State Lands

ECSI Environmental Cleanup Site Information
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EFH
ENR
E.O.

¢q

EPA
EPC
ESA
ESD
FEMA
FFA
FMD

F Mod
FS

ft

g/day
HEA
HEC-RAS
HI

HQ
HST
HxCDF
IC
ICIAP
ISA
LDR
LOE
LWG
MCL
MCLG
MCPP
mg/kg-day
MGP
MNR
MOU
NAPL
NCP
NHPA
NMFS
NPDES
NPL
NRWQC
OAR
ODFW

Essential Fish Habitat

enhanced natural recovery

Executive Order

equivalent

United States Environmental Protection Agency
exposure point concentration

Endangered Species Act

Explanation of Significant Differences

Federal Emergency Management Agency

Fill, Fine-grained Facies of Flood Deposits, and Recent Alluvium
future maintenance dredge

Alternative F (Modified)

feasibility study

feet

grams per day

Habitat Equivalency Analysis

Hydrologic Engineering Center River Analysis System
hazard index

hazard quotient

hydrodynamic and sediment transport
1,2,3,7,8,9-hexachlorodibenzofuran

institutional control

Institutional Controls Implementation and Assurance Plan
initial study area

land disposal restriction

line of evidence

Lower Willamette Group

maximum contaminant level

maximum contaminant level goal
2-(4-chloro-2-methylphenoxy)propanoic acid
milligrams per kilogram per day

manufactured gas production

monitored natural recovery

memorandum of understanding
non-aqueous-phase liquid

National Contingency Plan

National Historic Preservation Act

National Marine Fisheries Service

National Pollutant Discharge Elimination System
National Priorities List

National Recommended Water Quality Criteria
Oregon State Administrative Rules

Oregon Department of Fish and Wildlife
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OHA Oregon Health Authority

OHSRA Oregon Hazardous Substance Remedial Action
OSWER Office of Solid Waste and Emergency Response
Oou operable unit

O0&M operation and maintenance

PAH polycyclic aromatic hydrocarbon

PA/SI preliminary assessment/site investigation
PCB polychlorinated biphenyl

PCDD polychlorinated dibenzo-p-dioxin

PCDD/F polychlorinated dibenzo-p-dioxin/furan
PCDF polychlorinated dibenzofuran

PCP pentachlorophenol

PeCDD pentachlorodibenzo-p-dioxin

PeCDF pentachlorodibenzofuran

pg/L pictogram per liter

ppm parts per million

PRP potentially responsible party

PTW principal threat waste

RAL remedial action level

RAO remedial action objective

RCRA Resource Conservation and Recovery Act
RfD reference dose

RHV Relative Habitat Value

RI remedial investigation

RI/FS remedial investigation and feasibility study
RM river mile

RME reasonable maximum exposure

RNA regulated navigation area

ROD Record of Decision

RSL regional screening level

SDU sediment decision unit

SDWA Safe Drinking Water Act

SF slope factor

Site Portland Harbor Superfund Site

SLERA screening-level ecological risk assessment
SMA sediment management area

SPCC Spill Prevention, Containment and Countermeasure Plan
SQV sediment quality value

SVOC semivolatile organic compound

SWAC surface area weighted average concentration
TAG technical assistance grant

TBC to be considered

TBT tributyltin
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TCDD
TCDF
TCT
TEQ
TMDL
TOC
tribes
TRV
TSCA
TZW
t=0
UCL
USACE
U.S.C.
USFWS
USGS
VOC
WQS
ng/kg
ng/L
%

2,3,7,8-tetrachlorodibenzo-p-dioxin
tetrachlorodibenzofurans
Technical Coordinating Team
toxic equivalent concentration
total maximum daily load
total organic carbon

Native Americans

toxicity reference value

Toxic Substance Control Act
transition zone water

time equals 0

upper confidence limit

U.S. Army Corps of Engineers
U.S. Code

U.S. Fish and Wildlife Service
U.S. Geological Survey
volatile organic compound
water quality standard
microgram per kilogram
microgram per liter

percent

Record of Decision
Portland Harbor Superfund Site

X1V



PART 2: THE DECISION SUMMARY
1. SITE NAME, LOCATION, AND BRIEF DESCRIPTON

The Portland Harbor Superfund Site, as listed on the National Priorities List (NPL) (Superfund
Site ID#: ORSFN1002155), includes an in-river and an upland portion. The Site was listed on
the NPL in December 2000 mainly due to concerns about contamination in the sediments and the
potential risks to human health and the environment from consuming the fish. This Record of
Decision (ROD) describes the remedial alternatives that were considered and selects a final
remedy for the in-river portion of the NPL site from approximately river mile 1.9 to 11.8, and
does not include actions to address the upland portion. The terms Site, harbor-wide, and Site-
wide used in this document in relation to the Selected Remedy generally refer only to the in-river
portion of the NPL site being addressed in this ROD.

This ROD was developed by the Environmental Protection Agency (EPA), the lead agency for
the in-river portion of the Site, in consultation with the Oregon Department of Environmental
Quality (DEQ), the support agency. After listing the Site on the NPL in 2000, EPA entered into a
2001 Memorandum of Understanding (MOU) with the DEQ, six federally recognized Native
American Tribes (tribes), two other federal agencies, and one other state agency.! Under the
MOU, DEQ is the lead agency for addressing contamination in the upland portions of the
Superfund Site, and EPA is the support agency. The MOU partners have all provided input in the
development of the remedial investigation/feasibility study (RI/FS), which in large measure was
conducted by a group of potentially responsible parties (PRPs) under an Administrative
Settlement and Order on Consent (AOC). EPA conducted an extensive search for PRPs and, to
date, has identified about 150 parties as potentially responsible for releases of hazardous
substances to the river, so this is an enforcement/PRP-financed site.

The Selected Remedy addresses approximately a 10-mile reach of the lower Willamette River in
Portland, Multnomah County, Oregon (Figure 1 in Appendix I), which is an urban and industrial
section of the river north of, and downstream of, downtown Portland, Oregon. The Site covered

by this ROD is approximately 2,190 acres and extends from river mile (RM) 1.9 (upriver end of
the Port of Portland’s Terminal 5) to RM 11.8 (near the Broadway Bridge).

While the harbor area is heavily industrialized, it is located within a region characterized by
commercial, residential, recreational, and agricultural uses. Land use along the lower Willamette
River in the harbor includes marine terminals, manufacturing, and other commercial operations,
as well as public facilities, parks, and open spaces. In addition to industrial activities, the
Willamette River and surrounding watershed historically offered access to abundant natural

! Government parties that signed the MOU include: Oregon Department of Environmental Quality, the Confederated
Tribes and Bands of the Yakama Nation, the Confederated Tribes of the Grand Ronde Community of Oregon, the
Confederated Tribes of Siletz Indians, the Confederated Tribes of the Umatilla Indian Reservation, the Confederated
Tribes of the Warm Springs Reservation of Oregon, the Nez Perce Tribe, the National Oceanic and Atmospheric
Administration, the U.S. Department of the Interior (National Marine Fisheries Service and U.S. Fish and Wildlife
Service), and the Oregon Department of Fish and Wildlife.
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resources in the river and on land. Many of these resources are still present such as fish, marine
mammals, waterfowl, land mammals, and native plants.

The Willamette River is also important to many tribes. Fish are among the resources most
frequently utilized by the tribes in the Portland Basin and the Willamette Valley. Culturally
significant species include salmonids, lamprey (eels), eulachon (smelt), and sturgeon. Native
people also fished for a variety of other resident species, including mountain whitefish,
chiselmouth, northern pikeminnow, peamouth, and suckers (Butler 2004; Saleeby 1983). The
harvest of the Pacific lamprey was, and continues to be, important to many tribes. Native plants
were and continue to be gathered for food and medicinal purposes as well. Tribes have reserved
hunting, fishing (particularly salmon and sturgeon species) and certain gathering rights through
Treaties with the United States. These activities provide food for Tribal families and cultural
heritage knowledge and skills. Tribal uses of these resources continue today, but access to
suitable patches of habitat continues to be both a challenge and an essential element of
maintaining local Tribal cultural knowledge, practices and traditions.

Contamination in the Site reflects the historical industrial, marine, commercial, defense, and
municipal practices for over 100 years in this active industrial, urban, and trade corridor.
Contaminants continue to reach the river through erosion of contaminated soils and river banks,
and through groundwater and stormwater discharges. Upstream sources within the broader
Willamette River Basin contribute to contamination in sediment, surface water, and biota at the
Site. The human health and ecological risk assessments concluded that contamination within the
Site poses unacceptable risk to human health and the environment due to the presence of a
variety of contaminants. There are 64 contaminants of concern (COCs) at the Site, with most of
the human health and ecological dietary risks attributed to polychlorinated biphenyls (PCBs),
polycyclic aromatic hydrocarbons (PAHs), polychlorinated dibenzo-p-dioxins and furans
(dioxins and furans), and pesticides such as dichlorodiphenyltrichloroethane (DDT).

2. SITE HISTORY AND ENFORCEMENT ACTIVITIES

This section provides background information on past activities that have led to the current
contamination at the Site and federal and state investigations and cleanup actions conducted to
date under the Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) and other authorities.

2.1.  Site History

The Willamette River is the 19th largest river in the United States and is one of 14 American
Heritage Rivers in the country. The Willamette River flows into the larger Columbia River,
which eventually flows into the Pacific Ocean. Even though the Willamette is nearly 100 river
miles from the Pacific, there are tidal influences within the Site and overall, it is a very large and
dynamic river. During its 309-mile course, which ends at its confluence with the Columbia
River, it drains 11.7 percent (%) of the area in the State of Oregon. In 1891, the Oregon State
Legislature created the Port of Portland. Since the late 1800s, the Portland Harbor section of the
lower Willamette River has been extensively modified to accommodate a vigorous shipping
industry. Modifications include redirection and channelization of the main river, draining
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seasonal and permanent wetlands in the lower floodplain, and relatively frequent dredging to
maintain the navigation channel, access to docks, and wharf facilities. Constructed structures,
such as wharfs, piers, floating docks, and pilings, are especially common in Portland Harbor
where urbanization and industrialization are most prevalent. These structures largely
accommodate or support shipping traffic within the river and stabilize the river banks for urban
development. Riprap is the most common bank-stabilization method although upland bulkheads
and rubble piles are also used. Seawalls help control periodic flooding as most of the original
wetlands bordering the river in the Portland Harbor area have been filled.

Historically, contaminants from many facilities entered the river system from different activities
including, but not limited to: ship building and repair; ship dismantling; wood treatment and
lumber milling; storage of bulk fuels; manufactured gas production (MGP); chemical
manufacturing and storage; metal recycling, production and fabrication; steel mills, smelters, and
foundries; and electrical production and distribution. These activities have resulted in direct
discharges from upland areas through storm water and waste water outfalls, releases and spills
from commercial operations occurring over the water, municipal combined sewer overflows
(CSO0s), and indirect discharges through overland flow, bank erosion, groundwater, and other
nonpoint sources. In addition, contaminants from off-site sources have reached the Site through
surface water and sediment transport from upstream and through atmospheric deposition.
Operations that continue today along the river banks include bulk fuel storage, barge building,
ship repair, automobile scrapping, recycling, steel manufacturing, cement manufacturing,
operation and repair of electrical transformers (including electrical substations), and many
smaller industrial operations.

A federal navigation channel, with an authorized depth of -40 feet (ft) Columbia River datum *
(CRD), extends from the confluence of the lower Willamette River with the Columbia River to
RM 11.6. Container and other commercial vessels regularly transit the river. Certain parts of the
river require periodic maintenance dredging to keep the navigation channel at its authorized
depth. In addition, the Port of Portland and other private entities periodically perform
maintenance dredging to support access to dock and wharf facilities. Dredging activity has
greatly altered the physical and ecological environment of the river in Portland Harbor. The
current navigation depth was authorized in 1962 and dredging work on the authorized 40-ft-deep
channel from Portland and Vancouver to the Pacific was completed in 1976. In 1999, Congress
authorized the Willamette River to be deepened to 43 ft; however, this has not yet occurred.
Swan Island Lagoon was created in the 1930s when dredge spoils were used to fill in part of the
channel and connect Swan Island to the mainland. The Willamette River channel, from the
Broadway Bridge (RM 11.6) to the mouth (RM 0), varies in width from 600 to 1,900 ft. The U.S.
Army Corps of Engineers (USACE) maintains the navigation channel.

2 CRD is used as the nautical chart datum for the lower Willamette River. CRD is a reference plane established by
the USACE in 1912 by observing low water elevations at various points along the Columbia and Willamette rivers
(USACE 1966). Consequently, CRD is not a fixed/level datum but slopes upward as one moves upstream. River
users can obtain the depth on a chart and apply tide or river-level gauge readings, relative to CRD, to compute actual
water depth. Low water values are used for navigation charting to provide conservative depth values in the event
accurate tide data are not available to the river user.
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Development of the river has resulted in major modifications to the ecological function of the
lower Willamette River. However, a number of species of invertebrates, fish, birds, amphibians,
and mammals, including some protected by the Endangered Species Act (ESA), use habitats that
occur within and along the river. The river is also an important pathway for migration of
anadromous fish such as salmon and lamprey. Various recreational fisheries, including salmon,
bass, sturgeon, crayfish, and others, use the lower Willamette River. Resident fish in the Site
include but are not limited to: smallmouth bass, brown bullhead, black crappie, and carp.

2.2.  Previous Investigations

Numerous investigations have been conducted of the Portland Harbor Site dating back to the
1920s; however, most studies were conducted from the late 1970s through the 1990s. Some
investigations were conducted on a larger scale (e.g., several river miles) while others were
conducted on a smaller scale (e.g., less than 1 river mile). Larger scale investigations typically
were conducted by or for federal or state agencies, such as USACE, the U.S. Geological Survey
(USGS), the Oregon Department of State Lands (DSL), the Oregon Department of Fish and
Wildlife (ODFW), the DEQ Water Program, and EPA, to assess the river system. Smaller scale
investigations typically were conducted by private parties for the purposes of maintenance
dredging, construction and maintenance of in-river structures, or assessment of fate and transport
of contamination from upland or in-river releases.

As part of EPA’s RI/FS process, nearly 700 documents and data sets were obtained that address
conditions in the lower Willamette River. This information was used to develop an initial
understanding of the physical, chemical, and biological processes at the Site and to assist in the
development of the conceptual site model (CSM).

EPA conducted a Preliminary Assessment and Site Investigation (PA/SI) in May 1998 (Roy F.
Weston 1998). Sediment data collected during the PA/SI and previous investigations resulted in
the NPL listing of the Site.

2.3.  Enforcement Activities and Cleanup Actions Planned or Completed to Date by EPA

On September 28, 2001, 10 PRPs that call themselves the Lower Willamette Group (LWG)
entered into an AOC with EPA to conduct the RI/FS. Two AOC Amendments were also signed
by these parties and EPA in 2003 and 2006.

The cleanup or control of the upland contamination that provides ongoing contaminant sources
to the river is, and will be, conducted primarily under DEQ oversight using state authorities.
DEQ and EPA updated the Portland Harbor Joint Source Control Strategy — Milestone Report
(DEQ 2010), which describes how to identify, evaluate, and prioritize upland sources of
contamination that are affecting or may affect the Willamette River in the Portland Harbor area.
DEQ's source control activites are summarized in the Portland Harbor Upland Source Control
Summary Report, updated in April 2016 (DEQ 2016). It is posted on DEQ’s website:
www.deq.state.or.us/portlandharbor/.
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In addition to the RI/FS work conducted under an AOC with the LWG and the source control
work conducted by DEQ, other enforcement and cleanup actions have occurred or were initiated
at several areas within the Portland Harbor Superfund Site, and are summarized below.

Record of Decision

Terminal 4 (RM 4.5 East): The Port of Portland and EPA signed an AOC for a Removal
Action in October 2003. The Port of Portland completed a Phase I Abatement Measure in
2008. Phase I consisted of dredging and off-site disposal of 12,819 cubic yards (cy) of
contaminated sediment, capping contaminated sediment with an organoclay-sand mix cap
in the back of Slip 3, and capping and stabilizing the bank along Wheeler Bay. The Port
also conducted a 60% design of a confined disposal facility (CDF) in Slip 1.

NW Natural (RM 6 West): NW Natural and EPA signed an AOC for a Removal Action
in April 2004. The Removal Action was conducted at the Gasco Manufactured Gas Plant
facility between August and October 2005. Approximately 15,300 cy of tar-like material
and tar-like contaminated sediment were dredged from the river bank and nearshore area
adjacent to the Gasco facility and disposed of off-site in a permitted disposal facility. An
organoclay mat and sand cap was also installed over the dredged area.

Arkema (near RM 7 West): Arkema Inc. and EPA signed an AOC for a Removal
Action in June 2005. Arkema conducted some site characterization and preliminary
design evaluations. However, the AOC was terminated in March 2016, and no cleanup
actions have been taken to date.

U.S. Moorings (near RM 6 West): EPA issued a Resource Conservation and Recovery
Act (RCRA) 3013 order to the USACE for an upland source investigation in June 2007.
USACE completed an RI/FS for upland sources and addressed an area where potentially
erodible, contaminated soils were found.

Triangle Park (RM 5 East): The University of Portland and EPA signed a Bona Fide
Prospective Purchaser Agreement and an Order on Consent for an Upland Removal
Action in December 2006 and an Amendment in April 2009. The four main components
to the completed removal action included institutional controls (ICs), groundwater
monitoring, excavation, and capping.

Gasco (RM 6.5 West): NW Natural, Siltronic Corporation, and EPA signed an AOC for
a Removal Action in September 2009. NW Natural and Siltronic are conducting site
characterization and design evaluations for the area offshore of their two facilities. They
have also agreed to perform further characterization, studies, analysis, and preliminary
design for the final remedy at the Gasco Sediment site. The studies and other work under
the agreement were incorporated into the Portland Harbor RI/FS. No cleanup actions
have been conducted to date.

River Mile 11E Project Area: Cargill, Inc., CBS Corporation, City of Portland, DIL
Trust, Glacier Northwest, Inc., PacifiCorp, and EPA signed an AOC for a Supplemental
RI/FS in April 2013. Site characterization work was conducted from 2013 to 2015,
although no cleanup actions have been conducted to date.
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=  McCormick and Baxter Superfund NPL Site (RM 7 East): The selected remedy for
this wood treatment facility addressed both in-river and upland portions of the site and
was completed in September 2005. As part of this cleanup, a cap was placed on 23 acres
of nearshore and submerged land adjacent to the facility. DEQ is the lead for operations
and maintenance (O&M) at the site, and five-year reviews are conducted since waste is
left in place. The most recent five-year review was conducted in 2016. Results indicated
that the remedies for soil, sediment, and groundwater are functioning as intended and are
protective of human health and the environment.

* Gould Superfund NPL Site (RM 5 West): A remedy addressing upland soils at this
secondary lead smelter and battery disposal site was completed in September 2000 and
the site was deleted from the NPL in 2002. Five-year reviews are conducted since waste
is left in place. The next five-year review will be conducted in 2017.

EPA has also conducted an extensive search for PRPs and, to date, has identified about 150
parties as potentially responsible for releases of hazardous substances to the river. EPA has
identified PRPs through general notice letters beginning in December 2000, and the most recent
notices were sent in January 2014. All PRPs were notified of their opportunity to comment on
the Proposed Plan.

3. TRIBAL COORDINATION AND CONSULTATION

Throughout the RI/FS process EPA engaged in government-to-government consultation and
coordination with the MOU partner tribes and has encouraged and facilitated tribal involvement
consistent with the Policy on Consultation and Coordination with Indian Tribes (May 2011).
EPA also applied its Guidance for Discussing Tribal Treaty Rights (February 2016) in
recognition that the Site impacts treaty-reserved or other fishing rights.> EPA’s consultation and
coordination included several methods of interaction with tribes, including coordination,
pursuant to the MOU, through the Technical Coordinating Team (TCT), and conducting formal
tribal consultations. Government-to-government consultations occurred in January and February
of 2016 in anticipation of the Proposed Plan. Another round of consultations occurred in July
2016 during the public comment period. Finally, EPA included tribal communities living in the
Portland area in its outreach efforts.

EPA considered numerous factors, such as tribal fish consumption rates and the effects of
contamination at the Site on treaty-protected resources, to develop remedial alternatives for the
Site. EPA recognizes that the MOU partner tribes have treaty-reserved or other fishing rights in
areas impacted by the Site. Once implemented, the cleanup will improve fish habitat and help
further the tribes’ rights to fish.

3 EPA Policy on Consultation and Coordination with Indian Tribes, May 4, 2011. Incorporates the Executive Order
13175 “Consultation and Coordination with Indian Tribal Governments,” November 2000 and Presidential
Memorandum, November 5, 2009. See also EPA Policy on Consultation and Coordination with Indian Tribes:
Guidance for Discussing Tribal Treaty Rights, February 22, 2016.
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4. COMMUNITY PARTICIPATION

This section summarizes the community involvement activities, including public meetings
conducted by EPA during the RI/FS and the remedy selection process. EPA developed the initial
community involvement plan in 2002 and has continually updated the plan to promote
meaningful public engagement during all phases of the Superfund process for the Site. This plan
was developed based on interviews with community members and stakeholders. Throughout the
RI/FS, EPA has conducted many community involvement activities, such as:

= Holding public information sessions and participating in community advisory group
meetings

* Holding quarterly stakeholder meetings to provide updates on Site activities

= Seeking input from community groups and natural resource agencies on sampling plans,
the human health and ecological risk assessments, and other RI/FS documents

= Preparing and providing fact sheets to inform the community about Site progress

= Providing information about EPA's work at the Site at annual community festivals

= Providing regular updates at neighborhood meetings

EPA’s outreach goal is to educate the community about the work being done at the Site and
collaborate with stakeholders on how to successfully engage the public. In 2002 EPA developed
a Community Involvement Plan (CIP) after interviewing community members and other
stakeholders. The CIP has been updated throughout the RI/FS process. Since the Site was listed,
EPA has used public information sessions, fact sheets, websites, one-on-one discussions, and
participation in community events as ways to share information about the Site with the broader
community. Furthermore, EPA has provided financial support to the Willamette Riverkeeper
since 2001 via a technical assistance grant (TAG) which allows a community group to contract
their own technical advisor to interpret and explain technical reports, site conditions and EPA’s
proposed cleanup proposals and decisions. The Willamette Riverkeeper has used this TAG to
give support to the Portland Harbor Community Advisory Group (CAG) which provides a public
forum for community members to learn about the Site and share community needs and concerns.
Additionally, EPA established a listserv for the Site that now has over 3,000 subscribers as a
method for sharing information and relevant events quickly and efficiently.

EPA made significant community outreach efforts leading up to the release of the Proposed Plan
to get community input and to prepare people to participate in the public comment period. These
efforts included producing and disseminating quality information such as community
information cards, fact sheets, and videos; establishing information repositories at the
Multnomah County Central Library, the St. Johns Library, and the Kenton Library where the
public can review documents associated with the Site; maintaining current information on EPA’s
Portland Harbor website; providing valuable information via the EPA Portland Harbor listserv;
sustaining strong partnerships with DEQ, the Oregon Health Authority (OHA), and the City of
Portland to maximize community outreach efforts; attending and presenting at public forums and
meetings; and organizing multiple community information sessions during January, February,
and March of 2016. A detailed list of specific community involvement activities is available in
EPA’s current Portland Harbor Community Involvement Plan (accessible on EPA’s website at

Record of Decision 7
Portland Harbor Superfund Site



the following link:
https://www3.epa.gov/region10/pdf/ph/sitewide/community_involvement plan_june2016.pdf).

Additionally, EPA has engaged with many different groups over the years, including groups that
represent or are concerned about communities with environmental justice concerns. EPA takes
environmental justice seriously and has worked to understand environmental justice concerns in
the Portland Harbor Site by using existing tools (such as EPA’s Environmental Justice Screen
tool and Community-Focused Exposure and Risk Screening Tool), applying the six principles of
environmental justice that are outlined in Executive Order 12898 (Environmental Justice:
Guidance Under the National Environmental Policy Act) and working with community groups.
Some of the main groups that EPA has engaged with at the Site include Communities of Color,
Native American Youth Association, Latino Network, Right 2 Dream Too, Right 2 Survive,
Willamette Riverkeeper, the Slavic Immigrant Association, Ecumenical Ministries of Oregon,
the Coalition of Black Men, the Oregon Environmental Justice Task Force, Oregon
Tradeswomen, League of Women Voters, Verde, Portland Harbor Community Coalition, Sierra
Club Portland, Occupy St. Johns, Audubon Society, Asian Pacific American Network of Oregon,
Vietnamese Community of Oregon, Portland neighborhood associations, and schools. EPA will
continue to work with these groups and other interested parties to make sure that future outreach
efforts reach historically underrepresented communities.

The RI report (EPA 2016a), FS report (EPA 2016b), and Proposed Plan (EPA 2016c) for
remediation of the Site were released to the public for comment on June 8, 2016 via the web site
http://go.usa.gov/3W{2B. These documents were also made available to the public in the
Administrative Record file maintained at the following five locations: Multnomah County
Central Library, St. Johns Library, Kenton Library, EPA Region 10 Oregon Operations Office,
and EPA Region 10 Superfund Records Center. A notice of availability of the Administrative
Record was published in the Oregonian (both print and online) on June 8, 2016. EPA also
developed a community fact sheet summarizing the Proposed Plan and an acronym, glossary,
and contaminant summary in English, Spanish, Vietnamese, Chinese, and Russian) to support
public outreach.

A 60-day public comment period for the Proposed Plan and supporting documents was originally
set for June 8, 2016 to August 8, 2016. EPA received multiple requests for an extension to the
comment period; therefore, EPA extended it through September 6, 2016, providing 90 days for
public comment. EPA accepted comments at public meetings, by mail, and also established a
web mail box to accept emailed public comments.

During the public comment period for the Proposed Plan, EPA held four public meetings in June
and July of 2016 (June 24, June 29, July 11, and July 20). These public meetings were well
advertised via e-mail, posting on the Portland Harbor website, dissemination of media advisories,
and directly posting EPA notices in The Oregonian, The Skanner, The Asian Reporter, El
Hispanic News (translated into Spanish), KAHOH (translated into Russian) and the Phuong
bong Times (translated into Vietnamese). The meeting venues were widely spaced throughout
the metro area (City of Portland Building, EXPO Center, University Place Conference Center,
and the Ambridge Center). Two formal presentations of the Proposed Plan were given at each
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meeting, followed by a question and answer period and an informal open house where the public
could discuss the plan directly with EPA staff and ask questions one-on-one. At all public
meetings, there were opportunities to provide both written and oral comments on the proposed
plan for the record. Language interpreters were available in person at the June 24" meeting
(Spanish, Russian, Vietnamese and Chinese) and at the July 20" meeting in the evening
(Spanish, Russian and Arabic) and by telephone, if needed, at the June 29" and July 11
meetings. A community fact sheet as well as an acronym, glossary, contaminant summary, and a
handout detailing how to give written or oral comments were available in English, Spanish,
Vietnamese, Chinese and Russian at each public meeting.

A summary of comments received during the public comment period and EPA’s responses are
included in the Responsiveness Summary, Part 3 of the ROD.

S. SCOPE AND ROLE OF THE RESPONSE ACTION

EPA’s remedial strategy for the in-river portion of the Site is to address all contaminated media
and complete exposure pathways that pose unacceptable risk to human health or the environment
(see Summary of Site Risks in Section 8 of the ROD), including sediment, biota, surface water,
groundwater, and river banks.

EPA’s Selected Remedy utilizes a combination of technologies, including capping,
dredging/excavation, in-situ and ex-situ treatment, enhanced natural recovery (ENR), monitored
natural recovery (MNR), and institutional controls (ICs). Certain contaminated river banks will
be addressed using the same remedial technologies that will be used for the adjacent
contaminated sediment, if it is determined that those river banks should be remediated in
conjunction with the sediment action. Although the Selected Remedy does not directly address
surface water, EPA anticipates that taking action on sediment and river banks, in conjunction
with control of upland sources conducted under DEQ authority, will reduce contaminant
concentrations in all media, including fish tissue, groundwater, and surface water, to acceptable
levels. In addition, remediation of the sediment in the Site will also reduce the ongoing source of
contaminants to Multnomah Channel and the Columbia River. The in-river action in this ROD is
a final remedial action. Remedial action objectives (RAOs) will be met through reduction of
contaminant concentrations in all media, thereby significantly reducing human health and
ecological risks at the Site to acceptable levels.

The cleanup or control of the upland contamination that provides ongoing contaminant sources
to the river is, and will be, conducted primarily under DEQ oversight using state authorities.
When these state actions are complete, they are expected to meet or be more stringent than
CERCLA’s remedial requirements. It is expected that controlling these upland sources will
reduce or eliminate contamination in soil, groundwater, and surface water migrating to the in-
river portion of the Site. EPA is relying on the Oregon DEQ to use its authorities to address these
sources. It is expected that controlling these sources will reduce or eliminate contamination in
soil, groundwater, storm water, and surface water that migrates to the Willamette River. Since
the achievement of cleanup levels identified in the Selected Remedy relies in part upon timely
and successful completion of these upland and upstream source area actions, EPA retains the
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discretion to use its federal authorities to complete those actions. DEQ's source control activities
are summarized in the Portland Harbor Upland Source Control Summary Report, updated in
April 2016 (DEQ 2016).

The McCormick and Baxter Site (RM 7 East) is a separate Superfund site located within the
Portland Harbor Site. A final CERCLA remedial action was completed at the McCormick and
Baxter Site in 2005 and, therefore, is not included in this remedial action. Additionally, two areas
of the Portland Harbor Site have had some early removal actions completed to address
contaminated river banks and/or sediment under EPA authority. These actions have occurred at
Gasco (2005) and Terminal 4 (2008) (see Section 2.3). Final actions for these areas will be
addressed through the action selected in this ROD.

Implementation of the Selected Remedy is discussed in Section 14.2.11.
6. SUMMARY OF SITE CHARACTERISTICS

The RI report (EPA 2016a), prepared by the LWG and modified by EPA, describes the nature
and extent of contamination at the Site; RI results are summarized below. Baseline human health
and ecological risk assessments were completed and are summarized in ROD Section 8. In 2012,
the LWG prepared a draft FS for the Site pursuant to the AOC. EPA modified the LWG’s 2012
FS and finalized the document in June 2016 (EPA 2016b). The FS is summarized in Section 10
of the ROD.

This section summarizes information obtained during the RI and other investigations conducted
before or during the RI/FS. More detailed information is included in the RI report (EPA 2016a).

6.1. Conceptual Site Model

The CSM is a tool used to communicate site conditions and support the decision making process
for managing contaminated sites. The CSM briefly identifies key Site characteristics such as
sources of contamination, contaminated media and exposure pathways for human and ecological
receptors.

The human health CSM is presented on Figure 2 in Appendix I. Current and historical industrial
activities and processes within the Site have led to chemical releases from either point or
nonpoint sources, including discharges to the river from direct releases or via outfalls and
groundwater within the Site as shown on Figures 3 and 4 in Appendix I. In addition, releases that
occur upstream of the Site and atmospheric deposition from global, regional, and local emissions
may also represent potential contaminant sources to the Site. Chemicals in sediment and water
may be accumulated by organisms living in the water column or by benthic organisms in
sediments. Fish and shellfish within the Site feeding on these organisms can accumulate
chemicals in their tissues through dietary and direct exposure to sediment and water. Humans
can be exposed to contamination through direct contact (ingestion or dermal absorption) with
sediments or surface water or through consumption of fish and shellfish.

The CSM for ecological receptors is presented on Figure 5 in Appendix I. This figure illustrates
how contaminants released from the primary sources of Site contamination are transported
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throughout the environment to media such as sediment, surface water, tissue, and transition zone
water (TZW or pore water). Risks to ecological receptors exposed to Site contaminants are
assessed by evaluation of assessment endpoints and environmental media.

6.2.  Site Overview and Physical Characteristics

The Site covered by this ROD is approximately 2,190 acres and includes the downstream portion
of the lower Willamette River (RM 1.9 to RM 11.8). Multnomah Channel is a distributary
channel of the lower Willamette River that begins at RM 3.1 and flows northwest approximately
21 miles to its confluence with the Columbia River. Upstream flooding is largely controlled by
numerous major tributary reservoirs and dams along both the Columbia River and the Willamette
River. In the lower Willamette River, especially in the vicinity of Portland Harbor, the channel
banks have been stabilized in several areas by the placement of riprap and construction of
seawalls and bulkheads. These measures have created a much more stable channel in the lower
Willamette River. Some river bank areas and adjacent parcels have been abandoned and allowed
to revegetate, and beaches have formed along some modified shorelines. These extensive
physical alterations have resulted in a river reach that bears little resemblance to its pre!|
industrialized character in terms of flow dynamics, capacity, sediment movement, ecological
habitat, and human uses.

The Willamette River originates within Oregon in the Cascade Mountain Range and flows
approximately 187 miles north to its confluence with the Columbia River. The lower reach of the
Willamette River from RM 0 to approximately RM 26.5 is a wide, shallow, slow moving
segment that is tidally influenced, with tidal reversals occurring during low flow periods as far
upstream as RM 15. The lower reach has been extensively dredged to maintain a 40-ft deep
navigation channel from RM 0 to 11.6.

Historically, the lower Willamette River that flows through the Site was shallow and meandered,
but it has been redirected and channelized via filling and dredging. The federally maintained
navigation channel from RM 0 to 11.6 extends nearly bank-to-bank in some areas (currently
varies in width from 600 to 1,900 ft), doubles the natural depth of the river, and allows transit of
large ships into the active harbor. Today, this section of the river is deeper and narrower, with
higher banks that reduce flooding during high-flow events.

Tidal influences also impact the flow of the river, with tidal reversals occurring during low flow
periods as far upstream as RM 15. Tidal fluctuations can result in short-term flow reversals (i.e.,
upstream flow) during low river stage combined with a large variation in tide levels, which can
occur in late summer to early fall when ESA listed species are least likely to be present, and,
therefore, when active remediation is generally conducted. Near the river, tidal action can greatly
alter groundwater flow directions, rates, and water quality and can increase the rate of river bank
erosion.

The upstream dams have dampened river flows during seasonal and storm events. The Columbia
River also plays a role in the flow dynamics of the Willamette River. In spring, high flows in the
Columbia River can increase the hydraulic head at the confluence, causing the Willamette River
to be detained and reduce flows until water levels drop in both river systems.
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6.2.1. Geographical and Topographical Information

Land elevations in Portland Harbor vary from 0 to 300 ft, with buttes as high as 650 ft. Portland
Harbor is located in a geological depression known at the Portland Basin, bordered to the west
by the Tualatin Mountains (also known as the West Hills or Southwest Hills of Portland), which
are a spur of the Northern Oregon Coast Range, and to the east by a 120-foot-high natural bluff
that runs along the northeast border of the Site.

Most of the lowlands on either side of the Willamette River within Portland Harbor are located
on a terrace with elevations that range between 30 and 50 ft above sea level, mostly composed of
fill material. The lowlands extend for approximately 0.5 to 1 mile from the river before reaching
the Tualatin Mountains to the west or the natural bluff that runs along the northeast border of the
Site. These lowlands primarily constitute the upland portion of the Site.

6.2.2. Site Geology

The Portland Basin is a bowl-like structure that is 40 miles long and 20 miles wide and bounded
by folded and faulted uplands. The Tualatin Mountains define the western edge of the Portland
Basin; groundwater and creeks and channels along the east face of the mountains flow into the
Willamette River.

The basin has been filled with up to 1,400 ft of alluvial and glacio-fluvial flood deposits since the
middle Miocene (approximately 12 million years ago). These sediments overlie older (Eocene
and Miocene) rocks including the Columbia River Basalt Group (CRBG), Waverly Heights
basalt, and older marine sediments. The older rocks are exposed where uplifting has occurred
(e.g., RM 7, west side in the Doane Lake area) on the margins of the basin, including adjacent to
the Site.

Because the Site is located at the edge of the basin, both the older rocks and overlying sediments
are present near the surface and play a significant role in defining interactions between
groundwater and the river. The geologic units in the vicinity of the Site are illustrated in RI
Figure 3.1-1.

6.2.3. Site Hydrogeological Features

The general groundwater flow systems of interest recognized along the Site, from uppermost to
lowermost, include: Fill, Fine-grained Facies of Flood Deposits, and Recent Alluvium (FFA);
Coarse-grained Flood Deposits and Upper Troutdale Formation (CGF); Lower Troutdale
Formation/Sandy River Mudstone; and CRBG. A deeper, regional flow system also is present,
but it is not considered to be important in understanding the interactions between upland
groundwater and the river.

The FFA hydrogeologic unit is of primary importance in defining the interactions between
upland groundwater and the river because: (1) the unit forms most of the river channel within the
Site as well as the surrounding upland areas and, therefore, controls groundwater interactions
with the river; and (2) most groundwater contaminant plumes in the upland areas occur within
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this unit. The hydrogeologic units are presented in RI Figure 3.1-2. RI Figure 3.1-3 presents the
generalized conceptual picture of groundwater flow through these flow systems.

The Willamette River is the focus of discharge for the three flow systems. The shallow flow
system is the primary focus of most upland groundwater investigations by DEQ because most of
the upland groundwater affected by contaminants is present within this system. It discharges to
the shallow and nearshore areas where exposure to human and ecological receptors is most
likely. The impact to sediments from the shallow and intermediate flow systems is the focus of
the RI, except at locations where the CGF and CRBG appear to be impacted by contaminants
and are connected to the river.

6.2.4. Bathymetry and Sediment Characteristics

Most of the Site covered by this ROD is from —30 to —50 ft CRD (RI Map 3.1-9) and is
dominated by the authorized federal navigation channel, which runs from RM 0 (Columbia
River) to RM 11.7 (Broadway Bridge) and extends nearly bank-to-bank from RM 4 to 6 and
from RM 8 to 11.7. Elevations in the navigation channel are generally —40 to —50 ft CRD. Except
along the western channel edge from RM 8 to 10 where extensive shoaling has occurred, these
portions of the Site have very narrow and steeply sloped off-channel areas. Broader off-channel
areas with shallow benches (=10 to —30 ft CRD) occur from RM 1 to 4 along the outside curve of
the river, including across the head of Multnomah Channel, between RM 6 and 8, and at the head
of Swan Island Lagoon. A number of off-channel areas, such as Swan Island Lagoon, Willbridge
Terminal, Willamette Cove, Terminal 4, and International Slip, vary widely in depth as a
function of their history and current land use as actively dredged berths. Finally, several deep
areas in the harbor extend from —60 to —80 ft CRD. These historical borrow areas were dredged
to create the adjacent uplands; the two most extensive are in the eastern portion of the channel
from RM 4.3 to 5 and RM 9.2 to 10. RI Map 3.1-13 shows the long-term bathymetric changes in
the lower Willamette River between 1888 and 2001, illustrating the large-scale deepened,
diverted, and filled areas.

The primary factors controlling river flow dynamics, sediment deposition and erosion, and
riverbed character appear to be the river cross-sectional area and navigation channel width. The
upstream boundary of the Site to Willamette Falls is narrower, more confined by bedrock
outcrops, and faster flowing than the Portland Harbor reach. The river widens as it enters the Site
and becomes increasingly depositional, most notably in the western portion of the river, until RM
7. From approximately RM 5 to RM 7, the river and navigation channel narrow; this reach is
dominated by higher energy environments with little deposition. From RM 5 to approximately
RM 2 the river widens again and becomes depositional, particularly in the eastern portion.
Downstream of the Site, the river narrows as it turns and converges with the Columbia River.
Multnomah Channel exits at RM 3, reducing direct discharge to the Columbia River.

Sediments in some locations may be resuspended and transported downstream during periods of
high flow and from anthropogenic disturbances, such as vessel operations in the harbor. The
degree of sediment deposition and movement is controlled largely by river hydrodynamics and
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the sediment texture (grain size and organic matter content). Suspended silt and clay sediments
are typically transported farther than sandy sediments under all flow conditions.

Bathymetric changes from 2002 to 2009 show the greatest net sediment accumulations occur
where the channel is wide and flow velocities are reduced. Some areas of natural scour and
dredging are also evident. Sediments in the scour areas are predominantly sand and appear to be
relatively stable during low-flow conditions, but are mobilized when flow velocities are high.
Nearshore and off-channel areas, such as Port terminals, and portions of Swan Island Lagoon and
Willamette Cove, exhibit deposition. In other areas, such as RM 9 to 11E, within Swan Island
Lagoon and Willamette Cove, RM 6 to 7W, and RM 5 to 7E, little elevation change and/or
small-scale scour was observed. Sediment scour in some nearshore locations is due to ship traffic
(wakes and prop wash). These activities appear to mix surface and subsurface sediments.

RI investigations characterized the physical nature of bedded sediments and their potential for
movement within and through the lower Willamette River due to natural or anthropogenic forces.
Physical sediment data included grain size, specific gravity, total solids, and total organic carbon
(TOC). The interval from 0-30 centimeters (cm) below mud line (bml), the portion of the
sediment column that has the potential to be disturbed or transported under typical annual
conditions, was used to define surface sediments. Below 30 cm, the subsurface core samples
showed major discontinuities in sediment texture and were used to define subsurface breaks. The
grain-size data in surface sediment samples were used to create contour maps of surface
sediment in the Site (RI Maps 3.1-3 and 3.1-4).

The sediment samples from the confluence with the Columbia River to Willamette Falls at RM
26 exhibited a large variety of sediment types ranging from sandy gravels to mud (silt and clay
combined). The majority of the sediments over this reach were sands or muddy sands, with more
course-grained sediments in relatively high-energy areas upstream of the Site (RM 11 to 26).

Overall, the surface and shallow subsurface sediment textures were consistent throughout the
Site, suggesting relatively stable current energy regimes. There was, however, a subtle but
perceptible widespread shift from finer-grained surface sediments to a slightly coarser-grained
subsurface layer (from 81-100% fines to 61-80% fines) across much of the Site at different
times of the year. This may reflect seasonal or inter-annual winnowing of the finer sediments
from the sediment bed during higher flow periods and the subsequent long-term burial of the
slightly coarser residual sediments.

Three areas showed coarser surface sediments overlying finer material, including the head of
Swan Island Lagoon, the McCormick and Baxter/Willamette Cove area, and the area outside the
entrance to Multnomah Channel and extending into the channel. Anthropogenic placement of fill
at the head of Swan Island Lagoon by 1975 and the sand cap cover placed in the river and beach
at the McCormick and Baxter Creosoting Company site in 2005 appear to explain this pattern in
Swan Island Lagoon and around McCormick and Baxter/Willamette Cove, respectively.
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6.2.5. Areas of Archeological or Historical Importance

A cultural resource analysis concluded that there are possible archeological artifacts and areas of
historical importance at the Site, but no gravesites were noted. Most of these artifacts are
expected to be Native American protected objects. If Native American cultural items or
gravesites are identified during construction, an inventory of such items will be compiled and
items will be returned to the tribes.

If removal of cairn, burial, human remains, funerary objects, or other sacred objects takes place,
re-interment will occur under the supervision of the appropriate Indian tribe. Any proposed
excavation by a professional archaeologist of a Native American cairn or burial will require
written notification to the State Historic Preservation Officer and consultation with the
appropriate Indian tribe.

6.3.  Sources of Contamination

Historical industrial practices and releases of contaminants dating back to the early 1900s
contributed to the majority of the observed chemical distribution in sediments within the Site.
Contaminants from upland areas have entered the river system as direct discharges through storm
water and waste water outfalls; from releases and spills from commercial operations occurring
over the water, such as commodity transloading; and indirectly through overland flow, bank
erosion, groundwater, and other nonpoint sources. In addition, contaminants from regional
sources have reached the Site through inputs to surface water and sediment from upstream and
through atmospheric deposition.

Contaminated media in Portland Harbor reflect the industrial, marine, commercial, and
municipal practices for over 100 years in this active industrial, urban, and trade corridor, as well
as agricultural activities in the Willamette Basin. Historical sources responsible for the existing
contamination include, but are not limited to: ship building, repair, and dismantling; wood
treatment and lumber milling; storage of bulk fuels and MGP waste; chemical manufacturing and
storage; metal recycling, production, and fabrication; steel mills, smelters, and foundries;
electrical production and distribution; municipal combined sewer overflows; and stormwater
from industrial, commercial, transportation, residential, and agricultural land uses. Operations
that continue to exist today include: bulk fuel storage, barge building, ship repair, automobile
scrapping, recycling, steel manufacturing, cement manufacturing, operation and repair of
electrical transformers (including electrical substations), and many smaller industrial operations.
Locations of both current and historical major industrial operations in Portland Harbor are
presented on RI Map 3.2-10 and RI Maps 3.2-13 through 3.2-21. Upstream sources within the
broader Willamette River Basin contribute to contamination in sediment, surface water, and
biota.

Ongoing pathways of contaminants to the Site include soil, storm water, groundwater, and river
banks. Contaminants also reach the river via direct discharge through conveyance systems,
atmospheric deposition, and overwater activities.
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6.3.1. Direct Discharge

Direct discharge of contamination occurs through conveyance systems, including municipal or
other publicly owned drainage systems, privately owned and managed drainage systems, and
sanitary/combined sewer systems. Today, many of these discharges are permitted under the
National Pollutant Discharge Elimination System (NPDES) authorized by the Clean Water Act
(CWA). Permitted discharges under the NPDES program include industrial wastes, stormwater
runoff, and CSOs.* A survey conducted by the City of Portland in 2002 identified approximately
300 outfalls that discharge into the Site. These outfalls include discharge of stormwater,
combined sanitary sewage and stormwater, and/or industrial wastewaters transported via a
collection system, although most of the latter two are now routed through the sanitary sewer and
no longer discharge directly to the waterway.

Historically, waste and other materials were used as fill and placed in or near the river to create
more space for operations. Additionally, waste disposal in upland pits, lagoons, or lakes also
directly discharged to the river through pipes, ditches, and creeks. In addition to direct discharge,
contaminated soil, stormwater, and groundwater from past and current spills and leaks of
hazardous substances infiltrated into these conveyance systems and was transported by direct
discharge systems. Treated industrial wastes sometimes discharged to municipal and non-
municipal storm drain systems.

6.3.2. Overland Transport

Contaminated surfaces in upland areas can carry erodible soils and particulates directly to the
river via sheet flow stormwater runoff (i.e., not through a conveyance system). Overland
transport was likely to have been more important historically, prior to the development of
extensive stormwater conveyance systems within the Site. Specific historical information on
overland runoff is lacking for most upland properties in the Site.

6.3.3. Groundwater

Groundwater in the greater Portland Basin within the Site generally flows towards the lower
Willamette River, although the direction varies locally depending on the nature of subsurface
materials, hydrostratigraphy, and proximity to the river. Near the river, tidal action can greatly
alter groundwater flow directions, rates, and water quality. Groundwater may be contaminated
by waste disposal practices, product storage practices, spills and leaks from pipes, storage tanks,
industrial equipment, and process operations. Contaminated groundwater may enter directly into
the Site via discharge through sediments or bank seeps, or it may infiltrate into storm
drains/pipes, ditches or creeks that discharge to the river. Contaminant migration may occur as
non-aqueous phase liquids (NAPLs) or as dissolved phase transport. Groundwater plumes

# CSO events are untreated discharges of combined stormwater and sanitary sewage from residential, commercial,
and industrial sources that overflow from the sewer system into the river during heavy rainfall periods when the
amount of stormwater and sewage exceeds the capacity of the collection system.
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discharging or potentially discharging to the Site from upland areas is shown on Figure 6 in
Appendix 1.

6.3.4. River Bank Erosion and Leaching

Contaminated river bank soil, fill, or debris may release contaminants directly to the Site through
bank erosion or leaching caused by groundwater and tidal action flux. Unprotected shoreline
banks are susceptible to erosion by wind, river flows, wave action, tidal changes, and surface
water runoff. Shoreline armoring and vegetation reduce bank erosion. Bank slope is also a factor
since steeper banks are more susceptible to erosion.

6.3.5. Atmospheric Deposition

Contaminants are emitted to the air from point, mobile, biogenic, and area sources. Point sources
include emissions from power plants, refineries, incinerators, stationary power sources, emission
stacks, and liquid and petroleum storage tanks. Today, many point source air releases are
permitted under the Clean Air Act (CAA). Mobile sources include emissions from motor
vehicles and non-road equipment, such as railroads, marine vessels, and recreational off-road
equipment. Biogenic sources include emissions from natural sources and area sources that are
too small to be treated as point sources.

Contaminants emitted to the air may be transported over long distances, generally in the
direction of the area’s prevailing winds. They can be deposited from the atmosphere to land and
water surfaces through wet deposition (precipitation) or dry deposition (as particles). Air
pollutants can be deposited to water bodies through either direct or indirect deposition. Direct
deposition occurs when contaminants are deposited onto the surface of a water body. Indirect
deposition occurs when contaminants are first deposited on land and then transported to the
water body via stormwater runoff.

6.3.6. Overwater Activities

Contaminants from overwater activities (e.g., sandblasting, painting, unloading, maintenance,
repair, and operations) that may have dumped, sprayed, spilled, emitted or otherwise resulted in
releases at or from riverside docks, wharfs, or piers; spills or releases from vessels (e.g., gray,
bilge, or ballast water); and fueling station (e.g., barge to uplands) releases have the potential to
impact the lower Willamette River.

6.3.7. Upstream Watershed

Upstream sources include, or have included, sewers, stormwater runoff, and direct discharge of
industrial wastes; agricultural runoff; and aerial deposition of global or regional contaminants on
the river water surface and drainage areas within the Willamette Valley.

6.3.8. Summary of Known or Suspected Sources

As part of the RI, summaries were prepared for 86 upland sites that were generally located
within 0.5 mile of the river between RM 1.9 and 11.8 where DEQ-led investigations confirmed
releases occurred; these sites are summarized on RI Table 4.2-2. The summaries are not an
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exhaustive list of historic or current sources to the Site. DEQ's source control activites are
summarized in the Portland Harbor Upland Source Control Summary Report, updated in April
2016 (DEQ 2016).

6.4.  Sampling Strategy

Under the AOC, the LWG collected data for the RI during four major rounds of field
investigations between 2001 and 2008 based on approved sampling plans to achieve data quality
objectives. The field investigations began in 2001 and were conducted in the Initial Study Area
(ISA), which was defined in the AOC Statement of Work and Programmatic Work Plan as RM 3
to RM 9. Round 2 sampling included RM 2 to RM 11. As the field studies progressed, the Site
study area was expanded to RM 1.9 through RM 11.8, as well as a portion of the Multnomah
Channel. Studies conducted by the LWG also included off-site areas downriver of the Site to the
confluence with the Columbia River at RM 0, the Downtown reach from RM 11.8 to RM 16.6,
and the upriver reach from RM 15.3 to RM 28.4. Figure 7 in Appendix I shows the areas of the
river.

Surface and subsurface sediment, suspended sediment, surface water, stormwater, TZW/pore
water, and biota/tissue samples were collected and analyzed, as summarized in RI Tables 2.3-2
through 2.3-10. More than 2,000 sediment, 200 surface water, and300 TZW/pore water samples
were collected. Biota samples included approximately 20 species, with hundreds of samples
collected. The investigations were often timed around varying river stages, river flows, and storm
events. In addition, groundwater and river bank sediment and soil samples were collected and
analyzed by upland facilities under DEQ oversight. Additional data collected between 2008 and
2010 by two members of the LWG at the Arkema and Gasco facilities were also included in the
final data set.

6.5. Types of Contamination and Affected Media

The primary contaminants detected at the Site and the affected media are summarized below.
Additional details are included in the RI report (EPA 2016a).

6.5.1. Contaminants of Concern

The human health and ecological risk assessments concluded that contamination within the Site
poses unacceptable risks to human health and the environment, with several contaminants of
potential concern (COPCs). The risk assessments reduced the COPCs to a smaller number of
COC:s that contribute a significant amount of risk to the human and ecological receptors
evaluated. COCs by media are listed in Tables 1 through 5 in Appendix II.

A subset of all COCs, called focused COCs, was developed in order to simplify analysis and
evaluation of remedial alternatives for the Site. This subset was developed by evaluating co-
location of all COC:s, their toxicity, and significance in the risk assessments as well as other
factors outlined in the RI. The focused COCs are described below, including their toxicity,
mobility, and type of risks.
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PCBs are human health and ecological COCs. They are manmade chemicals that were banned in
the late 1970s. PCBs are mixtures of up to 209 compounds (or congeners). Some commercial
PCB mixtures are known in the United States by an industrial trade name, Aroclor. Because they
do not burn easily and are good insulating materials, PCBs were used widely as coolants and oils
and in the manufacture of paints, caulking, and building material. PCBs are generally not mobile
and stay in the environment for a long time. PCBs are classified as probable human carcinogens.
Children exposed to PCBs may develop learning and behavioral problems later in life. PCBs are
known to impact the human immune system and skin, especially in child receptors, and may
cause cancer in people. Nursing infants can be exposed to PCBs in breast milk. PCBs also can
bioaccumulate in fish, shellfish, and mammals. In birds and mammals, PCBs can cause adverse
effects such as anemia and injuries to the liver, stomach, and thyroid gland. PCBs also can cause
problems with the immune system, behavioral problems, and impaired reproduction.

PAHSs are human health and ecological COCs. These chemicals are a major component of
petroleum products or are formed during incomplete burning of coal, oil, gas, wood, or other
substances. There are more than 100 different PAHs and they generally occur as complex
mixtures. PAHs generally have limited mobility. PAHs are suspected human carcinogens with
potential to cause lung, skin, and bladder cancers with occupational exposure. Animal studies
show that certain PAHs affect the hematopoietic, immune, reproductive, and neurologic systems
and cause developmental effects. They can cause inhibited reproduction, delayed emergence,
sediment avoidance, and mortality. In fish, PAHs cause liver abnormalities and impairment of
the immune system.

Dioxins and furans are human health and ecological COCs. They are byproducts of chemical
manufacturing, combustion (either in natural or industrial settings), metal processing, and paper
manufacturing. The dioxin compound (or congener) 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD) is the most toxic form of dioxin and is a byproduct in the manufacture of
herbicides such as “Agent Orange.” Dioxins and furans generally have limited mobility and stay
in the environment for a long time. Toxic effects in humans include reproductive problems,
problems in fetal development or early childhood, immune system damage, and cancer. Nursing
infants can be exposed to dioxins and furans in breast milk. Dioxins and furans can
bioaccumulate in fish, shellfish, and mammals. Animal effects include developmental and
reproductive problems, hemorrhaging, and immune system problems.

DDx, which represents collectively DDT and its primary breakdown products
dichlorodiphenyldichloroethane (DDD) and dichlorodiphenyldichloroethene (DDE), are human
health and ecological COCs. DDT is a pesticide that was banned for use in the United States in
1972. Tt was used widely to control insects on crops and to control mosquitoes that spread
malaria. These compounds have limited mobility. DDT is considered a possible human
carcinogen. DDT and DDE are stored in the body’s fatty tissues. In pregnant women, DDT and
DDE can be passed to the fetus. Nursing infants can be exposed to DDx in breast milk. Human
exposure symptoms can include vomiting, tremors or shakiness, and seizures. Laboratory animal
studies showed effects on the liver and reproduction. These compounds can accumulate in fish,
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shellfish, and mammals, and can cause adverse reproductive effects such as eggshell thinning in
birds.

Principal Threat Waste

Principal threat waste (PTW) is defined as source material that includes or contains hazardous
substances, pollutants, or contaminants that act as a reservoir for migration of contamination to
groundwater, surface water, or air or that acts as a source for direct exposure. Further, principal
threat wastes are those source materials considered to be highly toxic or highly mobile that
generally cannot be reliably contained or would present a significant risk to human health or the
environment should exposure occur.

PTW was identified based on a 10~ cancer risk (highly toxic) or NAPL within the sediment bed
(source material) and on an evaluation of mobility of contaminants in the sediment. “Reliably
contained” was not used in identifying PTW but rather was used to determine how to address it
through cleanup and whether there are concentrations of PTW that could be reliably contained.
The following criteria were utilized to identify PTW:

= Source Material: NAPL has been identified in subsurface sediment offshore of the
Arkema and Gasco facilities (RM 6 through RM 7.5) as globules or blebs of product in
surface and subsurface sediment. However, areas of NAPL have not been fully
delineated. Figure 8 in Appendix I identifies the general locations where NAPL was
observed. NAPL observed offshore of the Arkema facility contained chlorobenzene with
dissolved DDT. NAPL observed at the Gasco facility contained PAHs and other aromatic
hydrocarbons.

» Highly Toxic: The following COCs were found at concentrations exceeding a 10~ risk
level at the Site based on consumption of fish, using the assumptions and methodology
presented in the baseline human health risk assessment (BHHRA) summarized in Section
8.1 and on Table 6 in Appendix II:

e PCBs
e (Carcinogenic PAHs (cPAHs)
e DDx

e 23,78-TCDD

o 2.3.78-tetrachlorodibenzofuran (TCDF)

o 1,2,3,7,8-pentachlorodibenzo-p-dioxin (PeCDD)
o 2.3.4,78-pentachlorodibenzofuran (PeCDF)

e 1,2,3,4,6,7,8-hexachlorodibenzofuran (HxCDF)

= PTW That Cannot be Reliably Contained: A capping model was utilized in the FS
(Appendix D) to identify PTW that cannot be reliably contained by a cap. Representative
Site conditions and capping options were modeled to determine the maximum
concentration of COCs in PTW material that would not exceed ambient water quality
criteria (AWQC) in the sediment cap pore water after a period of 100 years. This
assumption was used in developing the remedial alternative cost estimates in the FS
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(Appendix G). Chlorobenzene, dioxins/furans, DDx, naphthalene, PAHs, and PCBs were
modeled. The results are summarized in Table 7 in Appendix II. The areas where the
model showed that PTW would not be reliably contained are presented on Figure 8 in
Appendix I.

Surface sediment areas exceeding one or more PTW highly toxic concentration levels are
presented on FS Figure 3.2-3. The PTW evaluation included only surface sediment, which poses
the greatest risk of exposure given Site-specific conditions.

6.5.2. Contaminated Media

The environmental media contaminated by Site-related contaminants include surface sediment (0
to 30 cm bml), subsurface sediment (below 30 cm bml), suspended sediment, surface water,
groundwater, biota, and river banks. The surface sediment sample interval (0 to 30 cm bml) is
designed to capture that portion of the sediment column that has the potential to be disturbed or
transported under typical annual conditions. River banks are defined as areas from top of bank
down to the river that may be contaminated along the shoreline next to contaminated in-river
shallow areas. Contamination in these media is summarized in the following sections. Additional
details are included in the RI report (EPA 2016a).

6.6. Nature and Extent of Contamination
6.6.1. Surface and Subsurface Sediment

Surface and subsurface sediment concentrations are presented in RI Maps 5.2-2 through 5.2-45
and RI Appendix D1.1 figures and RI Appendix D1.2 maps. COC concentrations, for both
surface and subsurface sediment, are summarized in Table 1 in Appendix II. Contamination in
subsurface sediment was identified as deep as 17 ft bml in the navigation channel and 19 ft bml
in the sediment future maintenance dredge areas. In the intermediate region, the maximum depth
of contamination was estimated to be 34 ft bml but most contamination was less than 10 ft. In the
shallow region, the maximum depth of contamination was estimated to be 33.5 ft bml. These
river areas are discussed in Section 10.1.2. Based on contaminant distribution trends, some
general patterns emerged among subsets of different contaminants that reflect fate and transport
processes at the Site, as well as the relative importance of regional versus Site sources. These
patterns are discussed below.

Sediment contaminant concentrations were greatest in nearshore areas. Concentrations of
contaminants were generally higher in nearshore and offchannel areas such as slips,
embayments, and shallow areas, and near some known or suspected sources, as compared to
sediments in the navigation channel, Multnomah Channel, and downstream areas.

Organic contaminant concentrations were greater in subsurface sediments. Concentrations
of organic contaminants tended to be higher in subsurface sediments than in surface sediments.
Concentrations of total PCBs, total DDx, total PAHs, hexachlorobenzene, total chlordanes, aldrin
and dieldrin, gamma-hexachlorocyclohexane (Lindane), lead, and tributyltin (TBT) were higher
in subsurface than in surface sediments, indicating that historical inputs were likely greater than
current inputs. Subsurface contamination was detected as deep as 34 ft. In contrast, arsenic,
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copper, chromium, mercury, and zinc did not have large concentration ranges and generally
showed similar levels in surface and subsurface sediments. Other exceptions included areas
where higher surface sediment concentrations appeared to be associated with ongoing Site
sources, low rates of sediment deposition, and physical sediment disturbance (e.g., from boat
scour).

Regional inputs exhibited uniform concentrations across the area. Contaminants that may
have been derived predominantly from regional or upstream inputs showed widespread surface
sediment distributions without distinct, isolated areas of higher concentrations. Examples of this
were arsenic, chromium, and mercury, which occurred at relatively low concentrations
throughout the Site with no apparent strong concentration gradients.

Areas of high concentrations were present throughout the Site and generally were located
near likely upland sources. A number of contaminants exhibited relatively high sediment
concentrations in distinct areas offshore of known or likely sources. These areas were separated
by large areas with relatively lower concentrations lacking obvious concentration gradients.
Contaminants that exhibited this trend included total PCBs, 2,3,7,8-TCDD, bis(2-ethylhexyl)
phthalate (BEHP), butylbenzyl phthalate, pentachlorophenol (PCP), hexachlorobenzene, total
chlordanes, Lindane, copper, zinc, and TBT.

Some contaminants had areas of high concentrations that were more common in the lower
(downstream) half of the Site. Total DDx and total PAHs exhibited elevated concentrations in
some locations of the river.

Concentrations of certain metals were correlated to sediment grain size. A comparison of
metals concentrations to the distributions of percent fines in the Site showed that where
sediments were comprised of less than 40% fines, chromium and copper concentrations were
relatively low (above RM 10, between RM 5 and 7, and in the Multnomah Channel; RI Map 3.10]
3). A similar, but less pronounced, correspondence existed between sandy sediments and zinc
concentrations.

Multiple contaminants co-occurred. In most areas of the Site, multiple COCs are comingled.
At all of the highest surface sediment concentration areas, more than one contaminant is found.
This degree of contaminant co-occurrence reflects the variety of sources to the in-river portion of
the Site and the history of upland Site development, including wastewater and stormwater
conveyance systems and industrial and commercial activities.

6.6.2. Suspended Sediment

While approximately 82% of the suspended sediment load passes through the Site, sediment
traps were used to measure the suspended sediment load that would deposit within the Site. The
areas where the highest concentrations of COCs were detected in sediment trap samples
corresponded with areas with high concentrations of COCs in surface sediments, indicating the
effect of erosion and resuspension of bottom sediment, the presence of current sources, or both.
Suspended sediment contaminants in the Site had higher contaminant concentrations than
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samples collected upstream of the Site (RI Tables 5.3-2 through 5.3-7). Sediment trap locations
are provided on RI Map 2.1-15.

6.6.3. Surface Water

Concentrations of contaminants in more than 300 surface water samples varied spatially and with
river flow (Table 2 in Appendix II). Surface water concentrations in the Site were generally
higher than those entering the upstream boundary of the Site (at RM 16) under all flow
conditions. The highest contaminant concentrations in surface water within the Site were found
near known sources where concentrations in sediment were also highest, such as the areas
adjacent to the Gasco and Arkema facilities (RM 6 through RM 7.5W). Surface water samples
collected at the downstream end of the Site (RM 2 and Multnomah Channel) showed higher
concentrations of PCBs, dioxin/furans, DDx, BEHP, chlordanes, and aldrin than concentrations
of these contaminants entering the Site from upstream. This pattern indicates that contamination
from the Site is being transported to the Columbia River.

Surface water sample locations are shown on RI Map 2.1-18.
6.6.4. Groundwater

Groundwater is a source of contamination to the Site. As part of the groundwater pathway
assessment conducted for the RI, TZW and pore water samples in surface and nearsurface
sediments were collected offshore of nine upland areas in the Site. Table 3 in Appendix II
summarizes the COCs detected in TZW and pore water samples. Based on these efforts, a
current complete groundwater pathway with influence on TZW and sediment chemistry was
confirmed at four areas, groundwater migration was found to have no significant influence at
four other areas, and groundwater effects could not be determined at one area.

RI Maps 5.5-1 through 5.5-6 show the nature and extent of known contaminated groundwater
plumes currently or potentially discharging to the river within the Site. Contaminants detected in
groundwater included, but were not limited to, PAHs, pesticides, cyanide, metals, and
chlorinated and aromatic VOCs. Cleanup of contaminated groundwater is being managed by
DEQ under a MOU with EPA, as discussed in Section 1. Currently, DEQ has identified multiple
areas with groundwater contamination (Figure 6 in Appendix I and Table 3 in Appendix II).

TZW samples evaluated for ecological exposure were limited to those collected no deeper than
38 cm bml, which includes the biologically active zone.

6.6.5. Biota

The biota data set includes fish and invertebrate samples collected during RI Rounds 1, 2, and 3,
as well as samples collected by other parties (RI Table 2.3-8). Eleven fish species, four benthic
invertebrate species, epibenthic communities, and fish stomach contents were sampled. RI Table
5.6-1 provides a summary of analyses for each species and tissue type. RI Table 2.3-10 provides
the number of fish and invertebrates in each sample composite. The COCs detected in fish tissue
(fillet and whole body) are in Table 4 in Appendix II.
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Contaminants were detected in a majority of fish and invertebrate species sampled throughout
the Site. Contaminant concentrations varied within and between different species, and
concentrations in fish tissue were generally greater than in invertebrates. Concentrations of
bioaccumulative compounds, such as PCBs and DDx, were often found at greater concentrations
in organisms higher up the food chain and correlated with areas of elevated concentrations in
sediment. Biota samples from within the Site exhibited greater concentrations for most
contaminants than background biota samples that were collected from the upriver reaches and
above Willamette Falls. Areas of elevated concentrations of some contaminants were found in
resident species, reflecting high concentrations in nearby surface sediment and biological uptake
by species with small home ranges.

Selected PCB and DDx results for resident fish species (smallmouth bass, brown bullhead, black
crappie, and carp), adult Chinook salmon, and sturgeon are briefly summarized in Table 8§ in
Appendix II. These contaminants were selected because they commonly bioaccumulate and these

species were evaluated in the BHHRA. Full results for all contaminants are included in RI Table
5.6-1.

6.6.6. River Banks

River banks are defined as the area from the top of bank down to the river. River bank data were
collected under DEQ-led investigations. Contaminants detected in river bank material at levels
that pose a risk to human health, the environment, or for recontamination to any implemented
remedy, are summarized below by RM on the east and west sides of the river. Properties with
known contaminated river banks are shown in Figure 9 in Appendix I and river bank
contaminants are summarized on Table 5 in Appendix II).

East Side of Willamette River

RM 2: Evraz Oregon Steel Mill (Environmental Cleanup Site Information [ECSI] Site ID 141°)
— Contaminants present in the river bank include PCBs and metals (arsenic, cadmium,
chromium, copper, lead, manganese, and zinc).

RM 3.5: Schnitzer Steel Industries (ECSI Site ID 2355) — Results of soil samples collected under
the docks along the south shore of the International Slip indicate that contaminants are PCBs and
dioxins.

RM 5.5: MarCom South (ECSI Site ID 2350) — Further investigation of the nature and extent of
contamination in the bank was conducted in 2012. Contaminants are PAHs and metals (arsenic,
cadmium, chromium, copper, zinc).

RM 7: Willamette Cove (ECSI Site ID 2363) — River bank contaminants are PCBs, dioxins/
furans, metals (lead, mercury, nickel, and copper), and PAHs.

RM 8.5: Swan Island Shipyard (ECSI Site ID 271) — Recent sampling results for indicate that
contaminants include metals (arsenic, cadmium, chromium, copper, lead, mercury, and zinc),

5 Site ID number is from DEQ’s ECSI database.
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PAHs, PCBs, and tributyltin. Contaminants in river bank soils in OUS5 include metals (arsenic,
copper, lead, and zinc), PAHs, and PCBs.

West Side of Willamette River

RM 4: Kinder Morgan Linnton Bulk Terminal (ECSI Site ID 1096) — Contaminants are
petroleum constituents (benzene, toluene, ethylbenzene, xylenes, and PAHs) and metals (arsenic
and lead).

RM 6: NW Natural/Gasco (ECSI Site ID 84) — Contamination associated with historical MGP
waste are known to be located in the river bank. Contaminants include PAHs, gasolinerange
hydrocarbons, diesel-range hydrocarbons, residual-range hydrocarbons, cyanide, and metals
(zinc).

RM 6 to RM 7: Siltronic (ECSI Site ID 183) — Contamination associated with historical MGP
waste is known to be present in the northern portion of the Siltronic river bank. River bank
contaminants include PAHs, gasoline-range hydrocarbons, diesel-range hydrocarbons, residual-
range hydrocarbon and cyanide and metals (zinc).

Burlington Northern Santa Fe Railway Company (BNSF) Railroad Bridge — Contamination
associated with pesticide and herbicide releases from Rhone Poulenc and Arkema are known to
be present in the river bank below and adjacent to the BNSF railroad bridge. River bank
contaminants include dioxin/furans, metals (aluminum, antimony, arsenic, barium, beryllium,
boron, cadmium, calcium, chromium, cobalt, copper, iron, lead, magnesium, manganese,
mercury, molybdenum, nickel, potassium, selenium, silver, sodium, thallium, vanadium, zinc,
insecticides (DDD, DDE, DDT, aldrin, alpha-hexachlorocyclohexane, alpha-chlordane, beta-
BHC, cis-nonachlor, delta-BHC, dieldrin, endosulfan I, endosulfan II, endosulfan sulfate, endrin,
endrin aldehyde, endrin ketone, gamma-BHC, gamma-chlordane heptachlor, heptachlor epoxide,
hexachlorobutadiene, methoxychlor, mirex, oxychlordane, and transnonachlor), PCBs, semi-
volatile organic compounds (SVOCs) (acenaphthylene, anthracene, benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(g,h,i)perylene, benzo(k)fluoranthene, benzoic acid,
benzyl alcohol, BEHP, butylbenzylphthalate, chrysene, bibenzo(a,h)anthracene,
dimethylphthalate, di-n-butylphthalate, fluoranthene, indeno(1,2,3-cd)pyrene, phenanthrene and
pyrene) (AMEC 2011).

RM 7 to RM 8: Arkema (ECSI Site ID 398) — River bank contaminants include DDT,
dioxin/furans, PCBs, and metals (chromium and lead).

GS Roofing (ECSI Site ID 117) — River bank contaminants include total petroleum hydrocarbons
and metals (arsenic, chromium, mercury, nickel, selenium).

RM 8: Hampton Lumber and Glacier NW (ECSI Site ID 1239) — River bank contaminants
include steel mill slag fill.

RM 9: Gunderson (ECSI Site ID 1155) — River bank contaminants include metals (lead, nickel,
and zinc), and PCBs.
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RM 10: Sulzer Bingham Pumps (ECSI Site ID 1235) — River bank contaminants include PCBs
and metals (arsenic, copper, lead, manganese, and zinc).

6.6.7. RCRA Hazardous Waste in Media

RCRA characteristic hazardous waste criteria and disposal requirements are discussed in Section
3.4.9.1 in the FS (EPA 2016b) and in Sections 14 and 15 below. Based on current information,
two areas of the Site have listed hazardous waste commingled in the sediment, either under
RCRA hazardous waste listings or under Oregon’s hazardous waste law, offshore of the Arkema
and Siltronic/Gasco facilities.

6.7. Computer Models Used For Fate and Transport
6.7.1. Hydrodynamic and Sediment Transport Models

Numerical hydrodynamic and sediment transport (HST) models were conducted to complement
the empirical observations and gain a further understanding of physical system dynamics. The
models were used to predict the potential impact of extreme (flood) events on Site sediment
stability, particularly the potential for buried contaminated sediments to be re-exposed, and to
better understand the complex hydrodynamics (i.e., the movement of surface water) of the lower
Willamette River system. The models were also used to predict the bed elevation changes (i.e.,
the areas and magnitude of erosion and deposition in the Site) that would result from five
different high-flow scenarios. A range of high-flow simulations were run because bed response
can be a function of long-term hydrographic conditions that exist leading up to a flood event.
The development and results of the HST model are discussed in the RI report (EPA 2016a).

6.7.2. Mass Transfer Model

The RI also evaluated contaminant mass inputs from external sources and internal mass transfer
mechanisms for a subset of contaminants within the Site on a Site-wide basis. Mass transfer
models for these contaminants are presented on RI Figures 10.2-2, 10.2-5, 10.2-8, 10.2-11a,
10.2-14, 10.2-17, 10.2-20, 10.2-29, 10.2-32, 10.2-35, and 10.2-38. With all surface water,
sediment, and sediment trap sample results taken together, there is evidence that contaminants
from the Site are migrating downstream, especially from erosional areas, to either the Columbia
River or Multnomah Channel and that the mass flux of contaminants exiting the downstream end
of the Site in surface water is greater than the flux entering the Site.

External sources include upstream loading (via surface water and sediment bedload), “lateral”
external loading such as stormwater runoff permitted discharges (point-source, non-stormwater),
upland groundwater (contaminant plume transport to the river), atmospheric deposition (to the
river surface), direct upland soil and river bank erosion, otherwise uncontaminated groundwater
advection through contaminated subsurface sediments (chemical partitioning from subsurface
sediment to pore water and advection to the surface sediment interval), and overwater releases.

Internal transfer mechanisms involve the transport of contaminant mass from one medium to
another, but do not add new contaminant mass. Internal fate and transport mechanisms include
sediment resuspension, transport, and deposition; solid/aqueous-phase partitioning; abiotic/biotic
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transformation and degradation; biological uptake and depuration; groundwater advection; and
sediment pore water exchange (chemical partitioning from surface sediment to pore water and
advection to surface water). The hydrophobic nature of most of the organic contaminants means
that they tend to preferentially partition to particulate organic matter.

6.7.3. HST Model Utilization

The HST model results were evaluated as part of the FS. The primary purpose of the model was
to evaluate remedial alternatives, support FS-level cap armoring design, and evaluate the
potential for erosion of buried sediment contamination. Based on EPA’s evaluation and
additional evaluations conducted by Portland State University and USACE, a number of
shortcomings in the modeling approach were identified, as discussed in more detail in Appendix
H of the FS.

An evaluation of predicted versus measured changes in sediment bed evaluation concluded that
the Portland Harbor HST model tends to over predict deposition, particularly in areas where
erosion is measured. As a result, the utility of the contaminant fate and transport model
developed for the Site to evaluate MNR is limited. In the FS, outcomes greater than t=0 were not
quantitatively evaluated using the HST model because the results are not quantitatively accurate
and absolute or relative comparisons among quantitatively inaccurate outcomes is not helpful.
However, quantitative evaluations of empirical data (e.g., trends in sediment deposition and fish
tissue), where available, were undertaken.

A key element of the long-predictions of reductions in contaminant concentrations associated
with natural recovery processes is the deposition of cleaner material resulting in declines in
sediment concentrations. To further evaluate the ability of the HST model to accurately predict
sediment deposition and erosion, a comparison of predicted vs. measured changes in bathymetry
was performed on a sediment decision unit (SDU) basis. SDUs are separate areas of the Site that
generally include the highest focused COC concentrations over one river mile segment. SDUs
are used to evaluate the Site.

The overall approach involved comparing measured changes in sediment bed elevation to
predicted changes for each model grid cell. Each model grid cell represented approximately one
acre. SDUs range between 50 and 100 acres in size.

Measured changes in bathymetry were calculated using the results of the five bathymetric
surveys conducted within Portland Harbor between 2002 and 2009. Measured changes in
bathymetry were compared to modeled changes for the same time period. Changes in bathymetry
were compared relative to the average elevation for each model grid using the approximate time
mid-point of the bathymetric surveys. Comparisons between measured and predicted changes in
sediment bed elevation were performed on a fate and transport model grid cell basis.

The evaluation indicated that the model predicted deposition the majority of the time. Erosion
was predicted only within SDUs at RM 5.5E, RM 6.5E, RM 11E, and RM 6. However, measured
changes in bathymetry indicated that some erosion was observed within every SDU. In addition,
the plots did not correlate well with predicted and measured changes in sediment bed elevation.
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Only in SDUs RM 5.5E, RM 6.5E, RM 11E, and RM 6 did the model predict erosion when
deposition was observed. Conversely, the model predicted deposition when erosion was
observed in every SDU.

As a result of the uncertainty over the accuracy of model predictions, the model was not used for
FS-level evaluations.

7. CURRENT AND POTENTIAL FUTURE SITE AND RESOURCE USE
7.1. Current Land and River Use

Land use along the lower Willamette River in the harbor includes marine terminals,
manufacturing, and other commercial operations, as well as public facilities, parks, and open
spaces. RI Maps 3.2-1 and 3.2-8 illustrate land use zoning within the lower Willamette River as
well as waterfront land ownership. The State of Oregon DSL owns certain submerged and
submersible lands underlying navigable and tidally influenced waters, certain adjacent upland
owners also own some submerged lands in the Site. The ownership of submerged and
submersible lands is complicated and has changed over time.

The majority of the shoreline in the Site is currently zoned for industrial land use and is
designated as an “Industrial Sanctuary” on the City of Portland Comprehensive Plan Map.
Commercial and industrial use of the Site is discussed in Section 2.1. The federal navigation
channel and its uses are also discussed in Section 2.1. The navigation channel is shown on Figure
1 in Appendix L.

In addition to industrial use zoning, other zoning designations for smaller portions of the Site
include: open space (e.g., Cathedral Park and Willamette Cove); general employment (mixed use
allowed although primarily an industrial-use focus); and multi dwelling residential (e.g.,
University of Portland). Residential areas on the west side include the Linnton neighborhood in
pockets west of St. Helens Road between RM 4.3 and 5W, and in the mixed use Pearl District
neighborhood in the vicinity of RM 12W. Most of the residential land use on the east side is
above the bluft, except for the St. Johns neighborhood, which extends closer to the river between
RM 5.7 and 6.8E.

In the Oregon State Administrative Rules (OAR) 340-041-0340, Table 340A, the designated
beneficial use of the lower Willamette River includes, but is not limited to, hunting, fishing,
boating, and water contact recreation. Recreational activities may include water skiing,
occasional swimming, and waterfront recreation. The lower Willamette River is an important
subsistence fishery for tribes and many minority communities in the region. Fishing for salmon,
sturgeon, and other species is conducted throughout the Site, both by boaters and from locations
along the banks.

The lower Willamette River provides Native American ceremonial and subsistence fisheries for
Pacific lamprey (particularly at Willamette Falls) and spring Chinook salmon. Other culturally
significant species include eulachon (smelt), and sturgeon. Native peoples also fish for a variety
of other resident species, including mountain whitefish (Prosopium williamsoni), chiselmouth
(Acrocheilus alutaceus), northern pikeminnow (Ptychocheilus oregonensis), peamouth
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(Mylocheilus caurinus), and suckers (Catostomus spp.). Of land mammals historically found in
the Portland Basin, deer and elk were the most frequently utilized by Native people. Native
plants were, and continue to be, gathered for food and medicinal purposes. Tribes have reserved
hunting, fishing (particularly salmon and sturgeon species) and certain gathering rights through
Treaties with the United States. These activities provide food for Tribal families and cultural
heritage knowledge and skills. Tribal uses of these resources continue today, but access to
suitable patches of habitat continues to be both a challenge and an essential element of
maintaining local Tribal cultural knowledge, practices, and traditions.

In addition, transients have been observed camping at various locations within the Site. The
observation of tents and makeshift dwellings during RI sampling events confirmed that transients
were present along some river bank areas. Therefore, they are expected to intermittently utilize
this area in the future. Transients may also be using the lower Willamette River as a source of
drinking water and they have reported harvesting and consuming various fish species as well as
crayfish, mussels, and clams.

7.2.  Groundwater and Surface Water Use
7.2.1. Groundwater Use

Groundwater is a critical natural resource providing domestic, industrial, commercial, and
agricultural water supply; recreational uses; base flow for rivers, lakes, streams, and wetlands;
and supply or habitat for livestock, wildlife, fish, or other aquatic life. Under OAR 340-040(]
0020, all groundwater of the state shall be protected from pollution that could impair existing or
potential beneficial uses for which the natural water quality of the groundwater is adequate.
Among the beneficial uses of groundwater, domestic water supply is recognized as the use that
would usually require the highest level of water quality. High quality groundwater shall be
maintained for present and future uses.

7.2.2. Surface Water Use

Under OAR 340-041-0340, Table 340A, the designated beneficial uses of the lower Willamette
River include, but are not limited to, hunting, fishing, boating, and water contact recreation. The
state has promulgated numeric and narrative water quality standards to protect all of the
designated uses. Another designated beneficial use of the lower Willamette River includes
private and public domestic water supply. There are no known current or anticipated future uses
of this part of the lower Willamette River within Portland Harbor as a private or public domestic
water supply. According to the City of Portland, the primary public domestic water source for
the City is the Bull Run watershed, which is supplemented by a groundwater supply from the
Columbia South Shore Well Field. Upstream of Portland Harbor, the City of Wilsonville uses the
Willamette River as a domestic water source following treatment, and the City of Sherwood
began using the Willamette River in 2013.

7.3. Cultural and Recreational Resources

It is important to note that locations that are and were used for hunting, fishing, and gathering,
are likely locations for archeological sites containing important cultural artifacts. There may be
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multiple strata of artifacts at some locations reflecting different eras of usage. If removal of
cairn, burial, human remains, funerary objects, or other sacred objects takes place, re-interment
will occur under the supervision of the appropriate Indian tribe. Proposed excavation by a
professional archaeologist of a Native American cairn or burial requires written notification to
the State Historic Preservation Officer and consultation with the appropriate Indian tribe. If
cultural resources on, or eligible for, the national register are present, it will be necessary to
determine, in consultation with the appropriate State Historic Preservation Office, if there will be
an adverse effect to the resource and, if so, how the effect may be minimized or mitigated. A
professional archaeologist must conduct any archaeological investigations at a site.

7.4. Natural Resources
7.4.1. Upland and Aquatic Habitat

Portland Harbor provides habitat for invertebrates, fishes, birds, mammals, amphibians, reptiles,
and aquatic plants. Each group makes a contribution to the ecological function of the river, with
its relative importance depending on its niche, its abundance, and its interaction with the physical
environment. The invertebrate community living in the sediments provide important food for fish
and other species in the Site. The biologically active zone of the Site that supports benthic
communities is in the “shallow” sediment (less than 38 cm deep) and is generally 10 to 20 cm
deep, based on sediment profiling imaging data gathered during the RI (Stiplin Environmental
Associates 2002). The fish species found in the harbor include numerous species of resident fish
(smallmouth bass, brown bullhead, black crappie, and carp); the river also serves as an important
pathway for migration of anadromous species such as salmon, lamprey, and sturgeon. The lower
Willamette River has been designated by the National Marine Fisheries Service (NMFS) as
critical habitat for several salmon species that migrate through the Site. Fish in the harbor
provide an important food resource for aquatic mammals, birds like osprey and bald eagle, and
some larger fish species like northern pikeminnow and smallmouth bass.

Migratory and resident birds use the harbor. Resident birds include, but are not limited to, the
bald eagle, Canada goose, mallard, spotted sandpiper, and great blue heron. Mammals that
inhabit the Site include beaver, muskrat, raccoon, river otters, and California sea lion. Portland
Harbor provides limited habitat for amphibians and reptiles, and most of the native amphibians
prefer undisturbed areas that offer seasonal wetlands with emergent plants and shallow waters.
Most local reptile species prefer wet vegetated upland habitats.

Aquatic plant communities are used by wildlife for refuge, nesting and breeding habitat, and they
also provide food for herbivores and play a role in the cycling of nutrients. Habitat constraints in
Portland Harbor, including muddy water and overwater obstructions that prevent the sun from
reaching the bottom plus extensive bank armoring, limit the development of dense submerged
and emergent plant communities in the Site.

7.4.2. Threatened and Endangered Species

The presence, or potential presence, of threatened and/or endangered species was evaluated in FS
Appendix L; Tables L3-1 and L3-2 summarize the listed species that have the potential to live

Record of Decision 30
Portland Harbor Superfund Site



within the Site. The lower Willamette River has been designated by NMFS as critical habitat for
Lower Columbia River Chinook salmon, Lower Columbia River steelhead, Upper Willamette
River Chinook salmon, Upper Willamette River steelhead (70 Federal Register 52630), and is
proposed critical habitat for Lower Columbia River Coho salmon (78 Federal Register 2726).
The Site provides migration and rearing habitat, and both adult and juvenile salmonids are
common in the lower Willamette River during various times of the year. Adults are present
during their upriver spring migrations, whereas, juvenile salmonids can be found in the lower
Willamette River yearround. The critical habitat designations identified above in the Federal
Register indicate that freshwater rearing sites and migration corridors, such as provided by the
Site, are essential to the conservation of the listed salmonid species.

7.5. Potential Future Land, River and Resource Use

The potential future land use and resource use of the Site is expected to be the same as the
current use but if land uses change, the remedy will be adjusted considering the new use.

8. SUMMARY OF SITE RISKS

As part of the RI/FS, baseline human health and ecological risk assessments were conducted to
estimate the current and future effects of contaminants in sediments (from human-use beaches
and in-river sediment collected from less 30 cm depth between the bank and the navigation
channel), surface water, groundwater seeps, and fish tissue on human health and the
environment. A baseline risk assessment is an analysis of the potential adverse human health and
ecological risk of releases of hazardous substances from a site in the absence of any actions or
controls to mitigate such releases, under current and future land and resource uses. The baseline
risk assessment includes a BHHRA and a baseline ecological risk assessment (BERA). They
provide the basis for taking action and identify the COPCs and exposure pathways that the
remedial action should address. The BHHRA and BERA are included in the RI report in
Appendices F and G, respectively. This section of the ROD summarizes the results of the
baseline risk assessments.

8.1. Human Health Risks

The Site-specific BHHRA estimated cancer risks and noncancer health hazards from exposures
to a set of chemicals in sediments (both beach and in-river), surface water, groundwater seeps,
and fish tissue from samples collected at the Site.

A four-step process is used for assessing Site-related human health risks:

= Hazard identification uses the analytical data collected to identify the COPCs at the Site
for each medium based on such factors as toxicity, frequency of occurrence, fate and
transport of the contaminants in the environment, concentration, mobility, persistence,
and bioaccumulation.

= EXxposure assessment evaluates the different exposure pathways through which people
might be exposed to contaminants based on media-specific contaminant concentrations,
the frequency and duration of these exposures, and the pathways by which humans are
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potentially exposed (e.g., consumption of contaminated fish and shellfish, dermal contact
with contaminated sediment, and ingestion of, and dermal contact with, contaminated
surface water or groundwater).

Toxicity assessment determines the types of adverse health effects associated with
chemical exposures and the relationship between magnitude of exposure (dose) and
severity of adverse effects (response).

Risk characterization summarizes and combines outputs of the exposure and toxicity
assessments to provide a quantitative assessment of site-related cancer risks and
noncancer hazards. The risk characterization also identifies contamination with
concentrations that exceed acceptable levels, identified in the National Contingency Plan
(NCP) and EPA guidance as an excess lifetime cancer risk greater than 10 to 10 (1 in
1,000,000 to 1 in 10,000) or a noncancer Hazard Index (HI) greater than 1. Contaminants
at these concentrations are considered COCs and are typically those that will require
remediation at a site. This section includes a discussion of the uncertainties associated
with these risks.

8.1.1. Hazard Identification

The BHHRA identified COPCs present in beach sediment, in-river sediment, surface water,
groundwater seeps, fish, and shellfish within the Site. The data used in the BHHRA by medium
are summarized below:

Beach sediment: Composite beach sediment samples that were collected from
designated human use areas within the Site.

In-river sediment: In-river sediment (i.e., sediment not located on a beach) samples that
were collected from the upper 30 cm of the sediment bed between the bank and the
navigation channel.

Surface water: Surface water data collected from the Site as well as Multnomah
Channel.

Groundwater seep: Data from Outfall 22B, which discharges in a potential human use
area. However, samples collected from this outfall as part of a stormwater sampling event
were excluded.

Fish tissue: Composite samples, both whole body and fillet with skin (fillet without skin
samples were analyzed for mercury only), of target resident fish species (smallmouth
bass, brown bullhead, black crappie, and common carp). Composite samples of adult
Chinook salmon (whole body, fillet with skin, and fillet without skin), adult lamprey
(whole body only), and sturgeon (fillet without skin only) were also included in the
evaluation of consumption by Tribal members.

Shellfish tissue: Composite samples of crayfish and clam tissue, depurated and
undepurated.
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COPCs were selected for quantitative evaluation in the BHHRA by comparing the Site
characterization and risk assessment analytical data to risk-based screening values. If the
maximum detected concentration of a chemical exceeded its appropriate risk-based screening
level or if a risk-based screening level was not available, the contaminant was selected as a
COPC. The BHHRA estimated risks for all COPCs. Consistent with EPA risk assessment
guidance (EPA 1989, 1991), the findings of the BHHRA were used to narrow the list of COPCs
to a shorter of list COCs. COCs are those contaminants estimated to pose an unacceptable risk
and, therefore, need to be addressed in the FS. BHHRA Table 7-1 shows chemicals potentially
showing unacceptable risk by medium. COCs for both human health and ecological receptors are
summarized on Tables 1 (sediment), 2 (surface water), 3 (pore water and TZW), 4 (fish tissue),
and 5 (river bank soil) in Appendix II.

8.1.2. Exposure Assessment

Consistent with EPA risk assessment guidance (EPA 1989, 1991), the BHHRA serves as a
baseline and assumes no remediation or institutional controls to mitigate or remove hazardous
substance releases. Cancer risks and noncancer HIs were calculated based on estimates of
reasonable maximum exposures (RME) and central tendency exposures (CTE) to describe the
magnitude and range of exposures that might be incurred by receptor groups under current and
future conditions at the Site. The RME is defined as the highest exposure that is reasonably
expected to occur at a site, whereas the CTE is intended to reflect central (more typical)
estimates of exposure. The objective of providing both the RME and CTE exposure cases is to
bound the risk estimates, although decisions are based on the RME, consistent with the NCP.

8.1.2.1. Conceptual Site Model

The CSM describes potential contaminant sources, transport mechanisms, potentially exposed
populations, exposure pathways, and routes of exposure. The CSM is presented on Figure 2 in
Appendix I.

8.1.2.2. Identification of Potentially Exposed Populations

Populations were identified that could be exposed to contaminants through a variety of activities
consistent with current and potential future uses of the Site. These include people who work
along and on the river; people who use the river for recreational purposes; professional divers
engaged in routine inspections, maintenance, or repair activities; and people who may live along
the shoreline for a limited time (2 years was assumed). Use of the river as a drinking source was
also considered as a future use because it is a designated beneficial use for the river. Many
people catch fish in the lower Willamette River for recreation and as a supplemental or primary
food source. Shellfish are also collected and consumed by people. The river provides a
ceremonial and subsistence fishery for some Tribal members, who typically consume more fish
than the general public. Fish are an important food source as well as an integral part of the tribes’
cultural, economic, and spiritual heritage.

As aresult of all these activities, exposure to contaminants at the Site can occur through direct
contact with contaminated beaches, sediment, and surface water through incidental or intentional
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ingestion (for example, drinking water) or through skin contact with the contaminated sediment
or water. Exposure to contaminants in groundwater can occur after it discharges into the river.
Because of the persistent nature of many of the contaminants, they can bioaccumulate through
the food chain, and the resulting concentrations in fish can be much higher relative to
concentrations in water and sediment, and exposure can occur through consumption of fish and
shellfish caught from the river. Finally, bioaccumulative contaminants can partition into breast
milk; thus, infants can be exposed to these contaminants through breastfeeding. The specific
populations and exposure pathways evaluated in the BHHRA were as follows:

= Dockside workers: Direct exposure via incidental ingestion and dermal contact with
beach sediments.

= In-river workers: Direct exposures to in-river sediment.

» Transients: Direct exposure to beach sediment, surface water for bathing and drinking
water scenarios, and groundwater seeps. This group includes the houseless population.

= Recreational beach users: Direct exposure to beach sediment and surface water while
swimming.

= Tribal fishers: Direct exposure to beach or in-river sediments and consumption of
migratory and resident fish.

= Recreational and subsistence fishers: Direct exposure to beach or in-river sediments
and consumption of resident fish and shellfish.

= Divers: Direct exposure to in-river sediment and surface water.

= Domestic water user: Direct exposure to untreated surface water potentially used as a
drinking water source in the future.

= Infant consumption of human breast milk: Exposure to certain persistent and
bioaccumulative contaminants (PCBs, DDx, dioxins and furans, and polybrominated
diphenyl ether) via nursing infants of dockside and in-river workers; divers; and
recreational, subsistence, and Tribal fishers.

8.1.2.3. Exposures and Exposure Point Concentrations

Exposures were evaluated on a Site-wide basis as well as on more localized spatial scales, as
appropriate, for each exposure scenario. Exposure to beach sediment was assessed per beach, and
exposure to groundwater seeps was assessed per seep. Exposure to in-river sediment, surface
water, and fish and shellfish tissue was assessed on both localized and Site-wide scales. Except
where specifically noted, the exposure assumptions used in the BHHRA were applied uniformly
to all of the Site and may or may not be applicable at specific Site locations, depending on
factors not specifically addressed in the BHHRA.

Exposure point concentrations (EPCs) were calculated to represent the average concentration
contacted over the duration of the exposure. Consistent with EPA guidance, the 95% upper
confidence limit (UCL) on the arithmetic mean was used to represent the average concentration.
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The maximum reported concentration was used in instances where there were insufficient data to
calculate a UCL or the calculated UCL was greater than the maximum reported value. EPC
tables from the BHHRA are included in Appendix III.

8.1.2.4. Estimation of Chemical Intakes

The amount of each chemical incorporated into the body is defined as the dose and is expressed
in units of milligrams per kilogram per day (mg/kg-day). The dose is calculated differently when
evaluating carcinogenic effects than when evaluating noncarcinogenic effects.

For non-occupational scenarios where exposures to children are considered likely, exposures to
both adult and child were evaluated. Children often exhibit behavior such as outdoor play
activities and greater hand-to-mouth contact, which can result in greater exposure than for a
typical adult. In addition, children have a lower overall body weight relative to the predicted
intake. As cancer risks are averaged over a lifetime, they are directly proportional to the
exposure duration. Accordingly, a combined exposure from childhood through adult years was
evaluated, where appropriate, to account for the increased relative exposure and susceptibility
associated with childhood exposures.

In general, Superfund exposure assessments assess RME by using a combination of 90th or 95th
percentile values for contact rate, exposure frequency, and duration, and 50th percentile values
for other variables. CTE estimates are done using average or median values for all variables.
Receptor exposures for RME and CTE scenarios are included in BHHRA Tables 3-21 through 3[
25.

The fish consumption rates used in the risk assessment were developed by information gathered
from published studies that evaluated the consumption habits of people in the Portland area, as
well as consumption rates of the general public. Local recreational fishers generally prefer non!(
resident fish species such as spring Chinook salmon, steelhead trout, Coho salmon, shad, and
white sturgeon. Immigrants from Eastern Europe and Asia, African-Americans, and Hispanics
are most likely to eat resident fish from the lower Willamette River either as a supplemental or
primary dietary source. The most commonly consumed resident species for these populations are
smallmouth bass, brown bullhead, black crappie, carp, and catfish. Because different people
consume different quantities of resident fish, three different consumption rates were evaluated to
examine the range of exposures for non-Tribal fish consumption patterns. Tribal populations
consume both resident and non-resident fish species.

A consumption rate of 17.5 grams per day (g/day) of resident fish (approximately two 8-ounce
meals per month) was used to represent a CTE value for recreational fishers, and 49 g/day
(approximately six and one-half 8-ounce meals per month) was selected as representing the
higher-end consumption rate for this group. A rate of 142 g/day (nineteen 8-ounce meals per
month) was used for “subsistence fishers,” a term used for people who consume fish as a
substantial portion of their diet. Table 9 in Appendix II summarizes the RME and CTE
assumptions for recreational and subsistence fishers. This higher consumption rate was used on a
Site-wide basis and assumed consumption of all the types of resident fish (representative species
were smallmouth bass, brown bulhead, black crappie, and carp).
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Risks to recreational fishers were evaluated on both a Site-wide and localized river mile scale.
Because contaminant concentrations in migratory fish are not all related to the Site, only
consumption of “resident” fish was considered. The Site-wide evaluation assumed the same diet
of resident species. The river mile evaluation used only the data for smallmouth bass, the only
species with contaminant data on that smaller scale, to represent contaminant concentrations in
all resident fish species.

Fish consumption by Tribal members was evaluated assuming an overall rate of 175 g/day
(approximately twenty-three 8-ounce meals per month), also based on the Columbia River Inter-
Tribal Fish Commission (CRITFC) 1994 survey. However, this rate is based on a multi-species
diet that includes both resident and migratory fish (Table 10 in Appendix II). Data from the
CRITFC survey indicate that approximately 50% of the reported consumption consists of
salmon, lamprey, and sturgeon. The BHHRA evaluated risks due to consumption of fish for
Tribal members assuming a mix of migratory and resident fish. In order to assess the risk
associated with contamination within the Site, consumption of resident fish by Tribal consumers
was evaluated assuming that 50% of their fish diet, or a rate of 87 g/day, was resident fish and
the remainder of the diet was assumed to be migratory fish (salmon, lamprey, and sturgeon).
Consistent with the range of Tribal practices, risks were evaluated assuming fillet-only
consumption as well as using the entire fish in preparing meals.

Consumption rates for children for the recreational, subsistence, and Tribal exposure estimates
were estimated to be 42% of the rates for adults based on the CRITFC 1994 survey and were
used to estimate noncancer hazards, as children are generally more sensitive to the noncancer
effect of exposure to contaminants.

8.1.3. Toxicity Assessment

The toxicity assessment determines whether exposure to COCs may result in adverse health
effects in humans and the relationship between the magnitude of exposure (dose) and incidence
and/or severity of adverse effects (response). For risk assessment purposes, chemicals are
generally separated into categories based on whether a chemical exhibits carcinogenic or
noncarcinogenic health effects. As appropriate, a chemical may be evaluated separately for both
effects. Noncancer effects are evaluated using a reference dose (RfD), which is the dose below
which adverse health effects are not expected. Carcinogenic effects are assessed using the cancer
slope factor (SF), which is typically expressed in units of mg/kg-day. The SF represents an upper
bound estimate on the increased cancer risk. SFs are generally accompanied by a weight of
evidence descriptor, which expresses the confidence as to whether a specific chemical is known
or suspected to cause cancer in humans.

8.1.3.1. Cancer Assessment

Potential cancer effects are expressed as the probability that an individual will develop cancer
over a lifetime based on the exposure assumptions described in Section 8.1.2. The cancer SF is a
plausible upper bound estimate of carcinogenic potency used to calculate cancer risk from
exposure to carcinogens by relating estimates of lifetime average chemical intake to the
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incremental probability of an individual developing cancer over a lifetime. SFs for assessing oral
and dermal exposure are presented in BHHRA Table 4-1 in Appendix II1.

8.1.3.2. Noncancer Assessment

Noncancer health effects were evaluated using RfDs. An RfD is an estimate of a daily oral
exposure for a given duration to the human population (including susceptible subgroups) that is
likely to be without an appreciable risk of adverse health effects over a lifetime. Chronic RfDs
are specifically developed to be protective against long-term exposure to COCs. The RfDs
utilized to assess noncancer effects are presented in BHHRA Table 4-2 in Appendix III.

8.1.4. Risk Characterization

Risk characterization integrates the information from the exposure assessment and toxicity
assessment, using a combination of qualitative and quantitative information. Risk
characterization involves estimating the magnitude of the potential adverse health effects
associated with the COCs. It also involves making judgments about the nature of the human
health threat to the defined receptor populations. The risk characterization combines the results
of the dose-response (toxicity assessment) and exposure assessment to calculate cancer risks and
noncancer health hazards. In accordance with EPA’s guidelines, this assessment assumes that the
effects of all contaminants are additive through a specific pathway within an exposure scenario.

For carcinogens, risks are generally expressed as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to the carcinogen. Excess lifetime
cancer risk (a unitless probability of an individual’s developing cancer) is calculated by
multiplying the chronic daily intake averaged over 70 years (mg/kg-day) and the SF (per mg/kgl[

day).

These risks are probabilities that usually are expressed in scientific notation (e.g., 1 x 10°). An
excess lifetime cancer risk of 1 x 107 indicates a probability that the RME individual has a 1 in
1,000,000 chance of developing cancer as a result of site-related exposure. This is referred to as
an “excess lifetime cancer risk” because it would be in addition to the risks of cancer individuals
face from other exposures. The upper-bound excess lifetime cancer risks derived in this
assessment are compared to the risk range of 10 to 10 established in the NCP. EPA’s goal of
protection for cancer risk is 10, and risks greater than 10 typically will require remedial
action.

The potential for noncancer health effects is estimated by comparing the average daily dose
(ADD) of a chemical for adult, adolescent, and child with the RfD for the specific route of
exposure (e.g., oral). The ratio of the intake to reference dose (ADD/R{D) for an individual
chemical is the hazard quotient (HQ). When an RfD is available for the chemical, these ratios are
calculated for each chemical that elicits a noncancer health effect. Typically, chemical-specific
HQs are summed to calculate an HI value for each exposure pathway. EPA’s goal of protection
for noncancer health effects is an HI equal to 1. When the HI exceeds 1, there may be a concern
for health effects. This approach can result in a situation where HI values exceed 1 even though
no chemical-specific HQs exceed 1 (i.e., adverse systemic health effects would be expected to
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occur only if the receptor were exposed to several contaminants simultaneously). In this case,
chemicals are segregated by similar effect on a target organ, and a separate HI value for each
effect/target organ is calculated. If any of the separate HI values exceed 1, adverse, noncancer
health effects are possible. It is important to note, however, that an HI exceeding 1 does not
predict a specific disease.

8.1.4.1. Risk Characterization Results

The risk characterization results are presented below by receptor and exposure scenario; full
results are included in BHHRA Tables 5-87 through 5-111 in Appendix III.

Dockside Workers

Risks to dockside workers were estimated separately for each of the eight beaches designated as
potential dockside worker use areas. The RME estimated cancer risks ranged from 7x107 to
5x107 at all beach areas and the RME HIs ranged from 0.005 to 0.01 for adults. For breast
feeding infants estimated RME HIs ranged from 0.01 to 1.

In-River Workers

In-river sediment exposure by in-river workers was evaluated in half-mile increments along each
side of the river. The estimated RME cancer risks ranged from 9x107® to 2x107 at all river mile
segments and the RME HIs for adults ranged from 0.001 to 0.2 at all locations. The RME HIs for
breast feeding infants ranged from 0.003 to 2 at RM 7W due to dioxins and furans.

Transients

Risks to transients were estimated separately for each beach designated as a potential transient
use area as well as for the use of surface water as a source of drinking water and for bathing.
Year-round exposure to surface water was evaluated for individual stations: Willamette Cove,
Multnomah Channel, and for four transects grouped together to represent Site-wide exposure.
The RME cancer risk estimates for beach sediment ranged from 1x1077 to 4x1077 for all locations
and the RME HIs ranged from 0.04 to 0.1. Estimated RME cancer risks associated with surface
water exposures ranged from 6x107 to 9x107, and RME HIs ranged from 0.05 to 0.3. Estimated
RME cancer risk associated with a groundwater seep at Outfall 22 was 3x10” and the RME HI
was 0.006.

Divers

Commercial divers were evaluated for exposure to surface water and in-river sediment assuming
the diver was wearing either a wet or a dry suit. In-river sediment exposure by divers was
evaluated in half-mile exposure areas for each side of the river and on a Site-wide basis. Risks
associated with exposure to surface water were evaluated for four individual transect stations and
at single-point sampling stations grouped together in one-half mile increments per side of the
river.

For divers wearing wet suits, the estimated RME cancer risks associated with exposure to in-
river sediments ranged from 9x107® to 3x107 at all half-mile river segments and the HIs ranged
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from 0.001 to 0.1. The RME HI for indirect exposure to breast feeding infants of adult divers
ranged from 0.004 to 2 at RM 8.5W due to PCBs. The estimated RME cancer risks associated
with exposure to surface water ranged from 1x107® to 1x107 for all half-mile river segments and
the RME HIs ranged from 0.0001 to 0.003.

For divers wearing dry suits, the estimated RME cancer risk associated with exposure to in-river
sediments ranged from 3x10® to 1x10° and HIs ranged from 0.0002 to 0.2. The RME HIs for
indirect exposure to breast feeding infants of adult divers ranged from 0.001 to 0.3. Surface
water estimated RME cancer risk ranged from 1x10® to 2x107 at all half-mile river segments
and the RME HIs ranged from 0.0001 to 0.002 for adults.

Recreational Beach Users

Risks associated with exposure to beach sediment were evaluated separately for each beach
designated as a potential recreational use area, and exposure to surface water was evaluated
using data collected from three transect locations and three single-point locations at Cathedral
Park, Willamette Cove, and Swan Island Lagoon. Estimated RME cancer risks associated with
exposure to beach sediments ranged from 2x107° to 5x10~ and RME HIs ranged from 0.1 to 0.4.
Estimated RME cancer risks associated with surface water exposure ranged from 6x107® to
7x1078 at all recreational beach areas. The RME HI for surface water was 0.001 at 3 locations.
Indirect exposures to infants via breastfeeding were not evaluated.

Recreational/Subsistence Fishers

Recreational and subsistence fishers were evaluated assuming direct exposure to contaminants in
sediment and via consumption of fish and shellfish. Exposures associated with beach sediment
were assessed at individual beaches designated as potential transient or recreational use areas. In-
river sediment exposures were evaluated on a one-half river mile basis per side of the river and
as an averaged, Site-wide evaluation. Sediment exposures were further assessed as CTE and
RME evaluations and assuming either a low- or a high-frequency rate of fishing.

Estimated RME cancer risks associated with beach sediments with both low- and high-frequency
fishing to beach sediment ranged from 4x107 to 6x10°® and RME HIs ranged from 0.01 to 0.05.
Estimated RME cancer risks associated with in-river sediment with both low- and high-
frequency fishing ranged from 2x107 to <10~ and RME HIs ranged from 0.001 to 2 at RM 7W.
The CTE HIs for in-river sediment ranged from 0.0001 to 0.01. For RME indirect exposure to
infants breastfeeding, the estimated HIs ranged from 0.003 to 2 at RM 8.5W. The CTE indirect
exposure to infants breastfeeding ranged from 0.0002 to 0.04 at RM 8.5W. Indirect exposure to
contaminants in beach sediment via breastfeeding infants was not evaluated.

Consumption of resident fish species was evaluated on a river mile basis using smallmouth bass
data as a surrogate for all fish consumed. Consumption of fish was also evaluated over the entire
Site, assuming a diet consisting of equal proportions of common carp, brown bullhead, back
crappie, and smallmouth bass. Consumption on a river mile basis was evaluated only for
recreational fishers; consumption averaged over the entire Site was evaluated for both
recreational and subsistence fishers. With the exception of RM 5, RME estimated cancer risks on
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a river mile basis were all greater than 1x10™, ranging from 9x10* to 1x107. River miles
exhibiting the highest estimated RME risks are RM 2 (2x10%), RM 4 (3x10™#), RM 7 (6x107%),
Swan Island Lagoon (6x10#), RM 9 (2x10*#), and RM 11 (1x107?). Site-wide RME risks for
recreational and subsistence fishers were 4x107 and 1x1072, respectively. CTE cancer estimates
ranged from 3x107 to 4x10, with the highest levels at RM 7, Swan Island Lagoon, and RM 11.
The Site-wide CTE estimate for recreational fishers was 1x107. Risks are primarily due to PCBs.

For recreational fishers, the RME HIs ranged from 6 to 100 by river mile with the highest RME
HIs at RM 4, RM 7, Swan Island Lagoon, and RM 11. Site-wide RME HIs for recreational and
subsistence fishers were 300 and 1,000, respectively. The CTE HI estimates for recreational
fishers ranged from 2 to 30, with a Site-wide HI of 100. Risks are primarily due to PCBs.

For infant indirect exposure via breastfeeding, the RME HIs ranged from 30 to 1,000 on a river
mile basis, with a Site-wide HI of 4,000. River miles exhibiting the greatest RME HIs were: RM
2 (200), RM 4 (200), RM 7 (200), Swan Island Lagoon (600), and RM 11 (1,000). The CTE
estimates ranged from 10 to 500 when assessed on a river mile scale and was 2,000 on a Site-
wide basis. The RME HI for subsistence fishers was 10,000. The majority of the hazard estimate
is attributable to PCBs.

Subsistence Fishers

For subsistence fishers, risks from consumption of clams and crayfish were evaluated. Estimated
RME cancer risks associated with consumption of undepurated clams by subsistence fishers
ranged from 4x107 to 7x10* with estimates greater than 1x10* at 10 of the 22 river mile
sections evaluated. The estimated RME risk Site-wide is 4x10™*. Carcinogenic PAHs pose the
highest risks at RM 5W and 6W, while PCBs pose the highest risks in Swan Island Lagoon and
RM 11. Carcinogenic PAHs and PCBs pose the highest risks on a Site-wide basis. Estimated
CTE cancer risks ranged from 6x10° to 1x10#, with a Site-wide estimate of 7x107. Risks based
on depurated clams were estimated at RM 1E, 2W, 10W, 11E, and 12E, and none of the
estimated CTE or RME cancer risks were greater than 1x10.

The estimated RME HIs associated with consumption of undepurated clams by subsistence
fishers ranged from 1 to 30 with estimates greater than 1 at 20 of the 22 river mile sections
evaluated. The Site-wide RME HI was 9. The estimated CTE HIs ranged from 0.2 to 7, with a
Site-wide CTE estimate of 2. Risks are primarily due to PCBs.

For indirect exposure to infants via breastfeeding, RME HIs ranged from 10 to 800 on a river
mile basis, with a Site-wide RME estimate of 200. CTE HIs ranged from 2 to 200 with a Site-
wide CTE estimate of 30. Risks are primarily due to PCBs.

For consumption of crayfish by subsistence fishers, the RME cancer estimates ranged from
6x10° to 3x10* and a Site-wide RME estimate of 3x10™*. Risks are primarily due to PCBs. The
highest estimates were at RM 7W and RM 11E. The estimated CTE cancer risks ranged from
1x10° to 6x107 with a Site-wide CTE estimate of 6x107.

For consumption of crayfish by subsistence fishers, the estimated RME HIs ranged from 0.5 to 6
with a Site-wide RME estimate of 10. The estimates greater than 1 were at 7 of the 32 individual
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stations, primarily due to PCBs. The CTE HI estimates ranged from 0.08 to 3 with a Site-wide
CTE estimate of 2.

For indirect exposure to infants via breastfeeding, RME HIs ranged from 0.1 to 400 with a Site-
wide RME estimate of 200, primarily due to PCBs. HIs greater than 1 were estimated at 23 of the
32 stations evaluated. The CTE HIs ranged from 0.001 to 70 with a Site-wide CTE estimate of
40.

A summary of risk results for recreational and subsistence fishers is shown on Table 11a in
Appendix II.

Tribal Fishers

Exposures to Tribal fishers were evaluated assuming direct contact with contaminants in
sediment and via consumption of fish. Exposures associated with beach sediment were assessed
at individual beaches, and in-river sediment exposures were evaluated on a one-half river mile
basis per side of the river and as an averaged, Site-wide evaluation. Fish consumption was
evaluated assuming a multi-species diet consisting of anadromous and resident fish species, and
fishing was evaluated on a Site-wide basis.

The estimated RME cancer risks associated with direct contact to beach sediment ranged from
2x107° to 2x107 at all beaches evaluated. The RME cancer risk estimates for exposure to in-river
sediment ranged from 1x10 to 3x10™* with a Site-wide RME estimate of 3x107°. RME cancer
risk associated with exposure to in-river sediment was greater than 1x10 at RM 6W and 7W
due to cPAHS, arsenic, and dioxin/furans. The CTE cancer risks for beach and in-river sediment
ranged from 6x1078 to 2x10°,

The estimated RME HI risks ranged from 0.003 to 3 at all beach and in-river sediment exposure
locations. The RME HI of 3 was due to in-river sediment exposure at RM 7W due to PCBs. The
Site-wide RME HI was 0.4. The CTE HIs ranged from 0.0004 to 0.01.

For indirect exposure to infants via breastfeeding assuming maternal exposure to in-river
sediment, the RME HIs ranged from 0.01 to 4 at RM 8.5W. The estimated RME HI is greater
than 1 at RM 7W, 8.5, and 11E, with risk due entirely to PCBs. The CTE HIs ranged from
0.0006 to 0.1.

For Tribal consumption of fish fillets, the Site-wide RME cancer risk was 1x1072 and for
consumption of whole body fish was 2x1072, primarily due to PCBs. The CTE cancer risk
estimate was not calculated.

For Tribal consumption of fish fillets, the Site-wide RME HI risk was 600 and for consumption
of whole body fish was 800, primarily due to PCBs.

The RME HI associated with childhood consumption of whole body fish was 800 and was 600
assuming consumption of fillets only, with risk due almost entirely to PCBs. The CTE HIs were
not calculated.
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The RME HI associated with indirect exposure of Tribal infants via breastfeeding, assuming
maternal consumption of whole body fish, was 9,000 and 8,000 assuming maternal fillet-only
consumption, with risk due almost entirely to PCBs. The CTE HIs were not calculated.

A summary of risk results for Tribal fishers is shown on Table 11b in Appendix II.
Domestic Water Use

Use of surface water as a source of household water for drinking and other domestic uses was
evaluated using data from five transect and 15 single point sampling locations as well as
averaged over a Site-wide basis. The RME estimated cancer risk for combined child and adult
exposures ranged from 9x10° to 9x10* at RM 6W. The CTE estimated cancer risks ranged from
3x10to 2x107 with a Site-wide CTE estimate of 3x107.

The estimated RME HIs based on childhood exposure ranged from 0.1 to 2. Results were equal
to or greater than 1 at several sampling locations: W005 (1) at RM 4, W023 (1) at RM 11, W027
(2) near the mouth of Multnomah Channel, and W035 (2) in Swan Island Lagoon. In all
instances, 2-(4-chloro-2-methylphenoxy) propanoic acid (MCPP) was the primary contributor to
the estimated hazard. The estimated CTE HIs ranged from 0.05 to 0.8 with a Site-wide CTE
estimate of 0.6.

Summary

Risks resulting from the consumption of fish or shellfish were generally orders of magnitude
higher than risk resulting from direct contact with sediment, surface water, or seeps. For fish and
shellfish consumption, the exposure scenario showing the greatest risk was to subsistence fishers
and their breastfeeding infants. For direct contact with in-river sediment, the exposure scenario
showing the greatest risk was to Tribal netfishers and their breastfeeding infants. PCBs were the
primary contributor to risk from fish consumption harbor wide. When evaluated on a river mile
scale, dioxins/furans were a secondary contributor to the overall risk and hazard estimates. PCBs
were the primary contributors to the noncancer hazard to nursing infants, primarily because of
the bioaccumulative properties of PCBs and the susceptibility of infants to the developmental
effects associated with exposure to PCBs.

8.1.5. Uncertainty Analysis for the BHHRA

Uncertainty is inherent in the risk assessment process. The term “uncertainty” is often used in
risk assessment to describe what are, in reality, two conceptually different terms: uncertainty and
variability. Uncertainty can be described as the lack of a precise knowledge resulting in a
fundamental data gap. Variability describes the natural heterogeneity of a population.
Uncertainty can sometimes be reduced or eliminated through further measurements or study. By
contrast, variability is inherent in what is being observed. Although variability can be better
understood, it cannot be reduced through further measurement or study although it may be more
precisely defined.

The risks and hazards presented are consistent with EPA’s stated goal of the RME representing
the high end of the possible risk distribution, which is generally considered to be greater than the
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90th percentile. However, these estimates are based on numerous and often conservative
assumptions and, in the absence of definitive information, assumptions are used to ensure that
actual Site risks are not underestimated. The cumulative effect of these assumptions can result in
an analysis with an overall conservativeness greater than the individual components.
Accordingly, it is important to note that the risks summarized here are based on numerous
conservative assumptions in order to be protective of human health and to ensure that the risks
are more likely to be overestimated than underestimated.

8.1.5.1. Exposure Parameters for Fish and Shellfish Consumption Scenarios

Site-specific information regarding fish consumption is not available for Portland Harbor prior to
its listing as a Superfund site. In the absence of Site-specific data, fish consumption data from
several sources were considered and selected as being representative of the general population of
the greater Portland area as well as that portion of the population that actively fishes the lower
Willamette and utilizes fish from the river as a partial source of food.

The rates presented in the Continuing Survey of Food Intakes by Individuals described in Section
8.1.2.4 represent per capita consumption rates rather than true long-term averaged consumption
rates. In addition, the large range between the percentile values is indicative of substantial
variability in the underlying data. In addition to the consumption rates, uncertainty also exists
with respect to the relative percentage of the diet obtained from the Site or within individual
exposure areas versus other nearby sources of fish and the degree to which different methods of
preparation and cooking may reduce concentrations of persistent lipophilic contaminants.

8.1.5.2. Using the Maximum Concentration to Represent Exposure

In cases when there were fewer than five samples with a detected concentration for a given
analyte for a given exposure area, the sample size was not sufficient to calculate a representative
95% UCL on the mean, so the maximum concentration detected was used as the exposure point
concentration. Data sets with fewer than 10 samples generally provide poor estimates of the
mean concentration, defined as a large difference between the sample mean and the 95% UCL.
In general, the UCL approaches the true mean as more samples are included in the calculation of
the exposure concentration.

Exposure point concentrations on a river mile scale used data from smallmouth bass to represent
contaminant concentrations in all resident fish species, and consumption was assumed to consist
primarily of just the fillet rather than other parts of the fish. However, an evaluation of the data
collected from Portland Harbor indicated that PCB concentrations in whole body smallmouth
bass were typically an order of magnitude greater than those measured in just the fillet. By
contrast, in common carp and brown bullhead, the observed ratio of whole body-to-fillet PCB
concentrations is less than noted in smallmouth bass, meaning that given the same overall PCB
concentration in whole body fish, the PCB concentration in smallmouth bass fillet tissue would
be less than for carp and bullhead. These differences are reflected in the exposure concentrations
such that the use of fillet smallmouth bass data on a river mile scale resulted in a greater relative
reduction of PCB concentration than would be seen if fillet data from common carp and brown
bullhead were included. A diet that consists of some portion of carp and bullhead could result in

Record of Decision 43
Portland Harbor Superfund Site



relatively greater intake of PCBs, and the associated risk and hazard would be correspondingly
greater. In addition, at least some of the fishers in the Portland Harbor area consume more than
just the fillet. Consumption of other portions of the fish in addition to the fillet can result in
greater relative exposure to PCBs and other persistent bioaccumulative chemicals and, thus,
greater relative risks.

8.1.5.3. Regional Tissue Concentrations

PCBs and dioxins/furans have been detected in fish tissue collected in the Willamette and
Columbia rivers, outside of the Site. In the Columbia River Basin Fish Contaminant Survey, the
basin-wide average concentrations of total PCBs in resident fish ranged from 0.032 to 0.173
parts per million (ppm) for whole body samples and from 0.033 to 0.190 ppm for fillet with skin
samples. In the middle Willamette River (RM 26.5 to 72), the average concentrations of total
PCBs in resident fish ranged from 0.086 to 0.146 ppm for whole body samples and from 0.026 to
0.071 ppm for fillet with skin samples. The regional tissue concentrations may be associated with
unacceptable risks from fish consumption, especially at higher consumption rates. However,
these regional concentrations are lower than the concentrations detected in the Site where
average concentrations ranged from 0.16 to 2.8 ppm in whole body samples and from 0.17 to 2.5
ppm in fillet with skin samples (for PCBs as total congeners). The fish species included in the
studies were different than those collected within the Site, so the concentrations may not be
directly comparable. Sources contributing to the PCBs and dioxins/furans detected in fish
collected outside of the Site are unknown and may not be relevant to the Site.

8.2.  Ecological Risks

This section summarizes the BERA for aquatic and aquatic-dependent species exposed to
hazardous substances associated with the in-river Willamette River portion of the Site. The
BERA defined the Willamette River as all areas lower in water surface elevation than the
ordinary high water mark, including nearshore riparian zone areas not normally inundated by
water.

The specific overall objectives of the BERA were:

= Jdentify the risks posed by chemical contaminants to aquatic and aquatic-dependent
ecological receptors associated with the Site under baseline conditions.

= In the event that unacceptable ecological risks require remedial actions at the Site,
provide information that risk managers can use to make remedial action decisions that are
protective of ecological receptors.

The numerous aquatic and aquatic-dependent organisms that use the lower Willamette River can
be divided into the following general groups: invertebrates, fishes, birds, mammals, amphibians,
reptiles, and aquatic plants. All organisms present within the Site contribute to the ecological
functioning of the river. Riverine invertebrates are predominantly benthic (i.e., living in or
associated with river bottom substrates such as fine-grained sediment, gravel and cobble, plant
roots, and large woody debris). The benthic invertebrate community within the lower Willamette
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River is dominated by small benthic organisms, many of which feed on organic material
imported from upstream areas.

The Willamette River is an important migration corridor for anadromous fishes, including
Pacific lamprey and multiple salmon species, and provides habitat for approximately 50 resident
fish species. Fish present in the river can be grouped into four major feeding guilds:
omnivores/herbivores, invertivores, piscivores, and detritivores. Over 20 commonly occurring
aquatic-dependent bird species use habitats and feed on aquatic species within the Site. The
trophic representation of these birds is broad and includes herbivores, carnivores, and omnivores;
sediment-probing invertivores and omnivores; and piscivores. Seven aquatic or semi-aquatic
mammals use or may use the river within the Site, including herbivores, omnivores, and
piscivores.

Procedures used in the BERA to evaluate the nature, severity, and areal extent of risks to
ecological receptors in Portland Harbor were based on an iterative approach, beginning with a
screening-level ecological risk assessment, followed by a more detailed and rigorous BERA. The
BERA steps are listed below and described in the following sections:

* Problem Formulation includes identification of COPCs, exposure pathways, and known
ecological effects of the contaminants; receptors and selection of assessment endpoints
(environmental values to be protected) for further study and a CSM.

= EXxposure Assessment includes characterization of exposure pathways and receptors; and
measurement or estimation of exposure point concentrations.

= Ecological Effects Assessment includes literature reviews, field studies, and toxicity
tests, linking contaminant concentrations to adverse effects on ecological receptors on a
media-, receptor-, and chemical-specific basis.

» Risk Characterization includes measurement or estimation of both current and future
adverse effects as well as the overall degree of confidence in the risk estimates.

8.2.1. Problem Formulation
The BERA problem formulation consisted of the tasks described below.
Identification of COPCs

The final BERA number of COPCs is presented in Table 12 in Appendix II, including the
number of contaminants in each medium with no screening-level or refined screen toxicity
reference values (TRVs). Risks associated with these contaminants were evaluated if alternative
methods were available to derive TRVs; otherwise, risks from these contaminants could not be
quantified.

The groups of contaminants identified as BERA COPCs are summarized in Table 13 in
Appendix II. Screening resulted in a combined 104 COPCs for benthic invertebrates across four
media (sediment, invertebrate tissue, surface water, and TZW). A combined 74 fish COPCs were
identified, based on summing the COPCs across all media and the dietary line of evidence
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(LOE). Twenty-three COPCs were identified for birds through two LOEs, and 12 COPCs were
identified for mammals based on one LOE. Finally, 64 COPCs were identified for amphibians
and aquatic plants through two LOEs.

Exposure Pathways

The BERA CSM is presented in Figure 5 in Appendix I. The routes of exposure are the means by
which contaminants are transferred from a contaminated medium to an ecological receptor. The
most significant pathways for Portland Harbor COPCs are:

= Aquatic plants: Root uptake; direct contact with sediment, surface water, and TZW

= Benthic invertebrates: Direct contact with sediment, surface water, and TZW; ingestion
of sediment and food

= Fish: Direct contact with sediment, surface water, and TZW; ingestion of sediment and
food

= Birds and mammals: Ingestion of soil, sediment, and food
= Amphibians: Direct contact with surface water and TZW; ingestion of sediment and food
Ecological Effects Characterization

Ecological effects characterization resulted in the final list of TRV and sediment quality values
(SQVs) for the various environmental media and samples evaluated. TRVs and SQVs are
contaminant concentrations in media, which, if not exceeded, describe contaminant
concentrations considered to pose no or acceptable levels of ecological risk.

Receptors

The primary selection criteria for ecological receptors were that: (1) they represent the feeding
guilds (a group of species that share similar feeding strategies or diets) present at Portland
Harbor; (2) the receptors use the same habitat as other similar species; (3) the receptors are
susceptible to contaminants; and (4) they are ecologically, culturally, and/or economically
significant. Using these criteria, 13 ecological receptors (see below) were selected for evaluation.

Assessment Endpoint Selection

The BERA included development of the assessment endpoints, risk questions, measurement
endpoints, and LOEs. For each assessment endpoint, risk questions and testable hypotheses were
developed. The BERA evaluated 13 assessment endpoints; 12 of the 13 assessment endpoints
took the form of “survival, growth, and reproduction of” a group of species that share a habitat,
taxonomic category, or feeding guild. The 12 assessment endpoints with the form “survival,
growth, and reproduction of” were:

= Aquatic plants (aquatic plant community including phytoplankton, periphyton,
macrophyte species)
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» Benthic macroinvertebrates® (benthic macroinvertebrate community)
= Bivalves (clams)

= Decapods (crayfish)

» Invertivorous fish (sculpin, peamouth, and juvenile Chinook salmon)’
* Omnivorous fish (largescale sucker, carp, and pre-brccding white sturgeon)
= Piscivorous fish (smallmouth bass and northern pikeminnow)

= Detritivorous fish (Pacific lambrey ammocoetes)

= Amphibians (frog and salamander species)

= Piscivorous birds (osprey, bald eagle)

*  Omnivorous birds® (hooded merganser)

= Invertivorous birds (spotted sandpiper)

= Aquatic-dependent mammals (mink and river otter)

For the 13" assessment endpoint, detritivorous fish (Pacific lamprey ammocetes), reproduction
was not evaluated because the reproducing life stage of the lamprey was not present.

8.2.2. Ecological Exposure Assessment
Exposure Pathways and Receptors

Exposure data were evaluated at the scale over which the receptors are likely to be exposed and,
where pertinent, the variety of potentially contaminated prey the receptor may consume. For the
least mobile receptors (benthic macroinvertebrates, sculpin, aquatic plants), exposure areas are
no larger than the immediate area where samples were collected. For the most mobile receptors
(white sturgeon, largescale sucker), the exposure areas encompass the entire Site. For moderately
mobile receptors (e.g., smallmouth bass, mink) the Site is divided into several exposure areas,
each 1 to 3 miles long.

Exposure Concentrations

For dietary risks to fish and wildlife, exposure estimates were determined for a diet consisting of
multiple prey species. Exposure concentrations were based both on measured contaminant

6 Clams and crayfish are members of the benthic macroinvertebrate community, but were evaluated separately to
provide a population level assessment.

7 Juvenile Chinook salmon were evaluated at the organism level; all other invertivorous fish receptor species
selected were evaluated at the population level.

& Belted kingfisher was evaluated in the uncertainty assessment, as previously agreed to by EPA and the LWG. The
belted kingfisher ingests a considerable amount of fish, is present year-round, and consumes a variety of prey.
Belted kingfisher was included in the uncertainty evaluation to confirm that the evaluations performed on bald eagle,
osprey, and merganser are protective of the belted kingfisher.
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concentrations and, for some LOEs (the tissue-residue LOE and the dietary LOE for shorebirds),
on predicted values.

8.2.3. Ecological Effects Assessment
Effects of Contaminant Concentrations

The effects assessment involved two general approaches. For most receptors, the COPCs effects
were assessed by comparing contaminant concentrations in each medium with contaminant- and
medium-specific TRVs or Site-specific SQVs. The lowest-observed-adverse-effect level TRV's
were used for all receptors evaluated at the community or population level. No-observed! |
adverse-effect level TRVs were used for species listed as threatened under the ESA such as the
juvenile Chinook salmon and Pacific lamprey ammocetes.

Sediment Toxicity Tests

The second effects assessment approach used sediment toxicity bioassays as a direct measure of
the effects of sediment contaminant mixtures on the survival and biomass of benthic
invertebrates in the laboratory. Two predictive models (the floating percentile model and logistic
regression model) were used to develop Site-specific SQVs. The goals of both models were to
predict benthic toxicity for locations with no measured toxicity data and to define Site-specific
SQVs based on associations between measured sediment chemistry and measured sediment
toxicity.

8.2.4. BERA Risk Characterization

During risk characterization, information from the exposure assessment and ecological effects
assessment are combined into descriptions of the likelihood of unacceptable ecological risk. The
risk characterization included information on the contaminants posing potentially unacceptable
risk, which receptors were at risk, the media and exposure pathways in which contaminants
posing potentially unacceptable risks were found, the magnitude of the risks, and the location(s)
of risks within the Site.

In addition to the quantitative calculations performed to estimate risks, the risk characterization
also discusses the level of agreement among the multiple LOEs used to assess risks to the
assessment endpoints, the relative strengths and weaknesses of each LOE, the ecological
significance of identified risks, and the uncertainties associated with the risk assessment
conclusions.

Benthic Invertebrate Toxicity Tests

Sediment toxicity tests evaluated adverse effects of Portland Harbor sediment on survival and
biomass (a combined survival and growth endpoint) of larvae of the aquatic insect Chironomus
dilutus and juveniles of the amphipod Hyalella azteca. The toxicity tests demonstrated that
exposure of these animals to sediment from some Portland Harbor locations resulted in increased
mortality and/or reduced biomass of these two species within 10 to 28 days — a direct measure
of sediment toxicity to benthic invertebrates. A weight-of-evidence analysis identified 17 benthic
areas of concern within the Site. Most samples and locations eliciting multiple instances of
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moderate and severe toxicity tended to cluster in several areas, especially between RM 5.9 and
7.8 on the west side of the river. Other areas with “clusters” of benthic toxicity included:

= International Slip

= Between RM 3.7 and 4.2, west side of river
=  Between RM 4.8 and 5.2, west side of river
=  Willamette Cove

= Near the mouth of Swan Island Lagoon

= RM 8.7 to 8.8, west side of river

Combined, the above areas cover between 4 and 8% of the total surface area of sediment within
the Site. Contaminants at elevated concentrations relative to SQVs in these areas are the most
likely to pose risks to benthic invertebrates. SQVs are included in BERA Tables 6-8 and 6-10
through 6-15.

Other Lines of Evidence

Most risk characterizations were made using the HQ method. An HQ is calculated by dividing
the exposure point concentration by the selected TRV. COPCs with an HQ > 1.0 were identified
as contaminants posing potentially unacceptable risk. The potential for unacceptable risk
becomes increasingly large as the HQ value increases although the increase is not necessarily
linear.

Table 14 in Appendix II tallies the COPCs (individual chemicals, sums, or totals) identified as
posing potentially unacceptable risk for each assessment endpoint. In total, 93 CERCLA
contaminants were identified as posing potentially unacceptable risk in the BERA based on HQ
> 1.0 for at least one receptor-LOE combination. Of these, 22 COPCs are only applicable to
benthic invertebrates as predicted by the floating percentile model or logistic regression model.
These models predicted the suite of contaminants, which combined correlate with observed
patterns of toxicity to benthic organisms, rather than identifying specific contaminants that cause
toxicity.

The maximum HQ and number of samples resulting in HQ > 1.0 for each receptor-LOE COPC

combination posing potentially unacceptable risk are as follows:

= Benthic invertebrates: Eighty-seven COPCs were identified via one or more of the
sediment, tissue-residue, surface water, and TZW LOEs.

= Fish: Sixty-two COPCs were identified using the tissue-residue, dietary-dose, surface
water, and TZW LOEs.

= Wildlife: Eleven COPCs were identified for birds using the dietary-dose and tissue-
residue (egg) LOEs, and six COPCs were identified for mammals using the dietary-dose
LOE.
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* Amphibians: Thirty-five COPCs were identified using the surface water and TZW LOE:s.

= Aquatic plants — Thirty-five COPCs were identified using the surface water and TZW
LOEs.

Table 15 in Appendix II provides a summary of the contaminants posing potentially
unacceptable risks by river mile in selected media (sediment, surface water, TZW, field clam and
mussel tissue, smallmouth bass tissue, and sculpin tissue).

8.2.5. Ecologically Significant Contaminants of Concern

Ecological significance can be defined as the importance of an adverse effect on population,
community, or ecosystem responses. Factors contributing to ecological significance considered
in the BERA included the nature and magnitude of effects, the spatial and temporal extent of
effects, uncertainties in the exposure assessment, uncertainties in the effects characterization, and
concordance of the various LOEs used to assess risk to communities or populations.
Contaminants of ecological significance were identified based on the following criteria:

1. Had relatively high HQs in one or more environmental media
2. Had potentially unacceptable ecological risks over extensive areas

3. Spatial extent of potentially unacceptable risk encompassed many other contaminants that
posed a risk at only one or a few locations in the Site

4. Had potentially unacceptable risks to multiple ecological receptors
5. Multiple LOEs indicated potentially unacceptable risks
6. Known or has potential to biomagnify in food webs

Of the contaminants of ecological significance posing unacceptable risks, 4 primary
contaminants (PCBs, PAHs, dioxins/furans, and DDx) and 16 other contaminants (BEHP,
cadmium, chlordanes, copper, cyanide, dieldrin, ethylbenzene, lead, Lindane [y[!
hexachlorocyclohexane], manganese, mercury, perchlorate, tributyltin, total petroleum
hydrocarbons-diesel, vanadium, and zinc) were determined to pose risks ecologically high
enough to be considered in the development of remedial actions. Table 16 in Appendix II lists
contaminants posing unacceptable risk to receptor groups.

Contaminants posing potentially unacceptable risk at the end of the BERA that are not listed
above will be compared with post-remedial action conditions to confirm that alternatives
developed for the ecologically significant contaminants would also be protective of risks of
lower ecological significance.

8.2.6. Risk Characterization Summary
The primary conclusions of the BERA are:
= In total, 93 CERCLA contaminants posed ecological risk; 64were categorized as

contaminants of ecological significance that pose unacceptable risk. Of the 64, 4 primary
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and 16 other contaminants posed risk significant enough to be considered in the
development of remedial alternatives.

Risks to benthic invertebrates were clustered in 17 benthic areas of concern.

Sediment and TZW samples with the highest HQs for many contaminants also tended to
be clustered in areas with the greatest benthic invertebrate toxicity.

PAH and DDx compounds were the contaminants in sediment most commonly spatially
associated with locations of unacceptable risk to the benthic community or populations.

PCBs were associated with ecological risks to mammals and birds.

The combined toxicity of dioxins/furans and dioxin-like PCBs posed the potential risk of
reduced reproductive success in mink, river otter, spotted sandpiper, bald eagle, and
osprey. The PCB toxic equivalent concentration (TEQ) fraction of the total TEQ was
responsible for the majority of total TEQ exposure, but the total dioxin/furan TEQ
fraction also exceeded its TRV in some locations of the Site.

The area of sediments posing ecological risk was approximately 1,290 acres, or 69% of
the Site based on the contaminants of ecological significance and benthic risk.

8.2.7. BERA Assessment Uncertainties

Uncertainty has four components: variation, model uncertainty, decision rule uncertainty, and
true unknowns. Examples of these types of uncertainty are:

Variation: A fish is exposed to a range of contaminant concentrations in water, not to a
constant concentration of a contaminant.

Model uncertainty: Use of a single species or several target ecological receptors within a
feeding guild to represent all species within that guild introduces uncertainty because of
the considerable amount of interspecies variability in sensitivity to a contaminant.

Decision rule uncertainty: Use of standard EPA default values, such as assuming
contaminants are 100% bioavailable, because defaults are used as single-point values
throughout the BERA, despite having both variation and model uncertainty associated
with them.

True unknowns: For example, the effects of titanium in water on smallmouth bass
survival, growth, and reproduction has never been studied and is unknown.

Consistent with the problem formulation methods, receptor-COPC pairs posing potentially
unacceptable risk were identified using conservative methods and assumptions. Examples of
conservatism include assumptions that contaminant concentrations are 100% bioavailable and
assumptions that resulted in low baseline TRVs, which in the case of nutritionally essential
metals such as copper, had to be adjusted upward because they were below nutritional
requirements for some, but not all, fish species.
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Not all uncertainties create a conservative bias. Some can lead to an underestimation of risk such
as unavailability of exposure or effects data, thresholds that do not account for untested sensitive
species, uncertainty whether multiple Site COPCs interact synergistically, and uncertainty
whether metabolic processes increase the toxicity of accumulated contaminants in ways that are
not observed in toxicity tests.

Unquantified ecological risks from contaminants without baseline TRVs are a source of
uncertainty in the BERA that could lead to underestimating ecological risks within Portland
Harbor because most other types of uncertainty are handled by making conservative
assumptions.

8.3. Basis for Action

The response action selected in this ROD is necessary to protect public health or welfare or the

environment from actual or threatened releases of hazardous substances to the environment and
pollutants or contaminants which may present an imminent and substantial endangerment to the
public health or welfare. A response action is necessary for the Site because:

= Human health risk: Risks resulting from exposure to beach and in-river sediment and
the consumption of fish and/or shellfish exceed EPA’s cancer risk range and HI
assessment, as summarized in Section 8.1.4.1.

e Sediment: Exposure to beach and/or in-river sediment results in elevated risks to
several of the receptors evaluated.

e Biota: Site-wide, consumption of fish and invertebrates by subsistence, recreational,
and Tribal fishers significantly exceeded EPA’s cancer risk range and HI target
values.

e Surface Water: Direct and indirect risks due to surface water contamination and the
bioconcentration potential of numerous Site COCs impact Site receptors.

e Groundwater: Direct and indirect risks due to contaminated groundwater entering
the river result in exposure of Site receptors.

e River banks: Contaminated river banks are likely to act as uncontrolled sources to
the in-river portion of the Site.

= Ecological risk: Risks to ecological receptors exceed acceptable levels (HQs > 1.0) in
many areas of the Site, especially to benthic invertebrates and other sediment-associated
receptors.

e Sediment: Sediment and TZW samples with the highest HQs for many contaminants
also tend to be clustered in areas with the greatest benthic invertebrate toxicity. PAH
and DDx compounds are the contaminants in sediment that are most commonly
spatially associated with locations of unacceptable risk to the benthic community or
populations.
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e Biota: PCBs are associated with ecological risks to mammals and birds. The
combined toxicity of dioxins/furans and dioxin-like PCBs poses the potential risk of
reduced reproductive success in mink, river otter, spotted sandpiper, bald eagle, and
osprey. The PCB TEQ fraction of the total TEQ is responsible for the majority of
total TEQ exposure, but the total dioxin/furan TEQ fraction also exceeds its TRV in
some locations of the Site.

e Surface water: Direct exposure of in-river ecological receptors results in
unacceptable risk. Natural recovery of surface water is unlikely within a reasonable
timeframe.

e Groundwater: Risks associated with TZW and/or pore water represent the inflow of
contaminanted groundwater from upland sources entering the ecologically sensitive
zone. Natural recovery of groundwater is unlikely within a reasonable timeframe.

¢ River banks: Contaminated river banks are likely to act as uncontrolled sources to
the in-river portion of the Site. Natural recovery of river banks is unlikely within a
reasonable timeframe.

9. REMEDIAL ACTION OBJECTIVES

RAOs consist of media-specific goals for protecting human health and the environment. RAOs
have been developed for COCs in the environmental media of interest; exposure pathways,
including exposure routes and receptors; and an acceptable contaminant concentration or range
of concentrations for each exposure route. The nine RAOs developed to address the human
health and ecological risks posed by the contamination at the Site are presented below.

Human Health RAOs

= RAO 1 - Sediment: Reduce cancer and non-cancer risks to people from incidental
ingestion of and dermal contact with COCs in sediment and beaches to exposure
levels that are acceptable for fishing, occupational, recreational, and ceremonial
uses. Reducing concentrations, exposure to, and the bioavailability of the COCs in
nearshore sediment and beaches will reduce risk at the Site. Ongoing source control
efforts and the use of institutional controls (such as signs and fences) will provide
additional risk reduction.

= RAO 2 - Biota: Reduce cancer and non-cancer risks to acceptable exposure levels
(direct and indirect) for human consumption of COCs in fish and shellfish. Reducing
concentrations, exposure to, and the bioavailability of the COCs in sediment will
subsequently reduce surface water and fish and shellfish tissue concentrations and will
reduce risk at the Site. Ongoing source control efforts and the use of fish consumption
advisories and education and outreach programs will provide additional risk reduction.

= RAO 3 - Surface Water: Reduce cancer and non-cancer risks to people from direct
contact (ingestion, inhalation, and dermal contact) with COCs in surface water to
exposure levels that are acceptable for fishing, occupational, recreational, and

Record of Decision 53
Portland Harbor Superfund Site



potential drinking water supply. Reducing concentrations, exposure to, and the
bioavailability of COCs in sediment will subsequently reduce surface water
concentrations and will reduce risk at the Site. Ongoing source control efforts will
provide additional risk reduction.

RAO 4 - Groundwater: Reduce migration of COCs in groundwater to sediment and
surface water such that levels are acceptable in sediment and surface water for
human exposure. Reducing concentrations, exposure to, and the bioavailability of COCs
in the pore water and groundwater flux to surface water and sediment will reduce risk at
the Site. Ongoing source control efforts will provide additional risk reduction.

Ecological RAOs

RAO 5 - Sediment: Reduce risk to benthic organisms from ingestion of and direct
contact with COCs in sediment to acceptable exposure levels. Reducing
concentrations, exposure to, and the bioavailability of the COCs in sediment will reduce
risk at the Site. Ongoing source control efforts will provide additional risk reduction.

RAO 6 - Biota (Predators): Reduce risks to ecological receptors that consume COCs
in prey to acceptable exposure levels. Reducing concentrations, exposure to, and the
bioavailability of the COCs in sediment will subsequently reduce surface water
concentrations and in fish and shellfish and will reduce risk at the Site. Ongoing source
control efforts will provide additional risk reduction.

RAO 7 - Surface Water: Reduce risks to ecological receptors from ingestion of and
direct contact with COCs in surface water to acceptable exposure levels. Reducing
concentrations, exposure to, and the bioavailability of COCs in sediment will
subsequently reduce surface water concentrations and will reduce risk at the Site.
Ongoing source control efforts will provide additional risk reduction.

RAO 8 — Groundwater: Reduce migration of COCs in groundwater to sediment and
surface water such that levels are acceptable in sediment and surface water for
ecological exposure. Reducing concentrations, exposure to, and the bioavailability of
COCs in the pore water and in groundwater entering surface water will reduce risk at the
Site. Ongoing source control efforts will provide additional risk reduction.

Human Health and Ecological

RAO 9 - River Banks: Reduce migration of COCs in river banks to sediment and
surface water such that levels are acceptable in sediment and surface water for
human health and ecological exposures. Reducing concentrations, exposure to, and the
bioavailability of the COCs in river banks will reduce risk and recontamination at the
Site. Ongoing source control efforts will provide additional risk and recontamination
reduction.

RAOs simultaneously address both current and future land and waterway uses since future land
and waterway uses are not anticipated to change significantly from the current usage. Section 7
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includes descriptions of land and river uses. Achieving the above RAOs relies on the remedial
alternatives’ ability to meet cleanup levels. Cleanup level development is discussed in Section
9.1, including risk-based cleanup levels, applicable or relevant and appropriate requirements
(ARARSs)-based cleanup levels, and cleanup levels based on background concentrations.

It is EPA’s expectations that DEQ’s actions to address upland source control will adequately
address contaminated soils, surface water, and especially groundwater contamination migrating
to the river consistent with CERCLA. Response actions will address contamination within the in-
river portion of the Site and associated river banks. There are known sources of contamination in
the upland areas and known sources in locations in the downtown reach of the river
(approximately RM 12 to RM 16.6). EPA is relying on the Oregon DEQ to use its authorities to
address these sources. It is expected that controlling these sources will reduce or eliminate
contamination in soil, groundwater, storm water, and surface water that migrates to the
Willamette River. Since the achievement of cleanup levels identified in the Selected Remedy
relies in part upon timely and successful completion of these upland and upstream source area
actions, EPA retains the discretion to use its federal authorities to complete those actions. The
RAOs above relate to the action described in this ROD conducted under CERCLA, and meeting
the above objectives is dependent on the source control actions being conducted by DEQ. In
addition, an objective for addressing groundwater contamination, beyond its impact on sediment
and surface water, is not included in this action as groundwater contamination is primarily due to
the upland sources being addressed by the DEQ source control actions.

The remedial strategy for the Site is to address all contaminated media and complete exposure
pathways that pose unacceptable risk within the river, including sediment, biota, surface water,
groundwater, and river banks. The remedial strategy will primarily rely on addressing the
contaminated sediments in Portland Harbor to significantly reduce potential human health and
ecological risks at the Site and achieve all of the RAOs. Remediation of the sediment will reduce
loading and resuspension of contamination to surface water which collectively will reduce fish
and shellfish exposure to the contamination. Likewise, addressing areas with contaminated
groundwater discharging to the river by dredging and capping will also reduce loading to surface
water and reduce exposure to benthic and invertebrate organisms living in sediment.
Remediation of the sediment within the Site will have a substantial positive impact downstream,
including the Columbia River. Although reducing loading to the Columbia River is not a direct
objective of this action, it is an expected ancillary result of achieving the RAOs presented above.

9.1. Cleanup Levels

Cleanup levels are the long-term contaminant concentrations that need to be achieved by the
remedial alternatives to meet RAOs. They must comply with ARARs (or the basis for a waiver
must be provided) and result in residual risk levels that fully satisfy the CERCLA requirements
for the protection of human health and the environment. COCs for the Site are identified in Table
17 in Appendix II. Site-specific cleanup levels were developed for each RAO for the following
media: sediment (including beaches), river bank soil, surface water, and groundwater.
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9.1.1. Human Health Risk-Based Cleanup Levels

Human health risk-based cleanup levels were calculated assuming an RME based on direct
contact with beach and in-river sediment (RAO 1). Human health risk-based cleanup levels were
calculated for sediment to be protective of indirect exposures through consumption of fish and
shellfish (RAO 2). Risk-based sediment cleanup levels for cancer effects were calculated based
on an excess cancer risk of 1 x 10 (1 individual out of 1 million) and risk-based cleanup levels
for non-cancer effects were calculated as concentrations that would result in an HQ of 1.
Sediment concentrations needed to meet protective fish and shellfish tissue concentrations were
estimated using a food-web model calibrated to predict COC concentrations in fish based on the
concentration in sediment and surface water. Risk-based sediment cleanup levels protective of
fish/shellfish consumption were not developed for arsenic, hexachlorobenzene, mercury, BEHP,
pentachlorophenol, and polybrominated diphenyl ether because a relationship between fish
and/or shellfish tissue and sediment concentrations could not be determined. Risk associated
with these contaminants will be addressed by meeting cleanup levels for the other COCs and
through ICs. The risk-based cleanup levels for RAOs 1 and 2 represent the lowest value in each
medium (beach or in-river sediment) to be protective of all potential receptors. Cleanup levels
that are based on risk are indicated in Table 17 in Appendix II.

9.1.1.1. Human Health-Based Fish Tissue Targets

Human health risk-based targets were calculated for fish/shellfish tissue based on the food-web
model described above. These levels of chemicals in fish/shellfish tissue are not cleanup levels
but will be monitored throughout the cleanup and will, at a minimum, be used to inform fish
advisories. PCB targets are risk based and are likely lower than background tissue levels. These
targets are included in Table 17 in Appendix II.

9.1.2. Ecological Risk-Based Cleanup Levels

Ecological risk-based cleanup levels were developed for sediment, surface water, and
groundwater/pore water to meet the objectives associated with RAOs 5 through 8. Risk-based
cleanup levels were developed from medium- and contaminant-specific TR Vs protective of
ecological receptors evaluated in the BERA. Risk-based cleanup levels in sediment were selected
from protective TRVs presented in the BERA and address ingestion and direct contact of benthic
organisms with sediment (RAO 5). Cleanup levels based on consumption of prey (RAO 6) were
calculated using the food-web model to predict acceptable COC concentrations in prey based on
sediment and surface water concentrations. The lowest value for each COC was selected as the
risk-based cleanup level for RAOs 5 and 6 to be protective of all species. COC-specific water
concentrations from the BERA that are protective of ecological receptors were selected as risk-
based cleanup levels for RAOs 7 and 8, with the exception of the manganese cleanup level for
RAO 8. The RAO 8 cleanup level for manganese was developed subsequent to the BERA, and
the methodology is described in Windward 2014. Cleanup levels that are based on risk are
indicated in Table 17 in Appendix II.
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9.1.3. Cleanup Levels Based on Applicable or Relevant and Appropriate
Requirements

CERCLA requires remedial actions to comply with all applicable or relevant and appropriate
federal environmental or promulgated state environmental or facility siting laws, unless such
standards are waived. CERCLA stipulates that a remedy that does not attain an ARAR can be
selected if the remedy assures protection of human health and the environment and meets one of
six waiver criteria described in CERCLA. EPA has no information to justify waiving any of the
identified ARARSs at this Site.

The substantive portions of the following key ARARs and To Be Considered (TBCs) were used
in developing cleanup levels:

ARARs
= Federal National Recommended Water Quality Criteria (NRWQC)
= QOregon numeric water quality standards (WQS)

* Maximum contaminant levels (MCLs) and non-zero maximum contaminant level goals
(MCLGs) established under authority of the Safe Drinking Water Act (SDWA) since the
river is a drinking water source

» Oregon Hazardous Substance Remedial Action (OHSRA) rules that set standards for the
degree of cleanup required and establish acceptable residual risk levels for humans at
1 x 107 for individual carcinogens, 1 x 10~ for multiple carcinogens, and an HI of 1 for
noncarcinogens.

TBCs

* EPA regional screening levels (RSLs) for tap water (EPA 2014) established at a 10 risk
level.

The cleanup levels for RAOs 3 and 4 are based on the lower of the Federal NRWQC (organism +
water) and Oregon WQSs (organism + water), MCLs, and non-zero MCLGs. EPA RSL values
were only selected as cleanup levels when a value was not available based on NRWQCs, Oregon
WQSs, or MCLs for a specific contaminant. Two RSL-based numbers were identified:
manganese and MCPP. The cleanup levels for RAO 7 are based on the lower of the NRWQC
(chronic aquatic life) and Oregon WQS (chronic aquatic life) only when risk-based values are
not available or are greater than ARARs. ARARs-based numbers are used for TBT (RAO 7) and
arsenic, chromium, and DDx (RAO 8). Cleanup levels that are based on ARARs are indicated in
Table 17 in Appendix II.

9.1.4. Background Concentrations

EPA evaluated sediment contaminant concentrations in locations that were not influenced by
releases from the Site and were either naturally occurring or anthropogenic. If background
concentrations are higher than the cleanup level, EPA defaults to the background concentration
as a matter of policy. Background concentrations in sediment for the Site are provided in Section
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2 in the FS (EPA 2016b). Data were insufficient to compute defensible background
concentrations for other media. Cleanup levels for sediment and river bank soils that are based
on background are indicated in Table 17 in Appendix II.

9.1.5. Summary of Selected Cleanup Levels and Fish Tissue Targets

The NCP identifies a 10 cancer risk level or a noncancer HQ of 1 as the goal of protection for
determining remediation goals for alternatives when ARARs are not available or are not
sufficiently protective. As summarized above, the FS provides the basis for each cleanup level,
including Site-specific risk, chemical-specific ARARs, and consideration of sediment
background concentrations of COCs entering the Site from upstream. The risk-based cleanup
levels were compared to the chemical-specific ARARs, and the lower of the two values was then
compared to background. Where both the risk-based cleanup level and chemical-specific ARAR
were less than the background concentration, the background concentration was selected as the
cleanup level. Cleanup levels for RAO 9 (river bank soil) were selected as the lowest sediment
cleanup level for each COC to ensure that sediment would not be re-contaminated. Table 17 in
Appendix II presents the cleanup levels or targets for the affected media and whether the selected
value is risk based, ARARs based, or background based.

The remedial design will include development of points of compliance for all affected media at
the Site, including sediment, surface water, river bank soils, pore water, and groundwater. Points
of compliance measurements developed in the design will include both spacial and temporal
performance standards. Fish tissue targets will be used to update fish advisories, assess whether
the Selected Remedy will achieve RAOs, make adjustments to best management practices
(BMPs), and their uses will be further defined in the monitoring plans.

10. DEVELOPMENT AND DESCRIPTION OF ALTERNATIVES
10.1. Summary of Remedial Alternatives

EPA developed nine remedial alternatives for the Site that addressed the RAOs, considered the
requirements of CERCLA and the NCP, and considered the large, complex nature of the Site.
Detailed information about the remedial alternatives is provided in the FS Report (EPA 2016b).
CERCLA mandates that remedial actions must be protective of human health and the
environment, be cost-effective, and use permanent solutions and alternative treatment
technologies or resource recovery alternatives to the maximum extent practicable. Section
121(b)(1) also establishes a preference for remedial actions which employ, as a principal
element, treatment to permanently and significantly reduce the volume, toxicity, or mobility of
the hazardous substances, pollutants, and contaminants at a site. CERCLA § 121(d), 42 U.S.C. §
9621(d), further specifies that a remedial action must require a level or standard of control of the
hazardous substances, pollutants, and contaminants, which at least attains ARARs under federal
and state laws, unless a waiver can be justified pursuant to CERCLA § 121(d)(4), 42 U.S.C. §
9621(d)(4).

There are limited technologies available for addressing contaminated sediment. The technologies
available include ICs, MNR, ENR, containment, sediment/soil treatment (in-situ and ex-situ),
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sediment/soil removal, and disposal. Using these technologies, nine remedial alternatives were
developed in the FS and labeled A through I. Alternative A is a No-Action alternative, while
Alternatives B through I all use a combination of these technologies to varying degrees. In
addition, Alternatives E through I were evaluated with two disposed material management
(DMM) scenarios described in Section 10.1.1.4.

In developing the different alternatives, sediment management areas (SMAs) were identified as
areas where containment or removal technologies were considered to immediately reduce risks
upon implementation. The SMAs represent areas with contaminant concentrations in surface
sediment where natural recovery is not occurring or is not likely to be effective in reducing
concentrations of COCs within a reasonable time frame. Additionally, the presence of PTW and
in-situ treatment areas for PTW were used to delineate SMAs (see the PTW description in
Section 6.5.1).

The COCs used to define the SMA boundaries encompassed the majority of the spatial extent of
contaminants posing the majority of the risks as identified in the baseline risk assessments (see
Section 8). However, since it is difficult to design a range of alternatives for 64 COCs that have
different distributions in various media throughout the Site, the FS alternatives were developed
using COCs that were the most widespread and posed the greatest risk, called focused COCs.

The focused COCs are:
= PCBs
=  Total PAHs
= DDx

= Dioxin/furans (1,2,3,7,8-PeCDD; 2,3,4,7,8-PeCDF; and 2,3,7,8-TCDD)

The SMA footprints for each alternative are defined by exceedences of remedial action levels
(RALSs) and the presence of PTW. RALs are contaminant-specific sediment concentrations of
focused COCs used to identify areas where capping and/or dredging will be conducted in order
to reduce risks more effectively than ENR or MNR. Each alternative has a different set of
sediment RALSs, based on Site-wide average concentrations. The highest RALs are in Alternative
B and the lowest RALs are in Alternative H. RALSs are a tool commonly used at sediment sites to
develop remedial alternatives, delineating areas greater than the defined concentration threshold,
and to evaluate different alternatives and whether they achieve sediment cleanup levels within a
reasonable time frame. The use and application of RALs does not affect or alter the requirement
to achieve cleanup levels.

The evaluation and analysis used to develop the RALs is discussed in Appendix D of the FS. The
RALs were developed by considering the volume or acreage of material that would be addressed
in order to achieve reductions of contaminant concentrations (and therefore risk) throughout the
Site. The relationships between RAL concentrations and resulting site-wide spatially-area
weighted average concentrations (SWACs) or “RAL curves” were developed by plotting acres
remediated against the post remediation surface weighted average surface sediment
concentration. RAL curves for each focused COC are presented in Figures 10 through 16 in
Appendix I. Each point on the RAL curve corresponds to RALs for a specific alternative.
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The COC-specific RALs decrease from Alternatives B through H; therefore, the areas that are
capped and/or dredged increase in acres from Alternatives B through H. A summary of RALs for
the focused COCs used to develop Alternatives B through H are presented in Table 18 in
Appendix II. Alternative I is a combination of different RAL values plus PTW applied in specific
areas of the Site. The RALs for Alternative I are presented in Table 19 in Appendix II.

Alternatives B through D include containment and removal inside the SMA footprints (sediment
concentratons greater than the RALs), in-situ treatment in depositional areas where PTW is
present, and removal of PTW that is NAPL or not reliably contained. Where PTW that is NAPL
or not reliably contained cannot be fully removed, a significantly augmented reactive cap would
be placed over the remaining material. Since Alternatives E through I address all PTW through
capping and dredging, it is not necessary to include in-situ treatment in areas beyond the RAL
footprints, although in-situ treatment is used as a component of caps and post-dredge residual
management layers in some parts of the Site where PTW is located below feasible depths of
dredging. SMAs for Alternative I are the combination of PTW areas and the RALs presented in
Tables 18 and 19 in Appendix II and are shown on Figure 17 in Appendix L.

10.1.1. Common Elements of the Alternatives
The following components are included in each alternative, except for Alternative A, No-Action.
10.1.1.1. Containment

Containment or caps are designed to reduce unacceptable risk through: (1) physical isolation of
the contaminated sediment or river bank soil to reduce exposure due to direct contact and to
reduce the ability of burrowing organisms to move contaminants to the surface; (2) stabilization
and erosion/scour protection to reduce re-suspension or erosion/scour of contaminated sediment
and transport to other areas; and/or (3) chemical isolation of contaminated sediment and
groundwater flux to reduce exposure from contaminants in the biologically active zone (pore
water area) and contaminants transported through sediment into the water column.

Caps require monitoring and maintenance in perpetuity to ensure that the cap is performing
successfully. They are generally constructed of granular material, such as fine-grained sediment,
sand, or gravel, but can also include other materials with more complex designs. Five types of
caps were identified for use in areas suitable for capping:

» Engineered Caps: These involve placing layers of materials, including but not limited to
sand, coarse gravel, or clay of different thickness to isolate and prevent movement of
contamination. The type of material for the layers and their thickness is dependent on the
type of contaminants, their concentrations, and flow dynamics of the river. For cost
estimation purposes, the FS assumed a 3-ft thick engineered cap. Final cap thickness is
dependent on area-specific considerations that will be addressed in remedial design.

= Armored Caps: Certain areas in the river may require armoring (for example, placement
of large rocks) on caps to reduce erosion, particularly during large storm events. For cost
estimation purposes, the FS assumed 2-ft of sand and 1-ft of armor stone. Re-deposition of
fine-grained material in capped and armored areas is anticipated to occur over time,
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making the armored areas similar in surface grain size to non-armored areas. Over time,
the re-colonized benthic community will likely be similar to the benthic community
currently in the lower Willamette River.

Armored caps are also necessary in the shallow regions of the Site where wind and wake
waves would erode the surface of an engineered cap. However, this region is also located
within an area of the river that provides important habitat and placing large armor stone in
this region would degrade the habitat and attract predators, which would require a large
amount of mitigation. Adverse impacts on overall habitat existence and functions are
important considerations during cap design and implementation. Under the CWA,
avoiding or minimizing impacts to the aquatic environment from the cleanup action is a
requirement. Therefore, it has been assumed that an engineered beach mix layer should be
applied to the uppermost layer of all caps in areas where the minimum water depth above
the cap will be < 20 feet, approximately. This beach mix layer will provide a material
similar to the natural existing river bottom to minimize habitat impacts from the cleanup
actions and help to stabilize the cap. The specifications for armoring material will be
determined during remedial design based on: a Site-specific analysis of erosion potential;
analysis of minimizing impacts to the aquatic environment; and consultation with the
appropriate resource agencies regarding effects on critical habitat, if relevant.

= Reactive Caps: Chemical isolation of contaminated sediment by capping may require an
additional reactive layer of amendments such as activated carbon or organoclay when it is
predicted that flow of groundwater or pore water will release contamination through the
cap. In these instances, the ability of the cap material and amendments to contain
contaminants will determine the ability to prevent contaminant movement through the cap.
If sediment classified as containing highly toxic PTW is located in an area designated for
capping, then a reactive cap was assumed for that area. All areas, including river banks,
with known discharges of contaminated groundwater are assumed to require an in-river
reactive cap to reduce the contaminant movement and limit potential exposures. The type
and quantity of reactive material utilized in reactive caps will be determined during
remedial design based on cap modeling and other information.

= Armored Reactive Cap: Within certain areas in the river where reactive caps are needed,
armoring to reduce erosion, particularly during large storm events may also be necessary.
The armored reactive cap design concept was assumed for both shallow and intermediate
regions.

= Significantly Augmented Reactive Cap: In areas where NAPL or PTW that cannot be
reliably contained remains in the river either due to the depth of contamination or the
presence of structures that preclude removal, organoclay reactive layers in conjunction
with low permeable materials are assumed in the cap design. Organoclay has recently
been used as an amendment in the capping of NAPL at the McCormick and Baxter site in
the Willamette River within the Site. The use of low permeability materials in
combination with a reactive layer is expected to further retard contaminant migration.
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10.1.1.2. In-Situ Treatment

In-situ treatment of sediment refers to chemical, physical, or biological techniques for reducing
contaminant concentrations, toxicity, bioavailability, or mobility while leaving the contaminated
sediment in place. Given the NCP’s expectation for treatment of PTW, in-situ treatment
technologies are considered for the PTW areas. In-situ treatment is also considered in areas
where groundwater plumes impact pore water.

Treatment options considered include in-situ solidification/stabilization and sequestration, which
may be used to address PTW underneath and around pilings, docks, berthing or mooring
dolphins, and other structures servicing active wharfs or shore-based facilities that remain intact.
Amendments to caps or residual layers such as activated carbon or organoclay mats increases the
ability to absorb certain types of organics and metals. The effectiveness of these amendments is
dependent on the initial COC concentrations and the mixture of COCs present. Amendments can
be engineered to facilitate placement in aquatic environments.

In the federally-authorized navigation channel and future maintenance dredge (FMD) areas, in-
situ treatment alone is not compatible with current or future uses since future maintenance
dredging would remove any material placed; thus, in-situ treatment is not generally considered to
be effective over the long term or implementable in these areas unless these materials are placed
below the authorized dredge depth with an overdredge allowance/buffer zone. In-situ treatment
is used in residual layers after dredging where PTW is left in place or where groundwater plumes
may impact pore water. In intermediate, shallow and river bank regions of the Site where PTW is
left in place, either in-situ treatment or amendments to caps and post-dredging residual layers
will be implemented.

10.1.1.3. Removal

Removal of contaminated sediment can be accomplished while submerged (dredging) or during
low water levels or after water has been diverted or drained (dry excavation). For purposes of FS
cost estimates, mechanical dredging and excavation from off-shore rigs was assumed for
sediment and river bank soil removal. The most appropriate and effective method to remove
sediment and river bank soils will be determined during remedial design. Dredged or excavated
sediment/soil will be placed on a barge and transported to a staging or handling area for
dewatering and pretreatment, treatment, or final disposal. Several modes of transportation may
be used to move dredged or excavated sediment depending on the dredge location(s), volume of
sediment, whether it needs pretreatment, and the final disposal location.

If contamination at concentrations greater than the RALs extends below the maximum dredge
depth, a cap will be placed over the remaining contamination. Otherwise, a residual sand layer
will be placed over the dredged area and within the prism and surrounding area that may have
been impacted by dredge residuals to cover the exposed surface and isolate any dredge residuals
and remaining contaminated sediment.

Several major considerations drive the design concept, cost estimates, and feasibility evaluation
for the dredging included in the remedial alternatives for the FS, such as the following:
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= Mechanical Removal Equipment: Environmental/closed buckets were assumed in the
FS to be used to lessen releases to the water column. Articulated fixed-arm dredges would
be the preferred dredging option due to the greater bucket control that can be achieved
versus cable-operated dredges. This greater bucket control has proven to limit contaminant
resuspension and release at other sediment sites. Articulated fixed-arm dredges were
assumed to have a maximum arm reach of 50 ft and bucket sizes range from
approximately 2 cy to 6 cy.

* Productivity: The duration of the dredging season was assumed to be 122 days based on
an in-river fish work window established for the Willamette River of July 1 through
October 31. This in-river work window accounts for fish migration patterns of threatened
or endangered species and may be refined following discussions with the relevant
technical experts from the natural resource agencies. Dredging and excavation operations
were assumed to occur 24 hours/6 days per week.

= Volume Estimates: Limited data exist on the depth of contamination at the Site. Actual
dredge depths will be based on data collected during remedial design and the RALs. A
maximum dredge depth of 15-19 ft° was assumed in the intermediate and Nav/FMD
Regions and in the shallow regions where PTW that is NAPL or not reliably contained is
present since deeper dredge depths would require special design and side slope
stabilization considerations. A maximum dredge depth of 5 ft in the rest of the shallow
regions was assumed because contaminant concentrations greater than RALs in this area
of the Site are generally less than 5 ft.

= Potential Contaminant Release during Construction: Release is the mechanism by
which dredging operations result in transfer of contaminants from sediment pore water
and sediment particles into the water column or air. Dredging BMPs, such as silt curtains
or sheet pile walls, will be used to minimize releases to the water column. Monitoring of
water quality parameters will be conducted to measure the effectiveness of these controls
and to determine whether additional control measures may be required. The monitoring
program will include surface water and air (where necessary).

» Dredge Residuals: Residuals are contaminated sediment remaining in or next to the
dredged footprint. Managing dredge residuals through the placement of clean material
soon after dredging is an important BMP for minimizing releases of contaminants,
including resuspension. If contamination above the RALs extends below the maximum
dredge depth, a cap will be placed over the residual contamination. Otherwise, a 12-inch
sand layer was assumed to be placed, as needed, over all dredge areas to cover the exposed
surface and isolate any dredge residuals and remaining contaminated sediment inventory.
The placement of 12 inches of sand would eliminate the need for additional dredge passes

9 Based on available information, nine acres of the Site have contamination greater than cleanup levels at depths
greater than 15 ft located in the navigation channel, FMD, and intermediate areas of the Site. Due to the very small
volume that this creates and that an over-dredge of 3 to 5 feet would need to be made to place a cap in these areas
due to current and future uses, these over-dredge depths were included in the dredge volume calculations.
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and ensures that the leave surface is clean. In areas where PTW is present post dredging,
5% activated carbon was assumed to be mixed with the cap.

Buried Debris and Pilings: Buried debris may impede removal of contaminated sediment
and river bank materials at the Site, so they will be removed. Additionally, debris may
impede appropriate application of caps. A standard clamshell bucket, grapple, or
equivalent will be used for debris removal. Appropriate controls specifically designed for
debris or structure removal will be used to minimize releases and dredge residuals.

Flood Rise Concerns: A simple evaluation balancing the amount of sediment removed
and the amount placed into the river was conducted in Appendix P of the FS. A
Hydrologic Engineering Center River Analysis System (HEC-RAS) model will be run on
the Selected Remedy to ensure that flood rise management complies with regulatory
requirements throughout the Site. This model will be run on both smaller and larger scales
in order to assess the flood-rise impacts of the cleanup.

Material Handling: Dredged material was assumed to be loaded directly into barges and

transported for dewatering, treatment, or further transport. River bank materials excavated
from above the water line were assumed to be loaded directly into containers or barges for
transport and treatment as needed.

10.1.1.4. Disposed Material Management

Two options for disposal of dredged material were analyzed in the FS: (1) off-Site commercial
landfills (RCRA Subtitle C and D) and (2) a CDF. Sediment dredged from the Site will require
characterization to determine whether it should be classified as material containing hazardous
waste under RCRA or state hazardous waste law.

Off-Site Commercial Landfills: A RCRA Subtitle C facility that accepts hazardous
waste was used in the FS evaluation and for costing purposes, such as Chemical Waste
Management of the Northwest (Chem Waste) Landfill. A RCRA Subtitle D facility that
accepts non-hazardous waste was used in the FS evaluation and for costing purposes, such
as Roosevelt Regional Landfill.

On-Site CDF: A CDF is an engineered structure, typically built on land adjacent to the
water and extending into the waterbody (on the sediment bed) to store contaminated
dredged material, isolating it from the surrounding environment. An in-river CDF may be
constructed with sheet pile walls or other containment structures such as berms, either
against the shore or as an island. Once an in-river CDF is filled, it would be capped,
converting open water to dry land. CDFs have been proven to be a viable disposal option
at other Superfund sediment sites. They can be a technically viable and cost effective
means to dispose of contaminated sediment. In addition, a CDF is more efficiently
integrated with dredging because transporting and offloading dredged material to a CDF
causes fewer short-term impacts to the community and would be more cost-effective than
transporting and offloading to an off-site landfill. The option to construct a CDF is
dependent on the volume of dredged sediment. The CDF selected for FS evaluation and
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costing purposes is the Terminal 4 CDF, with a capacity of approximately 670,000 cy of
non-hazardous waste.

Using these two options, two disposal scenarios were developed that consider regulatory
requirements governing disposal, sediment contaminant characteristics, and disposal
capacity compared to volume of dredged sediment for each alternative. Under RCRA,
dredged material that is handled consistent with the CWA Section 404 is exempt from
hazardous waste characterization and management requirements, but if such dredged
material is taken off-site for disposal, RCRA characterization would apply. The expected
regulatory waste types that may be generated through dredging include waste that may
contain RCRA characteristic hazardous wastes, RCRA- and state-listed hazardous wastes,
and Toxic Substances Control Act (TSCA) waste. Additionally, dredged material that is
not regulatory waste but has high concentrations or other characteristics requiring special
disposal considerations will include “Waste or Media containing Waste that May Warrant
Additional Management” and PTW. Information about each of these waste types and their
special handling and disposal requirements are discussed in the FS.

DMM Scenario 1 - Confined Disposal Facility and Off-Site Disposal: This scenario
would allow the disposal of dredged material in a CDF and off site. This scenario was
only applied to Alternatives E through I because the estimated dredged material volumes
under these alternatives meet the minimum volume needed to justify construction of a
CDF, which is approximately 670,000 cy. Waste meeting the CDF disposal requirements
would be placed in the CDF. Waste that does not meet the CDF requirements would be
disposed of at an off-site RCRA Subtitle C or D facility. Acceptance criteria for the
sediment placed in the CDF include: no RCRA or state hazardous waste, no “Waste or
Media containing Waste that May Warrant Additional Management”, no PTW that is
highly mobile, no free oil, no debris or significant organic material, no contaminants that
would leach out of the CDF, and other considerations such as the physical nature of the
material, the nature of the chemical contaminants, and the quantity of material. More
information on the CDF acceptance criteria is provided in the FS.

DMM Scenario 2 - Off-Site Disposal: This scenario applies to all alternatives. All
dredged material will be disposed of in an off-site landfill (RCRA Subtitle C or D facility).
Non-hazardous dredged materials (as defined under RCRA) are eligible for direct landfill
disposal at a RCRA Subtitle D facility if in compliance with the individual acceptance
criteria of the receiving facility. Dredged material containing a hazardous waste is eligible
for direct landfill disposal at a RCRA Subtitle C or D (if treated) facility, if the material is
in compliance with the individual acceptance criteria of the receiving facility. The
capacity of the Roosevelt Regional RCRA Subtitle D facility and the Chem Waste RCRA
Subtitle C Landfill is essentially unlimited relative to the volume of sediment expected to
be dredged from the Site.

For both DMM scenarios, land-based disposal typically requires dewatering, waste water

treatment, and transport to the disposal site via land based or water based transportation. Material
that may need to be treated is assumed to be treated at a nearshore upland facility that will be sited
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and constructed in remedial design. To minimize the impact to surrounding communities, dredged
material was assumed to be transported by barge to either the off-site facility or to the CDF.
Currently, there is no existing transfer facility within the Site to facilitate off-site disposal.

10.1.1.5. Ex-Situ Treatment

Ex-situ treatment would involve the application of chemical, physical or biological technologies
to transform, destroy, or immobilize contaminants following removal of contaminated sediment.
Depending on the contaminants, their concentrations, and the composition of the sediment,
treatment of the sediment to reduce the toxicity, mobility, or volume of the contaminants before
disposal may be warranted. Available disposal options and capacities may also affect the
decision to treat some sediment. In general, treatment processes have the ability to reduce
sediment contaminant concentrations, mobility, and/or toxicity by: (1) contaminant destruction
or detoxification, (2) extraction of contaminants from sediment, (3) reduction of sediment
volume, or (4) sediment solidification/stabilization. Regulatory requirements determine the need
to treat some sediments (such as RCRA Land Disposal Restrictions [LDR]); therefore, treatment
has been considered. Prior to disposal, an evaluation of dredged sediment containing any RCRA
hazardous wastes, pesticide residue, or MGP waste subject to the 2004 dispute decision, will be
conducted to determine the need for, and extent of, treatment appropriate for the off-site disposal
requirements.

Low temperature thermal desorption and solidification/stabilization are ex-situ treatment options
considered in the FS for the Site, although other treatment options were retained and may be
considered during remedial design. Low temperature thermal desorption has been demonstrated
at other sediment remediation sites, is effective for SVOCs and PAHs, but has limited
effectiveness for PCBs. An acid scrubber was assumed to treat off-gas of thermally-treated
material. Solidification/stabilization has been effectively used for Gasco wastes and effective at
reducing the mobility of contaminants. Fine-grained sediment and high moisture content will
increase treatment times and volumes. Commercial technologies are widely available for both
on-site and off-site applications of these treatment options.

10.1.1.6. Monitored Natural Recovery

Natural recovery uses ongoing, naturally occurring processes to contain, destroy, or reduce the
bioavailability or toxicity of contaminants in sediment. These processes may include physical
(sedimentation or dispersion), biological (biodegradation), and chemical (sorption and oxidation)
mechanisms that act together to reduce the risks posed by contaminants. At this Site, it is
expected that physical isolation through natural deposition of cleaner material coming in from
upstream and dispersion and mixing are the primary mechanisms for natural recovery. Analysis
of upstream suspended sediment data suggests incoming sediment COC concentrations are lower
than sediment concentrations measured at the Site. Therefore, when the cleaner sediment is
deposited on and mixed into the contaminated surface sediment within the Site, the overall
contaminant concentration in the surface sediment is reduced, thus reducing the exposure to the
contamination. The effectiveness of MNR will be dependent in large part on the surface
sediment concentration and the concentration and rate of deposition and mixing of the cleaner
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sediment. Several lines of evidence (LOE) were evaluated in Section 8 of Appendix D in the FS
to determine the processes and areas where MNR would be effective. LOEs evaluated included
deposition and erosion rates; consistency of depositional and erosional processes; sediment grain
size; anthropogenic factors; the subsurface to surface sediment concentration ratio; and wind and
wake-generated waves.

Natural recovery mechanisms (Magar et al 2009), including chemical transformation, reduction
in contaminant mobility and bioavailability, physical isolation (or burial), and dispersion, will all
be occurring to varying degrees throughout the Willamette River. Burial is a primary mechanism
for natural recovery. Over time, cleaner sediment deposits on top of more contaminated
sediment, lessening the contaminant exposures to organisms.

Deposition is well documented in areas of the Willamette River. A clear example of the
depositional nature of areas of the harbor is the need for routine navigation dredging. Location-
specific determinations of deposition can also be obtained from analyzing bathymetric surveys.
A series of high resolution bathymetric surveys were conducted within the Site at five different
times between 2002 and 2009 (Jan 2002, July/September 2002, May 2003, February 2004, and
January 2009). These surveys were evaluated during the FS.

The draft FS also contained several other LOE for natural recovery, including grain size and
modeling predictions. That analysis assessed natural recovery averaging over 1-mile long river
reaches and indicated that natural recovery would be effective over most of the Site, except it
was less certain in RMs 6-8, and may not occur in RM 11.8-11 and Swan Island Lagoon.

Fish tissue concentrations that were sampled over time were also evaluated to determine whether
they can indicate MNR processes. An exact comparison between sample years is not possible
because sampling and compositing schemes vary between years, but comparison of the 2012 data
to the 2007 data (most similar in sampling protocol) is suggestive of declines in PCB
concentrations in the system at some locations in the harbor. These declines likely resulted from
natural recovery as well as source control efforts. The 2012 fish tissue data will serve as an
excellent comparator in future evaluations of declines in PCB concentrations in fish tissue.

Combined, the information indicates that recovery is occurring in the system, likely through a
combined effect of natural processes, source control efforts, and remedial actions to date.

MNR does not include active remedial measures. However, it does include monitoring to assess
whether these natural processes continue to occur and the rate they may be reducing contaminant
concentrations in surface sediment. Monitoring of the surface water, sediment, and fish tissue
will be used to determine the progress of MNR to achieve RAOs and cleanup levels.

10.1.1.7. Enhanced Natural Recovery

In areas where natural recovery is occurring, but not at a rate sufficient to reduce risks within an
acceptable time frame, enhancement or acceleration of the recovery process by engineering
means can be considered. ENR at this Site is accomplished by adding a thin-layer cover of clean
sand over contaminated sediment to accelerate natural recovery. The acceleration can occur
through several processes, including increased dilution of contaminant concentrations in
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sediment from mixing, thereby decreasing the exposure of organisms to contaminants. Areas that
are not erosional or are naturally recovering slowly are candidates for ENR. ENR with a thin-
layer placement of sand is different than the caps used to isolate contaminants.

ENR will be accomplished through the placement of a sand layer, assumed in the FS to be 12
inches, which is expected to be sufficient to allow mixing with the underlying sediment bed,
while also retaining a clean sand surface above the mixed layer. In areas where PTW is present,
it is assumed that activated carbon will be added to the sand layer and would be monitored in
perpetuity. This may be further defined during the remedial design if areas with PTW are
addressed through ENR.

An analysis of data collected during the RI indicate that MNR may not be occurring in Swan
Island Lagoon at a rate sufficient to reduce risks within an acceptable time frame. Water
circulation is limited, which may limit the rate of sediment deposition and the entry of clean
upriver sediment into this area. Since MNR is not considered a viable technology in this area,
ENR was assumed for the area in Swan Island Lagoon that is outside the areas to be dredged or
capped in order to meet the cleanup levels within an acceptable time frame. This limits the need
to apply dredging and capping to larger areas of Swan Island Lagoon to meet cleanup levels in
an acceptable time frame. Appendix D of the FS provides an analysis of the trade-offs between
ENR and dredging/capping a larger area within Swan Island Lagoon.

10.1.1.8. Institutional Controls

The objectives of ICs are to prevent exposure to contaminants on both a short-term and long'|
term basis until protective levels are achieved for all populations and to maintain the integrity of
the engineered components of the remedy. ICs will include fish consumption advisories,
educating the community by conducting an enhanced community outreach program, and limiting
other river use activities during and after implementation of the remedy. ICs will also be used to
protect caps in perpetuity by limiting one or more waterway and land use activities that may
disturb or reduce the cap’s ability to contain the contaminated sediment or groundwater. Other
types of controls that likely will be used include coordinated permit reviews of in-river work
(e.g., maintenance dredging, pile removal) and other government controls to minimize
recontamination to the Site. More detail on the potential IC mechanisms is provided below.

= Fish Advisories and Educational Outreach:A fish advisory will be part of the CERCLA
response. Once construction is completed, the advisory would be updated to allow an
increased consumption rate based on fish tissue concentrations. The advisory may be
periodically updated until RAOs and cleanup levels are reached. The outreach program
may include: informational meetings, presentations, and workshops targeting affected
community groups; development and distribution of informational materials such as
brochures or maps; advisory notifications communicated through a variety of culturally
appropriate outlets; installation and maintenance of advisory signs at known fishing
locations; and coordination with sport or recreational fishing clubs and licensing locations.

=  Waterway Use Restrictions or Regulated Navigation Areas (RNAS): Where caps will
be utilized to contain contamination in navigable areas of the river, waterway use
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restrictions will be necessary to ensure the integrity of the cap is maintained in perpetuity.
These restrictions, depending on the Site-specific circumstances, may preclude boat
anchoring and keel dragging, the use of spuds to stabilize vessels, structure and utility
maintenance and repair, and future maintenance dredging in areas containing caps.
Notifications such as signs and buoys may be used to warn vessels away from the area.
RNAs have been successfully used in the past to protect remedial actions at the
McCormick and Baxter cap and the Gasco interim action cap from vessel activities.
Periodic inspections of waterway use restrictions will be needed to ensure they are
functional and effective and will be evaluated in 5-year reviews.

Land Use/Access Restrictions: Land use or access restrictions may also need to be
implemented in nearshore areas and river banks to maintain the integrity of caps and/or
mitigation areas from existing or future activities, such as construction and maintenance of
structures. The Oregon DSL has control of state-owned submerged or submersible land
that may be subjected to remedial action. Adjacent landowners also may control
submerged land and river banks. Coordination with DSL and adjacent landowners would
be needed to implement any land use or access restrictions. Monitoring, including
inspections, will be needed to ensure that restrictions are functioning as intended and will
be evaluated in statutory 5-year reviews.

Additional IC mechanisms that can accomplish the IC objectives may be analyzed and
implemented during remedial design and remedial action. IC mechanisms will be
developed during remedial design.

10.1.1.9. Monitoring

Monitoring is an integral component of all alternatives and will be conducted to evaluate short-
and long-term effectiveness. The monitoring program will include analysis of sediment, river
banks, surface water, pore water, fish tissue, and air (before, during, and after construction):

New baseline sampling and monitoring will be conducted prior to implementation of
remedial activities to establish current baseline conditions (pre-construction), to delineate
construction areas, and to evaluate construction activities and the performance of the
remedy. This will include a statistically valid collection (95% UCL) of data of both
surface and subsurface sediment concentrations in and near where contamination was
identified in the RI/FS and has come to be located for the purposes of applying ROD
decision trees and proceeding with the design of active remediation throughout the harbor.
Data will be collected consistent with EPA-approved RI/FS decision rules on data
collection (e.g., treatment of a non-detect value) and will be evaluated on spatial and
temporal scales appropriate for the RAOs.

Short-term monitoring will be conducted during construction and post construction until
remedial action performance goals and cleanup levels are met.

Long-term monitoring will be conducted periodically after cleanup levels are met where
waste is left in place to ensure the remedy is still protective of human health and the
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environment. Statutory five-year reviews of the remedy will be conducted until unlimited
use/unlimited exposure for the whole Site is achieved.

10.1.1.10. ARARs

CERCLA requires remedial actions to comply with ARARs or waive them. The following are
the key ARARSs associated with the remedial alternatives presented below:

Federal NRWQCs, if more stringent than a promulgated Oregon numeric water quality
standard, are both cleanup levels for surface water and groundwater discharging to the
river, and they are action-specific standards for minimizing discharges of contaminants
during construction.

Oregon WQSs contain both promulgated numeric and narrative water quality standards
that protect the designated uses of the river. Relevant numeric standards are cleanup levels
for surface water and groundwater discharging to the river, and numeric and narrative
water quality standards are action-specific standards for minimizing discharges of
contaminants during construction.

MCLs and non-zero MCLGs established under the authority of the SDWA as both
cleanup levels for surface water and groundwater discharging to the river, and as action-
specific standards for minimizing discharges of contaminants during construction.

OHSRA set standards for the degree of cleanup required for hazardous substances by
establishing acceptable risk levels for human health at 1x10°° for individual carcinogens,
1x107 for multiple carcinogens, and an HI of 1 for noncarcinogens.

Federal and state solid and hazardous waste regulations such as the RCRA, including
LDRs, and TSCA set handling, characterizing, treating, and disposing of dredged
sediment off-site.

The ESA, because threatened or endangered species migrate through and use the Site and
the Site contains designated critical habitat for such species, requires reasonable and
prudent measures to minimize adverse effects on the species and critical habitat from
implementation of the remedy, including the time of year and duration in-river work can
be conducted.

Section 404 of the CWA, because all of the action alternatives result in the discharge of
dredged or fill material to waters of the US to some degree, requires the remedy to avoid
or minimize impacts to the aquatic environment and to mitigate unavoidable impacts.

Section 401 of the CWA, because each action alternative will result in the discharge of
pollutants to waters of the US to some degree, requires reasonable assurances that the
activity will be conducted in a manner which will not violate applicable water quality
standards by the imposition of any effluent limitations, other limitations, and monitoring
requirements.
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= Section 10 of the Rivers and Harbors Act, because creation of any obstruction not
affirmatively authorized by Congress to the navigable capacity of any waters of the United
States is prohibited, requires that no obstruction to navigation can be created by any of the
alternatives.

= Federal Emergency Management Agency (FEMA) floodplain regulations prohibit
encroachments that would result in any increase in flood levels during occurrence of base
flood discharge and require measures to reduce the risk of flood loss, minimize the impact
of floods, and restore and preserve the natural and beneficial values of floodplains.

10.1.1.11. Costs

Cost estimates were developed in the FS for each remedial action alternative based on the RI
data to define the scope of each alternative. The types of costs estimated include the following:
(1) capital costs, including both direct and indirect costs; (2) annual O&M costs; and (3) net
present value of capital and O&M costs (40 Code of Federal Regulations (CFR) 300.430
(€)(9)(1i1)(G)). A discount rate of 7% was used in the present value calculations, consistent with
EPA guidance. Remedial action alternative cost estimates for the detailed analysis are intended
to provide a measure of total resource costs over time (“life cycle costs”) associated with any
given alternative. Cost estimates for detailed a