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SI TE NAME AND LOCATI ON

Wckof f/ Eagl e Harbor Superfund Site
East Harbor Operable Unit
Bai nbri dge Island, Washi ngton

STATEMENT COF BASI S AND PURPCSE

Thi s deci si on docunent presents the final remedial action selected by the U S. Environnmenta
Protection Agency (EPA) for the East Harbor operable unit (East Harbor) of the Wckof f/ Eagle
Har bor Superfund site, Bainbridge Island, Kitsap County, Washington

The remedy was chosen in accordance with the Conprehensive Environnmental Response, Conpensation
and Liability Act of 1980 (CERCLA), as anmended, and, to the extent practicable, the National Gl
and Hazardous Substances Pollution Contingency Plan. This decision is based on the

Adm ni strative Record for this site.

As described in Section 9.3 of this docunent, concurrence on the selected renedy by the State of
Washi ngt on Departnment of Ecol ogy i s under consideration.

ASSESSMENT OF THE SI TE

Actual or threatened rel eases of hazardous substances fromthis site, if not addressed by
i npl enenting the response action selected in this Record of Decision, nmay present an i nm nent
and substantial endangernent to public health, welfare, or the environnent.

DESCRI PTI ON OF THE REMEDY

The sel ected renedy described in this Record of Decision addresses contam nated sedi ments in the
East Harbor, one of four operable units at the Wckoff/Eagle Harbor site. This is the second
Record of Decision to be conpleted for the site

Sedinents in the East Harbor are contaminated with pol ynucl ear aromati ¢ hydrocarbons and ot her
hazar dous substances. The principal threat is defined as sedinments containing free-phase oily
contami nation. The selected renedy addresses the principal threat and other sedinents

contami nated at |evels which cause significant adverse effects on mari ne organi sns, by conbining
sedi nent capping in subtidal areas with nonitoring in intertidal areas to confirmthe predicted
recovery of intertidal sedinents through natural processes

Over fifty acres of heavily contam nated subtidal sedinents in the East Harbor were recently
capped under CERCLA renoval authorities to address docunented adverse biol ogi cal effects and
free-phase oily contam nation. The selected renedy incorporates the existing cap and addresses
remai ning areas of contam nation in the East Harbor with a phased cl eanup approach



The first phase will be conpl eted concurrent with ongoi ng EPA efforts to control sources of
contami nation fromthe adjacent Wckoff Facility operable unit, an inactive wood-treating
facility. Initial East Harbor actions include

1 enhancenent of existing institutional controls to reduce public exposure to
contami nated fish and shellfish and to protect the existing cap

noni toring and nai ntenance of the existing cap

environnental nonitoring to assess the effectiveness of source control efforts; and

ot her actions necessary to ensure protection of human health and the environnent,
such as derolition of in-water structures, identification of potential nearshore
sedi nent hotspots, and eval uati on of contam nant breakdown rates.

Fi nal sedinent cleanup actions are to be conpleted after a determination that sources of
contami nation at the adjacent Wckoff Facility operable unit have been sufficiently controlled
Fi nal sedinent cl eanup actions include

1 addi tional capping in renmining subtidal areas of concern for adverse biol ogi ca
effects;

nonitoring the success of natural recovery in intertidal areas predicted to achieve
the long-term sedi ment cl eanup objective without sedi ment renedial action; and

noni toring contam nated areas where active renedi ati on cannot be inplenented due to
engi neering feasibility or sensitive ecol ogical conditions.

EPA will be the | ead agency for inplenenting sedinment renediation in the East Harbor and will
coordinate activities in the East Harbor w th ongoing cleanup work at other operable units.

STATUTCORY DETERM NATI ONS

The selected renedy is protective of the narine environment and hunan health, conplies with
federal and state requirenents that are legally applicable or relevant and appropriate to the
remedi al action, and is cost-effective. This remedy uses permanent solutions and alternative
treatnent technol ogi es to the nmaxi mum extent practicable for this operable unit. However
because treatnent of the principal threat of this operable unit was not found to be practicable
this remedy does not satisfy the statutory preference for treatnent as a principal elenent.

Areas of sedinment containing free-phase oily contam nation constitute the principal threat at
this operable unit. For |ow volunes of subtidal sedinent containing free-phase oily

contami nation, treatnent could be an appropriate remedy but would require dredging. Dredging
was judged to pose a significant short termrisk to the environment due to potential rel eases of
oily contam nation and contam nated fine particles. Treatnment or disposal of dredged sedinments
at an upland facility would involve conplex inplenentability issues, high costs, and extended
tine frames for effective treatnent. Subtidal areas containing free-phase contam nati on were
successful |y capped under CERCLA renobval authorities. Qher areas of sedinment contamination in
the East Harbor, while potentially toxic to marine organisns, contain relatively |ow | evels of
contam nation. Containnent is an appropriate renedy for such areas, which represent high
volurmes at |ow | evel s of contanination

Because this remedy will result in hazardous substances remai ning on site above heal t h-based and
environnent al | y-based cl eanup levels, a revieww Il be conducted within five years after



comrencenent of remedial action to ensure that the renedy continues to provi de adequate
protection of human health and the environnent.

Dat e Chuck d arke
Regi onal Admi ni strator
U S. Environnental Protection Agency
Regi on 10



1. OVERVIEW

This Decision Summary provi des a description of the site-specific factors and anal yses that |ed
to selection of the renedy for the East Harbor operable unit (East Harbor) of the Wckoff/Eagle
Har bor Superfund site. It includes informati on about the site background, the nature and extent
of contamination, the assessment of hunman heal th and environmental risks, and the identification
and eval uation of renmedial alternatives

The Deci sion Summary al so descri bes the invol verrent of the public throughout the process, along
with the environmental prograns and regulations that nmay relate to or affect the alternatives
The Deci si on Summary concludes with a description of the renedy selected in this Record of

Deci sion (ROD) and a discussion of how the selected remedy neets the requirenents of the

Conpr ehensi ve Environnental Response, Conpensation, and Liability Act (CERCLA) and the Nationa
Conti ngency Plan (NCP).

The Decision Summary is presented in the follow ng sections:

Section 2 Descri bes general characteristics of the site and individual operable units,

Section 3 Provi des site history and previous investigations or enforcenent activities,

Section 4 Presents highlights of community participation

Section 5 Descri bes the scope of the response action in the context of the overall site
strat egy,

Section 6 Presents site characteristics,

Section 7 Provi des a summary of site risks

Section 8 Describes the cl eanup alternatives eval uated,

Section 9 Conpares the analyses in terns of the EPA evaluation criteria,

Section 10 Presents the sel ected renedy,

Section 11 Docurents the conformance of the selected remedy with statutory requirenents, and

Section 12 Descri bes significant changes between the preferred alternative presented in the

1994 Proposed Plan and the renedy selected in the ROD.

Docunents supporting this Decision Sunmmary are included in the Administrative Record for the
East Harbor. Key docunents include the following: the Renmedial Investigation (R) Report
(Novenber 1989), subsequent technical nenoranda, the Revised Ri sk Assessnent (May 1991), and the
Feasibility Study (FS) (Novenber 1991), which provide the results of the overall Eagle Harbor
RI/FS; the initial Eagle Harbor Proposed Plan (Decenber 16, 1991), which addressed both East and
West Harbor sedi ments and proposed an interimcleanup plan for heavily contam nated areas of the
East Harbor; the Action Menorandum (June 15, 1993), which authorized inplenentation of this plan
t hrough placenent of a sedinent cap in the East Harbor; the On-Scene Coordinator's report (CCE,
July 1994 Draft), which describes the conpleted cap; and the subsequent East Harbor Proposed

Pl an (June 8, 1994), which proposed a final cleanup plan for renmining areas of contamination in
t he East Har bor

2. SITE LOCATI ON AND DESCRI PTI ON

2.1 Site Location

The Wckof f/ Eagl e Harbor Superfund site is located on the east side of Bainbridge Island, in
Central Puget Sound, Washington (Figure 1). The site includes an inactive 40-acre wood-treating
facility, contam nated sedinments in adjacent Eagle Harbor, and other upland sources of

contam nation to the harbor, including a forner shipyard (Figure 2). The site is currently
divided into four adm nistrative areas, known as "operable units" (Figure 3).

Sedinents in areas of Eagle Harbor are contam nated wi th pol ynucl ear aronatic hydrocarbons
(PAHs) and ot her organi c conpounds, as well as with netals, prinmarily mercury. EPA s Renedia



Investigation (RI) of sedinent contam nation in Eagle Harbor (CHZM H ||, Novenber 1989)
initially addressed the harbor as a single unit concurrent with enforcenent activities at the
Wckoff Facility. After conpletion of the Eagle Harbor Feasibility Study (FS) (CGR2MH I,
Novenber 1991), EPA proposed the administrative separation of the Harbor into East Harbor and
West Harbor operable units (Eagle Harbor Proposed Plan, 1991).

G oundwat er and soils at the wood-treating facility (the Wckoff Facility operable unit) are
contam nated with chemcals fromthe wood treatnment process, prinarily creosote-derived PAHs and
pent achl orophenol. A groundwater and oil extraction systemand treatnment plant have been in
operation at the facility since 1990 as part of an Expedited Response Action (ERA) ai med at
controlling rel eases of contam nation to the harbor. Al though wood-treating operations at the
Wckoff Facility ceased in 1988, contamination fromthe Wckoff Facility continues to affect
areas of the East Harbor through groundwater novenent and oily seeps. In 1993, under CERCLA
renmoval authorities, EPA inplenented the initial sedinent cleanup proposed for the East Harbor
placing a sedinent cap in a heavily contam nated subtidal area. The cap, relatively distant
fromongoing intertidal seeps, addressed areas where sedi nent contami nati on was shown to cause
significant adverse biological effects in biological tests, including areas of free-phase oily
cont am nat i on

EPA recently divided the Wckoff Facility into separate operable units for soil and groundwater
and has proposed an interimdecision to support source control efforts (Wckoff Facility
Proposed Plan, July 1994). These efforts are expected to control seepage of oily cordam nation
and groundwater to the East Harbor. Final renedies for soils and groundwater will be selected
follow ng conpletion of the ongoi ng Wckoff Facility R /FS.

This ROD specifically addresses East Harbor sedinments, including the existing cap and renaini ng
cont am nat ed sedi ments

2.2 Current Land Use

More than 15,000 people live on Bainbridge Island. Land use on Bainbridge Island, recently
incorporated as the Gty of Bainbridge Island, is principally residential, with sone comercia
and industrial use (Figure 4). An urban area, fornmerly the Gty of Wnslow (popul ation 2,800),
lies on the north shore of the Harbor. Residences, commercial centers, a Gty park, severa

mari nas, a yacht repair yard, a bul khead enterprise, and a ferry termnal characterize the
northern shoreline. The western and southern shores are primarily lined with residences, farns,
mari nas, and a boatyard. On the south shore at the harbor nouth, the forner wood-treating
facility extends into the harbor on fill.

<I M5 SRC 1094079>
<I M5 SRC 1094079A>

A significant use of the harbor is ferry transport of vehicles and passengers between the Gty
of Bainbridge Island and Seattle. CQurrently, approxinmately twenty runs are nade per day. The
harbor is also used for noorage of pleasure boats, house boats, and working boats. Fishing,
crabbi ng, and clamdi gging were common recreational activities until 1985, when the
Brenmerton-Kitsap County Health District issued a health advisory to address bacterial and

chem cal contami nation of seafood in Eagle Harbor. The advisory, recomendi ng agai nst the
harvest and consunption of fish and shellfish, has significantly reduced recreational harvest of
seaf ood fromthe harbor

Eagl e Harbor is within the usual and accustoned fishing area of the Suquam sh Tribe, whose
reservation is located on the Kitsap Peninsula north of Bainbridge Island. The Suquam sh Tri be
retains the right to harvest fish and narine invertebrates and to have fishery resource habitat



areas protected within the Suquam sh Tribe's usual and accustoned fishing area
2.3 Environnmental Setting

Eagl e Harbor is a Puget Sound enbaynent approxinmately 202 hectares (500 acres) in area, with a
wat ershed (Figure 4) of approximately 1,327 hectares (3,280 acres). The upper harbor is
shal l ow, but the central channel is between 6 and 15 neters (20 to 50 feet) in depth. Severa
smal | creeks feed the harbor, and at the harbor nmouth a | ong sandbar naned Wng Point extends
southward fromthe north shore

The harbor supports several fish resources. Coho and chum sal non once used the creek on the
north shore to spawn, and fingerlings have been rel eased there periodically. The creek at the
head of the harbor is a salnon nursery, and it is possible that the drainage on the south side
is used as a chum spawni ng ground and nursery. Eagle Harbor nay al so be a spawni ng ground for
surf smelt and Pacific sand | ance (Washi ngton Departnent of Fisheries, 1992). Qher fish and
invertebrates present in the harbor include several flatfish species, rockfish, pile perch, cod
lingcod, crabs, and shrinp. Several shellfish species are present in intertidal and subtidal

ar eas.

Bai nbri dge Island supports a wide variety of resident and mgratory birds and other wildlife.
Maj or bird groups represented include waterfow , shorebirds, gulls, songbirds, and raptors.

Al t hough residents report sightings of bald eagles, the closest bald eagle nesting |location is
approximately three mles fromthe site. A though habitat for narbled nurrelet may exist on
Bai nbri dge Island, there have been no reported sightings. No critical habitats are fornally
desi gnated near the site

<I MG SRC 1094079B>
<I MG SRC 1094079C

3. SITE H STORY AND ENFORCEMENT ACTI VI Tl ES
3.1 Site Background

Prior to non-Indian devel opnent of Bainbridge Island in the md-nineteenth century, a Suquam sh
Indian village and burial site were |ocated on the north shore of Eagle Harbor, and the harbor
was an inportant shellfish harvest area for the Suquam sh Tribe. Subsequent |and use was
residential, tinber-related, or agricultural. Starting in 1903, a major shipyard was
establ i shed on the north shore of Eagle Harbor, and wood-treating operations began on the south
shore in 1905

The early days of the shipyard enphasi zed wooden ship-building. After flourishing during Wrld
War |, the yard slunped during the 1930's. In the 1940's and 50's, the enphasis was on
construction and repair of mlitary ships, conversion of ships to wartine use, and postwar
deconmi ssi oni ng under contracts with the Navy, Arny, Coast Guard and other mlitary entities.
Repair contracts dwindled into the late 1950's, and in 1961 the property was sold and
subsequent |y di vi ded.

Whod treating operations at the Wckoff Facility began in 1905 and continued until 1988 through
several changes of ownership. Pressure treatnent with creosote was the primary nethod of wood
preservation, although pentachl orophenol also cane into use. Preservative chemcals were
delivered to the facility by barge and ship and stored in tanks on the property. Spills, |eaks,
and drippage entered the ground directly or through unlined sunps. Wastewater was di scharged
into Eagl e Harbor for many years, and the practice of storing treated pilings and tinber in the
wat er continued until the late 1940's



During the 1970's, efforts were nade to address oil seepage on beaches adjacent to the Wckoff
Facility through inspections and recommendati ons. |In March 1984, the National Cceanic and

At nospheric Adm nistration (NOAA) advi sed EPA and the Washi ngton Departnent of Ecol ogy (Ecol ogy)
that sanples of sedinents, fish, and shellfish from Eagl e Harbor contained el evated | evel s of
PAHs in both sedinents and biota (Mlins, 1984a, 1984b).

In August of 1984, EPA issued a Unilateral Adm nistrative Oder (UAO requiring the Wckoff
Conmpany to conduct environnental investigation activities under the Resource Conservation and
Recovery Act (RCRA) Section 3013 (42 U.S.C. § 6924), and Ecol ogy issued an Order requiring

i mredi ate action to control stormwater runoff and seepage of contaminants. Data collected at
the time reveal ed the presence of significant soil and groundwater contam nation.

3.2 Site Listing

The Wckof f/ Eagl e Harbor site was proposed to the NPL in Septenber 1985. Under the Washi ngton
State Hazardous Waste O eanup Program Ecol ogy conpleted a Prelimnary Investigation of sedinent
contami nation in Eagle Harbor (Novenber 1986). |In 1985, NOAA conpleted a study relating the
presence of PAHs in sedinent to the high rate of liver lesions in English Sole from Eagl e Harbor
(Malins, 1985). In March 1987, the Wckoff Conpany entered into an Admi nistrative Order on
Consent with EPA for further investigation of the facility.

The site was added to the NPL in July 1987, with EPA as |ead agency. EPA initially separated
the site into two operable units, initiating the RI/FS for Eagle Harbor and using enforcenent
authorities to address ongoing rel eases of contam nation fromthe wood-treating facility.

3.3 CERCLA Enforcenent Actions

EPA enforcenment actions at the wood-treating facility after the site listing on the NPL include
the foll ow ng:

1 A July 1988 Administrative Order on Consent, under which the Wckoff Conpany agreed
to conduct an Expedited Response Action (ERA). The ERA, intended to minimze
rel eases of oil and contam nated groundwater to the East Harbor, called for a
groundwat er extraction and treatnent system and other source control measures.

A June 1991 Unilateral Adm nistrative Order requiring the Wckoff Conpany (now

Paci fi c Sound Resources) to continue the ERA with sone enhancenents. The UAO calls
for increased groundwater extraction and treatnent rates, inproved system
nonitoring, and renoval of sludge stored or buried at the Wckoff Facility.

A Novenber 1993 Administrative Order on Consent, under which potentially responsible
parties are conpleting renedi al design pursuant to the Wst Harbor RCD.

A Consent Decree resolving Pacific Sound Resources' liability at this and anot her
Superfund site. This agreenent was | odged and entered in court in 1994,

A potentially responsible party (PRP) search was initiated in 1987 to identify parties
potentially liable for response costs for Eagle Harbor, and ten parties were initially notified
of potential liability in 1987 and early 1988. Continued PRP search efforts resulted in the
notification of an additional party in January 1992. In addition to the Consent Decree with
Paci fi ¢ Sound Resources, another PRP resolved its liability in a bankruptcy settlenment with EPA
Four parties have been notified that EPA does not currency consider them PRPs.



3.4 Eagl e Harbor Ranedial Investigation (RI) and Feasibility Study (FS)

CH2M Hi Il conducted the Eagle Harbor Rl under EPA's REM IV contract. R fieldwork began in
early 1988, and the Rl Report was issued Novenber 1989. Subsequent field activities were
conducted in 1989 and 1990 by CHZM H || under the ARCS contract. These activities were

descri bed in technical nenoranda and sunmmarized in the FS, issued Novenber 1991. Key technica
menoranda are |listed on Table 1

3.5 East Harbor Renoval Action

As noted previously, after conpletion of the RI/FS, EPA proposed initial cleanup actions in the
East Harbor operable unit (Eagle Harbor Proposed Plan, 1991). The proposed cleanup was a cl ean
sedi nent cap over heavily contaninated sedinents in the East Harbor, including at a mninuma
sedi nent hotspot in the central channel, and extending if possible to other areas where acute
toxicity of the sedinents to marine organi sns had been docunented during the RI/FS. EPA
docunented its decision to conplete the cap under CERCLA renoval authorities in an Action

Menmor andum (June 15, 1993). The cap was conpleted by the U S. Arny Corps of Engineers and their
contractors over a six-nonth period starting Septenber 1993. Cap materials were obtai ned from
t he Snohom sh River as part of a federal navigation project and placed in over 54 acres of
subtidal sedinents in the East Harbor. Conpletion of the cap cost approximately $1.5 mllion, a
significant savings relative to costs estinmated in the FS for a conparable area. Cap pl acenent
and nonitoring results are described in the draft On-Scene Coordinator's Report (CCE July 1994).



4. COVWUNITY RELATI ONS ACTIVI Tl ES

Sections 113(k)(2)(B) and 117 of CERCLA set forth the mnimumrequirenents for public
participation at sites listed on the NPL. The EPA has net these requirenents and nmintai ned an
active community relations programat the site.

A community relations plan for the Wckoff/Eagl e Harbor site was prepared by Ecol ogy in 1985 and
adopted by EPA after the site was listed on the NPL in 1987. Notice of the listing of the site
was published in the |ocal paper, and the mailing list was conpiled froma clip-out portion of
the notice. Currently, the mailing list conprises over 650 addresses. Fact sheets have been
mailed to interested citizens three or four tines a year since the site listing

Section 4 of the Wst Harbor RCD describes community relations activities during the RI/FS for
Eagl e Harbor. These activities culmnated in the i ssuance of a Proposed Pl an (Decenber 1991)
for final cleanup in the West Harbor and capping of a portion of the East Harbor under an
interimdecision. Two comunity neetings were held to answer questions and accept public
comrents. Community comments were divided between support for EPA's preferred alternative and
preference for |ower cost alternatives or conbinations of alternatives

Since then, EPA has conpleted the first phase of cleanup in the East Harbor, as proposed. The
wor k was conduct ed under CERCLA renoval authorities over a six-nonth period ending in March
1994. EPA made the determination that the community relations requirenments for non-tine
critical renoval actions were satisfied by the RI/FS processes. EPA s response to comments on
the 1991 Proposed Plan is attached to the June 15, 1994 Action Menorandum docunenting EPA' s
decision to conplete the renoval action. Between July 1993 and March 1994 additional outreach
was conpl eted. EPA published a newspaper announcenent, sent out a public notice and severa
fact sheets, and held a comunity neeting to respond to questions and concerns. An

Adm nistrative Record is on file at the public library on Bainbridge Island.

After conpleting the renoval action, EPA issued a Proposed Plan for final cleanup of renaining
contam nated areas of the East Harbor on June 8, 1994. A thirth-day public comrent period ran
fromJune 8 through July 8, 1994. A comunity neeting was announced in the |ocal papers and
hel d on June 22, to answer questions and accept public comment. Five people attended this
neeting. In addition to verbal comments provided at the neeting, EPA received five letters
comrenting on the Proposed Plan. Comments generally supported EPA's preferred alternative,
suggesting that clarification or additional detail be provided in the ROD. The Responsiveness
Summary (Appendix B of this ROD) outlines and responds to public coments provided during the
comrent peri od.

The remedy in this ROD was sel ected in accordance with CERCLA, as anended, and with the NCP
The decision is based on information in the Adm nistrative Record for the site

5. SCOPE AND ROLE OF OPERABLE UNITS WTH N THE SI TE STRATEGY
Different environnental media, sources of contam nation, public accessibility, enforcenent

strategies, and environnental risks in different areas of the Wckroff/Eagl e Harbor site have
led to the division of the Wckoff/Eagle Harbor site into operable units.



Coor di nati on between the operable units is an inportant el enent of the overall site cleanup
The current division of the site is as follows:

1 East Harbor subtidal and intertidal sedinments (Cperable Unit 1)

Wckoff Facility soils (Qperable Unit 2)

West Harbor subtidal and intertidal sedinents and upl and sources (Qperable Unit 3)

Wckoff Facility Groundwater (Operable Unit 4)

A ROD was conpl eted for West Harbor sedinents (Qperable Unit 3) in 1992. This ROD presents the
final selected remedy for cleanup of the East Harbor only and is intended to address chenica
contami nation of marine sedinments, inpacts to nmarine organi snms, and rel ated human exposure

pat hways.

O her types of environmental or public health problens not caused by hazardous substances,

pol lutants, or contam nants (as defined by CERCLA) within the site boundaries are beyond the
scope of CERCLA authorities and are the responsibility of other federal, state, tribal, or |oca
prograns. Exanples of problens beyond the scope of this ROD include problens related to
bacterial contami nation and i npacts to nari ne organi sns from physical disturbances such as
propel l er wash or shoreline uses. EPA coordinates with these other prograns as appropriate.

6. SITE CHARACTERI STI CS

This section summari zes information obtained during the RI/FS, including sources of

contam nants, affected nmedia, and the characteristics of the contanmination. |t describes site
conditions prior to placenent of the recently conpl eted East Harbor sedinent cap, described in
Section 3.5.

6.1 Scope of Renedial Investigation/Feasibility Study

The RI/FS consi dered Eagle Harbor as a whole. The focus of the Rl was to determne the nature
and extent of contamination in the harbor, identify significant sources of contam nation, and
assess threats to human health and the environment due to chem cal contam nation

Exi sting data which met EPA's quality assurance/quality control criteria were incorporated in
the RI/FS, including data collected by Ecology in the 1986 Prelimnary Investigation. As much
as possible, RI/FS field sanpling, l|aboratory analytical and biological testing nethods, and
processes for evaluating biological effects were consistent with nmethods and approaches

devel oped for evaluating conditions in Puget Sound and | ater incorporated in the State of

Washi ngt on Sedi nent Managenent Standards ("Sedi nent Standards"). The Sedi ment Standards were
promul gated in April 1991 and are the primary Applicable or Rel evant and Appropri ate Requirenent
(ARAR) for the site.

6.2 Renedi al Investigation Sanpling

Initial R field work was conducted in 1988 and i ncl uded

intertidal and subtidal sedinment sanpling and chem cal anal yses to determne the
nature and extent of contam nation

shel I fish tissue sanpling and anal yses to eval uate biol ogi cal uptake and potentia
human heal th ri sks;



| aboratory bi oassays to evaluate potential acute biological effects of the
contami nati on on nari ne organi sns;

studi es of the benthic (sedinment-dwelling) community to eval uate potential chronic
bi ol ogi cal effects; and

col l ection of oceanographic data for nodeling contam nant fate and transport.

Ecol ogy's 1986 Prelimnary Investigation had identified a general problemarea and probl em
chem cals and had | ocated a hotspot area of high PAH contami nation. The problem areas and
chem cal s were determ ned based on exceedance of Puget Sound Apparent Effects Threshol ds (AET),
concentrations of contami nants which indicate possible biological effects.

Devel oped as part of the State of Washington's efforts to establish chem cal standards for
sedinent quality, AETs were used in the RI/FS. For a given chemcal, an AET is the chenica
concentration in sedi mrent above which specific biological effects have al ways been observed in
Puget Sound studies. Chem cal-specific AETs for Puget Sound have been devel oped for severa
different biological tests. Table 2 |ists chemcal-specific AETs (for four biological tests)
avail able in 1988. Further discussion of AETs is provided in Section 7

During the March 1988 field sanpling for the R, EPA collected subtidal sedinent sanples on an
extensive grid and anal yzed themfor PAHs and netals to fill data gaps fromthe Prelimnary
Investigation (Figure 5). These were conpared to specific AETs in order to identify areas of
potential biological effects. Areas where sedi ment concentrations of PAHs exceeded AETs for
benthic effects (i.e., effects on the abundance of sedinent-dwelling organisns) were sanpled in
June 1988 for an expanded |ist of contam nants, including PAHs, nine N trogen-Containing
Aromati ¢ Conpounds (NCACs), four chlorophenols, other volatile and sem vol atile conpounds, and
netals. The June sanpling also included collection of sediment sanples for |aboratory bi oassays
(usi ng anphi pods and oyster |arvae) and for eval uating the abundance and diversity of benthic
organi sns at the sanple |ocations. The sane sanpling was conducted at ten sanple locations in
uncont am nat ed enbaynents near Eagle Harbor for conparison (Figure 6).

Intertidal sediment sanpling was conducted in May and June, 1988, including a high, nedium and
low tide sanple fromeach of 16 beach transects. Sanples were anal yzed for the sane chemcals
as the June 1988 subtidal sanples. At each transect, shellfish were collected and a conposite
sanpl e of tissue fromeach transect was anal yzed. Intertidal |ocations near and outside the
harbor nouth were identified as background sanpling transects (Figure 5, transects 1, 2, 3, 14,
15, and 16). Sanples fromthe intertidal background | ocations contained PAHs at |evels
conparabl e to the subtidal background areas. Mercury was undetected at a detection limt of 0.1
ny/ kg, conparable to subtidal background

Subsequent field activities, conducted in 1989 and 1990, included sanpling of beach sedinments on
the north shore of Eagle Harbor to further define an intertidal hotspot and to eval uate
potential PAH contam nation along the north shore of Eagle Harbor. Tissues of fish fromEagle
Har bor and Port Madi son (See Figure 6) were analyzed for netals. In the East Harbor, a diver
survey, deep sedi nent coring, subsurface hydrol ogy studies, and a geophysical investigation were
conducted to determ ne the extent of a known subtidal sedi ment hotspot, investigate potential
transport of contam nation fromthe Wckoff Facility through the subsurface, and estinmate the
depth of contami nation. Additional fish, shellfish, and sediment sanpling was conducted in 1990
to provide nore conplete infornation about hunman health risks. The results of activities
subsequent to the RI were presented in the technical nenoranda listed in Table 1 and
incorporated in the FS (Novenber 1991).



6.3 Nature and Extent of Sedi nent Contam nation

This section summari zes the nature and extent of contamination in Eagle Harbor intertidal and
subtidal sedinents, first for inorganic contam nants, then for organi c contam nants.

For a nunber of netals, intertidal sanples from Eagle Harbor were found to exceed the nmaxi mum
concentrations neasured at background | ocations (Figure 7). The greatest nunmber of netals
detected and the hi ghest concentrations were detected in the Wst Harbor near the forner
shipyard. In subtidal sanples, copper and | ead exceeded background by two to four tinmes in nuch
of the harbor, and a few | ocati ons exceeded background val ues for zinc, cadm um and arsenic.
Subtidal mercury concentrations exceeded maxi num background val ues by between two and twenty
tines throughout the harbor and were particularly high near the former shipyard (Figure 8).



Table 2

1988 Puget Sound AET for Sel ected Chenical s

Apparent Effects Threshol d
(Normalized to Dry Wi ght)

Chem ca

Metal s (ng/ kg dry weight; ppm

Ant i mony

Arsenic
Cadm um
Chr om um
Copper
Lead
Mer cury
N cke
Silver
Zinc

O gani ¢ Conpounds (Og/ kg dry wei ght;

Low nol ecul ar wei ght PAH
Napht hal ene
Acenapht hyl ene
Acenapht hene

Fl uor ene
Phenant hr ene
Ant hr acene

2- Met hyl napht hal ene

ppb)

Anphi poda Oysterb
200c *
93 700
6.7
270
1, 300g. e
660
2.1
>140h. g. e *
6.1z.c
960
24, 000c
2, 400c 2,100
1, 300c >560h
2,000g. e
3, 600c 540
6, 900g. e 1, 500
13, 000g. e 960
1, 900c

Bent hi cc

150c
9.6

390
660
0.59

>0. 56h
1, 600

5, 200
2, 700c
1, 300e. c
500
1, 000g. e

4,400g. e
670

M cr ot oxd

57f

5. 1f
260c
530c
450c
2.1c
>140

>6. 1h. c
410c

13, 000
2,100
>560h

730c

5,400g. e
960
1, 400c

700

390
530
0.41

>0. 56h
1, 600

5200

500
540
1, 500

670



H gh rol ecul ar wei ght PAH 69, 000g. e 17, 000 69, 000g. e 12. 000

FI uor ant hene 30, 000g. e 2,500 24,000g. e 1, 700
Pyr ene 16, 000g. e 3,300 16, 000g. e 2, 600
Benz(a) ant hracene 5, 100g. e 1, 600 5, 100g. e 1, 300
Chrysene 9, 200g. e 2,800 9, 200g. e 1, 400
Benzof | uor ant henes 7, 800c 3, 600 9, 900g. e 3,200
Benzo( a) pyr ene 3, 000c 1, 600 3, 600g. f 1, 600
I ndeno( 1, 2, 3- od) pyrene 1, 800g. e 690 2, 600g. f 600
Di benzo( a, h) ant hr acene 540g. e 230 970g. f 230
Benzo(g, h, i) peryl ene 1, 400g. e 720 2, 600g. f 670

Phenol s
Phenol 1, 200g. e 420 1, 200 1, 200
2- Met hyl phenol 63 63 72e >72h
4- Met hyl phenol 3, 600e 670 1, 800e 670
2, 4- D net hyl phenol 72e 29 210e 29
Pent achl or ophenol 360e >140h 690e >140h

aBased on 287 stations (including recent surveys in Eagle, Elliott Bay, and Everett Harbor not included in the previous of 1986 AET).

bBased on 56 stations (all from Commencenent Bay Renedial Investigation and Blair Waterway dredgi ng study); unchanged since 1986

cBased on 201 stations (updated fromeariler AET by incorporation of recent surveys in Eagle Harbor, Elliott Bay, and Everett Harbor not included in the previous
geneations of 1986 AET).

dBased on 50 stations (all from Commencenent Bay Renedial |nvestigation).

eThe val ue shown exceeds AET Presented in Beller et al. (1986) because of addition of Puget Sound data fromthe Eagle Harbor, Elliott Bay, or Everett Harbor

Sur veys.

f The val ue shown is less than AET presented in Beller et al. (1986) because of the exclusion of chemcally or biologically anonal ous stations fromthe AET

dat aset .

gThe val ue shown exceeds AET established from Commencenent Bay Renedi al Investigation data (Barrick et al., 1985) because of addition of Puget Sound data
presented in Beller et al. (1986).

hindi cated that a defined AET coul d not be established because there were no "effects" stations with chem cal concentrati ons above the hi ghest concentration anong
"no effects" stations

Note: Asterisk (*) indicates AET data not avail abl e.

Source: PTI 1988c



<I M5 SRC 1094079D>
<I M5 SRC 1094079E>
<I M5 SRC 1094079F>

PAHs, the predom nant group of organic contam nants, were extrenely high in intertidal sedinments
adj acent to the Wckoff Facility in the East Harbor. In the Wst Harbor, PAHs were elevated in
intertidal sedinents near the ferry termnal and the former shipyard. Subtidal sanples showed
wi despread, heavy PAH contami nation in the East Harbor and to a | esser extent in the Wst

Harbor. Estinated average concentrations of HPAH, the high nol ecul ar wei ght subgroup of PAH
conmpounds, were significantly higher than background val ues, and were highest in sedinents north
of the Wckoff Facility. GConcentrations of total PAH (TPAH), |ow nol ecul ar wei ght PAH (LPAH),
and NCACs followed the sane general pattern. Figure 9 shows ranges of TPAH concentrations
nmeasured in subtidal sedinents. Al though chlorophenols was detected, it appears that

contam nati on by pentachl orophenol is not wi despread.

On the basis of their w despread preval ence above AETs, nercury and the sixteen PAH were

sel ected as indicator contam nants to define areas for renediation. Contam nation by other
organi ¢ conpounds and netals in sedinents is enconpassed within areas of el evated PAH and
nmercury. The results of the bioassays and benthic eval uations are di scussed under Section 7.2
(Ecol ogi cal Assessnent), while seafood contami nation is discussed under Section 7.1 (Hunman
Heal th Ri sk Assessnent).

6.4 Sources of Contam nation

A techni cal nmenorandum was devel oped (see Table 1) to identify sources of contamnation to the
harbor. Based on historical information and chem cal data fromRI/FS sanpling, the nenorandum
listed probabl e najor and minor sources of contamnation to Eagle Harbor, including both

hi stori cal and ongoing sources. The wood treating facility was identified as the major source
of PAH, particularly in the East Harbor, through both past operating practices and ongoi ng
contam nant transport through the subsurface.

In the West Harbor, PAH contami nation in nearshore sedinents appears to be from conbustion
products, mnor spills, and pilings and piers, while subtidal PAH contam nation in the West
Harbor is believed to reflect a conbination of these sources, disposal practices at the forner
shipyard, and rel eases fromthe Wckoff Facility. El evated concentrations of netals,
particularly near the forner shipyard, are clearly associated with past shipyard operations,
including the application, use, and renoval (by sandblasting) of bottom paints and antifoul ants.

6.5 O her Contam nated Media

The prinmary nedia of concern affected by contam nants in Eagle Harbor are intertidal and
subtidal sedinents, as described in previous sections. Qher nedia considered were narine
surface water, groundwater, and air.

Marine surface water and air were not identified as nmedia of concern. Concentrations of
contaminants in the air were considered negligible at the harbor, because the contam nants are
primarily associated with sediments which renmain under water all or nmuch of the tine.
Cont ami nant concentrations in the nmarine surface water were expected to be highly dilute
relative to sedinent concentrati ons and woul d pose negligible hunan health risk fromdirect
contact relative to exposure to contam nated sedi nents. Ecol ogy sanples of surface water from
ten Eagl e Harbor |ocations (Appendi x B3 of the FS) did not exceed water quality criteria

<I MG SRC 1094079G
<I MG SRC 1094079H>



Wckoff Facility groundwater, intertidal seeps, and soil contam nation have been, and nay
continue to be, sources of contam nation for areas of the East Harbor. These sources are being
addressed as part of the ERA other early actions, and ongoing renedi al studies at the Wckoff
Facility. Goundwater will not be directly addressed by cleanup actions in the East Harbor and
therefore is not identified as a nediumof concern at this operable unit. Coordination of East
Harbor activities with work at the two Wckoff operable units is critical to successful sedinment
renmedi ation and is factored i nto the phasing of East Harbor renedial actions.

Al though they are not considered environnental nedia, fish and shellfish tissues are of interest
in Eagle Harbor as indicators of exposure of ecological receptors to contam nated sedi nents.

Al so, contam nated seafood nay be consuned by the public. Mercury and PAH concentrations in
fish and shellfish tissue fromEagl e Harbor indicate el evated concentrations of the contam nants
of concern relative to uncontam nated areas of Puget Sound.

6.6 Depth of Concern

The depth of concern for protection of the environnent is the biologically active zone. In
Eagl e Harbor, this zone is defined as the top ten centineters of narine sedinent. R sedinent
sanpling focused primarily on contam nation in these surface sedinents. Sanpling to eval uate
the depth of contam nated sedinent was limted, particularly in the Wst Harbor, where

contami nation arrived through surface transport. |In the East Harbor, nore extensive work was
conpl eted to assess potential subsurface contam nant migration

Wiile the top ten centineters is where renmedi al action objectives nust be nmet to mnimze the

exposure of marine organisns to the contam nation, volune estinates for dredging alternatives

took into account the precision of avail able dredging technol ogies and the need to | eave cl ean
sedi nents exposed after dredging

Contamination in the East Harbor appears to be concentrated in the upper neter of sedi nents but
has been found at |ower concentrations at depths up to 20 feet in borings collected close to the
Wckoff Facility (Technical Menorandum No. 11). At the edge of the intertidal zone north of the
Facility, visible contam nation was noted sporadically at depths up to 60 feet (CHZM H |11, March
1994).

6.7 Routes of Mgration

PAH and nercury in the environment tend to adsorb to soils or sedinents, particularly if they
contain high organic carbon content. Mddeling of the fate and transport of sedi nent-bound
contam nati on was conducted during the RI/FS

In the East Harbor, subtidal areas were identified where propeller wash (generated prinarily by
ferries waiting at the termnal) creates high water velocities near the harbor bottom (Figure
10). In these areas, fine sedinents and any attached contam nants can be nobilized and
depending on the direction of predom nant currents, nay settle further into the harbor or out of
the harbor nouth. Coarser-grained material stirred up by propeller-induced currents woul d not
be transported a significant distance but would resettle in the same general area

<I M5 SRC 1094079l >

On steep slopes or in shallow areas with active boat traffic, novenment of contam nated particles
may contribute to contaminant migration. In intertidal areas, wave action can suspend fine
sedinents and in sonme |ocations noves |larger particles. This is the case for Rockaway Beach
outsi de the harbor nouth, where currents tend to nove particles along the shoreline toward the
har bor



Mercury and PAHs can al so be distributed in the environnent through uptake by plant and ani nal
speci es and accunulation in tissues; for nercury, this requires the mcrobial transformation of
inorganic nercury into bioevailable forns. PAHs, although generally netabolized by vertebrates,
can accunmulate in invertebrate tissues. Wile nmetals do not break down, PAHs are subject to
phot odegr adati on, chem cal decay, and mcrobial action. These breakdown processes are nost
effective in intertidal areas, due to the aerobic conditions and exposure to sunlight.

Breakdown rates differ anong the PAHs and tend to be fastest for the LPAHs.

In summary, in the absence of sedinment renedi ation, contam nant transport pathways are likely to
continue to redistribute contam nation in sedinents and biota in and near the harbor, through
sedi nent transport and bi ol ogi cal uptake

6.8 Potentially Exposed Popul ati ons

Human popul ati ons potentially exposed to contamination include children and adults who consune
contami nated fish and/or shellfish, and individuals, particularly children, who m ght be exposed
to contam nated intertidal sedinents through dermal exposure (skin contact) or incidental
ingestion. Waterfront residences, a public park, and fishing piers provide access to
potentially contam nated intertidal beaches and harvest abl e seaf ood.

Mari ne organi sns potentially exposed to contami nated sedinents include sedi nent-dwelling
organisns in three major taxonom c groups: nollusca (e.g., clans), polychaeta (worns), and
crustacea (e.g. anphipods). Marine aninals such as bottomfeeding fish and crabs are exposed to
bot h contam nated sedi ments and contam nated prey organisns. Aninmals higher in the food chain
may in turn be exposed. Thus, although the biological tests nay indicate inpacts to specific
sedi nent-dwel | i ng organi sns, these organisns are a building block of the mari ne ecosystem
Adverse effects at this level signal potential inpacts on the overall health of the harbor

6.9 Principal Threat

The NCP (Section 300.430(a)(1)) outlines expectations for Superfund actions to address
"principal threats" through treatnent. Principal threats include wastes with high
concentrations of toxic conpounds (e.g., several orders of magnitude above | evels that allow for
unrestricted use and unlimted exposure). EPA has defined sedinents containing free-phase oily
contam nation as the principal threat in the East Harbor. Free-phase oily contam nation
contains very high levels of PAHs. Near the surface it becones available to nmarine organi sns
and nay be renobilized by biological activities or other disturbances of surface sedinents.

7. SUWARY CF SITE R SKS

CERCLA response actions at the East Harbor operable unit as described in this ROD are intended
to protect the marine environment and human health fromrisks related to current and potentia
exposure to hazardous substances in the East Harbor

To assess the risk posed by site contam nation, EPA conpleted human health and environnenta

ri sks assessments as part of the Eagle Harbor RI. Additional information gained during the
preparation of the FS was incorporated in a Revised R sk Assessnent for hunman health. Al though
ri sks were assessed for the harbor as a whole, this section enphasizes results fromthe East
Har bor

7.1 Human Health Ri sk Assessnent

Cancer and noncancer risks to human health were eval uated using chem cal data from Eagl e Har bor
and background areas. Table 3 shows the potential exposure pathways eval uated. her exposure



pat hways consi dered were elimnated because risks associated with these routes were not expected
to add significantly to human health concerns related to the site

Human exposure to contam nation was consi dered of concern in intertidal areas, because dermal
contact with and ingestion of contam nated sedi ments is possible. Consunption of contam nated
fish and shellfish harvested in Eagle Harbor was al so of concern. For this reason, risks from
four exposure routes were cal cul ated, including ingestion of contam nated clans and crabs,
ingestion of contam nated fish, ingestion of contam nated intertidal sedinents, and dernal
contact with contam nated intertidal sedinents

7.1.1 Identification of Chem cals of Concern

Si xty-five chemcals were detected in intertidal sedinents and/or fish and shellfish. The risk
assessnent identified 42 of these as chemcals of potential concern for human heal th, based on
the frequency and nagni tude of neasurenments in sedinents and seafood fromEagle Harbor. O
these, 13 were elimnated because sufficient information was | acking to characterize the risk or
because the concentrati ons observed did not add significantly to the total risk. The renaining
29 chenicals (Table 4) were carried forward for cal cul ations of risk

7.1.2 Toxicity Assessment

Toxicity informati on was provided in the risk assessnent for the chenmicals of concern
Generally, cancer risks are calculated using toxicity factors known as slope factors (SFs),
whi | e noncancer risks rely on reference doses

SFs have been devel oped by EPA s Carci nogeni c Assessnent Group for estimating excess lifetine
cancer risks associated with exposure to potentially carcinogenic contam nants of concern. SFs
are expressed in units of (ng/kg-day)-1 and are nmultiplied by the estimated i ntake of a
potential carcinogen, in ng/kg-day, to provide an upper-bound estimate of the excess lifetine
cancer risk associated with exposure at that intake level. The term "upper bound" reflects the
conservative estinmate of the risks calculated fromthe SF. Use of this approach makes
underestimati on of the actual cancer risk highly unlikely. SFs are derived fromthe results of
human epi dem ol ogi cal studies or chronic animal bioassays to which ani nal -to-hunman extrapol ation
and uncertainty factors have been applied (e.g., to account for the use of animal data to
predict effects on humans.)



Table 3

Potential Exposure Pat hways Retained for R sk Assessnent

Cont am nat ed

Medi a

Intertidal sedinents

Intertidal sedinents

Intertidal sedinents

Shel | fish
Shel | fish
Shel [ fish

Pel agi ¢ or bottonfish

Exposur e Poi nt

Resi denti al beaches

I ndustrial beaches

Publ i ¢ beaches

Resi denti al beaches

I ndustrial beaches

Publ i ¢ beaches

Deeper waters within
Eagl e Har bor

Exposure Route

I ngesti
Der mal

I ngesti
Der nma

I ngesti
Der mal

I ngesti
I ngesti

I ngesti

I ngesti

on
absorption

on
absorption

on
absorption

on

Potenti al Receptors

Resi dent s

Wbrkers or visitors

Ceneral Public

Resi dent s

and visitors.

Wbrkers or visitors
visitors.

General public

General public

Rat i onal e

Beaches readily accessible
and visitors.

Beaches readily accessible
visitors.

Beaches readily accessible
Beaches readily accessible
d ans exist at beaches.

Beaches readily accessible
Cl anms exists at beaches.

Beaches readily accessible
Cl anms exi st at beaches.

to

to

to

to

to

to

resi dents

wor kers and

public.

resi dents

wor kers and

public.

Presence of fish and recreationa

fi shernen.



Tabl e

Chem cal s of Potenti al

4

Chem cal s

Bi s(2- et hyl hexy) pht hal at e

Di benzof uran
Pent achl or ophenol

Acenapht hene
Acenapht hyl ene

Art hracene

Benzo[ a] ant hr acone
Benzo[ a] pyr ene

Benzo[ b] f | uor apht hr ene

Benzo(g, h, i) peryl ene
Benzo[ k] f | uor ant hene
Chrysene

Acridi ne
Benzoqui nol i ne
Car bazol e

Chol of orm
Chol onet hane

Ant i mony
Arsenic
Beryl I'i um

I ndol e
I soqui nol i ne
Met hyl car bazol e

Cadm um

Chrom um
Lead

Concern for Human Health

Ret ai ned
Sem vol ati | e Conpounds
Benzoi ¢ acid

2- Met hyl phenol
4- Met hyl phenol

Phenol
2,3, 4,5-Tetrachl or ophenol

Pol ycyclic Aromatic Hydrocarbons (PAH)

Di benzo[ a, h] ant hr acene
Fl uor ant hene

Fl uor ene

I ndeno[ 1, 2, 3, cd] pyrene
2- Met hyl napht hal ene
Napht hal ene

Phenant hr ene

Pyrene

Ni t rogen- Cont ai ni ng Aromati ¢ Conpounds ( NCACs)

Qui nol i ne

Vol atil e Organi c Compounds (VCOCs)
Acet one Car bon di sul fide

2- But anone Et hyl benzene

Met al s
N ckel Zinc Al um num
Thal I'i um Mer cury Bari um
Copper Cal ci um

H ghlighted chemicals were evaluated quantitatively in the RA

Not e:
t abl e.

In the intertidal

sedi nent and shel | fish sanples that were anal yzed from Eagl e Harbor,

65 chem cals were detected at

Chem cal s Excl uded

2,4,5-Trichl orophenol

Met hyl ene chl ori de Tol uene
Styrene Xyl enes
Cobal t Manganese Silver
Iron Pot assi um sodi um
Magnesi um Sel eni um Vanadi um
| east once. The detected chemcals are presented in the

Chemi cals that were anal yzed for but not detected are presented in the R Data Report (EPA, March 1989).



Ref erence doses (RfDs) have been devel oped by EPA for indicating the potential for adverse
health effects fromexposure to contam nants of concern exhibiting noncarcinogenic effects.

Rf Ds, which are expressed in units of ng/kg-day, are estinates of lifetime daily exposure |evels
for humans, including sensitive individuals. Estimted intakes of contam nants of concern from
environnental nedia (e.g., the amount of a contam nant of concern ingested from contam nated
drinking water) can be conpared to the RfD). RfDs are derived from hunan epi dem ol ogi cal
studi es or aninal studies to which uncertainty factors have been appli ed.

The risk assessnent relied on oral SFs and RfD)s. Because dernal toxicity factors have not been
devel oped for the chemcals evaluated, oral toxicity factors were used in estinmating noncancer

ri sks fromdernal exposure. The noncancer toxic endpoints (e.g., the affected organs) are
simlar for dermal and oral exposure. As this is not the case for dernal and oral cancer

endpoi nts, cancer risks fromdermal exposure could not be calculated. The toxicity factors,
shown on Table 5, were drawn fromthe Integrated Risk Information System (IRIS) or, if no IRS
values were available, fromthe Health Effects Assessnent Summary Tabl es (HEAST). The oral SF
of benzo(a)pyrene was used for all seven carcinogenic PAHs in estimating cancer risks from

i ngestion pathways. This approach is intended to address uncertainties in the toxicity of the
remai ni ng si x PAHs.

7.1.3 Exposure Assessnent

The exposure assessnent identified potential pathways for contam nants of concern to reach the
exposed popul ation. Exposure assunptions were based primarily on EPA regional and nationa
gui dance, except where tailored to specific site conditions (Table 6).

A 1988 Puget Sound Estuary Program (PSEP) study of seafood consunption in Puget Sound (Tetra
Tech, 1988) provided a high (95th percentile) Puget Sound consunption rate of 95.1 grans per day
of fish. This rate corresponds to 230 servings of 1/3-1b of fish over the course of a year

The high rate for shellfish consunption was estimated to be 21.5 g/day, equivalent to a 1/3-Ib
serving a week. (The study estinated that an average consuner eats at nost 30 such servings of
fish and three such servings of shellfish per year).

The high rates above were used for the reasonabl e maxi nrum exposure (RME) assunption for adults
These assunptions were nodified to devel op ingestion rates for children, based on body wei ght
ratios. Soil ingestion and site-specific dernal exposure assunptions were al so devel oped

For carcinogens, risks are estimated as the increnental probability of an individual devel oping
cancer over a lifetinme as a result of exposure to the carcinogen. Excess lifetine cancer risk
is calculated by multiplying the SP (see toxicity assessment above) by the "chronic daily

i nt ake" devel oped using the exposure assunptions. These risk are probabilities generally
expressed in scientific notation (e.g., 1 x 10-6). An excess lifetinme cancer of 1 x 106
indicates that an individual has a 1 in 1,000,000 chance of devel opi ng cancer as a result of
site-related exposure to a carcinogen over a 70-year lifetinme under the specific exposure

condi tions assuned.



Table 5 - Human Toxicity Factors of Chemicals Retained for Ri sk Quantification

Wi ght of O al Slope Factor Oal Chronic RFD

COVPOUND Evi dence (rmg/ kg-day) -1 (rmg/ kg-day) -1
Sem vol ati | e Conpounds
Bi s(2- et hyl hexyl ) pht hal ate B2 0.014 0.02
Pent achl or ophenol B2 0.12 0.03
Phenol 0.6
Pol ynucl ear Aromatic Hydrocar bons
Acenapht hene 0. 06
Ant hr acene 0.3
Benzo( a) ant hr acene B2 11.5
Benzo( a) pyr ene B2 11.5
Benzo(b) f | uor ant hene B2 11.5
Benzo( k) f | uor ant hene B2 11.5
Chrysene B2 11.5
Di benzo( a, h) ant hr acene B2 11.5
FlI uor ant hene 0.04
I ndeno( 1, 2, 3) pyr ene B2 11.5
Napht hal ene 0. 004
Pyrene 0.03
Ni t rogen-contai ni ng Aromati c Conpounds
(NCAGs)
Car bazol e B2 0.02
Qui nol i ne C 12
Vol atil e Organi c Conmpounds
Chl orof orm B2 0. 0061
Chl or onet hane C 0.013 0.01
Met al s
Ant i mony A 1.75 0. 0004
Arsenic B2 4.3 0. 001
Beryllium 0. 005
Cadm um 0. 001
Chromi um (V) 0. 005
Copper 0. 037
Mer cury 0. 003
N ckel (in soluble salts) 0.02
Thal I'i um (in soluble salts) 0. 00007
Zinc 0.2

* EPA Carcinogenic dassification: A = Hunman Carci nogen, B2 = Probabl e Human Carci nogen, C = Possi bl e Human
Car ci nogen



Table 6 - Exposure Assunptions for Human Health R sk Assessmnent
Exposure Assunptions for |ngestion of Seafood

Age: 2-3 yr 4-6 yr 7-9 yr 10-12 yr 13-15 yr 16- 18 yr 19-75 yr
Reasonabl e Maxi mum Exposure (RVE) for d ans and Crebs
IR Ingestion rate (kg/neal)a,b 0. 047a 0. 059a 0. 076a 0. 097a 0.122a 0. 138a 0. 151f
Fl : Fraction ingested(unitless)c 1 1 1 1 1 1 1
EF: Exposure frequency (meal s/year)a 52 52 52 52 52 52 52
ED: Exposure duration (years)d 2 3 3 3 3 3 57
BW Body wei ght (kg)e 12 17 25 36 51 671 70
ATn: Averaging tinme for noncarcinogenic effects (days)e 730 1, 095 1, 095 1, 095 1, 095 1, 095 20, 805
ATc: Averaging time for carcinogenic effects (days)c 27, 375 27, 375 27,375 27,375 27,375 21, 375 27, 375
Reasonabl e Maxi mum Exposure (RVE) for Fish
IR Ingestion rate (kg/meal)a,b 0. 206a 0. 260b 0. 336¢ 0. 428d 0. 540e 0. 609f 0. 668g
Fl : Fraction ingested (unitless)c 1 1 1 1 1 1 1
EF: Exposure frequency (neal s/year)a 52 52 52 52 52 52 52
ED: Exposure duration (years)d 2 3 3 3 3 3 57
BW Body wei ght (kg)e 12 17 25 36 51 61 70
ATn: Averaging tinme for noncarcinogenic effects (days)c 730 1,095 1,095 1,095 1,095 1,095 20, 805
ATc: Averaging tinme for carcinogenic effects (days)c 27, 375 27, 375 27, 375 27, 375 27, 375 27, 375 27, 375

Equation for ingestion of fish and shellfish (EPA, July 1989c):

I nt ake (ng/ kg-day) = concentration (nmg/kg) x IR x FI x EF x ED
BW x AT

aTetra Tech, 1988.

bP, G rone, EPA Region 10, personal communication, 1991.

cEPA, July 1989c.

dEPA January 1990.

eThe anount ingested was scaled down to the 2/3 power of the ratio of child to adult body weight (P. G rone, EPA Region 10, personal comunication, 1991

f0.151 kg shel Il fish/neal x 52 neal s/year x 1 year/365 days x 1,000 g/kg - 21.5 g/day. This is the high ingestion rate computed fromthe Puget Sound study (Tetra Tech, 1988).
g0. 668 kg fish/neal x 52 neal s/year x 1 year/365 days x 1,000 g/kg = 95.1 g/day. This is the high ingestion rate conmputed fromthe Puget Sound study (Tetra Tech, 1988).



The potential for noncarcinogenic effects is evaluated by conparing an exposure |evel over a
specified tine period (e.g., lifetime) with a reference dose (see toxicity assessnent above)
derived for a simlar exposure period. The ratio of exposure to toxicity is called a hazard
quotient. Hazard quotients are calculated by dividing the chronic daily intake by the specific
Rfd. By adding the hazard quotients for all contam nants of concern that affect the sane target
organ (e.g., liver), the hazard i ndex can be generated

The RME provides a conservative but realistic exposure in considering renedial action at a
Superfund site. Based on the RVE, when the excess lifetime cancer risk estimates are below 1 X
10-6 or when the noncancer hazard index is less than 1, EPA generally considers the potential
human health risks to be below | evels of concern. Renedial action is generally warranted where
excess cancer risks exceed 1 X 10-4 (one in ten thousand). Between 10-6 and 10-4, cleanup nmay
or may not be sel ected, depending on individual site conditions, including ecological concerns

Bot h average and RME risks were estimated for each of the four exposure pathways to show a range
of uncertainty. Because EPA policy dictates the use of the RVE in evaluating human heal th
risks, only RVE results are discussed in the followi ng sections.

7.1.4 Ri sk Characterization

The foll owi ng di scussion presents sunmari zed non-cancer and cancer risk characterization results
separately.

Non- Cancer Ri sks

The lifetime and child noncancer hazard indices for ingestion of contanmi nated intertida
sediments were well below 1. Cal cul ated noncancer risks fromdermal contact with

PAH- cont am nat ed beach sedi nents (using oral exposure Rfds) were significantly below 1 for both
lifetine and child exposures.

Clamtissue data from 1988 and 1990 were used to eval uate noncancer risks from consunption of
clams. The 1988 data yielded lifetine hazard indices fromO0.6 to 1 for nost Eagle Harbor and
background cl am sanpling locations (for child exposure assunptions, these hazard indices were
between 1 and 2). Because of differences in the nmercury results, the highest hazard i ndex based
on 1990 clamtissue data was 0.07, lower than the hazard i ndex based on 1988 data

Noncancer risks were evaluated both for consunption of fish and consunption of shellfish. Data
from 1989 and 1990 fish tissue sanpling were used and, as with the clamdata, the 1990 results
were lower. Fish tissue data fromthe 1989 sanpling resulted in lifetime hazard indices
approaching or exceeding 1 (up to 2 for the child exposure), while data gathered in 1990
produced hazard indices considerably Iess than 1 (and less than 2 for children).

Cancer Risks

Cancer risks fromsedi nent ingestion were within or bel ow EPA's acceptable risk range of 10-4 to
10-6. As noted, slope factors were unavailable to cal cul ate cancer risks fromdermal exposure
to carcinogenic PAHs in sedinents.

Two data sets (1988 and 1990) were used in estimating the total excess lifetine cancer risks for
consunption of clans and yi el ded conparable results. The highest risk of 10-3 was associ at ed
with clans collected fromadjacest to the Wckoff Facility. Background clamtissues collected
near the mouth of Eagle Harbor produced risks from1l x 10-4 to 5 x 10-4.

A single data set from 1990 was avail able to eval uate cancer risks from consunption of fish and



crabs. Risk |evels depended on the type of tissue (whole fish, fish nuscle, crab nuscle

hepat opancreas). The highest risk fromthis route was 1 x 10-3 for consunption of whole perch
For all other tissues, both Eagle Harbor and background sanpl es produced results in the 10-4
range; however, the fish tissue data for the PAH contributing nost to the risk were qualified as
estinmates in these sanpl es.

Summary: The risk assessnent di scussed uncertainties associated with the cal cul ated ri sks.
Anong the uncertainties are the absence of conplete toxicity infornmation for all chemcals
nmeasured, uncertainties and variability in site data, the potential presence in seafood of other
contami nants that may not be site-related, and uncertainties associated with exposure
assunptions. The uncertainties can result either in underestinmates or overestimates of the true
heal th risks associated with the site

In summary, chemcal concentrations in Eagle Harbor sedinents and seafood are elevated with
respect to background | ocations. However, human health risk estimtes for exposure to sedi nent
contam nants through dernal contact and sedinent ingestion are within or bel ow EPA's range of
acceptabl e risks. For seafood ingestion, calculated cancer risks are generally between 10-4 and
10-6 at both Eagl e Harbor and background | ocations. Consunption of shellfish fromspecific,
areas (such as East Harbor areas near the forner Wckoff Facility) results in risks above 10-4.
Wiile simlar cancer risk estinates were obtained for tissues such as whol e perch, sole nuscle
and crab hepat opancreas, uncertainties in these data shoul d be considered. Noncancer hazard
indi ces for seafood consunption at both Eagle Harbor and background | ocations were as high as 1
based on 1988 data, but subsequent data resulted in significantly |ower values, suggesting
simlar uncertainties in data

Human health risks for Eagle Harbor are thus prinarily associated with the consunpti on of
contam nated shellfish. For the East Harbor, specifically, cancer risks in the 103 range were
associated with clamtissues frombeaches adjacent to the Wckoff Facility.

7.2 Ecol ogi cal Assessnent

The Eagl e Har bor ecol ogi cal assessnent focused on biological effects in subtidal areas. During
the R, sedinent chem cal and physical data were collected, |aboratory bioassays were conducted
on subtidal sedinents, and eval uations of the existing benthic communities were conpl eted
Avai l abl e information from previous studies and research was i ncorporated as appropriate

Al though clamtissue and sedi nent chemical data were devel oped for evaluating intertidal areas
the enphasis in intertidal areas was on evaluating potential hunman health risks.

The assessment of ecological risks relied on the "triad approach” which links contam nation to
speci fic adverse ecol ogical effects using a preponderance of field and | aboratory evidence. The
three el ements of sedinent chemical analyses, |aboratory toxicity tests (bioassays), and

eval uation of the abundance of benthic organisns fromspecific locations are used in conbination
as the three elenents of the triad approach. The approach was used to devel op the Puget Sound
AETs, and these chemical concentrations, in conjunction with site-specific biological data,
formed the basis of the ecol ogical assessnent in Eagl e Harbor

As described in Section 6, an AET, or "Apparent Effects Threshold,” is the concentration of a
chem cal in sedinent above which a particul ar adverse biol ogi cal response has al ways been
observed. Cenerally, for any one chemcal, different benthic organi sns denonstrate biol ogi ca
responses at different concentrations, leading to a range of AETs (e.g., for benthic effects,
anphi pod acute toxicity, oyster larvae acute toxicity, and mcrotox responses) for each conpound
(See Table 2, Section 6).



7.2.1 Chemcals of Concern

Rl sanpling of Eagle Harbor sedinents included a broad range of netals and organi ¢ conpounds of
potential concern for environnmental risk. Contamnants of concern were identified for the

ecol ogi cal assessnent based on information about their effects in the marine environnent. For
this reason, not all were the same as the contaninants of concern identified for human health

Sedi nents in Eagle Harbor exceeded the | owest AET (generally for either oyster |arvae or
mcrotox) in nost of the contam nated areas. |In the East Harbor particularly, sedinents
exceeded the benthic AET for at |east two individual PAHs at nunerous stations. At severa
locations, all sixteen PAH conpounds exceeded their benthic AETs. Based on the conparison of
the concentrations in Eagle Harbor sanples with the 1988 benthic AETs for Puget Sound, EPA

sel ected nmercury and all sixteen PAHs as contam nants of concern. These contanminants are used
as indicators of the extent of contam nation. Toxicity infornation for PAH and nercury was
summari zed in the ecol ogical risk assessnent.

Contami nants that exceeded AETs at only one or two |locations were not carried forward as

contami nants of concern for the ecological risk assessnent. Such locations fall within areas of
concern for nmercury or PAHs, and cleanup for PAHs and nercury woul d al so address these
cont am nant s.

7.2.2 Biological Effects

Laboratory bi oassay results from Eagl e Harbor sanpl es were grouped by sedinent grain size and
were statistically conpared with control sanples and background sanples. The test species used
in anphipod toxicity tests (Rhepoxynius abronius) resides in Puget Sound and is a nenber of a
crustacean group that forns an inportant part of the diet of nany estuarine fish. Anphipods are
sensitive to nmany chenical contam nants, and species such as R abronius have a high poll utant
exposure potential because they burrow into the sedinent and feed on sedinent material. The
oyster larvae used as a test species (Crassostrea gigas) resides in Puget Sound and supports
commercial and recreational fisheries. The |life stages tested (enbryo and larva) are very
sensitive stages of the organismis life cycle. The prinmary endpoint is a sublethal change in
devel opnent that has a high potential for affecting larval recruitnent.

The bi oassays for acute toxicity indicated that sedinents from nmany sanpled | ocations in the
East Harbor were toxic to anphi pods, oyster larvae, or both. The bioassay responses were nost
severe in areas of high PAH contam nati on, such as areas of the East Harbor north of the Wckoff
Facility. Bioassays on benthic infauna are val uabl e indicators because the organisns live in
direct contact with the sedinments, are relatively stationary, and are inportant conponents of
estuarine ecosystens. |If sedinent-associated inpacts are not present in the infauna, then it is
unlikely that such inpacts are present in other biotic groups such as fish or plankton unless
contami nants are bioaccunulating at | evels significant for higher food-chain organisns.

During the R, sanples of benthic infauna were collected to assess the inpacts of contam nation
on resident benthic comunities. As replicates were not collected at each station in Eagle

Har bor, however, statistical conparisons of benthic abundance data between individual stations
were not possible. Overall, there was a greater abundance of polychaetes in Eagle Harbor than
in the background areas, which could indicate a predom nance of pollution tolerant organisns.
However, no statistically significant difference in abundance rel ative to background areas was
observed for nolluscs, anphi pods, and ot her crustacea

Q her benthic studies of Eagle Harbor tend to support the indication in the R that, while
sedi nent contamnation is present above the benthic AET for |arge areas of the harbor, adverse
effects on benthic communities at the | evel of major taxa (pol ychaeta, nolluscs, anphipods,



ot her crustacea) may not be occurring except in the nore heavily contam nated areas close to the
Wckoff Facility.

Addi ti onal evidence of bhiological effects in Eagle Harbor includes the preval ence of |iver

l esions and tunors in English sole, as docunented by NOAA (Malins, 1985). The high incidence of
such effects in Eagle Harbor relative to other Puget Sound enbaynents was confirned in the Puget
Sound Anbi ent Monitoring Program 1991 sanpling. This and |laboratory research citing the effects
of PAH and ot her sedi nent contam nants on marine organi sns add to the preponderance of evi dence
already indicating potential damage to Eagle Harbor marine life. 1In addition, PAH and netals in
the tissues of fish and shellfish indicate uptake of sedinment contam nation. Mercury tends to
bi oaccunul ate in fish, while PAHs can bi oaccurmul ate in some invertebrates.

Uncertainty in the ecological risk assessnment is associated with data variability, spatia
variability of contam nation and benthic communities, potential biological effects of organic
enrichnent, grain size, and physical disturbance, and the availability of appropriate background
| ocations for conparison

In summary, ecol ogical risks due to contamination in the East Harbor are evidenced by docunented
acute toxicity of sediments near the former wood treating facility, by the predicted toxicity of
ot her sedinents with contam nant concentrations above AETs, and by the presence of nercury and
PAHs, which can accunulate in the tissues of food chain organisns.

7.3 Summary of Risk Assessnent

Actual or threatened rel eases of hazardous substances fromthis site, if not addressed by
i npl enenting the response action selected in this ROD, nay present an inmminent and substantia
endangernent to public health or welfare, or the environnent.

Based on the R, the risk assessnents, and avail able information, cleanup of the East Harbor is
warranted. Consunption of shellfish fromintertidal |ocations of the East Harbor adjacent to
the Wckoff Facility pose a human health risk above the acceptable risk range. Sedi nment cl eanup
is expected to result in reductions of contaminant levels in fish and shellfish, and over the
long term sedinent cleanup and natural recovery may eventually reduce risks to levels

conpar abl e to background

Adverse biological effects were docunented in nuch of the East Harbor. Mbst of the biologica
effects previously observed were associated with heavy sedi ment contam nation. Potential

redi stribution of contam nants through sedinent redistribution fromthese heavily contam nated
areas was al so of concern, as well as the potential for uptake by marine organisns. These
heavily contam nated areas were addressed by the cap conpleted as the first phase of cleanup
under CERCLA renoval authorities. Oher areas of the East Harbor contain | evels of

contami nation predicted to cause nminor or, in sone areas, significant biological effects.
Cleanup is warranted to address sedi nents where significant biological effects are predicted,
unl ess biological data indicating the absence of such effects is obtained

7.4 Special Site Characteristics

I nvestigation and renedi ati on of sedinent contam nati on pose inherent challenges, as briefly
i ndi cat ed bel ow.

1 the accunul ation of contam nants at the sedinent-water interface, a significant zone
for habitat and food sources, creates conplex and sensitive ecol ogical conditions
and can |l ead to contam nant transfers through the food chain;



contanmi nants that accunulate in sedinments are generally dispersed fromtheir
sources, resulting in relatively large areas of |ow | evel contam nation

surface sedinent contamination reflects both historical and on-goi ng contam nation
because marine biological activity in the biologically active top |ayer m xes
recently deposited sedinents with existing sedi nents and because physica

di sturbances such as currents or propeller wash can redistribute surface
cont am nat i on

the relatively | arge volunmes of sedinments requiring renedi ati on can present probl ens
regardi ng di sposal site availability and capacity; and

underwat er conditions conpound the technical challenges associated with assessing
controlling, and renedi ating contam nati on of environnental nedia

Remedi ati on of Eagle Harbor sedinents is further conplicated by the active use of the harbor
Cleanup activities will require coordination and planning in nearshore areas, subtidal |eased
| ands, and the navi gati onal pathways used by the Washington State Ferries. These and ot her
special features of a narine sedinent site have been considered in the RI/FS and this ROD.

8. DESCRI PTI ON CF ALTERNATI VES

This section briefly summari zes key el enents of the FS (Novenber 1991), including the
identification of cleanup areas in the East Harbor, the screening of alternatives, and the
devel opnent of individual alternatives for the East Harbor, including cost estimates and tine
frames. Descriptions of the alternatives are provided in Section 8. 4.

The FS identified cleanup alternatives for sedinents in intertidal and subtidal areas of Eagle
Har bor, including technol ogies effective for PAH contami nation, for metals contam nation, and
for both. The alternatives spanned a range of costs and conplexity, fromno action to
treatnent. For East Harbor sedinents, where the predom nant contam nants are PAHs, seven
alternatives were carried forward for detailed evaluation, including the no action alternative
as required. Six other alternatives were elimnated for East Harbor sedinents due to issues of
effectiveness, waste characteristics, process conplexity, inplenentability, and the availability
of nmore suitable options. Table 7 lists all of the alternatives considered and identifies those
carried forward for East Harbor sedinents.

8.1 Applicable or Relevant and Appropriate Requirenents

Remedi al actions inplenented under CERCLA nust neet legally applicable, or relevant and
appropriate requirenments (ARARs). ARARs include environnmental requirenents, criteria
standards, and other limtations pronul gated by federal, state, and tribal governnents. O her
factors to be considered (TBCs) in renedy sel ection and inplenentation may i nclude

nonpronul gated standards, criteria, advisories, and guidance, but TBCs are not eval uated
pursuant to the formal process required for ARARs. Local ordinances with pronulgated criteria
or standards are not considered ARARs, but nmay be inportant TBCs.

The Sedi nent Standards, described in Section 6, are a primary ARAR for this site, and are used
in defining the overall site cleanup objective. Cean Water Act Sections 401 and 404, relating
to dredging and fill activities in the waters of the United States, are potential ARARs for al
active remedial alternatives. Conpliance with these ARARs woul d require nonitoring of water

qual ity during dredging or capping, and would involve habitat nmitigation if the cleanup results
in an unavoi dable | oss of aquatic habitat. Section 10 of the federal R vers and Harbors Act, as
well as the state Hydraulic Code Rul es and Shoreline Managenent Act could al so be ARARs for



active alternatives.

O her potential ARARs are associated with specific alternatives. RCRA and the State of

Washi ngt on Dangerous Waste Regul ations could apply for on-site alternatives involving disposal
of sedinents. For consolidation and contai nnent without treatnment within an area of

contami nation these would not be applicable but could be relevant and appropriate. For
alternatives involving dredgi ng and treatnment of East Harbor sedinents, these |aws woul d be
applicable for sedinments determ ned to be dangerous or hazardous wastes. For in situ
alternatives, such as Capping, No Action, and Institutional Controls, these regul ations woul d
not be ARARs.

Di scharges of wastewater generated by dredging or treatnent of the sedinments could be subject to
the state Water Pollution Control Act and Water Quality Standards, as well as the National

Pol I uti on Di scharge Elimnation System (NPDES). For wastewater discharged to a publicly-owned
treatnent works, the state Waste Discharge Permt Programcould apply. For alternatives with
potential air releases, such as incineration, the federal Cean Air Act and Puget Sound Air

Pol I uti on Control Agency regul ations are potential ARARs.



Table 7
Screening of Alternatives

Alternative

A.  No Action/Natural Recovery

B. Institutional Controls/Natural Recovery

C. Capping

D. Renoval, Consolidation and Confined Aquatic
Di sposal

E. Renoval, Consolidatian and Nearshore D sposal

F. Renoval, Consolidation, and Upl and Di sposal

Wckof f

G Renoval, Consolidation, and Upl and D sposal
a Commercial RCRA Landfill

H Renoval, Treatnent by Incineration, and
Di sposal

I. Renoval, Treatnent by Solidification/
Stabilization, and D sposal

J. Renoval, Treatnent by Soil Washing, and
Di sposal

K. Renoval, Treatnent by Sol vent Extraction, and
Di sposal

L. Renoval Treatnent by Biological Slurry, and
Di sposal

M In Situ Solidification/Stabilization

Alternative carried forward for area indicated.

Not carried forward.

East Har bor

PAH Ar eas
Intertidal Subt i dal
Sedi ment s Sedi nent s

at

at



8.4 Description of the Alternatives

The follow ng descriptions of cleanup alternatives considered for the East Harbor is a summary
of nmore detailed information provided in the Eagle Harbor FS. Cost estinmates for the East

Har bor areas estimated in the FS (Table 10) are provided in Tables 12A and 12B. Table 13
provides estimates of the time necessary to inplenent each alternative. Renmedial action areas
costs, and tine frames for the East Harbor would be refined during renedial design

ALTERNATI VE A NO ACTI OV NATURAL RECOVERY

The No Action Alternative nust be evaluated to provide a baseline to which other alternatives
can be conpared. No active renediation of sedi ment contam nation woul d take place, although
source control activities at the Wclcoff Facility would continue. Hunmans and aquatic organi sms
usi ng contam nated areas of Eagle Harbor would continue to be exposed to el evated | evel s of
contam nants until natural recovery achi eved cl eanup objecti ves.

Nat ural recovery could occur gradually through deposition of new sedi ments, degradati on of PAH
by physical, chem cal, and biol ogi cal processes, and novenent of contam nated fine sedi nents
with tidal and other currents. As stated in Section 8.3.3 above, intertidal areas are expected
to recover within ten years, once significant contam nant sources are controlled, and natura
recovery processes may al so significantly reduce contamnation in subtidal areas with nmargi na
contam nant |levels. Most of the nore heavily contam nated subtidal areas, where natura
recovery could take fifty years or nore, have been addressed by the existing cap

No initial costs are incurred. The cost of nonitoring of seafood to evaluate reductions in
contam nant concentrations over tine is included as O&M

ALTERNATI VE B. | NSTI TUTI ONAL CONTROLS/ NATURAL RECOVERY

As with the No Action alternative, the Institutional Controls alternative does not involve
active renmedi ation of contam nated sedi nents. Natural recovery of contam nated sedi nents woul d
occur gradually in some areas (see No Action), and institutional controls such as access and use
restrictions, health advisories, and hazard educati on prograns for the public would be used to
limt potential human exposure to contam nants. These neasures woul d be continued as needed
until concentrations of nercury and PAH were bel ow | evel s of concern for human health

Use restrictions would include increased posting of the existing health advisories against fish
and shellfish consunption in intertidal and subtidal areas to reduce the potential for human
exposure to unacceptable | evels of contam nants in seafood. Fencing would be used to restrict
access to beach areas near the Wckoff Facility. Restrictions on commercial harvesting of fish
and shellfish could also be inplenented. Dredging in problemareas would be restricted, and
best managenent practices (BWMPs) for maintenance of creosoted pilings and other shoreline
operations would be required. Costs are considered under Q&M

ALTERNATI VE C. CAPPI NG

Cappi ng consists of |eaving the contam nated subtidal and intertidal sedinents in place and
covering themwith clean naterial to isolate the contam nation. The physical conditions that
the cap woul d be exposed to woul d vary depending on its |location and woul d determi ne the
detai | ed desi gn requirenents.

Subti dal cappi ng woul d invol ve placenent of a |ayer of clean nedium to coarse-grained sand
approximately 1-neter (3-feet) thick, to isolate contamnants and limt their vertical mgration
and release into the water colum. This cap thickness would also |limt the potential for narine



organi sns to reach the contam nated sediment. For purposes of estinmating costs it was assuned
that suitable sandy material could be obtained by dredging within a 3-kilometer (1.9 mle)
radius of Eagle Harbor. Identification of an actual source would be conducted during renedia
desi gn and woul d affect cost.

In order to provide full coverage of cleanup areas at the intended thickness, the side-slopes of
the cap woul d extend into adjacent unrenediated areas. For purposes of estinmating quantities in
the FS, approximately 3 neters (10 feet) of overlap was assuned. Cap performance requirenents
and limtations on perneability (e.g., construction naterials, cap naintenance requirenents, and
testing of contained naterials) would be further anal yzed during renedial design.

Physi cal conditions such as the slope and wave environment as well as hiol ogi cal and habitat

i ssues woul d be considered in the selection of material characteristics and could affect the

t hi ckness and extent of capping. Areas affected by currents induced by ferry propellers could
require a coarser grained material as "arnoring" to hold the cap in place

It is estinmated that design, procurenent, and construction of the cap (for both subtidal and
intertidal areas) would take three to four years. This assunes six nonths for final design, a
year for pilot testing of the cap, three nonths for design refinenent, six nonths for

nobi | i zati on/ denobi | i zation, and six nonths for placenent of capping materials

ALTERNATI VE D. REMOVAL, CONSCLI DATI ON, AND CONFI NED AQUATI C DI SPOSAL

Confined aquatic disposal (CAD) consists of dredging or excavating contam nated sedi ments from
the subtidal and intertidal zones, placing themin an excavated subtidal pit in Eagle Harbor
capping the relocated sedinents with a neter (three feet) of clean sedinent fromthe pit, and
di sposi ng of any excess clean sedinent at a Puget Sound Dredge D sposal Anal ysis (PSDDA)
open-wat er di sposal site (or applying themto beneficial uses el sewhere). Inportant
considerations in the design of this alternative include

The CAD site would be in a subtidal area below -7.5 neters (25 feet) nean | ower |ow water
(M.LW, with low current velocities. The upper surface of the CAD cap woul d be consistent with
the original harbor bottomcontours in order to mnimze cap erosion, disruption of navigation
and inpacts on harbor circulation. The west-central portion of the harbor coul d neet these
conditions and has sufficient area to acconmodate the contam nated sedi nent.

Cont ami nat ed sedi nent renoved fromintertidal areas would be replaced w th uncontam nat ed
material of a simlar type to mtigate the loss of intertidal substrate. |If necessary, sone of
the contam nated sedi nent renoved fromthe subtidal area would be replaced with simlar
uncontam nated naterial to assist in the restoration of eel grass.

It is estimated that design, procurenent, and construction of the CAD for the total volune of
contam nated sedi nent would take four to six years. This estinmate assunes a mni numof a year
for design, six nonths to excavate the CAD basin, two years to dredge and pl ace the contam nat ed
sedinent, six nonths to cover, and a year to nobilize and denobilize the operation

ALTERNATI VE E. REMOVAL, CONSCLI DATI ON, AND NEARSHORE DI SPOSAL

The alternative consists of constructing a contai nnent area adjacent to the shore in Eagle

Har bor, renovi ng contam nated sediments fromsubtidal and intertidal problemareas, placing the
contam nated sedinents in the containment area in the harbor, and capping the sedinents in the
containnent area with inported clean sand. The final elevation of the upper surface of the
contai nnent area woul d match the existing upland surface



This nearshore fill site would be located in an area that would m nimze disruption of

navi gation and operati ons on contiguous upland areas. The size of the disposal site would
depend on the ultimate volume of sedi ment renoved. Contami nated sedinment in the disposal site
woul d be kept saturated in order to lint contam nant release. The surface of the clean

sedi nent cap woul d be paved if necessary for post construction use, and a stormwater collection
systemwoul d be installed. As the containnent area would be built in nearshore areas which
general ly provide valuable habitat, habitat mtigation would probably be required. It is
estinmated that design, procurenent, and construction of the nearshore disposal facility for the
total volurme of sedinment would take four to five,years

ALTERNATI VE H REMOVAL, TREATMENT BY | NCI NERATI ON, AND DI SPCSAL

Use of this alternative would be linited to PAH contamnated intertidal areas with
concentrations belowthe MCUL for nercury. In this alternative, the excavated sedi nent woul d be
incinerated on site after dewatering and mlling to reduce the size of |arge sedinent particles.
It has been assuned that the solids content of the sedinent after dewatering woul d be

approxi mately 50 percent because of the sandy nature of the sedinents

The FS assuned that the incineration would be done in a rotary kiln, using natural gas or oil as
suppl emental fuel. The incineration rate would be 275 nB of sedi nent per day. The utilization
factor for the incinerator was assurmed to be 80 percent and the treatnment efficiency 99.99
percent. The area needed for the incinerator would be about 16,000 n2. The incinerator would
be equi pped as necessary to control the release of particul ate and gaseous em ssions.

It is estimated that design, procurenent, and incineration of the total volune of PAH

contam nated sedi nent in Eagle Harbor woul d take eight to el even years. The volune of East

Har bor sedi nments contaminated only with PAH is sonewhat snaller, but would not take appreciably
less tine to incinerate. |If tests of the treated sedi nent denonstrated conpliance with
perfornmance standards and PSDDA criteria, the treated sedi nent coul d be di sposed of at an
open-wat er di sposal site



Tabl e 12A. Estimated Costsa of East Harbor Sedinment C eanup Alternatives
Eval uated in Feasibility Study
| NTERTI DAL SEDI MENTS

Costs in Dollars

Based on FS Intertidal Areab

55,000 n2 (14 acres)
Alternative

Initial o_’M Tot a
No Action/ Natural Recovery 0 300, 000 300, 000
Institutional Controls/Natural Recovery 24, 000 376, 000 400, 000
Cappi ng 5, 900, 000 600, 000 6, 500, 000
Confined Aquatic D sposal 9, 800, 000 800, 000 10, 600, 000
Near shore Confined Di sposal 29, 500, 000 1, 500, 000 31, 000, 000
I nci neration 99, 200, 000 2,800,000 102, 000, 000
Bi ol ogi cal Treatnent 71, 500, 000 1, 900, 000 73, 400, 000

Table 12B. Estimated Cost of East Harbor Sedinment d eanup Alternatives
Eval uated in Feasibility Study
SUBTI DAL SEDI MENTS

Costs in Dollars

Based on FS Lower Bound Aread

of 235,000 n2 (58 acres)
Al ternative

Initial oM Tot a
No Action/ Natural Recovery 0 300, 000 300, 000
Institutional Controls/Natural Recovery 0 400, 000 400, 000
Cappi ng 13, 700, 000 800, 000 14, 500, 000
Confined Aquatic D sposal 26, 600, 000 1, 300, 000 27,900, 000
Near shore Confined Di sposal 46, 700, 000 1, 000, 000 48, 600, 000
I nci neration 238, 700, 000 5,200,000 243,900, 000
Bi ol ogi cal Treatnent 176, 000, 000 4, 000, 000 180, 000, 000

a Initial capital costs are based on 1990 dollars, and present worth of O&M was cal cul at ed
using an 8% di scount rate and a 30-year anortization period. Estimates are intended to be
wi thin +50% and -30% of actual costs, based on the estinated vol unes.

b Intertidal costs are based on 55,000 square neters, an area which includes 35,000 square
nmeters of intertidal sedinents in the East Harbor and 20,000 square neters in the Wst Harbor
Actual costs would be |ower, but relative costs woul d not change significantly.

¢ &M is operations and nai ntenance, including nonitoring.

d Estinated costs are based on areas devel oped for the Feasibility Study, for |ower bound
cleanup areas. This estinmate is close to the estimated area of sedinents not included in the
capped areas of the East Harbor but which fail one or nore of the MCUL chem cal criteria
(259,000 n2), as shown in Table 10.

d Areas outside the existing cap which fail one or nore of the S@ chenical criteria are
estinmated at 488,000 n2, approximately double the | ower bound areas. Estimated costs for
addressing these are provided in the FS, as upper bound cost estimates.



ALTERNATI VE L. REMOVAL, TREATMENT BY Bl OLOG CAL SLURRY, DI SPCSAL

In this alternative, excavated sedinents would be m xed and aerated as a slurry to enhance the
bi ol ogi cal degradati on of PAH and other organic contam nants. Control over treatnent conditions
woul d help naintain treatnment effectiveness with the relatively | ow organic content of the

sedi nents at Eagl e Harbor

The sedi ment would be treated in nobile treatnent reactors brought on site. The treatnent tanks
woul d be covered, and the off-gas would be treated as appropriate. The area needed for the
treat nent tanks and equi pment woul d be about 30,000 nR. A portion of the Wckoff Facility could
be used for the treatnent operations if they were coordinated with ongoing and future cleanup
activities there

The treated sedi ments would be tested to denonstrate conpliance with performance standards and
di sposed of at a PSDDA open-water disposal site. Excess wastewater fromthe sedinent treatnent
woul d be treated on site prior to discharge to the harbor. It is estinated that design
procurenent, and renedi ation woul d take nine to el even years for PAH contam nated sedi nents

t hroughout Eagle Harbor. For the East Harbor only, slightly less tine would be necessary.



Table 13. Estimated Tine to |nplenent East Harbor Renedial Alternatives

Estimated Tinme for Design,
Al ternative Procurenent, and
Renedi ati ona (years)

A. No Action NA

B. Institutional Controls/Natural Recovery 1to 10
C. Capping 3to4
D. Renoval, Consolidation, and Confined Aquatic D sposal 4to 6
E. Renoval, Consolidation, and Nearshore D sposal 4to5
H  Renoval, Treatnent by Incineration, and D sposal 8 to 11
L. Renoval, Treatnent by Biological Slurry, and D sposal 9to 11

a Modification of FS Table 5-1, which assuned cl eanup of all problemareas in Eagle Harbor
(430, 000 MB).

Tinefranmes adjusted to reflect volumes in areas for which alternati ve was devel oped for detail ed
eval uati on.

NA = Not Applicable.



9.3 Mdifying Oriteria

The final two criteria reflect the apparent preferences anmong, or concerns about, the
alternatives, as expressed by the State, the Suquam sh Tribe, and the Comunity.

9.3.1 State and Tribal Acceptance

The State of Washi ngton Departnent of Ecol ogy supported the preferred alternative for the East
Harbor in both the 1991 and 1994 Proposed Plans. Al though Ecol ogy has also witten to support
the technical aspects of the East Harbor selected renedy, formal concurrence is still under
consideration and will not be provided prior to issuance of this ROD.

The Suquam sh Tribe reviewed key docunents such as the Rl and FS and received technica

nmenor anda i ssued by EPA and the Proposed Plan. Contamination of fish and shellfish resources in
Eagl e Harbor is of concern to the Tribe and may be addressed by cleanup actions described in the
sel ect ed renedy

9.3.2 Comunity Acceptance

EPA considered all coments submitted during the public comment period on the 1991 Proposed Pl an
as well as the 1994 plan for final cleanup in the East Harbor. The comments have been taken
into account during the selection of the renedy for the East Harbor operable unit.

The 1991 Proposed Pl an identified capping of heavily contam nated sedinents as EPA's preferred
alternative for an interimaction pending further control of contam nant sources at Wckoff.
Comments on this plan indicated that the comunity was divided; while many supported EPA' s
preferred alternative, others indicated a preference for |ower cost alternatives such as No
Action (natural recovery over an indefinite period) or sone conbination of institutiona
controls, sedinent source renoval, and natural recovery.

The 1994 Proposed Plan identified capping as the preferred alternative for remaining

contam nated areas and identified a framework for inplenenting other actions as necessary unti
further control of sources warranted inplenentation of the final renedy. Limted coment was
recei ved, but none indicated opposition to EPA's preferred alternative. EPA responsiveness
summaries for both Proposed Plans are included in Appendix B

10. SELECTED REMEDY

Based on CERCLA, the NCP, the conparative analysis of alternatives, and the Adm nistrative
Record, EPA has selected the following alternatives for cleanup of East Harbor sedinents:

1 Institutional Controls/Natural Recovery (Alternative B) for intertidal areas,
and

Institutional Controls (Aternative B) conbined with Capping (Alternative Q
in subtidal areas of the East Harbor, excluding subtidal sedinent recovery
zones to be designated for specific environnental or technical reasons

As described in Section 3.5, subtidal capping in an area of the East Harbor heavily contam nated
with PAHs was conpl eted under CERCLA renoval authorities. Figure 13 shows the approxinate
capped area, subtidal areas, and intertidal areas addressed by the selected renedy. The

sel ected renedy incorporates the existing cap as an el enent of the final cleanup of the East

Har bor



EPA' s sel ected renedy includes a phasing approach for inplenenting certain necessary actions in
the East Harbor while ongoing cleanup actions at the Wckoff Facility provide increased control
of contam nant sources to Eagle Harbor sedinents. This approach is shown graphically in Figure
14. (Once significant sources have been sufficiently controlled, the final cleanup of remaining
contam nated areas in the East Harbor will comrence. The selected renedy al so provides for
nodi fications as necessary to ensure that the cleanup objectives will be achieved.

EPA has determned that for the East Harbor the sel ected remedy provides the best bal ance of the
nine evaluation criteria. Relative to institutional controls alone, the sel ected renedy
protects both hunan health and the narine environnment. Relative to other active alternatives,
the selected remedy mnimzes short termeffects associated with dredging and is quickly and
readily inplenented at a | ower cost, once contam nant sources have been controlled. Long-term
effectiveness can be ensured by nonitoring and mai ntenance. State of Washi ngton Departnent of
Ecol ogy concurrence on the selected renedy is under consideration.

Di scussion of the East Harbor selected renedy follows, under the follow ng nain headi ngs:

Cl eanup bj ecti ves

Probl em Areas and Actions
| mpl emrent ati on

Esti nated Costs

CERCLA Fi ve- Year Revi ew

The sel ected renedy nust achi eve the project objectives described in Section 10.1, bel ow.

10.1 d eanup njectives

For the East Harbor, an overall sedinent cleanup objective, devel oped according to the Sedi nment
Standards, is conbined with a supplenental objective for intertidal areas, devel oped by EPA

The conbi ned sedi nent cl eanup objectives were devel oped to ensure protection of hunman heal th and
t he environnent .

This section provides:

1 A summary of the franework provided by the Sedinent Standards for selection of
sedi nent cl eanup obj ecti ves,

A description of the specific objectives selected for intertidal and subtidal areas
of the East Harbor, and

A brief rationale for their selection.

Sedi nent cl eanup goal s and objectives for the East Harbor are largely the same as those for the
West Harbor; however, the subtidal cleanup objective has been nodified to reflect specific
conditions in the East Harbor. deanup in the East Harbor and Wst Harbor is intended to ensure
that within a reasonable tine frane, sedinent contamination is within the range of "m nor

bi ol ogi cal effects" or below, and at |evels protective of human heal th.

10. 1.1 Sedi nent Standards

The Sedi nent Standards, the primary ARAR for the East Harbor, were pronulgated in April 1991 and
provide a framework for devel opi ng sedi nent cleanup objectives at Eagle Harbor. The long-term
goal of the Sedinent Standards is "to reduce and ultinmately elinminate adverse effects on

bi ol ogi cal resources and significant health threats to humans from surface sedi nent



contam nation." The process for defining sedinent cleanup areas (referred to in the Sedi nent
Standards as "sites.") and establishing cl eanup objectives for these areas is summarized in the
foll owi ng paragraphs.

The Sedi nent Standards define two | evels of chemical criteria. The nost stringent |eve
corresponds to the long-termgoal of "no adverse effects" on sedinent biological resources,
while the less stringent |evel corresponds to "mnor adverse effects" on these resources. The
chemcal criteria are based on Puget Sound data which indicate sedi ment chem cal concentrations
above which specific biological effects have al ways been observed in test sedinments (see Section
6 for description of AETs). The Sedinent Standards al so define two |evels of biologica
criteria based on several types of biological tests. Like the chemcal criteria, the biologica
criteria correspond to no adverse effects and m nor adverse effects |evels.

The absence of adverse effects is predicted by attainnent of the nore stringent chenica
criteria, the "marine sedinent quality standards" (SQ) chemical criteria while mnor adverse
effects are predicted by chem cal concentrations ranging fromthe SQ@S to the | ess stringent

"m ni mum cl eanup level" (MCUL) chemical criteria. At contam nant |evels above the MCUL, nore
significant effects are predicted, and sedinent cl eanup nust be consi dered.

Cl eanup areas nmay be defined using chemcal criteria alone; however, the Sedi nent Standards
recogni ze that the chemcal data nmay not accurately predict biological effects for all sedinent
locations. Biological testing, allowed under the Sedinent Standards, can be conducted to

det ermi ne whet her biol ogical effects predicted by the chem cal concentrations are actually
occurring. The three neasures nust include two tests for acute toxicity to nmarine organi sns and
one for chronic biological effects. |If all three biological criteria are net for a given area
this area is not included in the cleanup area and does not require cleanup under the Sedinent
Standards. Failure to neet the biological criteria at the SQ8 or MCUL | evel can be denonstrated
by a single biological neasure. Failure of nore than one criterion at the SQ6 level is

consi dered equivalent to failure at the MCUL | evel

<I MG SRC 1094079L>
<I MG SRC 1094079M>
<I MG SRC 1094079N>

The intent of the Sedinent Standards is for sediments within a cleanup area to ultimately neet
the sedinent quality standards (SQ@), the level of no adverse effects. Once a cleanup area has
been defined as described above, a cleanup objective for the area is devel oped. The objective
must be within the mnor adverse effects range defined by the no adverse effects |evel (the SQB)
and the mnor adverse effects level (the MCUL). 1In all cases, if both biological and chem ca
data are obtained, the biological infornmation determ nes conpliance with the cl eanup objective
devel oped under the Sedi nent Standards

In certain cases, natural processes such as chem cal breakdown, dispersion, or sedinentation nay
reduce |l evels of sediment contam nation over time. The Sedi ment Standards all ow sel ection of an
obj ective which incorporates a reasonable period of tune for natural sedinent recovery. A
period of ten years is generally used as the natural recovery period, although extensions beyond
the ten year period nay be obtained if warranted. |f mathenatical nodeling predicts that
certain areas of contam nated sedinent will neet the cleanup objectives within the natura
recovery tinme frane without active renedi ation, natural recovery nay be included anong
alternatives evaluated for these areas. |If natural recovery is selected, the "sedi nent recovery
areas" are delineated, and nonitoring and conpliance testing required to confine the predicted
recovery.

Net environnmental benefits, cost, and technical feasibility of cleanup nust be considered in



sel ecting a cleanup objective, including one which nay incorporate a recovery period. At a
mnimum all sedinents in a defined cleanup area nust neet the MCUL within ten years after any
active remediation is conpleted in the area

10.1.2 East Harbor Cd eanup Goal s and bjectives

Wthin the framework described above, cleanup goals and objectives were devel oped for intertida
and subtidal sediments in the East Harbor

Consistent with the intent of the Sedinent Standards and the West Harbor ROD, achi evenent of the
S@S and reduction of contamnants in fish and shellfish to |l evels protective of hunman heal th and
the environnent are long-termgoals of sedinment renedial action in the East Harbor. These goals
represent a conceptual target condition for all Eagle Harbor sedinents

The prinmary neasurabl e objective for East Harbor sedi nments, however, is the MCUL (WAC
173-204-570). As in the West Harbor, the nmain focus of remedial action in the East Harbor is
achi evenent of the MCUL, bel ow which mnor biological effects are predicted. Conpliance with
the MCUL is docunented by conpliance with the corresponding biological criteria or, in the
absence of biological data, with the chemcal criteria of Table Il (WAC 173-204 520). Final
cleanup in the East and West Harbor operable units is intended to result in contamn nant
concentrations at or below the MCUL in surface sedinments throughout Eagle Harbor. MOUL and SQS
chemcal criteria for PAHs and nercury are listed in Table 8, and correspondi ng bi ol ogi ca
criteria are provided in Table 9.

EPA devel oped a suppl enental objective for intertidal areas. This intertidal cleanup objective
and the MCUL for subtidal and intertidal sedinents are described in the foll ow ng paragraphs.

Subti dal Sedi ment Objective

As noted, the subtidal cleanup objectives in the two Eagl e Harbor operable units differ in one
respect. Wile subtidal sedinents in both the East Harbor and Wst Harbor must be included as
part of a cleanup area if they contain contam nant concentrati ons above the MCUL, in the West
Harbor a natural recovery period is incorporated in the objective for a large subtidal area.
Active renediation is not required for West Harbor sedinents in this area if they are predicted
to achieve the MCUL within ten years. For the Wst Harbor, however, the cleanup objective for
subtidal sedinents does not incorporate a recovery period, unless warranted by specific physica
and ecological conditions in certain areas. Except in limted sedinment recovery areas, all East
Har bor subtidal sedinents with contam nant concentrati ons above the MCUL require active

renmedi ation. The difference between the East and West Harbor subtidal objectives is further

di scussed in Section 10.1. 4.

Identification of subtidal sedinment recovery zones in the East Harbor is provided for only in
areas where capping could adversely affect sensitive and val uabl e habitat, such as eel grass, or
wher e engi neered cleanup is not practicable, such as areas which are too steep or too deep
Prelimnary areas with steep slopes or eelgrass beds are identified in Figure 13A. Citeria for
del i neation of these areas will be devel oped during the renedi al design phase, based on current
envirommental science and engineering information. In renmaining subtidal areas, active
remediation is required if the top ten centineters of sedinent contai n contam nant
concentrations above the MCUL at the conpletion of source control. This subtidal objective is
termed MCUL-0 in this ROD (because cleanup is required for areas with contam nant concentrations
exceeding the MCUL at "tine zero," control of significant sources).



Intertidal Sediment Objectives

For East Harbor intertidal sedinents, as with intertidal PAH areas in the Wst Harbor, the
surface ten centineters nust achieve the MCUL within ten years fromcontrol of significant
sources to these areas. Since this objective incorporates the ten-year recovery period, it is
termed MCUL- 10

The objective of the MCUL is suppl enented by an objective of 1,200 Og/kg (dry weight),

devel oped by EPA to address hunman health risks from consunpti on of contaminated shellfish in
intertidal areas (See Sections 6 and 7). This objective requires that intertidal sedi ment HPAH
concentrations nust not exceed 1,200 Og/kg (dry weight). HPAHs nost closely approxinmate the
carci nogeni ¢ PAHs evaluated in the risk assessnent. The HPAH objective in sedinments corresponds
to the 90'M percentile of Puget Sound subtidal background HPAH concentrations available at the
time of the RI/FS. damtissue concentrations fromthe R showed a noderate correlation with
intertidal sedinent concentrations, and carci nogeni ¢ PAH concentrations in clans fromintertida
sedi ments with contaninati on above the HPAH criterion resulted in cancer risk estimtes above
EPA | evel s of concern

Achi everrent of the HPAH objective in intertidal sedinments is expected to result in corresponding
reductions in clamtissue contam nation. This additional objective does not alter the

requi renent of achieving the MCUL t hroughout the East Harbor. Because institutional controls
can be used to limt human exposure in intertidal areas until the cleanup objectives are

achi eved, however, ten years are allowed for sedinments to neet the MCUL and t he HPAH obj ecti ves.
This ten year period begins once significant contam nant sources to intertidal sedinments from
the Wckoff Facility have been controlled

Intertidal sediments are an inportant narine habitat, and unlike subtidal sedinents are very
sensitive to changes in el evation. Because environnental conditions (such as wave energy, grain
size, food supply, predation, and nmoisture) vary with mnor changes in elevation in the
intertidal zone, specific organisns are adapted to the habitat conditions at different

el evations. Changes in elevation caused by dredging or capping in the intertidal zone would
affect intertidal habitat. Conditions for natural recovery are significantly better for
intertidal than subtidal sedinents (See Section 8.3.3). Although sone intertidal areas adjacent
to the Wckoff Facility are clearly nore affected by ongoi ng sources of contam nation than
subtidal areas, natural recovery once sources are controlled is expected to elimnate the need
for high-inpact cleanup action. For this reason, the intertidal cleanup objective incorporates
the ten-year recovery period.

10.1.3 Rationale for Selected Ceanup Objective for East Harbor
Cleanup action is not required in areas with contam nation bel ow the MCUL chem cal criteria,
either in the East or West Harbor. Selection of the MCUL as an objective and as a neans of
defining cleanup areas is supported for the follow ng reasons

1 Uncertainty about predicted biological effects

1 Predi cted contam nant reduction in areas of marginal contam nation, and

1 The costs and inpacts of cleanup
In the East Harbor, biological effects above the range of "mnor adverse effects" were
docunented in contam nated sedi ments between the forner wood treating facility and the centra

channel (See Figure 12). Prior to placenent of the existing cap in these areas, sedinent
contam nant concentrati ons were above the MCUL by a significant margin for numerous PAHs.



Avai | abl e bi ol ogical data for areas where contanmi nant concentrati ons exceeded the MCUL by a
narrow nargin or for only a |limted nunber of PAHs did not show biol ogi cal effects above the
MCUL level. Since the predicted biological effects in such areas were not observed in two of
the three nmeasures, it is probable that sedinments with chem cal concentrations bel ow the MCUL
have m nor or no biological effects.

More inportantly, East Harbor areas where mnor biological effects would be predicted (i.e.
areas with contam nati on above the S@ and below the MCUL) are likely to recover wi thout active
cleanup. Over tine, certain organic contam nants, including PAHs, break down in the narine
environnent as a result of chem cal and biol ogical processes. In addition, biological activity
in the top layer can cause dilution of contam nants by clean sedinent mxed in from above or

bel ow the contami nated zone. As there are no rivers or other nmjor sources of clean sedinent to
Eagl e Harbor, little new sedinent settles in the East Harbor. However, the predom nant

contami nants are organic, rather than nmetals. Sedinments with PAH concentrations bel ow t he MCUL
tend to be at the nmargins of the contam nated areas and nore distant fromthe primary

contam nant source, the Wclcoff Facility. In these narginal areas, sedinent contam nati on was
likely caused by the transport of contam nated sedinments fromother nore contam nated areas and
is expected to be higher in surface sedinents than deeper sedinents. |In addition, cleanup in

adj acent MCUL-0 areas is likely to introduce clean sedinents to areas already bel ow the MCUL.
Such conditions are good for natural recovery processes, as described in Section 8.2.3. EPA
expects that East Harbor areas with contam nation |levels between the SQS and MCUL will continue
to inprove follow ng inplenentation of the renedy.

G ven uncertainties about biological effects, as well as the greater potential for contam nant
reduction through natural processes in East Harbor areas where contam nants are bel ow MCUL
criteria, EPA believes the potential benefits of cleanup in these areas do not warrant the costs
and short-termenvironmental inpacts of active cleanup. The MCUL represents an appropriate and
achi evabl e objective for the East Harbor and is consistent with cleanup levels required in the
West  Har bor .

Achi everrent of the MCUL will be an inportant step toward the S@ and considers the factors of
net environnmental benefit, cost, and inplenentability as contenpl ated by the Sedi nent Standards.

10.1.4 Conparison with West Harbor
As previously stated, the selection of the MCUL-0 for East Harbor subtidal sedinents reflects
different circunstances relative to the Wst Harbor. Specifically, the decision not to

incorporate a natural recovery period for the East Harbor subtidal sedinents is based on

1 the extended tineline prior to final East Harbor cleanup and

the I evel of docunented biol ogical effects,

The ROD for final cleanup of the West Harbor was issued in 1992. |In addition to requiring

achi evenent within ten years of renedial action or source control, the Wst Harbor ROD
identified three suppl enental objectives related to renoval of a sedinment hot spot, capping of
areas predicted to have nore significant effects, and institutional controls conbined with
natural recovery in certain intertidal areas. Areas where contam nant concentrati ons are bel ow
t hese objectives but above the MCUL could be elimnated fromactive cleanup requirenments if EPA
approved nodel ing indicated that natural recovery would achieve the MCUL in ten years (MCUL-10).
If identified, sedinent recovery zones will be in areas where contam nation is above the MCUL by
a small margin and where Rl data provided no evidence of either minor or significant biologica
effects. Wile R data were not sufficient to elimnate areas from cl eanup, they were supported
by ot her biol ogical studies of the West Harbor. C eanup design for the West Harbor is in



progress, and inplenentation of cleanup actions is anticipated in the next two or three years.

By contrast, for East Harbor sedinments additional time is necessary to further control

contam nant sources fromthe Wckoff Facility. The East Harbor ROD establishes a phased
approach to final cleanup for this reason (See Figure 14). EPA estinmates that sources nmay be
sufficiently controlled three to six years after issuance of this ROD. Al though the existing
cap is an inportant step toward addressing areas with significant biological effects, final

sedi nent renedial action in the East Harbor may begin several years after the Wst Harbor
cleanup. R biological data for the East Harbor show a range of effects, unlike the Wst

Har bor, where avail abl e data showed significant or no effects. Mnor or significant adverse
effects may be ongoing, particularly in renmining heavily contam nated areas close to the
Wckoff Facility. Sedinments in such areas tend to contain nunmerous PAHs at concentrations well
above the MCUL, rather than a limted nunber narginally above the MCUL. Effects in these areas
will continue in the years preceding final renedial action. During these years, contani nant
source reduction, natural recovery processes, and the existing cap may contribute to contam nant
reductions in the East Harbor. However, once sources are controlled, further extending the
tineline for recovery in areas predicted to have significant biological effects (above the MCUL)
is not warranted, except in limted sedinment recovery zones with sensitive habitat or technical
inpracticability. At the time of renmedial design, areas nmay be elimnated fromactive cl eanup
if it can be denonstrated that the predicted effects are not occurring, despite concentrations
above the MCUL chem cal criteria.

10.2 Problem Areas and Actions

This section describes specific remedial actions selected to achieve MCUL-0 in subtidal
sedi ments and both MCUL-10 and HPAH 10 in intertidal sediments.

As stated previously, the selected renedy is as follows:

1 Capping (with limted sedinent recovery zones) in Subtidal O eanup Areas
1 Nat ural Recovery in Intertidal O eanup Areas
1 Institutional Controls in Both Areas

Intertidal and subtidal sedinent cleanup actions and the institutional controls associated with
each are di scussed under separate headi ngs bel ow.

10.2.1 Subtidal Areas

The fol |l owi ng paragraphs describe the selected renedy and how it applies to the existing cap,
remai ni ng cl eanup areas, and sedinents with contam nant |evels below the MCUL. Specific actions
are identified which may be i nplenented to ensure the success of the overall renedy.

Sel ect ed Renedy

The sel ected renedy for subtidal sedinents which exceed the MCUL chemical criteria is capping
(Alternative Q. As noted, subsequent to the 1991 Eagl e Harbor Proposed Plan, a sedinent cap
over heavily contam nated areas of the East Harbor was conpl eted under CERCLA renoval
authorities to address docunented adverse biological effects in heavily contam nated aress.
After significant sources of contam nation have been sufficiently controlled, remaining subtidal
sedinents with contam nation above the MCUL chemcal criteria will also be capped. The aress to
be capped will be based on final renedial design sanpling. Biological testing in accordance
with the Sedi ment Standards nay be conducted during renedial design to refine cleanup areas.



Areas which neet the MCUL biological criteria for all such tests do not require cleanup

As described in Section 8, the assunmed cap design is a |layer of clean sedinments approxinately
three feet thick. Contam nant concentrations in capping nmaterial nust be at or below the

Sedi nent Standards SQS chenmical criteria. Cap materials mnmust provide suitable habitat for
recol oni zati on by benthic organisns. Placenent of capping naterials will be designed to
mnimze inpacts on existing biota and habitat while depositing three feet of clean sedinent in
all areas where contam nant concentrations exceed the MCUL in the top ten centineters

It may be appropriate to design the cap with less than the three-foot thickness in sone areas
Such a nodification would be considered to minimze the effects of sedinent placenent on the
exi sting marine enviroment, provided the long-termeffectiveness of the renedy is assured.

Q her design nodifications may i nclude the placenent of coarse naterials or other adjustnents
necessary to ensure the long-termeffectiveness of the cap given the physical, ecological, and
chem cal conditions in and near the cleanup area. Such nodifications would require prior EPA
appr oval

Exi sting Cap

Wil e source control efforts continue, the existing cap will be nonitored and any necessary work
to maintain the cap conpleted. A portion of the cap is located in the ferry navigation path,
and areas closest to the ferry termnal are subject to currents generated by docked ferries. |If
nonitoring indicates significant erosion of cap materials due to ferry propeller wash or
currents, it may be necessary to supplenent the cap with additional sandy naterials or to place
coarser materials in sone areas to limt cap erosion. These cap nai ntenance activities will be
conpl eted as necessary, either prior to or in coordination with design and inplenmentation of
final actions in other areas.

MCUL Areas

Once control of significant sources has been achi eved, cleanup areas will be delineated for
design of a cap to address renmi ning subtidal cleanup areas. Design of the cap will factor in
the existing cap and will take into account specific conditions that nay call for nodifications
of the three-foot cap approach, specifically habitat value, slope, depth, and currents. In
certain areas, capping may be technically inpracticable (for exanple, on steep slopes) or cause
inpacts to valuable and sensitive habitat (for exanple, eelgrass). For such areas, it may be
appropriate to allow natural recovery rather than requiring active renediation. Designation of
natural recovery zones in these areas will be considered only if reasonabl e engi neering

nodi fications to the renedy cannot effectively address these areas. Further discussion is
provi ded bel ow.

In areas of the East Harbor not addressed by the existing cap, a nunber of environnenta
conditions may dictate nodifications to the cap (Alternative C described in Section 8. The
exi sting cap was conpleted in conditions well suited to capping. The cap was placed in gently
sl opi ng areas of the harbor 30 to 50 feet bel ow nean | ower |ow water |evel (M.LW, except for a
smal | area of shall ow sedi nents. Eelgrass beds rarely occur below 30 feet, and in the shall ow
area were extrenely sparse

North of the Wckoff Facility, a subtidal shoal extends into the East Harbor. Sedinents in this
area and at the nouth of Eagle Harbor are subject to stronger currents than protected areas
inside the harbor. |In addition, beyond the gradually sloping intertidal area on the east side
of the shoal, the harbor bottom sl opes steeply and deepens to over 60 feet below MLLW [f these
areas are contami nated above the MCUL at the tinme of remedial design, cap design efforts will
eval uate technical nodifications to achieve the cleanup objective. |If cleanup is technically



inpracticable, these areas will be allowed to recover through natural processes and nonitoring
will be required to verify natural recovery.

I mredi ately adj acent to the Wckoff Facility is a shallow subtidal area known as the log-rafting
area. In addition to log-rafting, the area was used for |oading creosote frombarges to the
Wckoff Facility. Contamnation in the sedinments was |ikely caused by a conbination of spills
surface runoff, migration fromheavily contamnated facility soils, and other neans. EPA has
excavat ed and renoved heavily contam nated soils adjacent to the log-rafting area, but existing
sedi nent contam nati on remai ns severe. Near-surface pockets of free-phase oily contam nation
have been observed, and the sedinents are very fine. Renediation in this area may require

engi neering nodifications to mnimze inpacts of cap placenent and to ensure the effectiveness
of the cap. Modifications for effectiveness could include extra cap thickness, special capping
materials, or limted excavation of sedinment hotspots for consolidation with Wckoff Facility
soi | s.

In Puget Sound, eelgrass beds may exist in intertidal and shall ow subtidal areas. Eelgrass beds
provi de val uabl e habitat for nmarine organisns and are difficult to restore once danmaged or

destroyed. |In the East Harbor, eelgrass beds exist near the harbor nmouth on both the north and
south shores. |f eelgrass beds are included or directly adjacent to areas contam nated above
the MCUL, design efforts will evaluate ways to mnimze inpacts to this habitat. |f necessary,

such areas will be allowed to recover through natural processes, and nonitoring will be required
to verify the recovery.

Areas Failing the SCs

Areas of the East Harbor may exceed the long-termgoal of the Sedinent Standards SQ@S chenica
criteria at renedial design. Al though contam nant concentrations in these sedinments already
nmeet the MCUL and are predicted to continue to i nprove through ongoi ng natural recovery
processes, limted nmonitoring will be conducted in these areas to eval uate ongoi ng natura
recovery processes, the effectiveness of source control actions at the facility, and changes due
to renedial actions in adjacent areas

Engi neering feasibility in inplenenting a three-foot cap in adjacent areas with contam nant
concentrations above the MCUL nay dictate placenment of clean sedinent for side slopes in

adj acent SQS areas. Extending the benefits of renediation into S@ areas in this nmanner would
hasten the achi evenent of the S@ in the East Harbor, consistent with the intent of the Sedi nment
St andar ds.

10.2.2 Intertidal Areas

The fol |l owi ng paragraphs describe the selected renedy for intertidal sedinents, including
actions that may be considered to ensure the success of the overall renedy.

Sel ect ed Renedy

The selected renmedy for intertidal sedinents with total HPAH concentrations of 1,200 Og/ kg or
nore (dry weight) or with PAH concentrati ons above the MCUL is natural recovery conbined with
institutional controls (Alternative B). Contam nant concentrations in such areas nust neet the
HPAH obj ective and the MCUL within ten years fromcontrol of significant sources of

contam nation to these areas. Monitoring will be necessary to docunent natural recovery to both
t hese objectives (HPAH 10 and MCUL- 10).

Based on existing data, intertidal areas of Eagle Harbor where contam nant concentrations exceed
t he HPAH obj ective of 1,200 Og/ kg correspond closely with areas where intertidal sedinents



exceed two or nore MCUL chemical criteria for individual PAHs. Intertidal sedinents adjacent to
the inactive Wckoff Facility currently exceed both the MCUL and the HPAH objective. Sone East
Har bor | ocations along the north shore may marginally exceed MCUL chemical criteria for a single
PAH.

As noted previously, PAHs are rapidly degraded by exposure to ultraviolet or visible |ight
(Payne and Phillips, 1985), while microbial degradation of PAHs is enhanced by aerobic
conditions. For this reason, sedinent natural recovery is nost effective in intertidal areas
where sedinents are exposed to air and sunlight between high tides.

Once control of significant sources to the beach adjacent to the Wckoff Facility is achi eved
beach sedi nents are expected to neet both the HPAH 10 and the MCUL-10 within ten years. At the
start of the ten-year recovery period, the problemareas will be delineated and baseline
conditions established for nmonitoring natural recovery. Mnitoring will be necessary during the
natural recovery period to docunment progress toward and achi evenent of the objectives. In
locations on the north shore natural recovery is expected to achieve the MCUL chenical criteria
readily

Because the HPAH objective is intended to protect hunman heal th, biological testing according to
the Sedi nent Standards cannot be used to elimnate or reduce cleanup requirenents for sedinents

contam nated above this level. In intertidal areas which exceed the MCUL but are |less than or
equal to the HPAH objective, biological testing may be conducted to denonstrate the absence of
significant biological effects. In such areas, if the MCUL biological criteria are nmet, no

further consideration is required. Conparisons to the MCUL chemcal criteria will take into
account the potential for low total organic carbon content to affect results, in accordance with
gui dance devel oped for the Sedi nent Standards

Prior toinitiation of the ten-year recovery period, efforts to further control contam nant
sources at the Wckoff Facility will continue. During this tine, nonitoring of the adjacent
intertidal areas will be necessary. The purpose of nonitoring in such areas is to evaluate the
potential for natural recovery in heavily contam nated areas and to assess the need for

addi tional actions. Such actions nmay be necessary to ensure the success of the overall renedy.
Specifically, for nore heavily contamnated intertidal areas where nonitoring indicates that
natural recovery processes are insufficient to achieve the two objectives, possible additiona
actions include:

Enhancenent of natural recovery processes, and
Excavati on of sedinent hotspots.

Due to years of oily seepage, subsurface reservoirs of contam nation may exist in the intertida
zone adj acent to the Wckoff Facility. Such sources could re-introduce contam nation to surface
sedi nents through tidal flushing, offsetting reductions in surface sedi nent contam nation

t hrough natural recovery processes.

Subsequent to the ROD, additional sanpling will be conducted to identify such reservoirs and
areas where natural recovery nmay be inhibited. Mechanisns for enhancing or accel erating

bi ol ogi cal or photochem cal breakdown processes nmay be sufficient to address such areas.

Nutri ent enhancenent and tilling of the sedinments are two exanpl es of such nechani sms. Test
plots or pilot tests to ensure that a specific mechanismis appropriate for site conditions nay
be necessary. Enhancenent of natural recovery woul d be inplenented as necessary if tests

indi cate that enhancenent of natural recovery is likely to accel erate hotspot contam nant
reduction sufficiently. This nechanismcould be extended into other contam nated intertida
areas, a decision which would be based primarily on cost-effectiveness and desi gn
consi der ati ons



If the sanpling identifies areas that will not achieve the objectives despite enhancenent
nmechani sns, excavation of specific hotspots will be considered as a further nodification of the
remedy. Excavated sedinents could be managed with upland soils in coordination w th Wckoff
Facility cleanup actions.

The nonitoring, tests, and potential additional actions will be inplenented as appropriate in
coordination with activities at the Wckoff Facility and with sedi ment renedi al design, to
ensure that the sedinents will achieve the objectives within the ten-year recovery period

10.2.3 Institutional Controls/Site Use Restrictions

Institutional controls are part of the selected remedy. In conbination with remedial action
they will ensure protect hunman health and the enviroment in both subtidal and intertidal areas

Heal th Advi sory

Consunption of clanms, crabs, fish and other nmarine organi sns from Eagl e Harbor is considered a
pathway of potentially significant health concern. In addition to inplenentati on of specific
institutional controls in intertidal areas, the selected renmedy supports continuation of the
exi sting health advisory described in Section 2.2, calls for efforts to increase public

awar eness of seafood contam nation, and requires periodic nonitoring of seafood contamn nant

| evel s.

Since 1985, the Brenerton-Kitsap County Health District has alerted citizens to chenm cal and
bacterial concerns, advising against the harvest of fish or shellfish fromthe harbor, through
signs posted in publicly accessible areas, a hotline, and correspondence to potentially affected
residents. EPA supports the continuation of this advisory until chem cal contam nants in

seaf ood are bel ow EPA | evel s of concern identified below. Al though not part of this ROD, it is
expected that the advisory will continue as necessary for other reasons, such as bacteria
cont am nati on

I ndi cator concentrations for contam nants of concern were identified in the West Harbor ROD to
eval uate potential continuing human health risks and to generally assess the success of renedia
action. The sane levels will be used to eval uate East Harbor data. The concentrations
correspond to |l evels protective of human health for cancer and non-cancer effects. The

i ndi cator concentrations for nethyl-nmercury in fish and shellfish tissue are 0.22 ng/kg and 0. 98
ng/ kg (wet wei ght), respectively. The sum of carcinogenic PAH concentrations is 15 Og/ kg and

60 Og/ kg in fish and shellfish tissue, respectively. In coordination with the requirenent of
the West Harbor ROD and regional nonitoring prograns, periodic testing for chenical contam nants
in fish, crabs, and clans fromEagle Harbor will be used to assess public health risks and

eval uate the success of renediation in reducing contam nant concentrations in edible seafood.
Wil e the indicator thresholds are anong the prinary considerations for continuance of the

heal th advi sory, EPA and the health agencies nay establish additional thresholds for other
contam nants to protect human health.

At the CERCLA five-year review and ten years after conpletion of renedial action in the Wst
Harbor, EPA will evaluate the need for continued nonitoring of fish and shellfish tissues. |If
tissue nonitoring does not indicate a trend toward decreasi ng concentrations of site

contam nants ten years after conpletion of all final renedial actions in Eagle Harbor, EPA will
evaluate the need for additional action

Use/ Access Restrictions

Sore restrictions on use and access of the East Harbor may be necessary to ensure protection of



human health prior to and during inplenentati on of the selected renedy, and to ensure protection
of conpl eted renedi al actions

It is currently possible to approach the beach adjacent to Wckoff by boat as well as by wal ki ng
north from Rockaway Beach. Warning signs are posted on the fence surrounding the upland Wckof f
Facility to advi se agai nst the harvesting of seafood fromthe adjacent beach areas. To further
m nimze access to these areas, additional warning signs (using the sanme visual synbols and the
warning in nultiple | anguages) will be posted and nai ntai ned, and physical barriers (a fence or
other barrier) will be positioned at the south end of property. To the extent possible, warning
signs and physical barriers will be effective at low tides, when an extensive area i s exposed

To make the warnings visible to recreational boaters, larger signs will also be posted

In addition, restrictions on uses of renedi ated subtidal and recovering intertidal areas may be
necessary to prevent inpacts on ongoing or conpleted cleanup. For exanple, restrictions on
anchoring or dredging in or near capped areas will be inposed if necessary.

10.3 Inplenentation

Figure 14 provides a framework for the timng of renedial activities. Detailed plans and
schedul es for key elenents of renedial design and renedial action will be devel oped as
appropriate informati on becomes avail able. Final sedinent cleanup actions will be initiated
after control of significant contam nant sources at the Wckoff Facility. |f sources to a
specific area are controlled in advance of other source control, cleanup action in these areas
may proceed separately, depending on the costs of separate design and inplenentation relative to
the benefits of early cleanup. Wile source control efforts continue, certain actions may be
necessary to ensure the protection of human health and the environnent.

I mpl emrent ati on of the selected renedy requires coordination anong EPA, Ecol ogy, and ot her

i nvol ved agencies, including the Washington State Ferries, the Gty of Bainbridge Island, the
CCE, federal and state natural resource agencies, the Suquam sh Tribe, and state and | oca

heal th agencies. Coordination with the affected community and potentially responsible parties
will also be inmportant during remedi al design and renedial action. Coordination with Wst

Har bor cleanup activities and with source control and site cleanup work at the Wckoff Facility
wi Il be necessary. Although no critical habitats have been identified in the East Harbor, EPA
will continue to coordinate with the U S. Fish and Wildlife Service to assure that renedial
activities do not adversely affect threatened or endangered species. EPA will issue fact sheets
and hold public neetings at key points in the inplenentation process, to keep the comunity
involved and informed. Periodic neetings with interested comunity groups can be arranged if
request ed.

Key el enents of inplenmentation include the follow ng:

1 coordi nation with contam nant source control efforts,
nmonitoring prior to final renmedial design

potential necessary actions prior to final cleanup
final renedial design and renedial action, and
post-renedi al action nonitoring and nai nt enance

These el ements are described in the foll owing sections
10.3.1 Coordination w th Contani nant Source Contro

Efforts to control Wckoff Facility sources of contam nation to the East Harbor are being
managed as part of Superfund cleanup activities at the Wckoff Facility and G oundwat er operabl e



