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DECLARATI ON OF THE RECORD OF DECI SI ON

SI TE NAME AND LOCATI ON

Naval Undersea Warfare Center, Division Keyport (NUWC Keyport)
Qperable Unit 1 (Area 1)
Keyport, Washington

STATEMENT OF BASI S AND PURPCSE

The NUWC Keyport site consists of two operable units. Operable Unit 1 (QU 1) addresses Area 1 (the forner
base landfill), while Qperable Unit 2 (QU 2) addresses the remaining Areas (Areas 2, 3, 5, 8 and 9). The site
was split into two operable units because of public concerns about the Area 1 landfill. This was done to
allow nore tine to consider alternatives for Area 1 while proceeding to a decision for the other Areas. A
separate Record of Decision was previously approved for QU 2 in Septenber 1994, so the renedial actions for
QU 2 have been sel ected and their inplenentation is underway.

Thi s deci si on docunment presents the selected renedial action for QU 1, chosen in accordance with the

Conpr ehensi ve Environnmental Response, Conpensation, and Liability Act (CERCLA), as amended by the Superfund
Anendnents and Reaut hori zation Act (SARA) and, to the extent practicable, the National Contingency Plan. This
deci sion is based on the adm nistrative record file for this site

The | ead agency for this decision is the United States Navy (Navy). The United States Environnenta

Protection Agency (EPA) and the Washington State Departnent of Ecol ogy (Ecol ogy) have participated in scoping
the site investigation and in evaluating alternatives for renedial action. Ecol ogy and EPA concur with the
sel ect ed renedy

ASSESSMENT OF THE SI TE

Actual or threatened rel eases of hazardous substances fromthis site, if not addressed by inplenenting the
response action selected in this Record of Decision (ROD), may present an inmmnent and substantia
endangerment to human health or the environnent

DESCRI PTI ON CF THE SELECTED REMEDI ES

The remedial actions for QU 1 address potential human health and ecol ogi cal risks posed by the landfill. The
chem cal s of concern are chlorinated aliphatic hydrocarbons (CAHs) and pol ychl ori nated bi phenyls (PCBs).

Di rect exposures to chemicals within the landfill could cause human health risks above acceptabl e risk
levels. PCBs currently exceed chemical criteria of the state sedinent quality standards in a part of the
nmarsh adjacent to the landfill. However, the chemi cal and sedi nent bioassay results taken together predict no

current adverse effects to the sedi nent benthic organisms. PCBs and CAHs are present in groundwater
downgradi ent of the site and in sone surface water sanples, and PCBs could accurul ate i n the downgradi ent
marsh and marine environnment. Hydrogeol ogi ¢ conditions direct groundwater into the adjacent surface water and
away from areas where drinking water wells exist or could exist in the future, and these conditions are not
expected to change. |f hydrogeol ogic conditions were to change in the future, or concentrations of chenicals
of concern were to increase downgradient of the landfill, unacceptable risks could occur to human health or

t he environment

The naj or conponents of the selected renmedy are as foll ows:

. Treat CAH hot spot in the landfill by phytorenediation (using poplar trees)
. Remove PCB-cont am nat ed sedi nents

. Upgrade the tide gate

. Upgrade and maintain the landfill cover

. Conduct | ong-termnonitoring

. Take contingent actions for off-base donestic wells, if necessary

. I mpl emrent institutional controls

The phytorenedi ation action is ained at reduci ng the main sources of CAH contanination in order to inprove
conditions over the long term and reduce the potential for these chem cals of concern to cause unacceptable
risks in the future. The sedi ment renoval action is intended to reduce the amount of PCB-contam nated
sedinent in the part of the marsh having the highest PCB concentrations, in order to reduce the potential for
PCB di scharges in the seep or groundwater to accumul ate to unacceptable risk levels in the marsh sedi nents,
and to reduce the potential for PCB-contam nated sedinents to migrate fromthe marsh to the tide flats where
the PCBs coul d accunul ate in shellfish tissues. The institutional controls and landfill cover actions will be



used to prevent human health risks at the landfill that coul d otherw se occur from groundwater use or contact
with soil or landfill material. Upgrading the tide gate will be done to protect the landfill fromfl ooding
and long-termerosion by tidal action. The long-termnonitoring will be used to check expectations that
contam nants will not cause unacceptable future risks, and deternmine if nore action is needed or if actions
can be decreased or discontinued in the future. The contingent actions will be used to prevent potential
drinking water risks and will be taken if the nonitoring results show that hydrogeol ogi ¢ conditions change
such that the groundwater plume fromthe landfill is noving toward, and may contami nate, an off-base domestic
well or wells. The contingent actions will involve installing a new well in a deeper, uncontam nated aquifer
on properties |ocated within the projected flow path of the plune, or connecting themto the public water

suppl y.
STATUTCORY DETERM NATI ONS

The selected remedy is protective of human health and the environment, is in conpliance with federal and
state requirenents that are legally applicable or relevant and appropriate to the renedial action, and is
cost-effective. The remedy utilizes permanent solutions and treatment technol ogies to the naxi mum extent
practicable and satisfies the statutory preference for renmedi ati on that enploys treatnent that reduces
toxicity, mobility, or volune as a principal element for this site. Hazardous substances will be left on site
above risk-based levels; therefore, the five-year revieww || apply to this action. The five-year review for
QU 1 will be nade to coincide with the five-year review schedule for QU 2.

Signature sheet for the Naval Undersea Warfare Center, Division Keyport Qperable Unit 1 Record of Decision
between the United States Navy, The United States Environmental Protection Agency, and the Washi ngton
Department of Ecol ogy.
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Signature sheet for the Naval Undersea Warfare Center, Division Keyport Operable Unit 1 Record of Decision
between the United States Navy, the United States Environmental Protection Agency, and the Washington State
Depart ment of Ecol ogy.
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1.0 1 NTRCDUCTI ON

In accordance with Executive Order 12580, the Conprehensive Environnental Response, Conpensation, and
Liability Act of 1980 (CERCLA) as anended by the Superfund Amendrments and Reaut horization Act of 1986 (SARA),
and, to the extent practicable, the National O and Hazardous Substances Pol | ution Contingency Plan, the
United States Navy (Navy) is addressing environnental contam nation at the Naval Undersea Warfare Center,

Di vi si on Keyport (NUC Keyport) by undertaking remedi al action. The selected renedial action has the approva
of the United States Environmental Protection Agency (EPA) and the Washington State Departnent of Ecol ogy
(Ecol ogy) and is responsive to the expressed concerns of the public. The selected renedial actions will
conmply with applicable or rel evant and appropriate requirenments (ARARs) pronul gated by Ecol ogy, EPA and
other state and federal agencies.

2.0 SITE NAME, LOCATIQON, AND DESCRI PTI ON

NUMC Keyport is located in Kitsap County in the central portion of Puget Sound (Figure 2-1). The facility
occupi es about 340 acres of a small peninsula in Liberty Bay (Figure 2-2). A small shallow | agoon occupies
the sout heastern portion of the naval property. The tide flats and Dogfish Bay, which is an extension of

Li berty Bay, are located on the western side of the base. H storic photographs show that, prior to 1912, the
shal | ow | agoon and Dogfi sh Bay were connected by the tide flats or marshy | ow ands. By the 1940s, nuch of
this marsh had been filled by the Navy.

Near by comrunities include the town of Keyport, which is imediately adjacent to NUOC Keyport; the Port

Madi son | ndi an Reservation, which lies northeasterly of the base across Liberty Bay; Poul sho, which is about
three mles to the north of the base; and Silverdale, which is about six mles southwest of the base (Figure
2-1). Most land in the vicinity of NUC Keyport is used for |owdensity residential or light industria

pur poses.

The fornmer base landfill conprises about nine acres in the western part of the base next to the tide flats
and Dogfish Bay (Figure 2-2). This landfill was referred to in the Navy's early site investigation studies as
the NUMES Keyport Landfill. The site, including the adjacent, potentially-contam nated environment, was al so
called Area 1 and is currently designated Qperable Unit (QU) 1. Most of the landfill area was formerly a

mar shl and that extended fromthe tide flats toward the shallow | agoon. A portion of this marsh remains on the
western and southern sides of the landfill. The landfill is unlined at the bottomand the majority of the top
is covered with asphalt. The rest is covered with soil, so that landfill waste material is not exposed at the
surface

Most of the northern part of the QU 1 landfill is unpaved; it was occupied by office trailers until 1994.

G ound cover in this part of the site includes gravel, fine-grained soil, and grassy areas. The centra
portion of the QU 1 landfill is currently paved with asphalt and serves as a parking or material storage
area. It has an elevation of about ten feet above mean sea |l evel. The southern end of the landfill is paved

with asphalt and several buildings used for above-ground storage of hazardous wastes and materials are
| ocated there. Several years ago, the Navy constructed a new facility for managerment of hazardous wastes off
the landfill and noved al nost all of these operations to the new | ocation

The approxi mate boundary of the landfill, based on the Initial Assessment Study (IAS) by SCS Engineers
(1984), is indicated in Figure 2-3. The data collected during the renedial investigation (R') and the

suppl emental field studies in 1995 and 1996 are in general agreement with this boundary. The eastern boundary
of the landfill was confirned by a site investigation (URS 1992) showi ng that the landfill does not extend
beyond the eastern side of Bradl ey Road. This study did not include the northern boundary of the landfill,
the exact |ocation of which is not certain. The boundaries of the landfill to the south and west are

i mredi ately adjacent to a marsh pond and associated wetl and areas that |ie between the landfill and Shapely
Road. The landfill boundary next to the marsh generally coincides with the |ocation of an enbanknent sl oping
fromthe top of the landfill down to shoreline of the wetland. The elevation difference between the |andfil
surface and the shoreline is typically about 5 feet, except in the northern end of the marsh near Torpedo
Road, where there is a small knoll on the landfill and the elevation drop to the wetland is about 15 feet.
Field investigations (e.g., soil borings) have not been perforned to verify the northern, southern and

west ern boundaries of the landfill.

Al t hough nuch of the landfill area itself is paved and fenced, the areas of grass and exposed soil that do
remain provide terrestrial habitat. Scotch broom and bl ackberry are the dom nant species in disturbed areas
between the landfill and narsh. Forest habitat south of the landfill is represented by a dense stand of red

al der interspersed with Douglas fir. Red alder is also found along the slopes on the western side of the
marsh. Wthin the wooded areas there is a dense understory of salal, ferns, blackberry, O egon grape,
rhododendron, various vines, and coarse grasses

The forested areas provide habitat for rodents, small anphibians such as sal amanders, snakes, and possibly



deer or coyote. Birds associated with the forest habitat include sparrows, chickadees, gol dfinches,

hurmm ngbi rds, crows, and occasional hawks. An eagles nest was di scovered in August 1996 on the hill south of
the shal l ow | agoon. The eagle's raised three fledglings, and the pair returned in 1997. Eagl es have al so been
observed in this area during 1998

Marsh vegetation is dom nated by pickl eweed and saltgrass. Additional marsh plants include saltnmarsh bul rush
seasi de arrowgrass, Douglas aster, and velvet grass. Stands of cattail are confined to the southern end of
the marsh pond where fresh water m xes with brackish pond water. Floating nats of epiphytic al gae are present
in the open water zone. Snall crustacea such as anphi pods are common in the marsh creek. Gher marsh wildlife
includes otters, nuskrats, voles, barn swallows, belted kingfishers, mallards, gulls, great blue herons, and
hawks. Shapely Creek probably once supported a snmall spawni ng popul ati on of sal nonids, although access
restrictions and habitat degradation caused by devel opnent have elimnated the viability of a sustained
popul ati on. The streamreach bel ow the marsh contains estuarine fish species such as stickl eback and scul pin

The tide flats and nmuch of Dogfish Bay are tidally exposed areas representing primarily fine-grained sedi nent
habi tat. Typical Puget Sound invertebrates such as pol ychaetes, snails, and crustacea, are present. Severa
species of clans were also identified, including native littleneck clam bent-nosed clam mud clam Manila
clam Washington clam and basket cockl e.

The entire QU 1 landfill lies within the 100 year floodplain (URS 1993d). The narsh area, including the pond
and the streans that feed and drain the pond up to an elevation of approxinmately five ft MSL, were identified
as wetlands in a 1992 delineation (WIltermood 1992). No rare, threatened, or endangered species are known to
inhabit QU 1 itself, however, as nentioned above, an eagle's nest was observed in 1996 el sewhere on the NUWC
facility and eagl es were observed in 1996, 1997 and 1998. No historic areas that are eligible for listing on
the National Register are known to exist at QU 1.

3.0 SITE H STORY AND ENFORCEMENT ACTI VI TI ES
3.1 SITE H STORY

The NUWC Keyport property was acquired by the Navy in 1913 and first used as a quiet-water range for torpedo
testing. The first range facility was located in Port Ochard inlet to the southeast of the site. The first
bui | di ng was constructed in 1915. During and soon after Wrld War |, sone minor additions were made to the
base. The | argest expansion in activities and acquisition of additional property occurred during Wrld War
.

During the early 1960s, the role of the base was expanded fromtorpedo testing to include manufacturing and
fabrication operations, such as welding, metal plating, carpentry, and sheet netal work. Mre expansi on took
pl ace in 1966, including the building of a new torpedo shop. In 1978, the facility changed nanes from Nava
Torpedo Station Keyport to Naval Undersea Warfare Engineering Station (NUES) Keyport in recognition that the
functions had broadened to include various undersea warfare weapons and systens engi neering and devel opnent
activities. In 1992, the name of the facility was changed agai n, becom ng NUC Keyport. COperations currently
include test and eval uation, in-service engineering, maintenance, and repair, Fleet readiness and industria
base support for undersea weapons systens, counter-neasures, and sonar systens.

The QU 1 landfill was the primary disposal area for both donestic and industrial wastes generated by the base
fromthe 1930s until 1973 when the landfill was closed. A burn pile for trash and denolition debris was
located at the north end of the landfill (south of Torpedo Road) fromthe 1930s to the 1960s. Unburned or
partially burned materials fromthis pile were buried in the landfill or pushed into the marsh. A trash
incinerator was operated at the north end of the landfill fromthe 1930s to the 1960s, with the ash di sposed
of inthe landfill. Burning continued at the landfill until the early 1970s. Based on interview of base
personnel, the IAS identified the follow ng types of industrial wastes that were |ikely disposed of in the
landfill:

. Pai nts, |acquers, thinners, ketones, enanel, and deflocculant fromthe paint shop

. Pai nt residues and sol vents such as TURCO, nethyl ethyl ketone, trichloroethene (TCE), al cohol
and toluene fromthe paint stripping shop

. Resi due from burning torpedo fuel (Oto fuel) and solids contam nated with torpedo fue
. Cutting oils, acids, caustics, and lead slag fromnetal shops
. Dried bacterial sludge fromthe industrial wastewater treatnent plant

. Pesticide rinsate from pest control shops.



The 1 AS also states that liquid plating bath wastes fromthe on-base plating shop (located on the eastern
side of the base) were treated at the landfill from 1962 to 1984. From 1962 to 1972, the pliting bath wastes
were treated in tanks at Building 439, which was |ocated next to where Building 884 currently stands at QU 1.
After treatment, the effluent was discharged to the narsh via a drain. Discharge of the treated effluent to
the marsh was discontinued in 1972, at which time the base began sending the treated effluent to an off-site

di sposal facility. This was approxinmately the same tine that the landfill was closed. In the 1980s, treatment
was conducted in Building 884. Treatnment at the landfill was discontinued in 1984.

The 1 AS also identified general locations at the landfill where these activities took place; these locations
are noted in Figure 3-1, using the termnology of the IAS. The "acid treatnent area" coincides with the
location of forner Building 439. The "waste paint disposal area" in the southern part of the landfill is a

| ocation where the | AS indicated painting-related wastes and sol vents were di sposed of fromthe 1930s until
the 1970s. This location coincides with the hi ghest concentrations of solvent-type contami nants detected in
groundwater at QU 1

The 1 AS al so descri bes nanagenent and di sposal of drunmed wastes at the base. It states that barrels of

pai nting wastes and stripping solutions were disposed of at the landfill, and that "nost of the waste was
reportedly poured out of the barrels and the barrels were reused or recycled." Enpty barrels were stored
managed, and recycled at Area 2, the former drumstorage area, (located in the southwestern part of the base)
fromthe 1940s through the 1960s. The | AS states that druns that were not conpletely enpty were reportedly
drai ned onto the ground at the forner drum storage area. Since February 1994, the Navy interviewd over 50
former and current enployees to |l earn whether intact druns of |iquid wastes were placed in the landfill.

Ei ght of these people had been directly involved in landfill operations. One person renenbered that 12 or 14
pall ets of 5-gallon cans of paint and sone 55-gallon druns were buried whole. The renmai ni ng peopl e believe
that whole druns were not buried intact. Sone of themsaid that drunms were enptied into the landfill or
crushed before burial. Enptied druns were stored for reuse at Area 2. Qverall, the interviews indicated that
di sposal of liquids in drums was not a common practice and substantial anounts of drummed |iquid wastes are
unlikely to be in the landfill.

3.2 PREVI QUS | NVESTI GATI ONS

The |1 AS was conducted in Septenber 1984, under the Navy Assessnent and Control of

Installation Pollutants program to identify areas of possible environnmental contamination resulting from
past net hods of storage, handling, and disposal of hazardous substances at NUMWC Keyport. Subsequent studies,
docunented in a Qurrent Situation Report (SCS 1987), evaluated these and other areas to determ ne | ocations
of potential or significant contam nation that may require renedial action and should be studied further. As
aresult, six specific Areas (fornerly referred to as "sites") were recommended for further investigation in
the remedi ati on process

In 1988, under its Installation Restoration Program the Navy began the Rl and feasibility study (FS) phases
of the remedi ati on process for the six Areas of potential concern that were identified in the earlier
studi es. EPA placed NUNC Keyport on the National Priorities List (NPL) in 1989

The RI Report (URS 1993a) and the Human Heal th and Ecol ogi cal Ri sk Assessnment Reports (URS 1993b and 1993c)
were conpleted in Cctober 1993. The FS Report (URS 1993d) was conpleted in Novenber 1993. The FS Report
included a sunmary of the R and eval uated seven renedial alternatives for QU 1. The alternatives ranged from
no action to conprehensive neasures for conplete containnent of the landfill.

The Navy, EPA, and Ecol ogy used the information in the Rl and FS Reports to select a preferred renedia
alternative for each of the six Areas of the NUMC Keyport site. The preferred alternative for each Area was
described in a proposed plan (Navy 1994) that was distributed to the public for comment in January 1994.

A public neeting was held in February 1994 to present the proposed plan and receive public coments. Many of
the public comments were not favorable with respect to the preferred alternative for Area 1 in the proposed
pl an. Because of this, Area 1 was separated, for adm nistrative purposes, fromthe other Areas of the site
and becane QU 1.

3. 3 SUPPLEMENTAL DATA CCOLLECTI ON ACTIVI TI ES

For QU 1, the concerns expressed by the public on the proposed plan during the public comment period led to a
nunber of subsequent discussions anmong the Navy, EPA, and Ecology to further evaluate the preferred
alternative for QU 1. Fromthese discussions, it was agreed that the R data should be supplenented with

addi tional site characterization data to inprove the understanding of current conditions at QU 1 prior to
reaching a renedial decision. As a result, the Navy inplemented a suppl enental sanpling program consisting
of five quarterly sanpling rounds conducted from August 1995 through Septenber 1996. The Navy, Ecol ogy, and
EPA agreed that additional data should be collected to inprove the understanding of potential risks fromthe



follow ng three key pat hways of potential concern at QU 1:

. Drinki ng wat er pathway (human heal th risk)
. Seaf ood i ngestion pathway (human health risk)
. Ecol ogi cal pathway (risk to aquatic organisms).

These pat hways are shown schematically in Figures 3-2 through 3-5. As shown in Figure 3-2, all of these
pat hways start with groundwater becom ng contaminated with chemicals present in the landfill. Figures 3-3
t hrough 3-5 show each of the pathways in greater detail, and also identify how specific sanpling |ocations
relate to points al ong each pat hway.

The drinking water pathway (Figure 3-3) is concerned with the possibility of contam nants fromthe | andfil
mgrating in the groundwater of the intermedi ate aquifer and then traveling toward of f-base | and areas where
drinking water wells are located or could be installed in the future. The main concern for this pathway is
whet her the groundwater in the intermediate aquifer could flowto of f-base | and areas before discharging into
the marine water (i.e., tide flats and Dogfish Bay). Based on data available at the tinme, the R concl uded
that it was unlikely that internediate aquifer groundwater fromthe landfill would flow to off-base | and
areas where it could be tapped by drinking water wells. However, followi ng the 1994 public comrent period, it
was deci ded that the supplenental sanpling effort woul d gather additional information to address this

pat hway

The seafood ingestion pathway (Figure 3-4) is concerned with the possibility of chemicals fromthe [andfil
mgrating with the groundwater and surface water into the adjacent marine water or sedi ments where they coul d
contam nate edi bl e species and cause hunan health risk. The main concern is whether landfill contam nants
have made or will nake the seafood in the tide flats, and Dogfish Bay unsafe to eat.

The ecol ogi cal pathway (Figure 3-5) is concerned with the possibility of contami nants fromthe |andfil
causing harmto the aquatic life, conprising the ecosystem downstream of the landfill in the nmarsh, tide
flats and Dogfish Bay. The nain concern is whether concentrations of landfill contaninants in the surface
water or sediments are at |levels that pose risk to aquatic organisms in these surface water bodies or may
cause ot her ecol ogical risk via the food chain

The suppl emrental sanpling program has successfully increased understandi ng anong the Navy and regul atory
personnel concerning the nature of the contam nation and the risks posed by the site. The new data fromthese
additional field investigations were discussed and evaluated in the Summary Data Assessnent Report (URS
1997a), which served as a supplenent to the Rl Report. In addition, a supplenental focused FS (URS 1997b) was
conducted in which several additional renedial alternatives beyond those considered in the original FS were
eval uated. The focused FS summarized the principal results and conclusions of the R and the suppl enenta
sanpl i ng program devel oped renedi al action objectives based on these results, and eval uated renedi a
alternatives to achi eve these objectives. The remedi al objectives were devel oped based on the eval uati ons of
potential contami nants and risks to human health and the environnent. The renedial alternatives were conpared
to the nine evaluation criteria for protectiveness and i npacts as required by CERCLA

The Navy, Ecol ogy, and EPA used the information in the R, the Summary Data Assessnent Report, the FS, and
the focused FS to select the preferred renedial alternative for QU 1. The preferred alternative was descri bed
in a new proposed plan for QU 1 (Navy 1997) that was distributed to the public for conment in Novenber 1997
A public neeting was held in Decenber 1997 to present the new proposed plan and receive public conmrents.
Because the public response to the preferred alternative was positive (over 80 percent of the comrents
expressed support for the plan), this record of decision (ROD) reflects the preferred alternative presented
in the Navy's 1997 proposed plan for QU 1.

4.0 COWUN TY RELATI ONS

The original community relations plan for NUC Keyport was prepared in 1990 (URS 1990). The plan was updated
and revised in 1997 (URS 1997c) to docunent that a ROD was conplete for QU 2 and that QU 1 had been separated
fromthe other NPL Areas. A copy of the revised CRP is in the repositories listed at the end of this section

In March 1995, a Restoration Advisory Board (RAB) was established. The RAB net nonthly, and for severa

nmonths in 1995, bi-weekly. The RAB nenbers and interested community nenbers have contributed significantly to
the remedi al process and the selected renedy for QU 1. The RAB continues to neet at pre-determ ned

m | est ones.

The Summary Data Assessnent Report (URS 1997a) and the Focused Feasibility Study (URS 1997b) for QU 1 were
conpl eted and rel eased to the public through the adm nistrative record and information repositories in

Novenber 1997. In the devel opnent of both reports, the Navy considered the input of the menbers of the RAB
and Keyport community. The proposed plan for QU 1 was nailed to all interested parties on Novenber 13, 1997



Public notices were published on Novenber 12, 1997, in the North Kitsap Herald and on Novenber 16, 1997, in
The Sun. These notices contained information on the proposed plan, the 30-day comment period, and the public
neeting. The public comrent period was hel d Novenber 16 through Decenber 15, 1997. The public neeting,
preceded by an availability and poster session, was held Decenber 3, 1997 at the Naval Undersea Miseum
Keyport, Washington. At the neeting, representatives of the Navy presented the proposed plan and answered
questions about QU 1. At the conclusion of the public comrent period, 26 witten and verbal conments had been
recei ved. Public comrents were taken into consideration in devel oping the remedial decision for this site.
This decision is based on the admnistrative record for this site. The Responsiveness Sunmary at the end of
this ROD (Appendi x A) summari zes the coments and responses.

Since 1994, the followi ng activities have occurred regarding QU 1:

. In February 1994, the original proposed plan was presented to the community in a public
neeting. The community did not accept the Navy's preferred alternative for QU 1 and wanted to
know nore about what was in the landfill and how it would affect the environment and be nmanaged
in future years.

. In July 1994., three workshops were held to provide an open forum of dialogue with the
community about information on groundwater, health, and other information about the landfill.

. Quarterly Community Update newsl etters have been sent to a mailing |ist of about 230 people
since Cctober 1994, providing neeting notices and an ongoing status of activities at QU 1.

. On Novenber 9, 1996, a four-hour informal workshop was held in the community to share new
information about the landfill.

. In October, Novenber, and Decenber 1996, Navy and Ecol ogy representatives visited the Keyport
I mprovenent Club to share information.

Information repositories are |ocated at:

Ki tsap Regional Library
1301 Syl van Vay

Brenerton, Washi ngton
Phone: (360) 377-7601

Poul sho Branch Library

700 NE Lincol n Road
Poul sbo, Washi ngt on

Phone: (360) 779-2915

Kitsap Public Wility District
1431 Finn HIl Road

Poul sbo, Washi ngton
Phone: (360) 779- 7656

Washi ngton State Department of Ecol ogy

300 Desnond Drive SE
Lacey, Washi ngton
Phone: (360) 407-7200

The Adm nistrative Record is on file at:

Engi neering Field Activity, Northwest

Naval Facilities Engi neering Comrand
19917 Seventh Avenue NE

Poul sbo, Washi ngt on
Phone: (360) 396-0002.

5.0 SCOPE AND ROLE OF CPERABLE UNI'T

This ROD addresses QU 1. Following the public coment period on the original proposed plan (Navy 1994), the
NUAC Keyport NPL site was organized into two QUs in the fol |l owi ng manner:

. Qperable Unit 1:
Area 1-Keyport Landfill



. Qperable Unit 2
Area 2 - Van Meter Road Spill/Drum Storage Area

Area 3 - Oto Fuel Leak Area

Area 5 - Sludge D sposal Area

Area 8 - Plating Shop Waste/G | Spill Area
Area 9 - Liberty Bay.

QU 2 has been addressed in a separate ROD and renedi al neasures (including soil renoval, building denolition
long-termnonitoring, and institutional controls) are currently in progress. The ROD for QU 1 is the last ROD
that is planned for NUWC Keyport.

6.0 SUWARY OF SI TE CHARACTERI STI CS

This section provides an overview of the site characterization infornation that was devel oped during the Rl
and the suppl enental data collection program Tables 6-1 and 6-2 summarize the major investigative activities
that were conducted for these field prograns. The |ocations of the sanpling stations listed in these tables
are shown in Figures 6-1 through 6-3. Tables 6-1 and 6-2 indicate the general scope of these investigations,
but do not list all the field activities that have been perforned. Details of the investigations can be found
inthe Rl Report (URS 1993a) and the Summary Data Assessnment Report (URS 1997a).

6.1 PHYSI CAL AND ENVI RONVENTAL SETTI NG

6.1.1 Surface Hydrol ogy

The landfill is located in the western part of the base (Figure 6-4). The surface topography is relatively
flat in the immediate vicinity of the landfill, but steepens to the south, west, and north. Stornwater

drai nage fromthe land areas near the QU 1 landfill flows into the marshlands | ocated west and south of the
landfill. This wetland area drains northward into the tide flats of Dogfish Bay through a cul vert under Keys
Road. The tide flats are connected to Dogfish Bay by a narrow channel through structural fill naterial that
forms the foundati on of the H ghway 308 causeway and bridge. This channel acts as a constriction to tida
flow and causes the surface water level in the tide flats to exceed that in Dogfish Bay during outgoing | ow
tides.

The marshl ands adj acent to the landfill include nost of the area bounded by the landfill, Keys Road, Shapely
Road, and Bradl ey Road (Figure 6-4). A small pond is located in the central part of the marshlands. The pond
is drained by a small creek northward to the tide flats. The pond is fed by the wetland in the renai nder of
the nmarshl ands | ocated south and southeast of the pond. In this docunent, the entire marshlands area is
referred to as "the marsh," including the pond, the creek that drains the pond, and the wetland area upstream
of the pond. In this docurment, the pond is referred to as "the marsh pond," and the creek that drains the
marsh pond is referred to as "the marsh creek.”

Surface water inputs to the marsh pond include two freshwater creeks; these enter the pond at points A and B
in Figure 6-4. Both of these creeks are small. The streamentering the pond fromthe west is only about two
ft wide at point A The other streamis of simlar size, but braids near the pond at point B. The stream
entering the pond at point A drains an area west of H ghway 303 and then foll ows Shapely Road before turning
toward the nmarsh pond. This streamis believed to be unnamed. For the sake of convenience, this streamis
referred to as "Shapely CGreek" in this docunent.

The creeks feeding the marsh pond are small drainages, with stream beds that are about one to two ft wi de.
Shapely Creek flows year-round and has the appearance of a drainage ditch where it parallels Shapely Road.
Upstream of the base, it flows through a dense thicket just south of the county punp station on H ghway 303.
The strewn bed in this area and on the base consists mainly of silty clay with little sand or gravel. Above
the punp station, the creek flows through a subdivision, follow ng the gravel drainage ditches that front the
residences along the streets, before entering a stormmater retention basin that is part of the devel opnent.
The flow di scharges fromthe retention basin via a grating and an underground pi pe that drains in the
direction of the county punp station

The marsh al so receives inputs from stormwater drai nage systens that discharge through culverts |ocated at
points Cand Din Figure 6-4. Oher inputs to the marsh include shall ow groundwater flow ng toward the marsh
fromall sides in the water table aquifer

The water fromthe marsh drains to the tide flats through a culvert under Keys Road, with the discharge at
point Ein Figure 6-4. In this docunent, this discharge is referred to as the "outlet of the marsh" or the
"marsh outlet.” Atide gate is |located at the marsh outlet to control tidal flowinto the marsh. The tide
gate consists of a hinged netal flange on the end of the culvert. At lowtide, the outflow fromthe marsh can
swing the flange partially open to allow outflow fromthe marsh to drain. At high tide, the flange sw ngs



agai nst the culvert to restrict inflowto the marsh. The surface water bodies near the landfill constitute a
conmpl ex, tidally influenced hydrol ogic system Tidal fluctuations in Dogfish Bay influence the water |evels
inthe tide flats, marsh creek, marsh pond, and groundwater in the northwestern part of the landfill. The
typical range in tide |level, at a measuring point close to the southeast side of the H ghway 308 bridge, is
about ten ft fromhigher-high to | ower-low tide. Because the el evation of the upstreamend of the channe
between the tide flats and Dogfish Bay is considerably higher than the |owtide | evel of Dogfish Bay, the
water |evel in Dogfish Bay is considerably lower than that in the tide flats during lowtide. At high tide,
the tide flats and Dogfish Bay have the sane water surface el evation

H gh tides in Dogfish Bay and the tide flats cause seawater to flow through the tide gate into the creek
area and typically flood the area as far south as the narsh pond. The tide gate controls the inflow so there
isonly a snall tidal influence on the water surface elevation in the pond, and little or no influence
upstream of the pond. Salinity measurements throughout the hydrologic systemillustrate the degree of
upstreamtidal influence. The salinity of Dogfish Bay neasured during the Rl was 29.8 parts per thousand
(ppt). The salinity was 23 ppt in the tide flats and about 13 ppt in the bracki sh water of the marsh pond
Ti dal backfl ow does not affect the salinity of the two freshwater creeks flowing into the pond except for the
first few feet upstreaminto their channels.

6.1.2 CGeology And Hydrogeol ogy

The geol ogy and hydrogeology in the vicinity of the QU 1 landfill have been studied during the Rl and the
subsequent suppl emrental data collection program This section provides a brief overview of the hydrogeol ogi c
information presented in the R Report and the Summary Data Assessment Report. The reader is referred to
these reports for additional details. Because a considerabl e anount of new data were collected during the
suppl emental program the Summary Data Assessnent Report is the better source of hydrogeol ogi ¢ infornmation
and interpretations for the site.

The history of glacial and interglacial deposition and erosion that has occurred in the Puget Sound area over
the last two million years has created a conplex stratigraphy beneath the site. Stratigraphic units in the
vicinity of the QU 1 landfill are vertically and laterally variable and conpl ex. They include interbedded

gl aci al deposits and nongl acial fluvial/floodplain deposits, plus post-glacial estuary/marsh deposits and
fill.

The hydrostratigraphy in the vicinity of the QU 1 landfill is highly variable due to the conplexity and
distribution of the geologic units. The Summary Data Assessnent Report identifies six general
hydrostratigraphic units at the QU 1 landfill. These units are, in downward sequential order starting at the

ground surface

. Unsat urated zone

. Upper aqui fer

. M ddl e aquitard

. I ntermedi ate aquifer

. Cl over Park aquitard

. O over Park coarse-grained zone

Tabl e 6-3 shows the stratigraphic units that conpose each of these hydrostratigraphic units and identifies
the primary units within each aquifer and aquitard. G oss sectional diagranms were devel oped in the Sunmmary
Dat a Assessment Report to illustrate the hydrostratigraphy at the QU 1 landfill. Figure 6-5 shows the
alignnment of each of these cross sections and the |l ocations of the soil borings used to devel op the cross
sectional diagrans. The cross sections are presented as Figures 6-6 and 6-7.

The hydrostratigraphy beneath the landfill includes two main aquifers that are separated by the mddle

aqui tard. The unconfined upper aquifer is present throughout virtually all of the area. It is generally
conposed of a sand-rich unit, but also includes overlying silt-rich units. This sand zone is locally not
present and is replaced by silt-rich units in the eastern parts of the tide flats, in the area southwest of

the marsh pond, and in areas east of the landfill. As shown in Figure 6-7,the water table intersects the
landfill waste material beneath much of the QU 1 landfill. That is, roughly five to ten feet of landfil
nmaterial lie above the water table in the unsaturated zone, and up to about five feet of landfill material

lie beneath the water table in the saturated zone

The middl e aquitard that separates the upper and intermediate aquifers is silt-rich in nost places, but
locally is quite sandy. Mre significantly, this aquitard is locally absent in the central, eastern and
northern portions of the landfill (Figure 6-8). Enhanced | eakage between the two aquifers is likely to occur
at |locations where the niddle aquitard is sandy or absent.

The confined internediate aquifer is present throughout the vicinity of the QU 1 landfill except locally



sout heast of the landfill and in the northern end near MAL-18. This aquifer is generally conposed of sand
with some gravel and significant silt, and in a few places silt or till layers separate the internedi ate
aqui fer into upper and | ower zones. This aquifer and overlying niddle aquitard extend northwesterly fromthe
landfill underneath the tide flats to H ghway 308

The d over Park aquitard lies below the intermediate aquifer and is very thick, extensive, and fine-grained.
However, it locally contains water-bearing sand and gravel, which has been designated in Table 6-3 as the

Cl over Park coarse-grained zone. The continuity of this |ower confined zone is unknown. Logs from deep supply
wells (extending to 500 to 1000 feet below | and surface) show the existence of three additional thick

aqui tards beneath the O over Park aquitard.

6.1.3 G oundwat er Fl ow

G oundwat er | evel measurenents were taken during the R and the suppl enmental data collection programfor both
the upper aquifer and the internediate aquifer. Typical groundwater contour maps are shown in Figures 6-9 and
6-10 for these two aquifers.

The groundwater in the upper aquifer generally flows through the landfill in a westerly direction, with
groundwat er discharging into the marsh. In the southern part of the landfill, the groundwater discharges
south or southwest toward the shore of the nmarsh. There is a groundwater divide in the upper aquifer east of
Bradl ey Road, where groundwater west of the divide flows toward the landfill and groundwater east of the
divide flows eastward away fromthe landfill. Upper aquifer groundwater fromthe areas south and west of the
QJ 1 landfill flows toward the marsh. Most of the groundwater discharges to the marsh where it flows (as
surface water) through the marsh into the tide flats. The rest of the upper aquifer groundwater passing
through the landfill discharges to the tide flats rather than the marsh (e.g., at the northern section of the
landfill).

The groundwater in the intermediate aquifer flows beneath the landfill mainly fromthe southwest, passing
northward through the zone under the landfill and then noving downgradi ent of the landfill underneath the
tide flats and Dogfish Bay. For the portion of the intermedi ate aquifer underneath the northern part of the
landfill, the groundwater travels toward the landfill fromthe west and then al so noves downgradi ent of the
landfill underneath the tide flats and Dogfish Bay. The groundwater contours for the internedi ate aquifer
encircle the tide flats, mrroring the topography, and thus indicate that this groundwater ultimtely

di scharges into the tide flats and Dogfish Bay. The groundwater |evels are influenced by seasonal and tida
changes, but not enough to change the general flow patterns di scussed above.

G oundwat er nodel i ng conducted by the U S. CGeol ogi cal Survey (USGS) in 1997 supports the conclusion that the
i nternedi ate aqui fer groundwater from beneath the landfill discharges to the tide flats and Dogfish Bay. The
USGS nodel ing report, G ound-water Flow and Potential Contam nant Movenent fromthe Fornmer Base Landfill at
Operable Unit 1, NWC, Division Keyport, Washington was prepared during assessment of the suppl enenta
sanpling data and is presented in Appendix A of the Summary Data Assessnent Report. The USGS study al so

concl udes that, under present conditions, landfill contam nants in the groundwater woul d not flow beneath

of f-base | and areas (where they could be tapped by donestic wells) before discharging to surface water. The
study further concludes that it would be highly unlikely that even a hypothetical future increase in off-base
groundwat er wi thdrawal rates would alter the intermediate aquifer flowregime in such a way as to all ow
landfill contaminants to ever be drawn to donestic wells.

Hydraul i ¢ conductivity determ nations, based on slug test neasurenents, were nmade for both the upper and
internediate aquifers during the Rl and suppl enental data collection program Hydrogeol ogi c paraneters and
conditions at the landfill are summarized in Table 6-4 for these two aquifers. This table includes estinates
of groundwater velocity and di scharge passing through the landfill that were developed in the Sumrary Data
Assessment Report. Based on the averaged conditions for the upper aquifer, the travel tine for groundwater to
pass through the landfill (i.e., fromBradley Road to the marsh) is on the order of five to eight years (see
Figure 6-11 for |ocation of groundwater streaniines used for calculating travel times). For the internediate
aqui fer, based on averaged conditions, the travel tinme fromthe southern end of the landfill to the tide
flats is on the order of 27 years, and the travel time across the tide flats is on the order of 50 years (see
Figure 6-12 for |ocation of groundwater streamines used for calculating travel tinmes). Considering the range
of groundwater gradients and hydraulic conductivities in the intermedi ate aquifer, these estinated trave
tinmes in the internediate aquifer are generally consistent with tritium measurenents of groundwater sanples
fromthe site that suggest the age of the internediate aquifer groundwater in the area of the H ghway 308
bridge is on the order of about 40 years old (see Appendi x A of the Summary Data Assessnment Report [URS
1997a)]).

Vertical gradients between the upper and intermediate aquifers are indicated in Figure 6-13. These contours
indicate that a zone of upward vertical flow exists within the southern and western portions of the landfill,
and a zone of downward flow exists within the northeastern part of the landfill. The vertical gradient is
neutral (approximately zero) at MM - 15 in the mddle of the landfill; a mninml head difference is not



surprising in this area since the mddl e aquitard was found to be absent at this well |ocation

Resi dents and businesses in the town of Keyport use water fromtwo county wells. One of these Public Wility
District (PUD) wells is a backup supply well, and is located just north of the tide flats (Figure 6-3). Water
used at NUWC Keyport originates fromBase Wll No. 5, |ocated on base, just north of the shallow | agoon
(Figure 6-3). The PUD backup well and the base water supply well are screened in aquifers |ocated about 500
ft below the Cover Park aquitard. There are two additional thick aquitards that |ie between the d over Park
unit and the screen zones of these supply wells. Both of these wells tap groundwater that is under flowi ng
artesian conditions (i.e., the water level in the well rises above the ground surface when the well punp is
turned off).

Hones on the south side of the tide flats and Dogfish Bay and on and near Virginia Point (Figure 2-2) are
general ly not hooked up to public water supply and are instead served by private wells. A well inventory
conducted for the Navy in 1996 and 1997 (see Appendi x C of the Summary Data Assessnent Report) found that of
the 69 wells in these areas, two-thirds (46 wells) were identified as being screened in deeper water-bearing
zones below or within the Gover Park aquitard. The inventory categorized the other shallower wells in these
areas as follows:

. Fourteen wells tap the upper aquifer. Three of these are used for donestic purposes, five are
used only for non-donestic purposes (e.g., irrigation), five are not used (but have not been
abandoned), and the use of one well could not be determ ned.

. Three wells tap the intermedi ate aquifer. Two of these are used for donestic purposes and one
is not used (but has not been abandoned).

. Six wells tap either the internediate aquifer or a water-bearing zone within the dover Park
aquitard (could not tell which). Al of these wells are used for donestic purposes

As discussed earlier in this section, the hydrogeology in the vicinity of the tide flats and Dogfi sh Bay
makes it highly unlikely that groundwater fromthe landfill would ever flow to off-base areas where it could

be tapped by these wells.

6.1.4 Habitats and Biota

The followi ng text summarizes information obtained during the R regarding the terrestrial and marine
habitats and biota associated with QU 1. Additional detail can be found in the Ecol ogi cal Ri sk Assessment
(URS 1993d) .

Most of the landfill area is paved and fenced. Al though sone areas of grass and exposed soil remain in the
northern portion of the QU 1 landfill, the potential habitat at the landfill is linmted. Forest habitat
surrounding the marsh is represented by a dense stand of red alder (A nus rubus) |ocated al ong the southern
border of the landfill. Red alder is also found al ong the sl opes on the western side of the narsh. Red al der
is interspersed with Douglas fir (Pseudotsuga nenziesii). A dense understory includes salal (Gaultheria

shal lon), ferns, blackberry (Rubus spp.), Oregon grape (Mahonia sp.), rhododendron (Rhododendron

macr ophyl lun), various vines, and coarse grasses. Scotch broom (Cytisus scoparius) and bl ackberry are the
dom nant species in disturbed areas between the landfill and nmarsh (SCS 1984).

WIldlife associated with the forested areas at NU\C Keyport includes rodents, small anphibians such as

sal amanders, snakes, and possi bly deer or coyote. Birds associated with the forest habitat include sparrows,
chi ckadees, gol dfi nches, humm ngbirds, crows, and occasional hawks. An eagle's nest was discovered in August
1996 on the hill south of the shall ow | agoon. The eagl es raised three fledglings, and the pair returned in
1997.

Marsh vegetation is dom nated by pickl eweed (Salicornia virginica) and saltgrass (Distichlis spicata).

Addi tional marsh plants include saltmarsh bul rush (Scirpus maritinus), seaside arrowgrass (Triglochin
maritimun), Douglas aster (Aster subspicatus), and velvet grass (Holcus |lanatus). Stands of cattail (Typha
latifolia) are confined to the southern end of the marsh pond where fresh water mxes with bracki sh pond
water. Floating mats of epiphytic algae are present in the open water zone.

Smal | crustacea such as anphi pods are conmon in the marsh creek. Gther marsh wildlife that would be typica
for this area would include otters, nuskrats, voles, barn swallows, belted kingfishers, nallards, gulls
great blue herons, and hawks.

The tide flats and rmuch of Dogfish Bay are tidally exposed areas representing primarily fine-grained sedi nent
habi tat. Typical Puget Sound invertebrates such as pol ychaetes, snails, and crustacea are present. Al though
systemati c surveys were not conducted, several species of clans were identified in the August 1989 sanpling
event, including native littleneck clam (Protothaca stam nea), bent-nosed clam (Maconma nasuta), nud clam



(Maconm i nqui nata, which is synonynous with M irus), Mnila clam (Tapes japonica), Washi ngton clam

(Saxi donus gi ganteus), and basket cockle (dinocardiumnuttallii). In 1992, the Pacific oyster (Crassostrea
gigas) was identified in comrercial harvest beds in Dogfish Bay. In contrast to the marsh, epiphytic al gae
are not abundant in the tidally exposed areas of the tide flats and Dogfi sh Bay.

Bi ol ogi cal surveys conducted by the Navy (see Appendi x A of the Summary Data Assessnent Report [URS 1997a])
concl uded that, although Shapely Creek probably once supported a small spawni ng popul ati on of sal noni ds,
access restrictions and habitat degradati on caused by devel opnent have elimnated the viability of a

sust ai ned popul ati on. The surveys further concluded that the streamreach bel ow the narsh (i.e., the marsh
creek) contains estuarine fish species such as stickleback and scul pin.

6.2 NATURE AND EXTENT OF CONTAM NANTS

As described belowin Section 7, two classes of contam nants were identified as chenmicals of concern (COCs)
for the three main potential exposure pathways of interest: chlorinated aliphatic hydrocarbons (CAHs) and

pol ychl ori nat ed bi phenyls (PCBs). CAHs conprise a class of volatile organic conpounds (VOCs) that consist of
strai ght-chain hydrocarbons that contain one or nore chlorine atons. The CAHs that were identified as COCs at
QU 1 are:

. 1, 1-di chl or oet hane (1, 1- DCA) (CAS# 75- 34-3)

. 1, 2-di chl or oet hane (1, 2- DCA) (CAS# 107-06- 2)

. 1, 1- di chl or oet hene (1, 1- DCE) (CAS# 75- 35-4)

. ci s-1, 2-di chl oroet hene (cis-1, 2- DCE) (CAS# 156-59-2)

. trans-1, 2-di chl oroet hene (trans-1, 2- DCE) (CAS# 156- 60-5)
. t etrachl or oet hene (PCE) (CAS# 127-18-4)

. 1,1,1-trichloroethane (1,1, 1-TCA) (CAS# 71-55-6)

. trichl oroethene (TCE) (CAS# 79-01-6)

. vinyl chloride (CAS# 75-01-4).

The compounds PCE, 1,1, 1-TCA, and TCE are known as "parent conpounds" because they break down into the other
CAHs on the list, known as "daughter conpounds." Because TCE is the nost preval ent parent conpound at the
landfill, the CAHs |isted above are sonetines referred to as "TCE-fam |y compounds. "

There are 209 individual chemcals (or "congeners") that fall under the generic classification of "PCBs."
They all have the sane basic chem cal structure, consisting of various nunbers of chlorine atons attached to
a bi phenyl nol ecul e. The bi phenyl nol ecul e consists of two benzene rings connected to each other by a single
carbon bond and has ten different |ocations where chlorine atons can be attached. Commercially produced PCBs
were manufactured as different mxtures that contained differing amounts of the 209 individual congeners. The
tradenanme used for these different mxtures was "Aroclors.” The followi ng Arocl ors have been detected at

QU 1:

. Aroclor 1016 (CAS# 12674-11-2)
. Aroclor 1232 (CAS# 11141-16-5)
. Arocl or 1242 (CAS# 53469-21-9)
. Arocl or 1254 (CAS# 11097-69-1)
. Arocl or 1260 (CAS# 11096-82-5).

The CAHs were identified as COCs because of the drinking water pathway and the seafood ingestion pathway. The
PCBs were identified as COCs because of the seafood ingestion pathway and the ecol ogi cal pathway. Details of
the screening process and rationale for identifying these conpounds as COCs for these pathways are given in
the Summary Data Assessnent Report and are summari zed below in Section 7.

QG her chenicals, while not identified as COCs, were judged to be appropriate for inclusion in the long-term
noni toring of sediment and shellfish tissue along with the COCs (see section 11.5). Chenicals in this
category include acenapht hene, bis(2-ethyl hexyl) phthalate, and several netals. These chemicals were
generally detected in much | ower concentrations relative to regulatory or risk-based |evels and were judged
to pose even |ower potential future human health or ecol ogical risks than the COCs. However, |ong-term

moni toring of these chemicals in sedinment and shellfish tissue is warranted because they exhibited spati al

di stributions that suggested the landfill mght be a source and they could potentially build up in the narine
envi ronnent over tine.



6.2.1 Distribution of Chem cals of Concern

6.2.1.1 Distribution of CAHs

CAHs are present in both the upper and internediate aquifers, with concentrations in the upper aquifer
greater than those in the internediate aquifer by an order of nagnitude or nore. Figure 6-14 shows the
distribution in the upper aquifer of the three nmost prevalent TCE-fam |y compounds, TCE, cis-1,2-DCE, and
vinyl chloride. Figure 6-15 shows the general pattern of TCE-fam |y conpounds in the upper aquifer as
inferred fromthe chemcal results fromthe eight nmonitoring wells on the downgradient margin of the landfill
and the three nonitoring wells in the interior of the landfill. The contours in Figure 6-15 represent the sum
of the concentrations of the individual TCE-fam |y conpounds in each well, averaged over all rounds. These
contours show that concentrations of TCE-fanily conpounds are ten tines higher in the southern part of the
landfill than they are el sewhere throughout the landfill. The distribution of individual CAHs that are nost
prevalent at QU 1 illustrate this sane spatial pattern, indicating that the southern part of the landfill is
the nost significant source, or "hot spot" for CAHs.

Certain CAHs, such as the solvents PCE, TCE, and 1,1,1-TCA, are, in their non-dissol ved phase, denser than
wat er and capabl e of form ng "dense non-aqueous phase |iquids" (DNAPLs). DNAPLs can sink through aquifers
under the influence of gravity and create discrete DNAPL pools and stringers some distance fromthe original
sol vent disposal site. Such di sconnected DNAPLs can form secondary sources of dissolved contam nants within
aqui fer. Once dissolved in groundwater, these solvents no | onger behave |ike DNAPLs. Based upon the di sposal
history of the site and on the observed concentrations of CAHs in groundwater, the presence of DNAPLs cannot
be ruled out at QU 1.

Sorme of the CAHs have been detected in the adjacent surface water, particularly close to the landfill in the
marsh (Figures 6-14 and 6-16). The presence of these conpounds in the nmarsh water appear to be the direct
result of on-going discharge fromthe upper aquifer into the marsh.

The nost preval ent conpounds detected in the surface water are cis-1,2-DCE and vinyl chloride, which are
anmong the nmore soluble and nobil e of the daughter products from degradati on of TCE. The concentrations in the
mar sh surface water decrease in the downstreamdirection as the water noves fromthe southern part of the
marsh, which is near the hot spot area of the landfill described above, to the outlet of the nmarsh into the
tide flats (i.e., at station TF18 near the northern end of the marsh). CAHs are al so present in the seep that
di scharges into the nmarsh creek (in the northern part of the marsh). The discharge fromthe seep does not
substantially alter the decreasing trend in concentrations fromthe southern part of the narsh to the narsh
outlet, indicating that the seep is not as significant a source of CAHs as is the southern part of the
landfill.

CAHs have migrated fromthe landfill into the intermediate aquifer and forned a plune as evi denced by
detection of TCE and its daughter products in three nonitoring wells imedi ately downgradi ent of the [andfill
and detection of vinyl chloride in one of the wells |ocated farther downgradi ent at the H ghway 308 bri dge.
The general pattern of the internediate aquifer plune is illustrated by the plot of TCE-fam |y conpounds
(Figures 6-17 and 6-18). CAHs may have been transported downward to the internmedi ate aquifer as DNAPLs or
were advected downward in the dissolved phase in places where the upper and intermedi ate aquifers are
connect ed.

The detection of vinyl chloride at the bridge (MM-39) was at a | ow concentration, close to the detection
limt, but was consistent in all rounds in which this well was sanpled. This result, plus the observation
that vinyl chloride and other CAHs were anal yzed for but were not detected in nearby wells, suggests that the
| eadi ng edge of the plune is probably in the vicinity of the bridge. Vinyl chloride is expected at the

| eadi ng edge of the plune because it is nore soluble and has less affinity for soils than nost other CAHs.
The detection of vinyl chloride at the bridge (and not other CAHs) may al so be indicative of efficient
degradation of TCE and DCEs in the internedi ate aquifer beneath the tide flats. A |l ow concentration detection
(near the detection linmt) of TCEin well MM-32 in the second of three suppl emental sanpling rounds is
probably a spurious result and is not considered part of the plune. (This conclusion was further supported by
results of the March 1998 sanpling round that again found that no CAHs were detected in this well.)

The internedi ate aqui fer plune appears to be narrow, as expected based on the groundwater flow direction
toward the center of the tide flats (Figure 6-10). The data indicate the ultimate fate of all nobile
contam nants in the intermediate aquifer is to discharge to surface water in the tide flats or Dogfish Bay.

6.2.1.2 Distribution of PCBs

PCBs were detected in the groundwater of the upper aquifer, the seep, the aquatic sedinents, and the clam

ti ssue sanples. PCBs were not detected in the internediate aquifer. The distribution of PCBs is illustrated
in Figure 6-19. PCBs were detected in sone of the upper aquifer nonitoring wells and in the seep sanples, but
were not detected in the surface water sanples fromthe narsh, tide flats, and Dogfi sh Bay (except for one



round at MAO9, the marsh water station next to the seep). Many of the results were close to the detection
limt and not consistent fromround to round. However, PCBs were detected in every round in the sanples from
the seep and the two nonitoring wells closest to the marsh pond (MM-6 and MAL-17). Because the PCBs neasured
in the seep are discharging directly into the marsh, it is likely that nuch of the PCBs currently nigrating
fromthe landfill into the marsh are comng fromthe seep. For the groundwater, soil adsorption probably
reduces the concentrati ons of PCBs before they discharge into the marsh, given that PCBs have a strong
affinity for soil particles.

Fi gure 6-19 shows the distribution of PCBs in aquatic sedinents downstreamof the landfill. The highest
concentration was detected at MAO9, the narsh sedinment station closest to the seep. This station is also
located in the northern (downstrean) portion of the marsh, which receives the drai nage fromthe renai nder of
the marsh. Concentrations of PCBs detected in the nmarsh pond sedi ment were an order of magnitude | ess than
the results for MAO9. The only detections of PCBs in the sedinents downstream of the marsh were at TF21, the
tide flats station closest to the marsh outlet. Concentrations at TF21 were about one-sixth those at MAO9.

Fi gure 6-19 shows the PCBs results for clamtissue sanples collected fromthe tide flats and Dogfi sh Bay
during Round 3 of the supplenental data collection program The highest detected concentration was at TF21,
the clamtissue station |ocated closest to the landfill. A detection also occurred in one of the renote
stations in Dogfish Bay, but the concentration was very close to the detection limt. The distribution
pattern in the tissue results is in agreenent with the pattern described above for sediments. In both cases,
the results show a spatial trend of decreasing concentration with increased di stance downstream of the seep

This trend suggests that the PCBs in sedinents and clamtissue have probably cone fromthe landfill. This
could be the result of past practices and operations at the landfill before it was closed or may be the
resul t of ongoing discharges over the history of the landfill. The landfill is currently releasing | ow

concentrations of PCBs into the marsh via the seep (seep concentrations range fromnot detected at a
detection limt of 0.04 Ig/L to detected at 0.24 Ig/L) and possi bly other groundwater discharges.

6.2.2 Environnental Fate of Chemi cals of Concern

Table 6-5 lists transport and fate properties of PCBs and CAHs. Aqueous solubilities for CAHs are on the
order of 100 to 10,000 ng/L, while the PCBs detected at QU 1 have solubilities on the order of 1 nmg/L or

|l ess. The PCBs are much nore strongly attracted to solid particles than the CAHs, with soil/water partition
coefficients for PCBs on the order of 1,000 niL/g or nore, conpared to partition coefficients for CAHs on the
order of 1 nL/g or even |ess. Because of these properties, CAHs are relatively nobile in the environnent.
PCBs, on the other hand, are nuch | ess nobile and their mgration in groundwater is strongly retarded by soi
adsor pti on.

When cont am nat ed groundwat er di scharges into a surface water body, PCBs tend to accunulate in the sedinents
near the source or discharge point, while CAHs tend to renmain dissolved and nove downstreamw th the water
phase. Because PCBs are relatively insoluble in water, they tend to be nore readily dissolved in organic
liquids such as the oils in animal tissues. For this reason, they tend to bioaccunulate in the tissues of
aquati c organi sns including seaf ood such as clans. CAHs have nuch lower affinity for oils and do not tend to
bi oaccunul at e

The CAHs are extrenely volatile, while the heavier PCBs are considered to be nearly non-volatile. Henry's Law
constants (di mensionless) for CAHs are on the order of 0.1 to 1.0, while those for PCBs are on the order of
about 0.01 to O0.1. This neans that CAHs tend to vaporize fromwater when exposed to the atnosphere, such as
at the surface of a water body or at the top of the water table in the case of groundwater. Vaporization
rates are nore rapid fromsurface water bodies than groundwater because of the turbul ence that occurs at the
surface of water bodies fromcurrents, w nds, and streamflow For CAHs, volatilizationis a primary fate
process in surface water bodies.

Natural | y occurring bacteria and other mcroorgani sns have the ability to degrade a wide variety of synthetic
organi ¢ conmpounds. PCBs are anong the nost resistant chemcals to this kind of degradation, and natura

bi odegradation rates are normally assumed to be insignificant. Bacteria are much better able to adapt to the
presence of CAHs and break them down as a consequence of their netabolic activity. Wile different

envi ronnental conditions are needed for efficient biodegradation of different chemicals in the TCE-famly
naturally occurring bacteria are capable of converting each of the TCE-fam |y conpounds to harm ess chem ca
forns.

The CAHs detected at Area 1 are nmenbers of chenical transformation series in which parent solvents degrade in
groundwat er into daughter compounds. For exanple, the parent solvents PCE and TCE can degrade into the
daught er compounds cis- and trans-1,2-DCE. Simlarly, the parent solvent 1,1,1-TCA can degrade to the
daught er conpounds 1, 1-DCA and 1, 1-DCE. The three DCEs can degrade further to vinyl chloride which, under the
right conditions, can degrade conpletely. The conmpound 1, 1-DCA can degrade into chl oroethane. The parent

sol vent 1, 2-DCA can al so degrade to chl oroethane. Vinyl chloride and cl oroethane can degrade conpletely to

et hane, carbon dioxide, and chloride. Some daughter conpounds (e.g., vinyl chloride) are nore toxic and nore



nobi l e in groundwater than the parent conpounds. In general, degradation of the nore highly-chlorinated
conmpounds, such as PCE and TCE, is favored by highly reduci ng groundwater conditions. Degradation of

| ess-chlori nated conmpounds, such as the DCEs, and vinyl chloride, is favored by |ess-reducing or oxidizing
groundwat er conditions

The natural breakdown processes described above have been referred to in the scientific literature as
"natural™ or "intrinsic" biorenediation (especially when the processes are effective in helping to contro
the COCs at a contamnated site). The term"natural attenuation” includes intrinsic biorenediation, but also
i ncl udes non-bi ol ogi cal chem cal breakdown as well as other processes

that act naturally to retard migration rates or reduce concentrati ons of contaninants, such as
vol atilization, mxing, dispersion, photo-oxidation, and adsorption to particles.

Conditions at QU 1 have been studied to determ ne the degree to which natural biodegradati on may be active at

the landfill. The results of these studies, which were conducted for the Navy by the USGS, suggest that | ow

oxygen conditions exist within the landfill that are conducive to breaking down parent conpounds such as TCE
while conditions ranging frommldly reducing to oxidizing are present in the groundwater downgradient of the
landfill that appear to be conducive to the degradati on of daughter products such as DCEs and vinyl chloride.

Simlar conditions were neasured in the nonitoring wells at the H ghway 308 bridge, indicating that
conditions in the intermedi ate aquifer under the tide flats may al so be conducive to bacterial breakdown of
TCE daught er products such as vinyl chloride. These findings were docunented in the report, Natura
Attenuation of Chlorinated Solvents in Gound Water at Operable Unit 1, NUC, Division Keyport, Washington
whi ch was included in Appendix A of the Summary Data Assessnent Report. The USGS studies al so included

m crocosmtests that provided denonstrati on of the existence and approxi nmate rates of bacterial degradation
under aerobic and anaerobic conditions, as well as soil adsorption neasurenents to determ ne sorption
isotherns for the chlorinated ethenes in the internediate aquifer

The chemical distribution patterns of the COCs, as discussed in the previous section, are in general accord
with these environnental fate processes. For exanple, CAHs were detected in the surface water sanples while
PCBs were not, reflecting the higher solubilities and | esser adsorption tendency of the CAHs. In surface

wat er, attenuation of CAHs can be caused by processes including volatilization, dilution, and, in the case of
cis-1,2-DCE and vinyl chloride, biodegradation under aerobic conditions. The decreasing concentrations of
CAHs observed in the surface water as it nmoves downstreamfromthe landfill probably reflects, primarily,
their tendency to vaporize fromthe surfaces of the water bodies, as well as dilution by additional surface
wat er inputs such as that from Shapely Greek and possibly some fromtidal intrusion fromthe tide flats
during high tide. PCBs were detected in the sedinments and clamtissue sanples nearest the landfill,
reflecting their strong attraction to solid particles and their tendency for bioaccunul ation

CAHs have migrated into the internediate aquifer while PCBs have not been detected in this aquifer,
reflecting the greater solubility and mobility of CAHs and the stronger affinity PCBs have for adsorption to
soils. The presence of CAHs in the internediate aquifer nmay al so be due to the downward migration potenti al
or sinking behavior, of pure liquid phase TCE, since it has a density as a pure liquid that is heavier than
wat er. The presence of daughter products such as DCE and vinyl chloride in upper and intermedi ate aquifer
noni toring wells downgradi ent of the landfill suggests that natural degradation processes are at work
breaki ng down the parent conmpounds of the TCE-famly. The absence of DCE and the detection of vinyl chloride
at | ow concentrations at the H ghway 308 bridge may indicate the greater nobility of vinyl chloride

conpared to other daughter products such as DCE that are nmore retarded by soil adsorption; these results may
also reflect the ability of natural bacterial degradation in helping to nminimze the downgradi ent spread of
the TCE-famly plunme in the internedi ate aquifer.

Regardl ess of the extent to which the natural degradati on processes described above are active, TCE-famly
contaminants fromthe landfill that are dissolved in the upper aquifer groundwater are constrai ned by the
hydrol ogy of the site to discharge surface water or to mgrate to the intermedi ate aquifer. Those that
mgrate to the internmedi ate aquifer are constrained by the hydrology to discharge to surface water. Once in
surface waters these chemcals tend to be volatilized and degraded in the atnosphere.

7.0 SUWRARY COF SITE RI SKS

Remedi al actions at NWC Keyport QU 1, as described later in this ROD, are intended to protect human health
and the environnent fromcurrent and potential future exposure to hazardous substances associated with the
site.

Potential risks to human health and the environnent fromchemcals detected at QU 1 were evaluated initially
as part of the 1993 R and then again as part of the 1995/1996 post-R suppl emental sanpling program Risk
assessnents conducted as part of the RI were docunented in the Baseline Human Health Ri sk Assessment report



(URS 1993b) and the Baseline Ecol ogi cal R sk Assessnment report (URS 1993c). Risks evaluated as part of the
post- R suppl enental sanpling programwere docunented in the Summary Data Assessnent Report (URS 1997a) and
the Focused Feasibility Study Report (URS 1997b). The foll owing sections sumrarize the results of these
assessnents of human health and ecol ogi cal risk.

7.1 HUMAN HEALTH R SKS

A quantitative human health risk assessnent, using CERCLA gui dance, was conducted in 1993 as part of the R
for QU 1. Details of the calculations and assunptions used in this risk assessnent can be found in the 1993
basel i ne human health ri sk assessnent report.

Human health risks from sel ected exposure pathways were subsequently reeval uated using the | arge anount of
additional data that was collected during the 1995/1996 suppl enental sanpling program Because this |ater
sanpling generally found the sane cl asses of contaninants and the same patterns of results as the R, a
CERCLA-type human health risk assessnent, |like that performed during the R, was not repeated. |nstead, human
health risks were eval uated by conparing chemcal results to regulatory criteria and cal cul ated ri sk-based
concentrations

7.1.1 Summary of the 1993 Human Health R sk Assessnent

A basel ine human health risk assessment was perfornmed for QU 1 using EPA gui dance and data col |l ected during
the RI. The risk assessnent was revi ewed by EPA. The risk assessment report incorporated EPA commrents and was
finalized Cctober 25, 1993 (URS 1993b). The risk assessnent included the follow ng five conponents:

. The identification of chem cals of potential concern (COPCs)

. An exposure assessnent that identified existing and potential future exposure pathways and
quantified exposures

. A toxicity assessment that considered both cancer and non-cancer effects

. A characterization of risk

. An evaluation of the effects of various uncertainties on the results of the assessnent.

These five conponents are summarized in the foll owing sections

7.1.1.1 Chenmicals of Potential Concern

COPCs were identified in the baseline risk assessment using the followi ng two-step eval uation process

First, inorganic chemcals in each environmental medium (e.g., soil, groundwater, surface water) were
conpared to background concentrations. Chem cal s whose nmaxi mum concentrations exceeded background were
carried forward in the COPC eval uation process. O ganic chemcals and sone inorganics for which no background
val ues were avail abl e were not compared to background concentrations; all of these chenicals were carried
forward

Second, the chenicals carried forward fromthe first step were conpared to conservative ri sk-based screening
concentrations (RBSCs). These screening concentrations were derived assuning residential exposures and
acceptabl e cancer risk levels of 1x10 -7 for soil and 1x10 -6 for water and acceptabl e hazard quotients (HQs)
of 0.1. Chem cal s whose nmaxi mum concentrati ons exceeded these RBSCs were identified as COPCs. |In addition,
all dass A carcinogenic chem cals (known human carci nogens) and those chem cals for which no screening
concentrations were avail able were identified as COPCs regardl ess of their concentrations.

The COPCs identified by the above process are listed by mediumin Table 7-1.

7.1.1.2 Exposure Assessnent

The exposure assessnent characterized the exposure scenarios, identified potentially exposed popul ati ons and
their exposure pathways and routes of exposure, and quantified exposure in terns of chronic daily dose
Exposure is a function of both the intake of a contaminant (e.g., how much is ingested per day) as well as

t he contam nant concentration

For both current and future | and use, exposures to onsite workers, site visitors, and nearby residents were
eval uated. For worker exposures, the follow ng pathways were eval uated: (1)exposure to soil contam nants
through soil ingestion and (2) exposure to indoor or outdoor airborne contam nants, either in the form of

vol atilized conmpounds or suspended particulates. For site visitors and nearby residents, the follow ng

pat hways were eval uated: (1) exposure to contamnants in the surface water of nearby water bodies through
ingestion, (2) exposure to contam nants in the sediment of nearby surface water bodies through ingestion, and
(3) exposure to contam nants in seafood from nearby surface water bodies through ingestion (for this pathway,



the eval uation included both recreational and subsi stence use).

Exposure of hypothetical future onsite residents to shallow groundwater (i.e., fromthe upper and
internedi ate aquifers) was al so evaluated and quantified during the devel opment of the 1993 risk assessment
and are presented in this ROD. This pathway was not included in the risk assessment report, however, because
future residential use of the landfill was judged to be extremely unlikely.

Tabl e 7-2 summari zes the exposure pathways and scenarios eval uated during the 1993 ri sk assessnent including
future onsite residential use of shall ow groundwater.

Ri sks to then current and hypothetical future onsite workers to airborne landfill contam nants via inhalation
of indoor air were evaluated in the 1993 ri sk assessnent. These eval uations are summarized in this section of
the ROD. However, since 1993, all buildings on the landfill have either been renoved or are no | onger

occupi ed. Because of this, the risks calculated and presented for "current” workers in the 1993 ri sk
assessnent do not presently exist.

CERCLA gui dance reconmends that both reasonabl e nmaxi num exposures (RVES) and average exposures be cal cul at ed
in risk assessnents. RMVE exposures are intended to estinate the value of the highest dose that coul d
reasonably be expected to occur for a given pathway and are cal cul ated using RVE intake assunptions and
exposure concentrations. Average exposures were cal cul ated using average intake assunptions and exposure
concentrations

As detailed in the 1993 Human Health R sk Assessnent Report (URS 1993b), RMVE and average intake assunptions
were generally based on val ues from EPA gui dance docunents (e.g., EPA's standard default assunptions).
However, where EPA val ues were not avail abl e, best professional judgenment was used. These cases are |listed
bel ow.

. For worker exposure to soil (via ingestion) and airborne contam nants (via inhalation), average
exposure duration was judged to be ten years.

. For subsi stence seafood users, the fraction of seafood derived from QU 1-contam nated shellfish
was judged to be 0.25 for RMVE exposure and 0. 10 for average exposure.

. For site visitors and nearby residents, ingestion of marine sedinents during recreationa
activities was judged to have an exposure frequency of 52 days per year for RVE exposure and 26
days per year for average exposure.

RVE exposure concentrations were cal cul ated using the 95 percent upper confidence limt (UCL) on the
arithnetic mean of the sanple results. In cases where the 95 percent UCL exceeded the maxi mum val ue observed,
t he maxi mum val ue was used to cal cul ate the RVE. Average exposure concentrati ons were cal cul ated using the
arithnetic nmean of the sanple results

Exposure concentrations in soil were estimated by using soil sanple results (i.e., concentrations at
receptors were not estinmated using nodeling or other indirect neans). For current |and use scenarios, surface
soil sanple results were used. Because future | and use scenarios included construction activity (e.g.
construction of residences), it was assumed that soil fromall horizons coul d be excavated, stockpiled, and
reused onsite and thus could be placed at or near the ground surface and cause exposure to workers.

Therefore, to quantify future scenarios, soil sanpling results fromall depths were conbi ned.

Exposure concentrations in groundwater were estinated by using groundwater sanpling results. Results from al
Rl sanpling rounds of groundwater fromthe upper and internedi ate aquifers were used as exposure
concentrations to evaluate the risks fromuse of this water.

I ndoor air exposure concentrations were estimated by use of anbient air nmonitoring data from severa

buil dings that were located on the landfill at the tine the Rl was done. These buil di ngs have since been
removed or are no | onger occupied. To estimate outdoor exposure concentrations for VOCs, the follow ng

t echni ques were used. Em ssion flux nmeasurenments were used to evaluate volatile em ssions fromthe landfill.
Di spersion nodeling was then used to cal cul ate exposure concentrations at receptor |ocations. The nodel was
run using worst-case neteorol ogical input assunptions. To estinmate current outdoor exposure concentrations
for metals, data from suspended particul ate sanples were used. Exposure concentrations were al so cal cul ated
for future scenarios in which fugitive dust em ssions fromsoil could result in exposure to airborne
particulates. A nodel was used to estinate airborne contam nant concentrations based on neasured
concentrations of contaminants in soil

Exposure concentrations for surface water were estimted by using surface water sanpling results. Surface
wat er sanpling was conducted as part of the Rl during both dry and wet seasons to account for seasona
changes in contam nant concentrations. Sanples were collected near the surface to eval uate exposure scenari 0s



invol ving ingestion of water while swi nmmng. Surface water data were eval uated separately for the nmarsh, tide
flats, and Dogfish Bay.

Exposure concentrations for sedinent were estimted by using sedinment sanpling results. Concentrations were
based on all sanples collected within a surface water body (e.g., the marsh, tide flats, and Dogfish Bay).

Exposure concentrations for seafood were estimated using clamtissue sanpling results fromnative littleneck
clams (Protothaca stam nea), nmnila clans (Tapes japonica), bent-nose clans (Macoma nasuta) and nud cl ans
(Maconm inquinata). Concentrations were based on all sanples collected within a surface water body (e.g., the
tide flats and Dogfish Bay).

7.1.1.3 Toxicity Assessnent

Toxicity informati on was provided in the 1993 risk assessment for the COPCs. Ceneral ly, cancer risks are
cal cul ated using toxicity factors known as slope factors (SFs), while noncancer risks are assessed using
ref erence doses (RfDs).

EPA devel ops SFs for estimating excess lifetime cancer risks associated with exposure to potenti al
carcinogens. SFs are multiplied by the estinated intake of a potential carcinogen to provide an upper-bound
estimate of the excess lifetime cancer risk associated with exposure at that intake |level. Estinated intakes
are determ ned using the exposure concentrations which were cal cul ated as di scussed above in Section 7.1.1.2.
The term "upper-bound” reflects the protective (i.e., conservative) estimate of the risks calculated fromthe
SF. Use of this approach nakes underestimates of the actual cancer risk highly unlikely. SFs are derived from
the results of hunman epidem ol ogi cal studies, or chronic aninal bioassay data, to which mathematica
interpolation fromhigh to | ow doses, and fromaninmals to humans, have been appli ed.

EPA develops RfDs to indicate the potential for adverse health effects fromexposure to chem cals exhibiting
noncancer effects. RfDs are estinates of lifetime daily exposure for humans, including sensitive

subpopul ations, likely to be without risk of adverse effect. Estimated intakes of contaninants of concern
from environnental nedia can be conpared to the RFD. RfDs are derived from hunman epi deni ol ogi cal studies or
ani mal studies to which protective safety factors have been appli ed.

The risk assessnent used oral and inhalation SFs and RfiDs. Toxicity factors were obtained fromthe Integrated
Ri sk Information System (IRIS) or, if no IRS values were available, fromthe Health Effects Assessnent
Summary Tabl e (HEAST). For the few chemicals which did not have toxicity val ues avail able fromeither source
sources other than RIS and HEAST were used. EPA does not provide toxicity data for |ead because of unique
considerations related to the toxicology of this elenent. Instead, |ead concentrations in soil, water, and
air at the site are conpared with concentrations for these nmedia that EPA has deternmined are unlikely to
result in unacceptabl e bl ood-1ead concentrations in hunans.

7.1.1.4 R sk Characterization

For carcinogens, risks are estimated as the increnental probability of an individual devel opi ng cancer over a
lifetine as a result of exposure to the specific carcinogen. Excess lifetime cancer risk is calcul ated by

mul tiplying the SF by the quantitative estimte of exposure, the "chronic daily intake." These risks are
probabilities generally expressed in scientific notation (e.g., 1x10 -6). An excess lifetime cancer of 1x10
-6 indicates that an individual has a one in one mllion (1:1,000,000) chance of devel opi ng cancer as a
result of site-related exposure to a carcinogen under the specific exposure conditions assuned

The potential for noncarcinogenic effects is evaluated by conparing an exposure |evel over a specified tine
period (lifetine) with an RFD derived for a simlar exposure period. The rati o of exposure to toxicity is
called the HQ H® are calculated by dividing the exposure by the specific RFD. By adding the H® for al
COCs the hazard index (H') can be cal cul at ed.

The RME provides a conservative (protective) exposure scenario for considering renmedial actions at a
Superfund site. Based on the RVE, when the excess lifetime cancer risk estimates are below 10 -6, or when the
noncancer H is less than 1, EPA generally considers the potential human health risks to be bel ow | evel s of
concern. Renedial action may be warranted when excess lifetinme cancer risks exceed 10 -4 (one in ten
thousand) or an H exceeds 1. Between 10 -6 and 10 -4 renedial action nay or may not be sel ected, depending
on individual site conditions including human health and ecol ogical concerns. (It should be noted that the
State of Washi ngton Mddel Toxic Control Act [MICA] clean up levels, the criteria used by Ecol ogy to assess
the need for remedial action, are generally based on Hs of 1 and increnental cancer risk of 1xI0 -6 for

i ndividual chenicals, and Hs of 1 and total incremental cancer risk of 1x10 -5 for the site as a whole.)

Cancer Ri sks

Table 7-3 presents the average and upper bound (RMVE) estimates of cancer risks that could result from



exposures to contamnants at the site that were determ ned during the 1993 baseline risk assessnment. The

hi ghest cancer risks were associated with onsite worker exposure to indoor air (RVE = 3x10 -4, or 3 in

10, 000) and hypothetical future onsite residential use of upper and intermediate aquifer groundwater (RMVE =
2x10 -2, or 2 in 100). The chemicals prinarily responsible for the indoor air cancer risk were chloronethane,
carbon tetrachl oride, 1,3-butadiene, 1,1-DCE, and methyl ene chloride. The chem cal primarily responsible for
the hypot hetical future groundwater risk was vinyl chloride.

As di scussed above, all buildings on the landfill have either been renoved or are no | onger occupi ed. Because
of this, the risks due to worker inhalation of airborne indoor landfill contam nants calculated for "current"
workers in the 1993 risk assessnent do not presently exist.

Non- Cancer Ri sks

Table 7-3 presents the average and upper bound (RVE) estimates of non-cancer risks that could result from
exposures to contamnants at the site that were deternined during the 1993 baseline risk assessment. The
hi ghest non-cancer risks were associated with onsite worker exposure to indoor air (RVE = 2) and future
onsite residential use of upper and internediate aquifer groundwater (RVE = 20). The chemicals primarily
responsi bl e for the indoor air non-cancer risk were Freon 12, 1, 4-dichl orobenzene, and 1,1, 1-TCA The
chemcal primarily responsible for the future groundwater risk was vinyl chloride

As di scussed above, risks due to worker inhalation of airborne indoor landfill contam nants cal cul ated for
“current” workers in the 1993 risk assessment do not presently exist.

Because | ead was not included in the risk estimates, |ead concentrations in air, soil, and groundwater were
conpared with | evels that EPA has determned are unlikely to result in unacceptable blood-lead concentrations
in humans. The RME | ead concentrations observed in soil, water, and air were all well below these

EPA-r ecommended | evel s

7 1.1.5 Uncertainty Analysis

The accuracy of the risk characterization depends in |arge part on the accuracy and representativeness of the
sanpl i ng, exposure, and toxicol ogical data. It is inportant to enphasize that the baseline risk assessnent is
primarily a decision-nmaking tool for use in assessing the need for renedial action. The results of risk
assessnents are presented in terms of the potential for adverse effects based on a nunber of very
conservative assunptions. The tendency to be conservative is an effort to err on the side of the protection
of health.

Uncertainties in various aspects of site characterization and risk assessment may have | ed to under- or
overestimation of risk. The followi ng uncertainties were of nmost inportance for the selection of renedia
measures and for the identification of supplenental data needs

. There was a high degree of uncertainty about whether the contam nants detected in the indoor
air sanples originated fromthe landfill or were fromproducts present in the offices and shops
themsel ves. This uncertainty led to a potential for overestimation of risk attributable to the
landfill.

. PCBs were not arialyzed in seafood (clans). This coul d have caused contam nants whi ch were

present not be detected and could have led to potential underestimation of risk

. Lead data fromclans collected during two Rl sanpling rounds were identified as being
i nconsi stent by the Agency for Toxic Substances and D sease Registry (ATSDR) in their 1995
Heal th Consultation Report. Results fromthese rounds were difficult to interpret because the
data set included results for both depurated and non-depurated clans and incl uded severa
di fferent clam species

7.1.2 Summary of Human Health Ri sks Based on 1995/1996 Suppl enental Data

Human health risks due to certai n exposure pathways were subsequently reeval uated using the large quantity of
addi tional data collected during the 1995/ 1996 suppl enental sanpling program This suppl enmental sanpling was

conducted to aid the renedi al deci sion-naking process and was targeted at the follow ng two specific exposure
pat hways that the R was judged not to have adequately eval uated:

. Ri sks to current and future seafood harvesters in the tide flats and Dogfish Bay. The
assessnents done during the R did not identify risks exceeding EPA target levels (i.e., cancer
risk > 10 -4, H > 1) for seafood harvesters. However, it did identify significant uncertainty
about this conclusion because of the |ack of PCB anal yses in clam sanples and because of the
inconsistency in | ead data between the two R clam sanpling rounds. Therefore, it was deci ded



that additional characterization of risks to humans fromingestion of seafood was required.

. Risks to current and future offsite residents fromdomestic use of intermediate aquifer
groundwat er. The assessnents done during the Rl were judged to have adequately identified the
very high risk to potential future residential users of onsite upper and internedi ate aquifer
groundwat er. However, it was concluded that additional characterization of risks to offsite
residents due to groundwater use was required.

The suppl emental sanpling data were an inprovenent over those collected during the Rl for the eval uation of
the two human heal th exposure pat hways |isted above. For exanple, the supplenmental sanpling programincl uded
many nore nmonitoring wells in the intermedi ate aquifer to assess the potential flow of contaninants to

of f-base areas. The suppl enental sanpling al so included anal yses of PCBs in clamtissue to help ensure that

| ow concentrations of these contaninant types were not mssed. In addition, the supplenmental sanpling

i ncluded only non-depurated clam sanples froma single, commonly-harvested species (P. staninea), to obtain
nmore consi stent data for |ead and other chenicals. The suppl emental sanpling also included five sanpling
rounds to ensure that worst-case seasonal concentrati ons would be nonitored. Results of the suppl enenta
sanpling program and the eval uation of risk based on the data collected are presented in the Sumrary Data
Assessment Report (URS 1997a).

Because the suppl enental sanpling generally found the sane cl asses of conpounds and the same patterns of
results as the R, a CERCLA-type risk assessnent, like that performed during the RI, was not repeated.
However, the same conceptual steps, identification of COCs, exposure assessnent, toxicity assessnent, and
ri sk characterization were perforned for the two human health risk pathways of interest. These steps are
summari zed in the foll owing sections.

7.1.2.1 Chenmicals of Interest

Chem cal s detected in the suppl emental sanpling programwere eval uated by conparing their concentrations
agai nst regulatory criteria or calculated RBSCs rel evant to the human health pat hways under considerati on.

G oundwat er was conpared to drinking water criteria. Surface water and groundwater were conpared to surface
water quality criteria for the protection of human health via ingestion of seafood. damtissue results were
conpared to cal cul ated RBSCs for human heal th based on recreational exposure assunptions and on cancer risk
val ues of 1x10 -6 and non-cancer H's of 1. Any chem cal whose nmxi num concentration in a specific

envi ronnental nedi um exceeded one-third the value of the nmbst stringent screening concentration was
identified as a chemcal of interest (CO). One-third the value of the screening concentration was used for
conparison in order to be conservative (i.e., protective) and to account for sanpling and anal yti cal
uncertainties. These chenicals were termed "CAs" to distinguish themfromthe "COPCs" identified during the
1993 risk assessnent. Unlike the identification of COPCs during the 1993 risk assessnent, the identification
of COs did not include screening chem cals against their upgradient or background concentrations.

The list of COs for groundwater, surface water, and clamtissue is shown in Table 7-4.

The CO's were evaluated further, in terms of their spatial distribution, frequency of detection,
concentration, and presence in upgradi ent and reference stations. Chemcals of interest for which the
landfill appeared to be a significant source were identified as COCs. Two groups of chemcals were identified
as COCs: CAHs and PCBs.

The CAHs identified as COCs at QU 1 are:

. 1, 1- DCA

. 1, 2- DCA

. 1, 1- DCE

. ci s-1, 2- DCE

. trans-1, 2- DCE

. PCE

. 1,1,1-TCA

. TCE

. vinyl chlori de.

The PCBs identified as COCs at QU 1 are:

. Arocl or 1016
. Arocl or 1232
. Arocl or 1242
. Arocl or 1254

. Arocl or 1260.



7.1.2.2 Exposure Assessnent

Data fromthe suppl enental sanpling rounds provided better characterization of the two human heal th exposure
scenarios of interest: exposures of offsite residents to landfill contamnants in the intermediate aquifer
and exposures to shellfish harvesters to landfill-contam nated shellfish in the tide flats and Dogfi sh Bay.

Aver age and RVE exposure concentrations were not used for risk evaluations in the supplenental sanpling
program Instead, sanple results were used individually to represent exposure point concentrations. These
were conpared on a point by point basis with regulatory values and risk based concentrations to characterize
risk.

Current Offsite Groundwater Use Scenario

Based on the observed groundwater flowpaths, intermedi ate aquifer groundwater fromthe landfill converges
toward the tide flats and Dogfish Bay where it di scharges. These observations indicate that |andfil

contam nants do not currently flow beneath | and areas where wells tapping the internedi ate aquifer exist;
therefore, it was concluded that there is no current exposure of offsite residents to landfill contam nants
via this pathway.

Future O fsite G oundwater Use Scenario

G oundwat er nodel i ng was conducted by the USGS in order to eval uate exposure to offsite groundwater users
shoul d future changes in groundwater w thdrawal s change the flow field in such a way to allow | andfil
contaminants to be drawn into offsite wells. This study, using conservative (protective) assunptions,

concl uded that the devel opnent of a future withdrawal scenario that woul d cause contam nants to be drawn into
offsite wells would be "highly inprobable." Therefore, based on these results, it was concluded that future
exposures of offsite residents to landfill contam nants via this pathway woul d be highly unlikely.

Current Shellfish Harvester Scenario

Data fromall clamsanple stations in the tide flats and Dogfi sh Bay were used to assess exposure to

contam nants for this pathway. Because contam nant concentrations in anbient surface water can be related to
concentrations in seafood species living in that water, surface water data fromthe marsh, tide flats, and
Dogfi sh Bay were al so used to eval uate exposure of current shellfish harvesters to landfill contam nants in
shel | fi sh.

Future Shel |l fish Harvester Scenario

The same data used to assess exposure for the current shellfish harvester scenario was used to assess
exposure for the future scenario. In addition, it was recogni zed that bi oaccunul ation of certain |andfil
contam nants (e.g., PCBs) could occur over tine and could increase exposure point concentrations in the

future

7.1.2.3 Toxicity Assessnent

As discussed in Section 7.1.1.3, chemcal toxicity is represented by SFs for cancer-causing chenical s and
Rf Ds for non-cancer effects. In evaluating the supplemental sanpling data, risks due to ingestion of
shel I fish were eval uated by conparison to RBSCs. These concentrations were cal cul ated using oral SFs and
RfDs. Toxicity factors were obtained fromIR S or, if no IRIS values were avail able, fromHEAST. For the few
chem cals which did not have toxicity values available fromeither source, sources other than IRI'S and HEAST
wer e used.

Ri sks from groundwat er and surface water were eval uated by conparing sanpl e concentrations to regul atory
val ues. For risk-based regul atory values (nmost of the ones used), toxicity factors (SFs or RfDs) were

deternmined by the regul atory agencies during the devel opment of the regul atory val ues

7.1.2.4 Ri sk Characterization

Human- heal th ri sks were eval uated by conparing neasured concentrations of landfill contam nants in
groundwat er, surface water, and clamtissue agai nst regulatory values or RBSCs. A separate and additiona
eval uation of risks associated with consunption of shellfish using supplenental sanpling data was al so
perforned by ATSDR

Ofsite Drinking Water Pat hway

As di scussed above in Section 7.1.2.2, site data and groundwat er nodel i ng concluded that current exposure of
offsite residents to landfill contam nants via internediate aquifer groundwater was not occurring and that



future exposure is highly unlikely. Gven these conclusions, no exposure was assessed. Since risk is the
product of exposure and toxicity, no current or future risk was calculated for this pathway.

Seaf ood | ngesti on Pat hway

As di scussed above in Section 7.1.2.3, concentrations of COCs in clamsanples fromthe tide flats and Dogfi sh
Bay were compared with RBSCs. These RBSCs were cal cul ated using recreational ingestion rates and risk |evels
of 1xI0 -6 for cancer and H = 1 for non-cancer effects. PCBs were detected in clans at one of three tide
flats stations and at one of three Dogfish Bay stations during the 1995/1996 suppl enental sanpling program
The concentration in the tide flats sanpl e exceeded the cancer RBSC by approximately 8 tines, correspondi ng
to a current risk of 8x10 -6. The concentration in the Dogfish Bay sanpl e exceeded the cancer RBSC by
approximately 3 times, corresponding to a current risk of 3x10 -6.

A separate study conducted by ATSDR al so addressed current risk to shellfish harvesters, including

subsi stence and commercial users. The ATSDR study eval uated shellfish data fromthe tide flats and Dogfi sh
Bay that was collected during both the Rl and suppl enental sanpling prograns (this included the new | ead and
PCB data). ATSDR concluded that the shellfish did not currently contain chenm cal contam nants at |evels of
heal th concern to humans, including recreational, subsistence, and conmercial harvesters. The ATSDR report,
Heal th Consul tation Fol |l ow Up, Naval Undersea Warfare Center Division, Keyport, dated Septenber 21, 1996, is
included in Appendix Hin the Summary Data Assessnment Report.

PCBs were detected in groundwater at the landfill as well as in the seep which discharges directly to the
marsh system PCBs were al so detected in a surface water sanple imredi ately downstreamfromthe seep and in
sedi nent sanples near the landfill. Taken together, these data indicate the probability of ongoing PCB inputs

to the adjacent nmarine environnent. Since PCBs do not rapidly break down in the environnent and because they
can bi oaccunul ate in marine organisns, future risks to shellfish harvesters could increase to unacceptabl e
levels. This conclusion is consistent with that of the ATSDR report which also identified the possibility of
future increases in PCB concentrations in shellfish due to bioaccunul ation

Shel | fi sh sanmpl es were not analyzed for VOCs; therefore, human health risks caused by CAHs coul d not be
directly evaluated by conparison with seaf ood RBSCs. Instead, risks due to shellfish ingestion were eval uated
by conparing CAH concentrations in surface water sanples fromthe tide flats and Dogfi sh Bay agai nst surface
water regulatory criteria that have been devel oped for the protection of human health fromthe consunpti on of
seaf ood. This conpari son showed that CAH concentrations in the tide flats and Dogfi sh Bay, where edible
shel | fish species live and can be harvested, did not exceed these human health criteria. These results
indicate that current hunman health risks associated with this pathway due to CAHs is not unacceptabl e

If future discharges of CAHs fromthe landfill led to significant increases in surface water concentrations,
then equilibrium CAH concentrations in shellfish tissue mght reach unacceptabl e | evels. However, future
increases in risk fromCAHs in shellfish are less likely than for PCBs because CAHs do not tend to

bi oaccunul at e

Future Onsite Residential Pathways

Data col lected as part of the supplenental sanpling rounds can al so be used to reexanine the future onsite
residential use scenario, involving residential exposure to shallow groundwater and landfill soils. Wrk done
during the 1993 risk assessnent identified unacceptable risk (e.g., cancer risk = 2x10 -2) to hypotheti cal
future onsite residents due to domestic use of shallow onsite groundwater. Al though this scenario was not
explicitly evaluated in the Summary Data Assessnent Report (because it was expected that residential

devel opnent woul d never be allowed on the landfill) it is apparent that risks fromsuch use would greatly
exceed the EPA target risk range for consideration of renedial action. The followi ng exanple illustrates
this:

The primary contributor to cancer risk for the drinking water pathway identified using the R data was viny
chl oride. The maxi mum concentrati on detected during the Rl was 1,762 Ig/L in well MM-5. The nmaxi mum
concentration of vinyl chloride detected during the suppl emental sanpling programwas 12,000 Ig/L in upper
aqui fer well MM-16 (a well that did not exist during the RI). The risk fromexposure 12,000 Ig/L of vinyl
chloride in drinking water can be estinmated by conparing it to the MICA Method B cl eanup |l evel of 0.02 Ig/L.
The MICA val ue is based on a cancer risk of 1 x 10 -6 and default toxicity and residential exposure
assunptions. Since the nmaxi mum concentrati on detected during suppl enental sanpling was 600,000 tinmes higher
than the MICA val ue, then cancer risk associated with the maxi mum concentration would be 600,000 times 1 x 10
-6, or 6x10 -1. Based on this calculation, it is clear that cancer risk to future onsite residents continues
to greatly exceed the EPA target range of 10 -6 to 10 -4 for consideration of renedial action

7.1.2.5 Uncertainty Analysis

The followi ng uncertainties in the evaluation of human health risk were the nost inportant ones that were



considered in the renedial decision-naking process:

. Future risk to shellfish harvesters due to bioaccumul ation of PCBs in shellfish tissue in the
tide flats and Dogfish Bay. Al though current risks were not identified as bei ng unacceptabl e,
there is uncertainty regarding future risk, since PCBs bioaccumulate and it appears that the
landfill is an ongoi ng source of these chemcals to the marine environnent.

. Future risk to shellfish harvesters due to increases of CAHs in shellfish tissue in the tide
flats and Dogfish Bay. Although current risks were not identified as bei ng unacceptable, there
is uncertainty regarding future risk should CAH concentrations in these water bodies increase
in the future due to increased inputs fromthe landfill.

. Future risk to offsite groundwater users due to offsite migration of landfill contami nants via
the intermediate aquifer. No current or future risks were identified for this pathway and the
uncertainty associated with this conclusion is small. However, the consequences of offsite
mgration of contam nants to drinking water wells, should a large, unforeseen change in the
overal | pattern of groundwater flow occur, would be significant.

7.2 ECOLOG CAL RI SKS

An ecol ogical risk assessnment was conducted in 1993 as part of the Rl for QU 1. Details of the calcul ations
and assunptions used in this risk assessnment can be found in the 1993 ecol ogi cal risk assessnent report (URS
1993c).

Ecol ogi cal risks for specific exposure pathways were al so reeval uated using the |Iarge anount of additiona
data that was collected during the 1995/1996 suppl enental sanpling program Because this |ater sanpling
generally found the sanme classes of contam nants and the sane patterns of results as the R, an ecol ogica

ri sk assessnent, like that perforned during the R, was not repeated. |nstead, ecological risks were

eval uat ed usi ng conpari sons of chenmical results to ecologically-relevant regulatory criteria, evaluations of
sedi nent bi oassays, and other types of eval uations.

7.2.1 Summary of the 1993 Ecol ogi cal Ri sk Assessnent

An ecol ogical risk assessnment was perforned for QU 1 using data collected during the RI. The risk assessnent
was reviewed by EPA. The risk assessnment report incorporated EPA comments and was finalized Cctober 25, 1993.
The risk assessnent included the follow ng five conponents:

. The identification of COPCs

. An exposure assessnent that included the identification of exposure pathways

. A toxicity assessnent

. A characterization of risk

. An evaluation of the effects of various uncertainties on the results of the assessnent.

These five conponents are summarized in the foll owi ng sections

7.2.1.1 Chemi cals of Potential Concern

Chem cal s of potential concern (COPCs) were identified in the risk assessnent using the follow ng process:

First, chemcals in each environnental nedium(e.g., soil, sedinment, surface water) were conpared to
background concentrati ons. Chem cals whose RME concentrations in each medi um exceeded background screening
val ues were carried forward in the COPC eval uation process. Chem cals for which no background val ues existed
were also carried forward. Then, the chemcals carried forward fromthe first step were conpared to
conservative ecol ogi cal RBSCs. Chenicals exceeding these concentrations were identified as COPCs. The COPCs
identified by the above process are listed by mediumin Table 7-5

7.2.1.2 Exposure Assessnent

The exposure assessnment characterized the exposure scenarios, identified potentially exposed organi sns and
their exposure pathways and routes of exposure, and quantified exposure. Exposures to both terrestrial and
aquatic plants and ani mal s were eval uat ed.

Tabl e 7-6 shows the exposure pathways that were examined. For terrestrial plants, exposure to surface and
root-zone soil was evaluated. For terrestrial mammals, |ike the Townsend's vole, exposure to both soil and
terrestrial plants was eval uated. For herbivorous birds, such as the nallard duck, exposure to aquatic

sedi nent, aquatic plants, and surface water via ingestion was evaluated. For benthic invertebrates, contact



with and ingestion of sedinment and anbi ent surface water was eval uated. For denersal fish, ingestion of
benthi c invertebrates was eval uated. For carnivorous birds, such as the pigeon guillenot, ingestion of
aquatic food species (fish and invertebrates) was eval uated.

The pat hways that were eval uated were considered to represent conservative "worst-case" exposures. O her
pat hways that were judged to result in far |ess exposure to landfill contam nants, such as exposure of
terrestrial wildlife species to landfill gas and exposure of pelagic fish to contam nants in surface water,
were not quantitatively eval uated.

7.2.1.3 Toxicity Assessnent

Ecol ogi cal risk was eval uated using a wei ght of evidence approach that included conparing environnenta
concentrations of chemcals to toxicol ogical reference values (TRVs) as well as by assessing toxicity
directly using toxicity tests.

TRVs were devel oped for the COPCs. A |arge nunber of sources of toxicological information were consulted and
evaluated in the selection of TRVs. Sources of ecological toxicity information included ecol ogi cal risk-based
regul atory val ues, such as Washington State Sedi nent Managenent Standards and federal and state water quality
criteria and other sources, such as EPA maxi mum perm ssi bl e tissue concentrations and apparent effects
threshol ds for Puget Sound. In sone cases, TRVs were devel oped indirectly. For exanple, TRVs for chlorinated
pesticides in sediments were derived by cal cul ating the concentration in sedi ment of these chem cals that
could lead to an exceedance of a toxicological value in benthic infauna

The toxicity of soil and sediment was al so evaluated directly using soil and sedinent toxicity tests (i.e.

bi oassays). In these tests, test organisns are exposed to sanples of the environnmental nediumof interest
(e.g., sedinment) and specific toxic responses (e.g., nortality) are quantified and conpared agai nst responses
occurring on uncontam nated reference material. Soil toxicity tests were conducted on surface and root-zone
soil sanples. Both acute tests (earthworns) and chronic tests (algae) were perforned. Sedinent toxicity tests
were conducted on surface and subsurface sediments. Both acute tests (anphi pod and echi noderm | arvae) and
chronic tests juvenile polychaete) were perforned

7.2.1.4 R sk Characterization

Results of the exposure assessnent and toxicity assessnent were conbi ned and potential ecological risks were
identified. The 1993 ecol ogical risk assessnent did not identify unacceptable ecological risks to terrestrial
organisns at QU 1. It did, however, identify the follow ng potential risks to aquatic organi sns:

. Potential risk to benthic organi sms exposed to marsh sedinent and interstitial water. Primary
contributors to this risk were bis(2-ethythexyl)phthal ate and organochl ori ne pesti ci des.

. Potential risk to organi snms exposed to narsh water. Prinmary contributors to this risk were
anti nony and nercury.

. Potential risk to benthic organisns, including clanms, fromexposure to tide flats sedinents.
Potential risk to denmersal fish (i.e., English sole) fromingestion of benthic organisns and
sedinent in the tide flats. Prinmary contributors to these risks were bis(2-
et hylhexyl ) pht hal ate and or ganochl ori ne pesti ci des.

. Potential risk to organisms exposed to tide flats water. Primary contributors to this risk were
anti nony and nercury.

. Potential risk to benthic organi sms exposed to Dogfish Bay sedinent. Primary contributor to
this risk was bis(2-ethyl hexyl)phthal ate

These risks are summarized in Table 7-7

7.2.1.5 Uncertainty Analysis

There were three primary areas of uncertainty in the ecological risk assessnent that were of nobst rel evance
to the renedi al decision-maki ng process and the scope of the supplenmental data collection effort:

. The detection limts obtained for anal yses of PCBs and some SVOCs in sedinments were el evat ed.
This coul d have caused contam nants whi ch were present not have been detected and coul d have
led to potential underestimation of risk fromthe landfill.

. Mortality, in excess of reference, of anphipods in the three sedinent bioassay tests nay have
been caused by the physical nature of the sedinent (i.e., grain size) and not by the presence



of landfill contamnants. This could have led to overestimation of risk fromthe landfill.

. The chemcal s responsible for the risks identified in Section 7.2.1.4 (bis[2-
et hyl hexyl ] pht hal at e, organochl orine pesticides, antinony, and nmercury) nay not have been
clearly attributable the QU 1 landfill and nay have originated el sewhere or have refl ected

background conditions. This could have led to overestimation of risk fromthe landfill.

7.2.2 Summary of FEcol ogical Risks Based on 1995/1996 Suppl enental Data

Ecol ogi cal risks for aquatic pathways were reevaluated using the large quantity of additional data collected
during the 1995/ 1996 suppl enental sanpling program This supplenental sanpling was conducted to aid the
remedi al deci si on-maki ng process. The assessnent was designed to address the uncertainties identified in the
1993 ecol ogi cal risk assessnent and sunmarized in Section 7.2.1.5: detection limts, bioassay failures, and
the relationship of risk drivers to the landfill. Because the suppl enental sanpling generally found the sane
cl asses of conmpounds and the sane patterns of results as the RI, a CERCLA-type risk assessnent, |ike that
perforned during the RI, was not repeated. However, the sanme conceptual steps, identification of CCCs,
exposure assessnent, toxicity assessnent, and risk characterization were performed. These steps are

summari zed in the fol |l owi ng sections.

7.2.2.1 Chemicals of Interest

Chem cal s detected in the suppl emental sanpling programwere eval uated by comparing their concentrations
agai nst regulatory criteria relevant to the ecol ogi cal exposure pat hways under consideration. For exanpl e,
sedinent results were conpared to Washi ngton State sedi nent quality standards (SQ@) and surface water and
groundwat er were conpared to surface water criteria for the protection of aquatic organi sms. Any chemnica
whose maxi mum concentration in a specific environnental nedi um exceeded one-third the val ue of the nost
stringent screening concentration was identified as a CO. One-third the value of the screening concentration
was used for conparison in order to be conservative (i.e., protective) and to account for sanpling and

anal ytical uncertainties. These chenmicals were termed "COs" to distinguish themfromthe "COPCs" identified
during the 1993 risk assessnment. Unlike the identification of COPCs during the 1993 risk assessment, the
identification of COs did not include screening chenicals against their upgradi ent or background
concentrations

The list of ecological COs for groundwater, surface water, and clamtissue is shown in Table 7-8. The COs
were eval uated further in terns of their spatial distribution, frequency of detection, concentrations

ecol ogical toxicity, behavior in the environnent, and presence in upgradient and reference stations.
Chemicals of interest for which the landfill appeared to be a significant source and which had the potentia
to pose ecol ogical risk were identified as COCs. Menbers of one group of chemcals, PCBs, were identified as
OCs.

7.2.2.2 Exposure Assessnent

Usi ng data fromthe suppl enental sanpling rounds, the Summary Data Assessnent Report provided better
characterization of the ecol ogi cal exposure pathways of interest. R sks to aquatic organi sms from exposure to
contami nants in sediment and surface water that were transported to the aquatic environment via groundwater

di scharge fromthe landfill were eval uated.

Aver age and RVE exposure concentrati ons were not used in the evaluation for the supplenental sanpling
program Instead, sanple results were used individually to represent exposure point concentrations. These
were conpared on point by point basis with regulatory val ues and ri sk based concentrations to characterize
risk.

Surface water sanples fromthe marsh, tide flats, and Dogfish Bay were used to eval uate exposure of aquatic
organisns to |landfill contam nants.

Sedi nent sanples fromthe marsh, tide flats, and Dogfish Bay were used to eval uate exposure of benthic
organisns to landfill contam nants in sedinment. Sedinent results were also used to eval uate potenti al

bi oaccunul ation up the food chain to fish and birds. To address uncertainties arising fromel evated detection
limts for PCBs and SVOCs in the R, the supplenental sanpling program used anal ytical nethods that yielded

i mproved detection limts for these conpounds

7.2.2.3 Toxicity Assessnent

The ecol ogical toxicity of a chemical is usually expressed as a concentration bel ow which there are expected
to be no or few adverse effects to representative sensitive organi sms. These concentrations formthe basis of
those regul atory values that are neant to be protective of ecol ogical organi sns and agai nst which the

suppl emental sanpling data from QU 1 were conpared.



Ecol ogical toxicity can also be neasured directly by use of toxicity tests or bhioassays. In these | aboratory
tests, organisns are exposed to sanples of the environmental nediumof interest and specific toxic responses
are quantified and conpared agai nst responses occurring on uncontam nated reference materi al. Bi oassays were
conduct ed on sedi ment sanples fromthe narsh, tide flats, and Dogfish Bay collected during the suppl emrent a
sanpling program Both acute tests (using anphi pod and echi noderm | arvae) and chronic tests (using juvenile
pol ychaete) were perforned. To address concerns that excess nortality of anphipods in the sedi ment, bioassays
conducted during the R night have been caused by the fine-grained nature of the sedinent, an anphi pod
species nore tol erant of these physical conditions was utilized for fine-grained sanples.

7.2.2.4 R sk Characterization

Current and future risks to organisns were evaluated for the COCs (PCBs) by conparison with regulatory and
ot her risk-based values and by anal ysis of the results of sedinent bioassays.

Current Ecol ogi cal R sk

The sedi nment chemical results for PCBs and the sedi nent bi oassays predict no adverse effects to sedinent
bent hi ¢ organi sms. The Washi ngton State Sedi ment Managenent Standards define two |evels of chenmical criteria.
The nost stringent level, the "nmarine SQS," corresponds to the |long-termgoal of "no adverse effects" on

sedi ment bi ol ogi cal resources; while the | ess stringent |evel, "cleanup screening |evel" (CSL), corresponds
to "mnor adverse effects" on these resources. At contami nant |evels above the CSL, nore significant effects
are predicted, and sedi nent cleanup nust be considered. The hi ghest PCB sedi ment concentration, found at the
station near the seep, was above the state marine SQ@, but was bel ow the state narine CSL. The absence of
adverse effects is predicted by attainment of the nore stringent chemcal criteria, the SQ5 while the m nor
adverse effects are predicted by chem cal concentrations ranging fromthe S@ to the | ess stringent CSL

Potential risk to aquatic organi snms was al so indicated by surface water exceedances of PCBs in the seep and
in the surface water station i medi ately downstream fromthe seep (MAQ09).

Ecol ogical risks fromPCBs in the marsh, tide flats, and Dogfish Bay were al so characterized using two ot her
approaches: 1) Measured and estimated body burdens of PCBs in benthic aquatic organisnms and clams were
conpared to tissue screening concentrations and published toxicity values. 2) Food chain nodels were used to
predict risks to upper trophic level organisns (fish and birds) that forage on aquatic organi sns. Based on

t hese anal yses, it was concluded that current ecol ogical risks fromPCBs were below |l evels of concern in the
tide flats and Dogfish Bay for all receptor organisns evaluated. It was al so concluded that risks to upper
trophic levels in the narsh were bel ow | evel s of concern. Concentrations of PCBs in benthic invertebrates in
marsh station MAO9, however, (where the maxi mum concentrations of PCBs were detected) were estimated to be
about four times higher than published | owest observed adverse effect concentrations for aquatic organi sns.

Fut ure Ecol ogi cal Risk

PCBs were detected in groundwater at the landfill as well as in the seep which discharges directly to the
marsh system PCBs were al so detected in a surface water sanple i medi ately downstreamfromthe seep and in
sedi nent sanples near the landfill. Taken together, these data indicate the probability of ongoing PCB inputs

to the adjacent nmarine environment. PCBs do not break down easily and may accunulate if there are continuing
di scharges into the environment. For this reason, PCBs were identified as posing potential future risk to
benthic invertebrates, and possibly fish and birds, should they accurmul ate in sedinents and tissue and
increase in concentration over tine. Wen such accumul ati ons occur, PCBs are nornally detected in sedinents
and the bodi es of aquatic organi sns such as clans, because PCBs are strongly attracted to the organic natter
in sedinent particles and fat in animal tissues.

7.2.2.5 Uncertainty Evaluation

The follow ng uncertainties were the nost inportant to the renedi al deci sion-naking process:

. Current risk to benthic organisnms in the marsh. No adverse effects to benthic organisnms from
PCBs were predicted by the sedi ment bioassay tests at narsh station MAO9. However,
bi oaccunul ati on nodel i ng conducted as part of the post-Rl data collection did predict potentia
adverse effects to benthic organisns due to PCBs at this station. This difference may be
because of the uncertainty associated with the bi oaccunul ati on nodel that was used to estinate
the benthic invertebrate body burden

. Future risk to organi snms due to bi oaccunul ati on of PCBs in sedinment and tissue. Although
current risks were not identified as being unacceptable, there is uncertainty regarding future
ri sk, since PCBs degrade slowy, bioaccunulate, and the landfill appears to be an ongoi ng

source of these chemcals to the nmarine environnent.



8.0 REMEDI AL ACTI ON CGBJECTI VES

Actual or threatened rel eases of hazardous substances fromQUJ 1, if not addressed by inplementing the

response action selected in this ROD, may present an inmnent and substantial endangernent to public health,
wel fare, or the environment. This section sumrarizes the reasons why renedial action is needed and descri bes
the remedi al action objectives that are deenmed necessary for protection of human health and the environnent.

8.1 NEED FOR REMEDI AL ACTI ON

As described in Section 3.3, the QU 1 investigations revealed the potential for risks to occur via three main
pat hways: the drinking water pathway, the seafood ingestion (hunman heal th) pathway, and the ecol ogical risk
pathway. In addition to these pathways, the baseline risk assessnent also identified the potential for
unaccept abl e human health risks to on-site workers fromair inhalation exposures to volatile organic
compounds (VQCs). These risks were driven by VOCs detected in several indoor air sanples collected in nodul ar
office buildings that were situated on the northern part of the landfill during the remedial investigation
The Rl sanpling programwas not sufficient to determine with certainty whether these VOCs were present in the
bui | di ngs because of activities in the buildings thenselves (e.g., cleaning solutions for electronic repairs)
or because of vapors migrating fromthe landfill. Shortly after the baseline risk assessnent, the Navy
renmoved the nodul ar office buildings fromthe landfill to elimnate these potential indoor air risks. In

addi tion, Navy personnel are no |onger assigned to work full-tine in the buildings that presently renain
(i.e., on the southern part of the landfill). Because the existing landfill cover is not inpervious, it
allows landfill vapors to travel upwards rather than laterally away fromthe landfill. If the landfill were
capped with an inpervious liner, there would be increased potential for lateral migration of vapors toward
bui |l dings | ocated adjacent to the landfill. This potential vapor mgration could be mnimzed by including
vents in any future inpervious cover.

Chem cal s of concern (COCs) were identified for the three main pathways by the nethodol ogy summarized in
Section 7. The COCs fall into two classes of conpounds: polychlorinated biphenyls (PCBs) and chlorinated

al i phatic hydrocarbons (CAHs). The specific types of PCBs that were identified in the investigation include
Aroclors 1016, 1232, 1242, 1254, and 1260. The specific CAHs that were identified are listed in Section 7
and include trichloroethene (TCE), trichloroethane (TCA), tetrachl oroethene (al so known as perchl oroet hene),
and the natural degradation products of these conpounds. The CAHs identified in Section 7 are also referred
to as "TCE-fam |y conmpounds” in this docunent. This phrase was devel oped for this project during the
preparation of the focused feasibility study to make it easier to conmmunicate the results to the public; it
refers to TCE because it is the nost preval ent parent conpound detected at the site.

The sanpling results show that concentrations of the COCs are above regulatory linits within the landfill and
woul d cause unacceptable risks if the landfill were disturbed and people or the environnent were exposed to

t hese concentrations. Hence, renedial action is needed to prevent unacceptabl e exposures to the soil
groundwat er, or vapor within the landfill.

On the other hand, the results show nuch | ower concentrations of contam nants in the downstream environnment
than at the landfill. Based on the site hydrogeol ogy and nature of the chemcals, the levels found here are
judged to not require inmrediate active engi neered neasures to renedi ate these downgradi ent resources for the
protection of human health or the environnent, as discussed in the foll ow ng paragraphs. Al though current
risks for the downgradi ent resources are linmted by hydrogeol ogy or are below | evel s that necessitate

i mredi ate active cleanup, remedial action is necessary to assure that conditions do not worsen over tine and
cause unacceptable risks in the future. Thus the Navy, Ecology, and EPA believe it is desirable to reduce the

potential for PCBs to accunulate to an unacceptable | evel downstream of the landfill. They also believe it is
desirable to reduce, as nuch as practicable, the high concentrations of the TCE-fanily conpounds w thin the
landfill. In addition, state |aw requires consideration of reasonable active cl eanup nmeasures when

contam nant concentrati ons exceed state cleanup |evels

In the case of the drinking water pathway, concentrations in the groundwater at QU 1 exceed regul atory
criteria. However, this has not resulted in a current risk to human heal th because the groundwater at the

landfill is not being used for drinking water or domestic purposes, and the groundwater downgradi ent of the
landfill is not affecting off-base drinking water wells. The hydrogeol ogic conditions at the site have
prevented human health drinking water risks fromoccurring. Wile there is a plume of TCE-fanily compounds
downgradi ent of the landfill in the intermediate aquifer, the groundwater flow patterns are directing the

plume toward the mddle of the tide flats and Dogfish Bay so that the plune discharges into these surface
wat er bodies rather than mgrating to on-shore areas where drinking water wells are |located. The fate of the
TCE-fam |y conpounds in surface water is to volatilize into the atnosphere, where they are rapidly destroyed
by phot o-oxi dation reactions (i.e., chem cal degradation caused by the action of sunlight). Mgration of
landfill contaninants downward to the deeper aquifers, where the public supply wells and nost of the private
wells are screened, is considered a renote possibility because of the presence of upward groundwat er
gradients in the deep aquifers and the presence of thick aquitards below the landfill, such as the O over



Park unit, which is a thick, dense, silty clay layer of very low perneability. Wth these hydrogeol ogi ¢
conditions, it appears that drinking water risks to off-base groundwater resources are unlikely to occur,
even in the future. Nonetheless, renedial action is needed for the drinking water pathway because of the high
COC concentrations in the groundwater under the landfill and the inportance of protecting drinking water
resources, and to guard against the possibility of unforeseen changes that could | ead to human health risk

For the seafood ingestion pathway, chem cals of concern (e.g., PCBs, TCE, 1,1-DCE, and vinyl chloride) are
present in the groundwater at the landfill in concentrations that exceed surface water standards devel oped
for protection of human heal th. Concentrations of certain TCE-fam |y conpounds (e.g., vinyl chloride) have
intermttently exceeded surface water standards for seafood ingestion 1 in the surface water sanples near the
landfill (i.e., the marsh water), but not in the tide flats or Dogfish Bay where the clams |live. PCBs

di scharging fromthe landfill via the seep or groundwater can bioaccunulate in seafood tissues fromthe
surface water or fromthe sedinments. In the recent shellfish sanpling program PCBs were detected in the
clams sanpled closest to the landfill. PCBs were also detected in the sedinents at this |location, indicating
bi oaccunul ati on may be occurring fromthe sedinents. PCB results for all clamstations were bel ow a cancer
risk level of 1 x 10 -5 (based on protection of recreational harvesters, as discussed in Section 7.1.2.4, and
on protection of subsistence harvesters, per the exposure assunptions given in Appendi x B). These results
indicate that contam nants fromthe landfill have not nade littleneck clans in the tide flats or Dogfish Bay
unsafe to eat (although the shellfish are not currently safe for humans to eat because of fecal coliform
contam nation that is not related to the landfill). This conclusion is consistent with the health
consultation performed in 1996 by the Agency for Toxi c Substances and Di sease Registry (ATSDR). ATSDR

eval uated the shellfish results for subsistence, recreational, and commerci al consuners and concl uded t he
chem cal contaninant |evels in the clam sanples do not present a health hazard to any of these groups(ATSDR
1996). ATSDR reconmmended that the Navy conduct routine sanpling of shellfish in Dogfish Bay to verify that
future chem cal contamnant levels in shellfish do not pose a public health hazard. Renedial action is needed
for the seafood ingestion pathway to prevent concentrations fromincreasing over tinme and causing
unacceptable risks in the future

Wth respect to the ecol ogi cal pathway, the sedinent sanpling results for the marsh, tide flats, and Dogfish
Bay have been eval uated by conparison to the Washi ngton State Sedi nent Management Standards (SMs). The SM5
include sediment quality standards (S@) and cl eanup screening |levels (CSLs), which are explained in Section
7. Current chenical concentrations in the sedinent sanples are below the S@ in all but three stations. PCBs
are the only chem cals that exceed SQ@ that are considered chenicals of concern (see Section 7). PCBs are
about two tinmes the SQS for the marsh station nearest the seep, indicating a potential for adverse effects to
bi ol ogi cal resources at this location, but are below the CSL. PCBs are below the SQ@ at all the other
stations. Al but one of the sanpling stations neet the SQS for biological effects measured by sedi nent

bi oassay tests. The exception is one of the stations in Dogfish Bay, which exceeds the SQS for the Neanthes
test; however, this station neets the SQ@ for all the other bioassay tests. Taken together, the sedinent

chem cal results and bi oassays predict no adverse effects to the benthic organisns. Al though current
concentrations of landfill-related chemcals in the sedinments do not pose adverse effects to the benthos, the
landfill source is not controlled and therefore renedial action is needed to prevent concentrations from
increasing over time and causi ng unacceptable risks in the future via the ecol ogi cal pat hway.

1 The phrase "surface water standards for seafood ingestion" is used in this RODto refer to the nost
stringent value for protection of human health fromanong the federal water quality criteria, the
National Toxics Rule, the state water quality standards, and the MICA Method B cl eanup | evels for
surface water.

8.2 REMEDI AL ACTI ON CBJECTI VES

This section lists the remedial action objectives (RAGs) for QU 1 that are necessary for protection of human
health and the environnment. The discussion is organi zed by the environnmental nedia associated with QU 1 that
have been sanpled in field investigations and will be used to evaluate future risks posed by the site

The following RAGCs apply to the soil, waste, and vapor within the landfill:

. Prevent exposures to humans due to dermal contact with or ingestion of soil or waste naterial
within the landfill that contains contami nants that may result in unacceptable risk. For this
obj ective, unacceptable risk is defined by exposure of humans to concentrations of |andfil
contami nants above state cleanup |evels for soil (MICA Level B)

. Prevent exposures to humans due to inhalation of vapor fromthe landfill that contains
contam nants that may result in unacceptable risk. For this objective, unacceptable risk is
defined by exposure of humans to concentrations of landfill contani nants above state cl eanup

levels for air (MICA Level B)



The followi ng RAGs apply to groundwat er

. Prevent exposures to humans due to drinking water ingestion of groundwater that contains
landfill contaninants at concentrations above state and federal drinking water standards and
state cleanup levels for groundwater (MICA Level B)

. Prevent unacceptable risks to humans and aquatic organi sns due to mgration of |andfil
contami nants via groundwater into the adjacent aquatic environnents, as defined in the RAGs
di scussed bel ow for surface water

The followi ng RAGs apply to surface water

. Prevent exposures to humans due to ingestion of seafood that contains contaninants at
concentrations that pose unacceptable risk, as a result of chenicals mgrating fromthe
landfill via groundwater into the adjacent narine water. For this objective, unacceptable risk
is defined by exposure of seafood resources to concentrations of landfill contam nants in
surface water above state water quality standards, federal water quality criteria, and state
cleanup levels for surface water (MICA Level B). This refers to those surface water criteria
and standards devel oped for the protection of human health (i.e., seafood ingestion).

. Prevent exposures to aquatic organi sns due to contam nants present in surface water at
concentrations that pose unacceptable risk, as a result of chenicals mgrating fromthe
landfill via groundwater into the adjacent surface water. For this objective, unacceptable risk
is defined by concentrations in surface water above state water quality standards or federa
water quality criteria devel oped for the protection of marine organisns.

The followi ng RAGCs apply to sedinents

. Prevent exposures to humans due to ingestion of seafood that contains contaninants at
concentrations that pose unacceptable risk, as a result of chenicals mgrating fromthe
landfill via groundwater into the sedi ments of the adjacent aquatic systens and thence into
seaf ood tissues. For this objective, unacceptable risk is defined by concentrations in
littleneck clamtissues as defined in the seafood ingestion RAO discussed bel ow for shellfish

. Prevent exposures to aquatic organi sns due to contam nants present in sedinents at
concentrations that pose unacceptable risk, as a result of chenmicals nigrating fromthe
landfill via groundwater into the adjacent aquatic systems. For this objective, unacceptable

risk is defined by concentrations in sediments above state sedinent quality standards for
chem stry and bi oassays.

The following RACs apply to shellfish

. Prevent exposures to humans due to ingestion of seafood that contains contam nants at
concentrations that pose unacceptable risk, as a result of chenmicals nigrating fromthe
landfill via groundwater into the adjacent aquatic systems. For this objective, unacceptable
risk is defined by concentrations in littleneck clamtissues above a cunul ative increnental
cancer risk of 1 x 10 -5 or a noncancer hazard index of 1.0, using exposure assunptions for
subsi stence harvesters as identified in Appendix B. These risk levels are within EPA' s
acceptabl e risk range, which refers to an increnmental cancer risk of 10 -6 to 10 -4 and a
noncancer hazard index of 1.0 as acceptable targets for Superfund sites. The risk levels are
also in accord with the risk assessnent franmework used in MICA to establish state cl eanup
level s for exposures to nultiple hazardous substances (WAC 173-340-708). MICA does not
establish cleanup levels that are specific for shellfish sanples.

. Prevent exposures of aquatic organisns to contaminants nigrating fromthe landfill that pose
unaccept abl e risk. For this objective, unacceptable risk is defined by concentrations of
landfill contaminants in littleneck clans above the ecol ogi cal risk-based screening val ues

(i.e., the maxi num acceptabl e ti ssue concentrations, or MATCs) in Appendix J of the Summary
Dat a Assessnent Report.

8.3 REMEDI ATI ON GOALS

Remedi ation goals are specific nuneric val ues, derived from RAGCs, that define acceptable concentrations in
particular media at specific locations. For the RAGs that have unacceptable risk defined in ternms of MICA
cleanup |l evels, the unacceptable risk |evel for an individual chem cal is based on an increnental cancer risk
of 1 x 10 -6 and a hazard quotient of 1.0 for noncancer effects. For multiple chenicals, the unacceptable



cumul ative risk level will be based on an incremental cancer risk of 1 x 10 -5 and a hazard index of 1.0 for
noncancer effects. Remediation goals derived fromthe RAGCs listed in the previous section are presented where
appropriate in the discussion of the selected remedy in Section 11 (see Section 11.5.3.1 and Tables 11-4

t hrough 11-7).

9. 0 DESCRI PTI ON OF ALTERNATI VES

Alternatives were developed for QU1 in tw feasibility studies: the original FS Report published in 1993 and
the Focused FS Report issued in 1997. The elenents of the renedial action alternatives that were devel oped

for the landfill

in the 1993 feasibility study are described in the following list.

. Alternative 1. No Action

Taking no further actions to reduce contam nant concentrations, reduce potential
exposures, or nonitor conditions at the site.

Required by federal |law to be included for consideration.
Alternative 2: Limted Action
Upgradi ng and mai ntaining the landfill cover.

Using institutional controls to preclude groundwater use at the landfill and prevent
devel opnent or activity that could disturb the landfill.

Conducting | ong-term nonitoring.

. Alternative 3: Intercept Goundwater from Upper Aquifer

Inpl erenting all neasures described in Alternative 2.

Usi ng an upper aquifer cutoff wall between the landfill and marsh.

Pumpi ng and treating upper aquifer groundwater prior to the narsh.

Installing a landfill gas cutoff wall between the landfill and nearby buil di ngs.
Alternative 4: Intercept Goundwater from Upper and | nternedi ate Aquifers

I npl erenting all neasures described in Alternative 3.

Installing a row of internediate aquifer extraction wells between the landfill and tide
flats.

Pumpi ng and treating i nternediate aquifer groundwater prior to the tide flats.

. Alternative 5: Contain and Punp G oundwater from Upper Aquifer

I npl erenting all neasures described in Alternative 2.
Installing an upper aquifer cutoff wall around the entire landfill.

Purmpi ng and treating upper aquifer groundwater to pronmote groundwater upflow fromthe
internediate aquifer into the upper aquifer within landfill.

. Alternative 6: Cover and Contain Upper Aquifer

I npl erenting all neasures described in Alternative 2.
Installing an upper aquifer cutoff wall around the entire landfill.

Upgrading the landfill cover to prevent rainfall infiltration into the landfill and thus
avoi d or nininize groundwater punping and treatnent.

. Alternative 7: Contain Upper and Internedi ate Aquifers



> I mpl erenting all neasures described in Alternative 2.

> Installing a cutoff wall around the entire landfill for both the upper and internediate
aqui fers
> Pumpi ng and treating groundwater frominside the cutoff wall as needed to keep the

groundwater |evel fromrising too high inside the contained |andfill.

The following list describes the remedial actions of the alternatives devel oped in the suppl enental 1997
feasibility study.

. Alternative 1: Source Reduction
> I npl erenting all neasures described in "Comron Actions” bel ow
> Installing a gas sparging systemto renove and treat TCE-fami |y conpounds in the upper

aqui fer in the source area at the southern part of landfill.

> Usi ng phytorenedi ation to reduce the anount of TCE-fam |y conpounds within the landfill.
This involves planting poplar trees to treat TCE-fam |y conmpounds in the upper aquifer
in the source area at the central part of landfill. Poplar trees renove TCE-famly
conmpounds that are dissolved in the groundwater as they take up the contam nated
groundwat er through their roots, and break down the contam nants by netabolic reactions
within their roots and above-ground tissues. The roots al so exude enzynmes that can break
down contami nants in the root zone.

. Alternative 2: Plume Contro
> I npl erenting all neasures described in "Comron Actions" bel ow
> Usi ng a funnel -and-gate systemto reduce the anount of TCE-fanmily conpounds di scharging
fromthe landfill into the marsh via groundwater flow in the upper aquifer in the
southern part of the landfill. This involves installing a subsurface barrier wall

designed to direct ("funnel") groundwater through an opening in the wall ("gate") so the
groundwat er passes through a reaction zone. The reaction zone is a subsurface cavity
filled with elemental iron (i.e., solid particles or filings of metallic iron). As the
groundwat er passes through the reaction zone, the iron is able to break down TCE-fam |y
conmpounds to | ess toxic (non-chlorinated) fornmns.

> Usi ng phytorenedi ation to reduce the anount of TCE-fam |y compounds discharging fromthe
landfill into the marsh via groundwater flow in the upper aquifer. This involves
pl anting poplar trees between the landfill and the marsh in the central part of the
landfill. Poplar trees renove and treat TCE-fam |y conpounds that are dissolved in the
groundwat er as di scussed above for the source reduction alternative.

. Alternative 3: Sedinent Trap
> I npl ementing all neasures described in "Comron Actions” bel ow
> Renovi ng sedi nents in the northern part of the narsh in order to construct a settling

basin to trap PCB-contani nated sedinents before they discharge into the tide flats

> Periodically removing the trapped sedinents for off-site disposal
> Upgrading the tide gate at the marsh outlet to naintain tidal action between the tide
flats and the marsh while controlling the potential for flooding or eroding the
landfill.
. Actions Common to All Three Alternatives:
> Upgradi ng and nai ntaining the landfill cover.
> Using institutional controls to preclude groundwater use at the landfill and prevent

devel opnent or activity that could disturb the landfill.

> Conducting | ong-term nonitoring



> I mpl emrenti ng contingent actions for off-base drinking water wells if necessary.

The 1993 feasibility study enphasized a variety of contai nnent approaches, while the 1997 study eval uat ed
several innovative technol ogi es for addressing the concerns posed by the site. The Navy devel oped a new
preferred alternative by conbi ning a nunber of actions taken fromvarious alternatives in the two feasibility
studi es. The Navy presented the new preferred alternative for public conmment in a new proposed plan issued in
Novenber 1997.

The preferred alternative presented in the 1997 proposed plan included the followi ng renedial action
el ement s:

. Use phytoremedi ation (poplar trees) to remove and break down contami nants (TCE-famly
conmpounds) fromthe groundwater in the high concentration source areas within the landfill.

. Renmove the majority of the | oose PCB-contam nated sedinents fromthe marsh creek area near the
seep and downstreamfromthe seep to the tide gate.

. Upgrade the tide gate for inproved control of the tidal action between the tide flats and the
mar sh.

. Upgrade and maintain the landfill cover.

. Use long-termnonitoring to check the expectations that contam nants will not cause

unacceptabl e future risks, and to evaluate the results to determine if additional action is
needed in the future, and inplenent additional neasures if warranted.

. Moni tor of f-base groundwater to check whether domestic wells could become contaminated in the
future. If needed, use contingent actions to prevent drinking water risks.

. Use institutional controls to preclude installation of drinking water wells at the landfill and
prevent devel opnent or activity that could disturb the landfill.

10. 0 COVPARATI VE ANALYSI S OF ALTERNATI VES

The remedial alternatives were assessed in conparison with the nine evaluation criteria specified by CERCLA
The objective of the conparative analysis is to identify the advantages and di sadvantages of the alternatives
in order to facilitate the renmedy selection process. It is not the intent of the analysis to present
recommendat i ons. Rather, conparative information is provided for use by appropriate risk managenent

deci sion-makers in selecting a renedy for the site. The foll owi ng sections sumrarize the conparative anal ysis
of alternatives with respect to the CERCLA evaluation criteria.

In the 1993 FS, seven renedial alternatives were evaluated for the landfill that ranged fromno-action, to
limted action, to various containnent alternatives. There were five containment alternatives in the 1993 FS.
Sorre of these alternatives enphasi zed physical containnent with groundwater cutoff walls, while others
enphasi zed hydraul i ¢ contai nment using groundwater extraction systens. However, the differences anmong the
containnent alternatives with respect to the CERCLA evaluation criteria were relatively snmall when conpared
with the limted action alternative and the three alternatives developed in the 1997 FS. Therefore, for
purposes of brevity and clarity, the containnent alternatives have sometines been di scussed as a group rather
than as individual alternatives, in cases where this is appropriate in the follow ng sections.

The alternatives evaluated in the two feasibility studies were as foll ows:

. Alternative 1 fromthe 1993 FS: No action
. Alternative 2 fromthe 1993 FS: Limted action
. Contai nnent Al ternatives fromthe 1993 FS:
> Alternative 3: Intercept G oundwater from Upper Aquifer
> Alternative 4: Intercept Goundwater from Upper and | nternedi ate Aquifers
> Alternative 5: Contain and Punp G oundwater from Upper Aquifer
> Alternative 6: Cover and Contain Upper Aquifer
> Alternative 7: Contain Upper and Internediate Aquifers
. Alternative 1 fromthe 1997 FS: Source reduction (gas sparging, poplar trees)
. Alternative 2 fromthe 1997 FS: Plunme control (funnel-and-gate system poplar trees)
. Alternative 3 fromthe 1997 FS: Sedi ment trap.

The preferred alternative presented to the public in the 1997 proposed plan consisted of various actions
selected fromthe alternatives in the two feasibility studies. Because the preferred alternati ve does not



directly match any of the alternatives fromthe feasibility studies, the preferred alternative has been
included in the follow ng discussion.

To inprove clarity and reduce potential confusion between the alternatives, references to the alternatives in
the follow ng sections are made using abbrevi ated nanes rather than the nunmbers of the alternatives. Wen the
abbreviated nane is used, it is meant to refer to the entire alternative, including all the actions of the
alternative as listed in Section 9, even though the abbreviated nanme is based only on the key action

di stinguishing the alternative fromthe others. The abbreviated alternative nanes are as foll ows:

. No- Action Alternative (Alternative 1 fromthe 1993 FS)

. Limted Action Alternative (Alternative 2 fromthe 1993 FS)

. Contai nnent Alternatives (Alternatives 3 through 7 fromthe 1993 FS)

. Hydraulic Containnent Alternatives (Alternatives 3 and 4 fromthe 1993 FS)

. Physi cal Containment Alternatives (Alternatives 5 through 7 fromthe 1993 FS)
. Source Reduction Alternative (Alternative 1 fromthe 1997 FS)

. Plume Control Alternative (Alternative 2 fromthe 1997 FS)

. Sedinent Trap Alternative (Alternative 3 fromthe 1997 FS)

. Preferred Alternative (As described in the 1997 proposed plan).

10.1 OVERALL PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONVENT
The no-action alternative would not provide adequate protection of human health and the environnment because
it would not prevent the landfill from being disturbed and takes no actions to guard agai nst unaccept abl e

future risks.

The limted action alternative woul d protect human health and the environnment by:

. Mai ntai ning the landfill cover,
. Using institutional controls to prevent future installation of water wells at the landfill and
future disturbance of the landfill that would al |l ow unacceptabl e exposures to landfill

cont am nants, and

. Monitoring site conditions to check expectati ons that unacceptable risks will not occur in the
future and assess whether further actions are needed to protect people, plants, or aninals.

The preferred alternative would protect human health and the environment by including all the nmeasures of the
limted action alternative, and woul d provi de additional protection by:

. Usi ng poplar trees to reduce sources of TCE-fanily conpounds in the landfill,
. Removi ng PCB- cont ami nat ed sedi ments fromthe | ower part of the marsh, and
. Upgrading the tide gate to prevent erosion of the landfill sl opes.
The source reduction achieved by the poplar trees within the landfill in the preferred alternative would | ead

to inmproved conditions over the long-termfor all three pathways of concern.

The preferred alternative includes active neasures to reduce the amounts of both of the chem cal classes of
concern at QU 1 (i.e., sedinment renoval for PCBs and phytorenediation for TCE-fam |y conpounds). Hence the
preferred alternative would provide nore protection than the source reduction and plume control alternatives
because the latter have active neasures only for TCE-fam |y conpounds (i.e., sparging, phytorenediation,
funnel and gate) and have no active neasures to address PCBs.

The foll owi ng paragraphs di scuss the overall protection provided by the preferred alternative in conparison
with that provided by the various active response actions of the other alternatives. The paragraphs di scuss
inturn the follow ng types of response alternatives: 1) source reduction, 2) plume control, 3) sedinent
trap, and 4) containment.

The response actions evaluated for source reducti on were gas spargi ng and phytorenedi ati on. Neither of these
technol ogies is expected to be able to renove a high percentage of the TCE-fam |y conpounds fromthe source
areas in the landfill within a short tine frane. This is because resi dual DNAPL probably exists in pore
spaces in the parts of the aquifer within the landfill that have high concentrations of TCE-fam |y conpounds
in the groundwater. Al though sparging can renove these residuals relatively rapidly fromthose portions of
the aquifer that can be reached by the sparge gas, a |l arge percentage of the aquifer space is not directly
treated by spargi ng because the sparge gas tends to travel in discrete, separated channels as it travels up
t hrough the aquifer rather than noving throughout the entire aquifer volume equally. This |eaves a |arge
fraction of the aquifer volune unaffected by sparging that nust be cleaned up by the sl ower processes of



di ffusion and dissolution fromthe pores into the bul k groundwater followed by advection to the sparge
channel s. As |ong as residual DNAPL continues to dissolve into the bul k groundwater, the sparging systemwl|
not have achi eved reduction of groundwater concentrations bel ow the renediation goals (i.e., drinking water
standards). These sl ower processes are the same ones that nmust occur in order to bring dissolved TCE to the
roots of poplar trees where they can be renoved by phytoextraction (i.e., uptake of contani nated

groundwat er). Thus, the poplar trees should be able to remove TCE to the same degree as spargi ng over the
long periods that are probably needed to reach remedi ation goals in the groundwater. The favorable

hydr ogeol ogy and natural attenuation processes at the site are presently acting to limt contam nant

m grati on and downgradi ent risks. These favorable conditions appear to allow the tine needed for a sl ow
process such as phytorenediation to work and be evaluated. In addition, the poplar trees exude enzynes into
the groundwater that nay assist breakdown of contaninants in addition to those renoved by phytoextraction
alone. The trees can al so provide increased access to residual DNAPL for inproved contam nant renoval by
extending their roots in the vadose zone soil and changing its pore structure over time. This effect will be
greater if the trees are designed and operated to |l ower the water table so they may extend their roots
farther downward bel ow the existing vadose zone. Poplar trees are a | ower cost approach than sparging for
treating and reducing TCE contami nation within the high concentration areas of the landfill.

For plune control, a funnel-and-gate groundwater treatnent systemwas evaluated in the plunme contro
alternative for the purpose of reducing the amount of TCE-fam |y conpounds migrating fromthe landfill into
the marsh. The phytorenediation action in the preferred alternative may al so serve this purpose by reversing
the hydraulic gradient during summer nonths such that the net annual flux of groundwater into the nmarsh is
reduced. The Funnel - and-gate system may provide better reduction of TCE-fam |y conpounds entering the marsh
than the poplar trees. This is because the funnel -and-gate system can be designed to intercept all the
groundwat er di scharging fromthe source area in the landfill to the marsh and degrade the TCE-famly
conmpounds with high treatnent efficiency, whereas the poplar trees will likely allow sone contam nant

di scharges to the marsh unl ess the degree of treatment and groundwater reversal achieved during the summer
growi ng season is sufficient to fully elininate discharges to the nmarsh during the winter dormant period. On
the other hand, the plunme control alternative would provide | ess overall protection than the preferred
alternative because it includes no active neasures to reduce the contaninant sources within the landfill. The
popl ar trees would be less intrusive on the marsh and are estinated to cost |ess than the funnel and gate
system

The sedinent trap alternative would not provide nore protection than the preferred alternative because it
includes no active nmeasures to address the TCE-fam |y conpounds, and the sedi ment trap nay not be very
effective in controlling PCBs. The purpose of the sedinent trap would be to limt the mgration of PCBs into
the tide flats by intercepting and renoving sedinments in the water colum of the marsh prior to entering the
tide flats. The sedinent trap may not be effective, however, because the sedinents are small and difficult to
settle, and because the high and variable flows in the marsh require a large settling area for the sedi nment
basin. Both the sedinment trap alternative and the preferred alternative woul d renove PCB-contam nat ed
sedinents fromthe part of the nmarsh with the highest PCB concentrations, but the sedinent trap alternative
woul d result in substantial inpacts to the nmarsh environnent, permanently changi ng the nmarsh creek area into
an engi neered settling basin, while the preferred alternative would renove only | oose sedinents with nuch
reduced and tenporary inpacts.

The contai nment alternatives woul d protect the downgradi ent environment and hunan health by preventing the
flow of contam nated groundwater fromthe landfill. The greatest degree of protection would be provided by
the alternatives that include contai nment neasures for both the upper and the intermedi ate aquifers
(Alternatives 4 and 7 fromthe 1993 FS). The remai ning contai nnent alternatives would be | ess protective
because they would initially contain only the upper aquifer, with contingent actions inplenented subsequently
for the intermedi ate aquifer when and if they are needed. The containnent alternatives would all encroach on
the marsh and cause short-termenvironmental inpacts in the nmarsh system The preferred alternative woul d be
less intrusive on the marsh and nmuch | ess expensive than the contai nnment alternatives

None of the alternatives include source control for PCBs inside the landfill, because PCB source |ocations in
the landfill are unknown. G oundwater results for wells within the landfill and on the downgradi ent margin
show only very | ow concentrations of PCBs in a sporadic pattern that do not suggest a source area. PCB hot
spot soil renoval was considered during the screening step of the 1997 feasibility study, but was not
retained for evaluation. The reasons given were: (1) excessive sanpling woul d be needed to attenpt to locate

PCB hot spots, and they still may not be found, and (2) if sone hot spots were located, it would be
technically difficult and expensive to handle, sort, treat, and dispose of the soil, debris, and other
landfill material, and to dewater these areas to all ow excavation

10. 2 COVPLI ANCE W TH APPLI CABLE OR RELEVANT AND APPROPRI ATE REQUI REMENTS ( ARARS)

The no-action alternative would not conply with requirenments of environnental regul ati ons because
concentrations at the landfill are above regulatory standards (e.g., state cleanup | evels) and no neasures



are included in this alternative to prevent potential future risks. Since the no-action alternative does not
comply with regulatory requirenments and woul d not protect human health and the environnment, this alternative
is not considered further nor discussed under the remaining criteria.

The remaining alternatives would conmply with regul atory requirements. Al though COCs would remain at the site
above state cleanup levels in all alternatives, state requirenents could be met through the institutiona
controls, long-termnonitoring, and other actions proposed for each alternative

10. 3 LONG TERM EFFECTI VENESS AND PERVANENCE

This criterion addresses how effective the alternative would be for long-termprotection fromrisks to human
health and the environnment. None of the alternatives include active measures for conplete renoval or
treatment of COCs throughout the site

The non-contai nment alternatives, including the preferred alternative, would allow natural remediation
processes to continue. These natural processes are expected to ultimately cleanse the site of the TCE-famly
conpounds, although this will occur slowy and take nmany years to acconplish. In the neantine, the natura
remedi ati on processes are expected to continue acting to reduce the mgration of contam nants fromthe
landfill so that downstreamrisks remai n acceptabl e. The physical containnent alternatives could interfere
with natural remediation but would prevent contaminants fromleaving the landfill by encircling it with
physi cal containnent walls. The walls would have a |l ong service life but nay devel op sone cracks and | eakage
over tinme. The containment alternatives would require |ong-termoperation of groundwater punping, treatnent,
and di sposal systens.

The preferred alternative appears to be the nost effective of the alternatives in terns of pernmnently
renoving the greatest portion of the COCs fromthe site (through the use of poplar trees in landfill source
areas and sedinent renoval in the marsh). The poplar trees would reduce the overall time frane for natura
remedi ation to cleanse the site of TCE-fam |y conpounds and thus provi de better |long-termeffectiveness than
the plume control and sediment renoval alternatives, which do not feature active source reduction measures.
The sparging action of the source control alternative might interfere with the natural biological renediation
processes occurring in the landfill and could actually result in reduced overall effectiveness in the |ong-
term This is because sparging with air would introduce oxygen into the source areas in the landfill which
presently depend on the existing anaerobic conditions to effect reductive dechlorination of TCE by natural
bacterial processes. The sparge air would create aerobic conditions, which could halt the natural degradation
of TCE. This could be avoided by spargi ng with an anoxic gas such as nitrogen, but at nmuch greater cost.

10. 4 REDUCTION COF TOXICI TY, MOBILITY, OR VOLUVE THROUGH TREATMENT

State and federal cleanup | aws (CERCLA and MICA) include provisions that specify a preference for the use of
treatment measures as a principal element of the site remedy. The preferred alternative and the source
reduction alternative would satisfy these statutory preferences, because these alternatives include treatmnment
measures (phytorenedi ati on or sparging) to reduce the quantity of the TCE-fam |y conpounds at source areas
within the landfill. Except for the limted action alternative, the remaining alternatives include
groundwat er treatnent measures for containnent or plune control purposes. These neasures include groundwater
punpi ng and treating for hydraulic containnent of groundwater nmigrating fromthe landfill, funnel-and-gate
treat ment of downgradi ent groundwater, and groundwater punping and treating to control the water table |eve
inthe landfill for alternatives that surround the landfill with a groundwater contai nment wall. However,

t hese contai nnent and plume treatnent nmeasures are not designed to treat the contam nants at the source and
thus woul d not reduce the toxicity, nmobility, or volume of contam nants in the high concentrati on areas
within the landfill.

10. 5 SHORT- TERM EFFECTI VENESS

None of the alternatives is expected to cause short-term human health risks during inplenmentation, because
the potential short-termrisks shoul d be nanageabl e by appropriate control neasures. Short-terminpacts to
the environnent woul d occur for those alternatives that include construction next to or in the nmarsh; this
includes the preferred alternative, all the containment alternatives, and the plune control and sedinent trap
alternatives. The source reduction alternative and the limted action alternative involve construction

activity and renedial actions only within or on top of the landfill, and therefore would have little or no
impact on the marsh. The preferred alternative would have | ess potential for inpacts than the other
al ternatives because these involve trench construction along the margin of the landfill while the preferred

alternative does not. Short-terminpacts in the preferred alternative would be mitigated by appropriate
neasur es devel oped in renedial design such as hydraulic controls, sedinent renoval techniques ained at
renmovi ng the | oose sedi nents and minim zing di sturbance of stable sediments and vegetation, and restorative
planting or stabilization techniques.



Al of the alternatives would | eave residual contamination in the landfill, so none of themwould achieve
cleanup levels in a short time frane. All the alternatives would therefore need to use institutional controls
to hel p protect human health, and these neasures could be inplenented i mediately.

It is expected that natural attenuation processes at the site, with or without the aid of the active source
treat ment measures such as phytoremedi ati on or sparging, will eventually be able to clean up the groundwat er

at the landfill over the long term Because of the |ikelihood that residual DNAPLs are present in the high
CAH-concentration areas of the landfill, the groundwater cleanup time frane may be very long (e.g., decades)
for any of the alternatives. Estinmates of cleanup tines for the landfill are highly variable (e.g., years to

centuries) because they depend on the quantity of DNAPL in the aquifer, which nmust be totally dissolved (or
vol atilized in the case of sparging) before groundwater renediation goals can be reached. Practicabl e met hods
do not exist for obtaining reliable field nmeasurenments of DNAPL quantity in the heterogeneous conditions of
the landfill, so quantifying the cleanup tine frame is not feasible. The phytorenedi ati on and spargi ng source
reduction alternatives may shorten the overall cleanup time frane, while the physical containment
alternatives would elimnate natural cleanup processes that depend on groundwater flushing of the landfill,

10. 6 | MPLEMENTABI LI TY

There are no najor technical or construction difficulties with inplenenting any of the alternatives. Al of
them use equi pnent and naterials that are readily avail able. However, for all the alternatives except the
limted action alternative, close coordination would be required with regul atory agenci es during the design
phase. The alternatives that involve construction in the marsh would require the greatest regul atory
coordination, in order to resolve issues concerning wetlands, habitat, surface water flows, and water quality
during construction. The preferred alternative includes sedinment renmoval in the marsh, so wetlands and
surface water issues would need to be considered, but the degree of inpacts should be nmuch | ess than for the
other alternatives that involve construction along the narsh (e.g., the funnel-and-gate system the sedinent
trap, and containment alternatives using groundwater cutoff walls).

Phyt orenediation in the preferred alternative would not be difficult to inplenent, although planting the
trees will require renoval of existing asphalt and possibly amendments to inprove the top soil in the

pl anting zones. Pilot testing for the poplar trees is not envisioned because the size of the planting zones
is not nmuch larger than plots that would typically be planted for a pilot project. The alternatives that

i nvol ve physical containnent for the internediate aquifer would be nore difficult to inplenent than those
invol ving containnment for just the upper aquifer, because of the greater depth for installing the groundwater
cutoff walls. However, the depth required to contain the internediate aquifer is within the reach of known
techni ques for slurry wall construction

10. 7 COsT

The estimated present worth costs of the alternatives, based on a 30-year estimating period and a 5% net
di scount rate, are shown in Table 10-1 and sunmari zed as fol | ows:

. The preferred alternative has an estinmated cost of $3.5 mllion

. The contai nnent alternatives would be the nost expensive, with estimted cost ranging from $12
mllion to $14 mllion depending on the alternative.

. The limted action alternative would have the | east cost, estimated at $2.3 mllion

. The alternatives fromthe 1997 feasibility study woul d have internedi ate costs, ranging from
$4.1 mllion for the funnel-and-gate plune control alternative, to $4.2 mllion for the
downstream sedi nent trap alternative, to $5.4 nillion for the gas sparging source reduction
alternative.

10. 8 STATE ACCEPTANCE

The State of Washington's statenent regarding state acceptance is as follows:

"The State of Washi ngton Departnent of Ecol ogy has participated in of the review of the conditions at
the site, possible renedial neasures, and the selection of the remedy. W agree the approach to use
natural methods and processes for the reduction of CAHs appears appropriate for this site. It is
expected that the site geological structure, and the hydrogeol ogi cal and geochem cal conditions
present now will continue to provide the tine and conditions needed for these processes to devel op and
be appropriately eval uated. The renoval of PCB containing sedinents to mnimze future downgradi ent
accunul ation is appropriate. Mnitoring of the site will provide verification that the site
conditions remain appropriate for the continued use of the selected remedy and that the renmediation is



succeedi ng in renoving contam nants fromthe environnent. Ecology concurs with the Sel ected Renedy and
this Record of Decision."

10. 9 COMMUNI TY ACCEPTANCE

Community acceptance was not specifically addressed as part of the evaluation of the individual alternatives
inthe feasibility studies. Rather, this criterion was assessed in the context of the preferred alternative
presented to the public in the 1997 proposed plan and the associ ated public meeting.

Based on comments received on the 1997 proposed plan during the public coment period, as sumarized in
Appendi x A, the selected renedy described in Section 11 appears to be acceptable to nost people in the
community. Al though one person stated he did not support the proposed actions, and sone did not indicate a
definitive position, a large majority of the comrenters noted their support for the Navy's proposed plan. A
responsi veness sunmary, which addresses the questions and coments received during the public meeting and
the public comment period, is included in Appendix A

11. 0 SELECTED REMEDY

Based on consi deration of CERCLA and state requirenments, the assessnent of alternatives, and public input,
the Navy, Ecol ogy, and EPA have decided that the nost appropriate remedy for QU 1 is the preferred
alternative as presented in the 1997 proposed plan. The nmaj or conponents of the selected renedy are as
fol l ows:

. Phyt or enedi ati on using poplar trees

. Removal of PCB-contam nated sedi ments

. Upgrade of the tide gate

. Upgrade and nai ntenance of the landfill cover
. Long-term nonitoring

. Contingent actions for off-base donmestic wells
. Institutional controls

The phytorenediation action is ained at renoving and treati ng TCE-contam nated groundwater fromthe main

source areas within the landfill, to help reduce the long-termpotential for mgration of TCE-fanmly
conpounds fromthe site. The action is not designed to directly address the residual DNAPLs that may exist in
the landfill, but will instead work on the dissolved phase of the TCE-fam |y conpounds. The sedi nent renoval

action is ainmed at reducing the anount of PCBs in the part of the marsh having the highest PCB
concentrations, in order to reduce the potential for ecological risks in the marsh and limt the novenent of
PCBs to the fish and shellfish areas downstream These actions are expected to i nprove conditions over the
long termand to reduce the potential for the chem cals of concern (COCs) to cause unacceptable risks in the
future

The institutional controls and landfill cover actions will be used to prevent human health risks at the
landfill that could otherw se occur from groundwater use or contact with soil or landfill material. Upgradi ng
the tide gate will be done to protect the landfill fromflooding and | ong-termerosion that could result from

tidal action. Long-termnonitoring will be used to check the expectations that contam nants will not cause
unacceptabl e future risks, and the results will be evaluated to determne if nore action is needed or if
actions can be decreased or discontinued in the future. Contingent actions will be taken to prevent
contamination of off-base domestic wells if the monitoring shows that groundwater flow directions to change
such that one or nmore donestic wells are within the projected flow path of the groundwater plume

The sel ected actions are preferred over those of the limted action alternative because they include active
neasures to address the chemicals of concern at the site: source reduction neasures for the TCE-famly
conmpounds and sedi ment renoval for PCBs. Source reduction and sediment renoval will reduce the potential for
the chem cals of concern to cause unacceptable risks in the future. The selected actions are not expected to
interfere with the natural attenuation processes operating at the site and will be nuch |ess disruptive of
the marsh environment than the contai nment, plunme control, and sedinment trap options. The use of poplar trees
for reducing sources of the TCE-famly conpounds will be aesthetically pleasing and will avoid disturbing

the contents of the landfill, and is an innovative neasure that is |less costly and nmore technically feasible
than the other options. The source reduction achieved by the poplar trees is expected to work in concert with
the natural attenuati on processes and hel p decrease the overall tine franme for cleansing the site of the
TCE-fam |y conpounds

In addition to these renedial actions, there are also natural attenuation processes working at the site to
reduce the mgration and the concentrations of the COCs. As discussed in Section 6.2.2, these processes
include intrinsic biodegradati on as well as non-biol ogi cal mechani sms such as vol atilization, mxing,

di spersion, photo-oxidation, and adsorption to soil or sedinment particles. Thus, intrinsic biodegradation is



only one of several natural attenuation processes that are significant at QU 1. Accordingly, the reader
should note that the text in this ROD (and this section in particular) maintains this distinction between
natural attenuation and intrinsic biodegradati on when these terns are used, such that "intrinsic

bi odegradati on" or "intrinsic biorenediation" refers to naturally occurring biol ogi cal degradation processes,
while "natural attenuation" or "natural renediation" refers to the broader set of natural mechani snms
including intrinsic biorenediation

The followi ng sections provide additional description and details for each conponent of the selected renmedy
for QU 1.

11.1 PHYTOREMEDI ATI ON
This el ement of the selected renedy will use phytorenediation (with poplar trees) to renove and break down
contam nants (i.e., TCE-fam |y conpounds) fromthe high concentration source areas within the landfill. The

poplar trees will be planted in the source zones shown in Figure 11- 1

11.1.1 bjective

The phytorenediation action is ained at reduci ng the main sources of TCE-famly contam nation in the |andfil
in order to inprove conditions over the long termand to reduce the potential for these chenicals to cause
unacceptable risks in the future. It is anticipated that source reduction by the poplar trees will work in
concert with natural attenuation processes and decrease the overall time frame for cleansing the site of
TCE-fam |y conpounds (i.e., reducing their concentrations toward renediation goals).

The intent of this action is to use a reasonable, proactive technology to speed up the renoval of TCE-famly
conpounds at the source areas conpared to that being acconplished by natural attenuation processes. The
popl ar tree process has been judged as a reasonabl e technology for this purpose at this site because of its
expected cost-effectiveness in conparison with risk benefits. Wth present site conditions and expected
future conditions in mnd, other technol ogies evaluated in the feasibility studies--including hydraulic
cont ai nnent, physical contai nment, sparging, and funnel and gate treatnent--have currently been judged as not
appropriate at this site based on cost considerations

Because the trees act |ike small groundwater extraction wells, sone degree of water table drawdown will occur
as they renove TCE-contam nated groundwater fromthe aquifer. As a result of this drawdown, there should be a
reversal of the hydraulic gradients in the upper aquifer near the tree planting zones during the grow ng
season, so the trees nay reduce the average yearly groundwater flow rate and flux discharging fromthe
landfill into the marsh. Hence, the poplar trees may provide plune control benefits in addition to reducing
TCE quantities at the source zones. The degree of plume control is expected to depend on the extent of water
tabl e drawdown that occurs during the growi ng season. Accordingly, the phytoremediation design and

inmpl enentation nay need to be adjusted to achieve a degree of water table drawdown that strikes a bal ance
between the desire to maximze treatnent by the trees by increasing the planting density as nuch as possible,
the desire to mnimze irrigation requirenents, and the desire to avoi d excessi ve drawdown that may cause
unaccept abl e or undesirabl e changes due to:

. Adverse dewatering of the wetlands adjacent to the landfill.
. Adverse changes in groundwater flow (such as drawing too nuch saline water fromthe marsh into
the landfill source areas where the poplars are meant to thrive, and thus affecting the health

of the trees in the planted zones).

The popl ar trees should al so reduce the nmass flux of contam nants discharging fromthe landfill into the

mar sh. However, this may not occur during the early years of operation, and will depend on the degree of
reduction in groundwater flow rates and whet her groundwater concentrations increase or decrease initially.
During initial operation, the groundwater concentrations mght increase as a result of reduced groundwater
flow because this would increase the residence tine for groundwater to remain, in contact with DNAPL areas
and approach equilibriumconditions. The greater residence time nay all ow the groundwater concentrations to
approach closer to solubility concentrations, and these hi gher concentrations could cause an increase in
contaminant flux to the marsh in spite of the trees renoving TCE and reducing the groundwater flows. If the
trees do cause an increase in nmass contamnant flux to the marsh, the flux should eventually decrease because
the renmoval of TCE-fanmily conpounds by the trees will ultimately bring groundwater concentrations down. If an
initial increase in the contam nant flux does occur, the benefits of TCE renoval and treatnent provi ded by
the trees will need to be wei ghed agai nst any adverse trends and the potential for unacceptable risks to
downgr adi ent receptors along the pathways of concern, to deci de whether to adjust the phytorenedi ati on design
or operation.



When i npl enenting the phytorenedi ati on process, its effects on intrinsic biodegradation at the landfill will
al so be considered. Sonme inpact on the intrinsic biodegradati on processes within the landfill source zones is
expected due to groundwater drawdown caused by the poplar trees. In particular, the upper portions of the
aqui fer that becorme dewatered due to the drawdown will |ikely becone aerobi c because of oxygenation by the
trees in the root zone, and the biol ogi cal degradation of TCE by the action of natural anaerobic bacteria is
expected to sl ow down considerably (or cease) in these dewatered zone. In addition, the phytoremnediation
system m ght affect intrinsic biodegradation if the trees sonehow interfere with the supply of dissol ved
reactants in the groundwater that are needed for the intrinsic biodegradation reactions to proceed.

Currently, the Navy, Ecol ogy, and EPA believe that the anaerobic conditions that exist below the water table
in the landfill source areas, which are favorable for pronoting natural biodegradation of TCE, are desirable
and shoul d be maintained, to the extent feasible, as phytorenediation is inplenmented. Therefore, initia

inmpl enentation of the poplar trees will attenpt to avoid excessive drawdown of the water table in order to
retai n anaerobic conditions in the lower part of the aquifer in hopes of naking phytorenediation work in
concert with the intrinsic biorenediation process. The effects of the trees on the intrinsic biodegradation
conditions will be nonitored as described in Sections 11.1.4 and 11.1.5

However, as the phytorenediation action is inplenented and eval uated, the poplar trees may prove to be highly
effective, so as to reduce or elimnate the need and desire to nmaintain anaerobic conditions for intrinsic
TCE bi odegradation. In that case, the Navy nay decide, with concurrence by Ecol ogy and EPA, to use the poplar
trees nmore aggressively (i.e., increased drawdown) to enhance the treatnent by phytorenediation at the
expense of intrinsic biodegradation

11.1.2 Description

The phytorenedi ati on action involves poplar trees planted over TCE-fam |y source zones in the landfill. The
popl ar species will be selected in renmedial design. The trees will be used to treat groundwater in two source
zones as discussed in the proposed plan. Figure 11-1 shows the general extent of the source zones to be
planted with trees. The exact extent of the planting zones will be established during remedial design. For
the initial inplementation of phytorenediation, the existing buildings will not be renoved. However, if the
Navy subsequently decides, with concurrence by Ecol ogy and EPA, that the phytorenediation planting zone
shoul d be expanded to areas where existing buildings are |ocated, the Navy will remove the buildings as
needed for planting.

The initial planting nay cover the entire areal extent of the planting zones (i.e., no pilot test is
envi si oned, because of the relatively snall areas involved). The planting density will be selected during
remedi al design and adjusted during operation (by thinning, pruning, and planting) to achieve an appropriate
degree of water table drawdown as discussed in Section 11.1.1

The existing asphalt will be renoved fromareas where the trees will be planted. The surface soil wll be
anended with inported materials or fertilizer based on testing for agronom c requirenents. After planting
the Navy will provide silvicultural operation and nai ntenance (08 as needed to nanage growth and heal th of
the popl ars, including

. Wat ering (suppl ement as needed to establish mature stands)
. Pruni ng and t hi nni ng

. Fertilizing

. Weed contro

. Pest/ di sease assessment and control

11.1.3 Process Mnitoring and Contro

The treatment provi ded by the poplars may need to be controlled and optim zed by pruning and thinning to

achi eve an appropriate degree of water table drawdown as discussed in Section 11.1.1. If needed, the
adjustnents in planting density and degree of pruning will be nade such that the water requirenments of the
trees are matched to the avail abl e groundwat er supply and precipitation during the year, so that the need for
suppl emental irrigation water is avoided or mnimzed while achieving treatment objectives. The drawdown wi | |
be monitored and eval uated using water |evel neasurenents and water table contouring as described in Sections
11.1.4 and 11.1.5

In addition, the Navy will performa one-tinme denonstration to address each of the follow ng concerns

. Air quality: whether the mature stands of trees conply with action-specific regulatory
requirenents for air quality (i.e., acceptable source inpact |evels [ASILs] of the Puget Sound
Air Pollution Control Agency [PSAPCA]). This evaluation will be in accordance with the PSAPCA
procedures and criteria.



. Leaf managenent: whether the | eaves retain toxic substances that require special |eaf
nmanagenent (i.e., can the |leaves be allowed to fall and degrade naturally, or do they pose
unaccept abl e risks to human health or the environment and thus need to be collected for proper
di sposal ?) .

. Li mb managenent: whether the tree linbs resulting fromprocess O&M (e.g., pruning and thinning)
retain toxi c substances that require special nmanagerment to conply with action-specific ARARs
(e.g., land disposal regulations) and not pose unacceptable risk to human health or the
envi ronnent .

For each of the above concerns, the denonstration may be net by the Navy presenting any of the foll ow ng
t hree approaches, with concurrence by Ecol ogy and EPA:

(1) Pertinent data fromcontrolled research studies in the scientific literature, if adequate to show
that these ARARs or risks will be satisfied when the poplars are inplenented at QU 1, or

(2) Site-specific sanpling data collected at QU 1 to show that these ARARs or risks will be satisfied,
or

(3) A conbination of (1) and (2).

Exi sting information suggests that emissions frompoplar trees will not |ikely cause unacceptable risks
(Chappel I, 1997; Schm edeskanp 1997; Cordon et al., 1997a). However, if the air quality denonstration
indicates that the ASILs will not be nmet, the Navy will work with Ecol ogy and EPA on appropriate action.

For |inb nanagenment, antici pated disposition options include:

. Disposal in a permtted landfill: in this case, the denonstration would show that the tree
limbs will be in conpliance with | and di sposal restrictions for expected toxic substances
retained in the |inbs.

. Ofer as firewood to base personnel: in this case, the denonstration would show that expected
toxi c substances retained in the linbs will not pose unacceptable risks.

. Ofer to comercial enterprise (e.g., pulp nmll, conposter): in this case, the denonstration
woul d show that expected toxic substances retained in the linbs will not pose unacceptabl e
risks.

Exi sting information suggests that TCE-fami |y conpounds will be degraded by netabolic processes within the
trees (Newran et al., 1997; CGordon et al., 1997b; Schnoor, 1997). However, if the leaf or linb toxicity
denonstrati ons show the | eaves or |inbs pose risks that require special nanagenent, the Navy will work with
Ecol ogy and EPA on appropriate action. The Navy has included phytorenediation in the selected renedy with the
expectation that air emssions fromthe trees will not require treatnent, tree leaves will not require

speci al managenent, and tree tissues frompruning and thinning will be nmanageabl e by disposal in a

non- hazardous waste landfill or by recycling to a comrercial enterprise (e.g., pulp nmill or conposter). These
expectations are based on consultation with scientists conducting research on phytorenedi ati on usi ng popl ar
trees. Because this is a new research area, sone of these expectations may not be met. If any of these
denonstrations results in the need for special managenent that substantially increases the cost of

phyt orenedi ati on beyond these expectations, the Navy may decide, with concurrence by Ecol ogy and EPA to

di scontinue the use of the trees on the basis that the cost of continuing phytorenediation is

di sproportionate to its benefits.

If phytorenediation is discontinued, the Navy will evaluate and decide, w th concurrence by Ecol ogy and EPA,
how t he phytoremnedi ati on areas shoul d be covered (e.g., with asphalt or vegetation). Consideration and

inpl enentation of other actions in the event phytorenediation is discontinued are discussed in Section
11.1.6.

11.1.4 Perfornance Mnitoring

The long-termnonitoring plan for QU 1 will include performance nonitoring for phytorenediation that consists
of :

. Water | evel neasurenents and contouring of the water table surface

. Sanpling for VOCs and reduction/oxidation paranmeters at selected stations.

The stations for water |evel nmeasurenents will be located within or near the poplar planting zones and will
include existing nonitoring wells and adj acent surface water stations, supplenented with new pi ezoneters as



needed to provi de adequate contouring detail for the performance eval uati on described bel ow. The sanpling
stations for VOCs and redox paraneters will be nonitoring wells located within or downgradi ent of the planted
zones (and, in the case of the southern zone, the nearby surface water in the narsh) that can be used to
assess the potential effect of phytoremedi ation on redox conditions and concentrations of TCE-famly
conmpounds in or near the planted zones

The anticipated perfornmance nonitoring is detailed in Table 11-1 and Table 11-2. Station |ocations are shown
in Figure 11-3. Table 11-1 shows the data that will be collected to assess phytorenediation itself, while
Tabl e 11-2 shows the data collection that will be used to track intrinsic bioremediation conditions and
assess whet her phytorenediation affects those conditions. Specific stations, paraneters, and sanpling
frequencies are listed in the table for both initial inplenentation and subsequent years, in order to show
the intended | evel of effort associated with the poplar tree performance nonitoring assuning favorable
results in accordance with current expectations. The sanpling programmay need to be nodified to provide
additional information or if results differ from expectations. Such nodifications nay be made by nutua
agreenent between the Navy, Ecol ogy and EPA

Sorre of the sanpling stations, frequencies, and analyses in Table 11-1 are duplicated in Table 11 -2. This is
because many of the same data collection paraneters are appropriate for nonitoring the perfornmance of both
phyt orenedi ati on and intrinsic bi odegradati on. Where nonitoring is duplicated between Tables 11-1 and 11 -2,
a single sanpling event will be used to satisfy the purposes of both tables.

11.1.5 Perfornmance Eval uation

The performance nonitoring data will be used to assess the source renoval and treatnent perfornmance of the
poplar trees and to check for potential adverse effects the trees may have on the adjacent wetlands or the
intrinsic biodegradati on conditions at the landfill source zones.

The water |evel measurenents and water table contouring data will be used to show that the poplars are
acconpl i shing the source renoval objective (i.e., renoving contam nated groundwater fromthe areas of high
TCE concentrations in the landfill). In controlled studies, the scientific literature shows that if poplar
trees are living and growi ng and are utilizing groundwater for their water requirements, then they will
renmove TCE fromthe aquifer along with the groundwater they are taking up in their roots, and the majority of
the TCE taken up by the tree will be treated and degraded by the tree's netabolic processes (Newran et al.
1997; Cordon et al., 1997b). Therefore, if the water table contouring data show that the trees are
extracting and transpiring the groundwater (i.e., creating groundwater gradients that show groundwater is
flowing inward toward the trees or planted zone during the growi ng season), this will be one indication that
the trees are actively removing TCE fromthe aquifer. Additional evidence of phytorenediation performance
will be obtained via the denmonstrations discussed in Section 11.1.3 to show whet her the treatnment of
TCE-fam |y contaminants in the tree is adequate to neet air quality requirements and whether the tree |inbs
and | eaves retain toxic residuals. VOC sanpling will also be performed in nonitoring wells within and
downgr adi ent of the planting zones to nonitor for changes in concentrations of TCE-fam |y conpounds. As

di scussed earlier (Section 11.1.1), the trees m ght cause groundwater concentrations to increase in the
short-termby increasing the residence tine of groundwater within the planted zones where resi dual DNAPLs

m ght be present. Over the long-term however, the groundwater concentrations of TCE-fanily conpounds are
expected to eventual ly decrease, and this will provide additional evidence of the effectiveness of
phytorenedi ati on in concert with natural attenuation processes. Because phytorenediati on and natural
attenuation are expected to work in concert to renmove and degrade the TCE-fam |y conpounds, the |ong-term
performance of phytorenediation in treating the groundwater will not be separable fromthat of natura
attenuation when eval uating the groundwater results. The Navy expects that, during the renedial design phase,
t he phytorenediation design teamwi Il work to further define appropriate nmethodol ogy for denonstrating the
performance of the phytorenedi ation system If this results in feasible nethods for denonstrating perfornance
beyond t hose described in this ROD, the Navy will add themto the nonitoring program

The water |evel neasurenents will also be used to help deternmine if the poplars are drying up the southern
reaches of the adjacent wetlands. The poplar trees should not be able to affect the water levels in the marsh
pond or areas north of the pond, because the water levels in these areas are deternined by the degree of

tidal flooding into the marsh, which occurs daily and is controlled by the tide gate. The new tide gate w ||
be designed to control the amount of tidal flooding into the marsh system

The VOCs and redox paraneter data from perfornmance nonitoring will be evaluated as a group to access whet her
the trees cause changes in the overall pattern of CAH concentrations or redox conditions that suggest the
trees may be adversely affecting the intrinsic biodegradati on processes at the |andfill source zones or
increasing the potential for unacceptabl e downgradient risks to occur in locations where the receptors of
concern may exist.

If redox changes are observed, the changes will be evaluated to determne if they are undesirable or
unaccept abl e such that the phytorenedi ati on action should be stopped or nodified. In this regard, it is



possi bl e for adverse effects to occur that might be favorably offset by the desirable treatnent benefits the
trees provide, as discussed earlier in Section 11.1.1. In this event, the Navy nay decide, with concurrence
by Ecol ogy and EPA, to continue or to enhance the phytoremedi ati on process in spite of the changed redox
conditions. For this reason, adverse effects on intrinsic biodegradati on processes will not necessarily be
consi dered undesirabl e

11.1.6 Evaluation of Natural Attenuation if Phytorenediation is D scontinued

If phytorenediation is determined to be ineffective and is discontinued, natural attenuation and intrinsic
bi orenedi ation will be evaluated to deternine whether they satisfy the key objectives for which the

phyt orenedi ati on action was intended to address. This section describes the rational e and net hodol ogy for
this evaluation

Based on data collected to date, natural attenuation processes and hydrogeol ogi ¢ conditions appear favorable
for controlling the mgration of contam nants downgradient fromthe landfill. Test results have shown
downgr adi ent concentrations that (1) do not indicate current unacceptable risk to human health via the

seaf ood i ngestion pathway at | ocations where seafood resources now exist, (2) do not flow toward of f-base
drinking water resources, and (3) do not pose sufficient ecological risk to require active renediation of
downgr adi ent resources at this tine. The site characterization studies indicate that this favorable situation
will rmost likely continue in the future. Long termnonitoring results will be used to verify the site

condi tions and whether they remain favorable (see Section 11.5).

In addition, the natural attenuation processes are al so providing source reduction. Natural attenuation
processes that are acting to reduce the quantity of TCE-famly conpounds at the landfill include intrinsic
bi odegradati on, dissolution, advection, and volatilization. The conpounds that vaporize into the atnosphere
are destroyed by phot o- oxi dati on.

Phyt orenedi ation is included in the selected renedy for the purpose of achieving faster and possibly greater
reduction of TCE-family conpounds, beyond that provided by the natural attenuation processes. Eventually,
renmoval of dissolved TCE-fam |y conpounds fromthe groundwater by the poplar trees is expected to result in
decreased groundwater concentrations at the landfill. Since it is likely that there are sone pure-phase
sources of TCE-family conpounds (e.g., globules of dense phase nonaqueous phase liquid) in the landfill that
nmust be dissolved into the groundwater before they can be renoved by the trees, decreased groundwater
concentrations nay not be observed for a fairly long tine.

The poplar trees are expected to be able to thrive on the landfill and hel p reduce the amount of TCE-famly
conmpounds. However, since this is a new technology, its inplenmentation mght not be successful, or the trees
m ght not be effective in neeting the phytorenediati on objectives; thus, a decision nmight be made to

di scontinue their use at the site. For exanple, there is a chance that healthy trees mght not grow on the
landfill in the desired |ocations, or the trees mght be judged as not cost-effective as discussed at the end
of Section 11.1.3. If phytorenediation is discontinued, the Navy will evaluate the effectiveness of the
natural attenuation processes at the site, including intrinsic biodegradation, to replace phytorenedi ati on
This evaluation will follow the conceptual approach described bel ow, nodified as necessary to reflect EPA

gui dance on eval uating nonitored natural attenuation, as site conditions dictate (see Section 12.2.4).

(1) If site data indicate that intrinsic biodegradati on processes are continuing to operate at the
landfill and in the downgradi ent groundwater plume to aegrade TCE-fam |y conpounds and assist the
other natural attenuation processes in reducing the quantity of TCE-fanily contaninants, the Navy
may choose to make a denonstration to Ecol ogy and EPA that nonitored natural attenuation is a
reasonabl e and adequate action for replacing phytorenediation (i.e., achieving source reduction
and groundwater treatment). This denonstration will be as described in item#2 below and will be
reviewed by Ecol ogy and EPA. |f the denonstration is satisfactory to Ecol ogy and EPA, and
downgradi ent risks are still being adequately controlled or prevented by natural attenuation
then the Navy will inplenent nonitored natural attenuation. In this case, evaluation of other
remedi al nmeasures will not be necessary. If the Navy elects not to performthis denonstration, it
wi || consider other renedial neasures for achieving the source reduction and groundwat er
treatment objectives that were served by the phytorenedi ation action. In this case, the approach
wll be the same as in item #3 bel ow.

(2) The denonstration in item#1 will use site data to show that:

(a) Natural attenuation is constraining the plume such that downgradi ent receptors are

bei ng protected from unacceptabl e risks and the conditions constraining the plune
are expected to continue.

(b) Natural attenuation is degrading the TCE-fam |y conpounds by intrinsic
bi odegradati on nechani sns that are reduci ng the contam nant source

c) Intrinsic biodegradation reactants continue to be present in sufficient concentrations



to indicate that the intrinsic biodegradation processes will be sustained

The site data to nake this denmonstration will include the periodic sanpling of
groundwat er for redox parameters and for natural degradation products of TCE-fanily
conpounds listed in Table 11 -2. These results will be used to track the redox
conditions and downgradi ent daughter products and indicate whether the intrinsic

bi odegradati on nechani sns identified in the Navy's present studies are continuing. The
Navy wi |l suppl ement these nonitoring data with additional sanpling as appropriate to
make a satisfactory denmonstration to Ecol ogy and EPA. The specific nethodol ogi es for
assessing the site data to nake the denonstration will be devel oped in post-ROD
docunents (e.g., during the renedial design phase, or at such time that it is decided to
di sconti nue phytorenedi ation). The denmonstration will include a description of any
sanpling and anal yses that would be added to the |ong-termnonitoring programfor the
purpose of inplenenting the nonitored natural attenuation action

(3) If site data indicate that conditions have changed such that intrinsic biodegradati on processes
are no |longer operating to degrade TCE-fanmily conpounds within the landfill or in the downgradi ent
groundwat er plune, and if on-site and downgradient risks are still being adequately controlled or
prevented in spite of the changed intrinsic biodegradation conditions, then the Navy wi |l consider
addi tional renedial action for source reduction. This will involve evaluating the feasibility of
usi ng anot her proactive renedi al measure for the purpose of assisting the remaining natura
attenuation processes in reducing the quantity of TCE-fam |y conpounds in the high concentration
zones of the landfill. In this case, the Navy will evaluate a |imted nunber of technol ogies
(e,g., two or three) identified by the Navy and Ecol ogy that are appropriate to consider for this
purpose. The Navy will evaluate the technol ogi es for reasonabl eness of costs and inpacts conpared
with the expected benefits and propose a course of action ranging fromno further action to
i mpl enentation of one or nore technologies if they are cost-effective. The eval uati on and proposed
action will be subject to review and concurrence by Ecol ogy and EPA. The Navy w |l inplenment the
course of action that results fromthis process.

4) If the long-termnonitoring data show that on-site or downgradient risks are increasing (due to
changes in the pathway route or increased concentrations) and are not being or will not be
adequately controlled or prevented, the Navy will consider additional renedial actions to prevent
or control the particular risk (or risks) of concern. In this case, the Navy will evaluate
technol ogies that are applicable to the particular risks that the nmonitoring results have
identified as being of concern. The Navy will conduct this evaluation regardl ess of whether the
site data show intrinsic biodegradation renains active for degrading TCE-fanm |y conpounds. The
eval uation and sel ection of a newremedial action will be subject to review and concurrence by
Ecol ogy and EPA. The Navy will inplenent any newly chosen remedial action that result fromthis
process.

11. 2 SEDI MENT REMOVAL

This el ement of the selected renedy involves renoval of PCB-contam nated surface sedinments fromthe part of
the marsh near the seep. The sediments will be renoved fromthe area shown in Figure 11-2

11.2.1 Objective

The sedi ment renoval action is ained at decreasing the anount of PCBs associated with the marsh sedinents
thus reducing the potential for PCBs to cause unacceptable risks in the future. This will be acconplished by
renovi ng sedinments fromthe area of the nmarsh where the hi ghest PCB concentrations were found. The intent is
to reduce the ecol ogical risks posed by PCB-contam nated sedinents in the nmarsh, as well as reduce the
potential for themto mgrate downstreamwhere they might accunul ate and cause unacceptabl e ecol ogi cal risks
or human health risks in the tide flats or Dogfish Bay. The method of sedinent renoval will be selected

desi gned, and inplemented so as to mninize disruption and short-terminpacts to the marsh

Current sanpling results show that the concentration of PCBs at one of the sedinent sanpling stations (M9
the station nearest the seep) does not neet the sedinent quality standard (SQS) of the WAshington state
managenent standards (SMB), while the SMS cl eanup screening levels (CSLs) are net by all the sedinment sanple
results. The bioassay tests for the sedinment station near the seep passed the SQS, as did all the other

sedi nent stations except for one of the test species at the station farthest fromthe landfill in Dogfish
Bay. However, because PCBs persist in the environment, there is concern they will accunulate in sedinents or
marine organisns if there are ongoing discharges fromthe landfill. The current sanpling results al so show
that there are | ow concentrati ons of PCBs (near detection linmts) in the groundwater discharging to the
surface at the seep, indicating ongoing discharges of PCBs into the marsh fromthe landfill via the seep
Because of the | ow concentrations, the mass di scharge of PCBs fromthe seep is relatively small, and PCBs are



not expected to accunulate rapidly in the nmarsh sedi nents. The renoval of narsh sedinents will be undertaken
to reduce the potential for PCBs to bioaccunulate in shellfish above | evels of concern for human consunption
reduce the anount of PCBs in the area of highest concentrations, and hel p prevent the occurrence of future.
unaccept abl e risks to benthic organi sms. Source control measures for PCBs in the landfill itself have not
been included in the selected remedy for the reasons discussed in Section 10 - 1.

11.2.2 Description

The sedi nent renoval action involves renoval and off-site disposal of approxinmately the top 6 inches of
surface sedinents in the marsh near the seep, in the area shown in Figure 11-2, where sanpling has shown the
hi ghest concentrations of PCBs. This action is not intended to renove all the surface sedinents throughout
this entire area, but will focus on renoving those sedinments that are suspendible in the water colum and
subject to nmigration via tidal action and streamflow Sedinents that are stabilized by the root structure of
the wetlands plant comunity will be left in place to the extent feasible. The nethod of renmoval will be

sel ected during renedi al design, but the intention is to renove the suspendi bl e sedi ments in a nmanner that

m nimzes short-terminpacts to the wetlands and the disruption of stable sedinents. For exanple, the use of
a vacuumtruck and a suction hose in a controlled manner is a possible nethod that could satisfy the intent.

The sedi ment renoval action nmust conply with the substantive requirements of Section 404 of the O ean Vater
Act including those in the Section 404(b) (1) Cuidelines. Under the Cuidelines, no discharge of dredge or fill
material is permitted if a practicable alternative exists to the proposed discharge. In this case, no
practicabl e alternative exists because the purpose of the action is to renove PCB-contam nated sedi ments from
the marsh environment. Wen there are no practicable alternatives to the discharge, conpliance with the
Qui del i nes may be achi eved through the use of appropriate and practicable mtigation neasures to mnimze the
potential inpacts of the discharge on the aquatic ecosystem At this site for this renedial action, inpact
avoi dance is nost inportant and will be achieved by nethods including but not limted to avoiding disturbance
of sedinents that are stabilized by the present root structure of the wetlands plant community and ensuring
that heavy equipnent is kept off the wetlands as nuch as practicable. Inpact nininization will be achieved by
net hods determned to be appropriate during agency review of the renedi al design, such as renoving only those
sedinents likely to be contam nated with PCBs, hydraulic controls to nminimze the rel ease of |oosened
sedinents past the tide gate, and replanting with native vegetation any vegetated areas disturbed by the

sedi nent renoval as practicable. Conmpensatory mtigation is not, needed for this specific remedial work
because the ecological loss will disturb only near-surface sedinents, and thus, when conbined with the inpact
avoi dance and inpact mnimzation neasures |isted above, will result in mniml inpacts to the environnent.

The sedi ment renoval action is expected to involve a relatively small volune of sedinments (e.g., less than

100 cubic yards). The method of sediment renoval mght create a slurry, increasing the volune and possibly

causing a need for dewatering prior to disposal. The renoved sedinments (including filtrate if the sedinents
are dewatered on site) will be sanpled and tested to determ ne requirements for proper treatnent or disposa
in accordance with regul ations for solid and hazardous waste. Specifics of testing, treatnent, and di sposa

will be established in renedial design

11.2.3 Perfornmance Mnitoring

PCB concentrations within and outside the sediment renoval area are currently bel ow cl eanup screening |evels
defined in the state sedi nent nmanagenent standards for benthic protection. The renoval action will not
include sanpling to establish that the boundary of the removal area meets a particul ar sedi nent concentration
or action level. Instead, after the renmoval action, sedinent sanpling will be conducted to establish new
basel i ne concentrations in the area where sedi nent was renoved. This will include the two sanpling stations
identified in the long-term nonitoring plan (Section 11.5) that are located in this part of the nmarsh. The
Navy plans to conduct this sanpling round in the spring of the year 2000 (see discussion in Section
11.5.3.4). Follow ng this baseline sanpling, performance nonitoring related to the sedi nent renoval action
wi |l include periodic sanpling to look for trends in the sediment concentrations and conpare the results to
sedi ment renedi ation goals identified in Section 11.5. This will be acconplished by the sedinment sanpling and
data eval uati ons of the long-termnonitoring programas described in Section 11.5.

11. 3 UPGRADE THE MARSH QUTLET TI DE GATE

This el enment of the selected renedy involves repair and inprovenent of the existing tide gate and narsh
outlet structure. This includes the culvert under the road, the bermand concrete abutnment, and the tide
gate. The location of the tide gate is shown in Figure 2-3.

The existing tide gate is a hinged-type flap valve on the outlet of the culvert through which surface water
fromthe marsh discharges into the tide flats. The tide gate allows sonme tide water to enter the marsh but
prevents high tides fromflooding the landfill. Currently, the tidal action extends up to the el evation of
the marsh pond and increases the salinity of the water in and downgradi ent of the pond. The existing marsh



outl et structure has devel oped | eaks through the enbanknent around the culvert that have started to erode the
enbanknent .

The tide gate will be upgraded to improve the control of the tidal flow between the tide flats and the marsh
and to assure that the landfill is protected fromextrene tidal action that could flood its surface, erode
its banks, or adversely affect the groundwater levels within the landfill.

The marsh outlet will be upgraded to replace the existing tide gate and to correct the | eaks and structural
integrity of the culvert and enbarknent. The upgrades are intended to:

. Control tidal action into the marsh sufficiently to avoid flooding the landfill surface or
eroding its enbankments.

. Control tidal flooding to prevent adverse changes in the groundwater |evels and groundwat er
flow patterns at the landfill that could reverse groundwater flow directions or allow
groundwater to flow fromthe landfill toward new areas of the base that are currently

unaf f ect ed.
The remedi al design will consider the feasibility of using a type of tide gate that can be adjusted to
mai ntain and maxi mze the estuarine character of the marsh while sufficiently controlling the tides to neet
t he objectives di scussed above.

11. 4 LANDFI LL COVER

This el enent of the selected renedy involves upgrading the landfill cover and maintaining it in good
condition. The existing asphalt will be renmoved fromthose parts of the landfill where the poplar trees are
to be planted. The landfill surface in these planted areas will be maintained as described in Section 11.1.
The remai nder of the existing asphalted areas will be upgraded to repair cracks and ot her damaged pavenent.
Portions of the landfill not presently covered with asphalt will be | eft unpaved. The Navy may el ect to pave
these areas of the landfill in the future, subject to the institutional controls discussed in Section 11.7.
The Navy will maintain the surface of the landfill in good condition, including periodic sealing and repair

of the asphalted areas, to achieve the follow ng objectives:

. Prevent direct human contact with the waste material and contam nated soil in the landfill and
limt erosion of the landfill surface that could |l ead to such exposures.
. Limt the amount of rainfall that infiltrates into the landfill in the paved areas that renain

after the poplar planting areas are established.

. Al low the Navy to use portions of the landfill for parking and storage purposes provided that
this does not interfere with renedial actions or renedial action objectives.

The above di scussi on describes the general approach for how the landfill surface will be nanaged. However,
the remedy will be inplenented in a manner that allows for flexibility in the types of surfaces used on
various parts of the landfill, both in the renmedial design and during the renediation itself, in order to

bal ance the foll owi ng tradeoffs:

. The desirability of having an asphalt cover over parts of the landfill because this limts
infiltration of rainfall and slows the discharge of landfill contam nants into the downgradient
envi ronnent .

. The need to renove asphalt in order to plant and grow healthy poplar trees that are expected to
be able to speed the renoval of TCE-famly conpounds fromthe landfill.

. The need to provide the poplar trees with water while desiring to avoid or minimze irrigation
requi renents.

. The potential of the poplar trees to counteract the increased infiltration that occurs due to
renovi ng the pavenent, by taking up the extra infiltration in their roots during the grow ng
season.

. The desirability of retaining the anaerobic conditions in the landfill hot spot areas, which

m ght be conproni sed by renoving the asphalt or planting poplars, in order to maintain the
intrinsic biodegradati on reactions that are breaking down TCE-fam |y conpounds in these source
ar eas.



. The desirability of having sem -perneabl e or perneabl e surfaces on parts of the landfill that
allow for slow rel ease of vapors to the atnosphere so that vapor concentrations do not build up
and cause themto mgrate laterally in the soil away fromthe landfill boundary

The long-termnonitoring data will be used to evaluate the functioning of phytorenediation and intrinsic

bi odegradati on; these results will be used to adjust the extent of the poplar planting zones, the asphalt
pavenent, and the unpaved areas of the landfill in order to strike a bal ance between the desire to maxi m ze
the reduction of the contam nant sources, the desire to mnimze risk to downgradient receptors, and the need
to avoi d unacceptabl e risks to downgradi ent receptors

As di scussed above, the renediation phase will not include an inpervious cover on the landfill. A landfill
cover with an inpermeable liner or clay |ayer does not appear to be necessary or desirable for this site for
the foll ow ng reasons

. Sonme of the wastes are buried below the water table, so an inperneabl e cover would not
elimnate | eaching of contam nants into the groundwater

. Sorme degree of stormmater infiltration appears to be beneficial in pronmoting the intrinsic
bi odegradati on processes in renoving TCE-fanily conpounds fromthe nore oxidi zed zones of the
landfill.

. The current degree of infiltration results in a relatively snall rate of contam nant di scharge
fromthe landfill, which the downgradi ent environnent appears able to assimlate w thout

causi ng unacceptabl e risks to human health or the environnent.
For these reasons, it is expected that a final cover with an inperneable liner or clay layer will not be
necessary. Long-termnonitoring (Section 11.5) will be used to determ ne whether conditions change such that
an i nperneabl e cover should be considered or required

11.5 LONG TERM MONI TORI NG

This el ement of the selected renedy invol ves periodic sanpling of groundwater, surface water, sedinents, and
clams. It also involves periodic neasurenent of water levels to nonitor groundwater flow.

11.5.1 bjective

The long-termnonitoring programw || be used to watch trends in chem cal concentrations and eval uate whet her
the sel ected remedy neets renedial action objectives and renains protective of human health and the
environnent. The programwill include periodic sanpling, described in Section 11.5.2, designed to check
expectations that contami nants will not cause unacceptable future risks and to deternmine if nore action is
needed in the future. Trends to be watched and the nmethods for evaluating the trends are discussed in Section
11.5.3

11.5.2 Description

The long-termnonitoring programw || include periodic sanpling to assess the risks posed by the site, as
detailed in Table 11-3. Station |locations are shown in Figure 11-3. Specific stations, paraneters, and
sanpling frequencies are listed in Table 11-3. Sanpling for performance nonitoring purposes for active

cl eanup neasures is discussed earlier (see Sections 11. 1 and 11.2, and Tables 11-1 and 11-2). Sore of the
sanpling stations, frequencies, and analyses in Table 11-3 are duplicated in Table 11-1 or Table 11-2. This
i s because nmany of the sane data collection paraneters are suitable for both risk nonitoring and perfornmance
noni toring purposes. Were nonitoring is duplicated anmong Table 11-1, Table 11-2, and Table 11-3, a single
sanpling event will be used to satisfy the purposes of all three tables.

The sanpling identified in Tables 11-1 through 11-3 is the basic nmonitoring effort currently envisioned for
initiating the long-termnonitoring program It is meant to indicate the sanpling that will be nopbst inportant
for evaluating the renedial actions, determ ning whether the RAGs are being net, and nonitoring for changes
in site conditions that nay require additional sanpling or actions. The level of effort shown in the tables
is based on current information and assunes favorable results in accordance with current expectations that
RAGCs will continue to be nmet and conditions at the site will eventually inprove. The sanpling program nay
need to be nmodified if results differ fromexpectations or if other infornation is needed. For exanple, the
remedi al design teammay identify other sanpling that shoul d be added to nonitor phytorenediation or
intrinsic biodegradati on. The sanpling programl|evel of effort nmay be adjusted upwards or downwards based on
the nonitoring results or other information (e.g., nonitoring trends or input fromrenedial design) by mutual
agreenent between the Navy and Ecol ogy and EPA



11.5.3 Evaluation of Results

This section describes how the nonitoring results will be evaluated for the purpose of assessing the risks
posed by the site and whether the renedial action objectives are being net. The nethodol ogy for eval uating
performance nmonitoring results is discussed in Section 11.1.

Tabl e 11-3 includes a general explanation of the intended purpose for each sanpling |ocation and how t he
chemcal results for particular stations and pat hways of concern will be evaluated. The foll owi ng sections
descri be the specific renediati on goals and data eval uati on nmethods that will be used for each particul ar
sanpling medi um Any eval uation by the Navy regarding the need for additional action or the type of action
that should be taken will be subject to review and concurrence by the agencies

11.5.3.1 Renediation Goals and Points of Conpliance

Remedi ation goals for the nedia to be sanpled are shown in Tables 11-4 through 11-7. The nunerical val ues
listed in these tables are derived fromthe definitions of unacceptable risk in the renmedial action

obj ectives (RAGs) given for each nediumin Section 8. No renediation goals have been included for soil and
vapor because contam nant concentrations in the landfill will not likely be decreased by the remedial actions
or natural processes to a point that allows unrestricted access and unlinited use of the site, and nonitoring
of these media is not planned. |f renediati on goals become necessary for these nedia, they can be derived
fromthe RAGs for soil and vapor given in Section 8.

Remedi ation goals for chemcals of concern in groundwater are listed in Table 11-4. The table includes two
sets of renediation goals: those for the drinking water pathway and those for surface water pathways (i.e.
seaf ood i ngestion and ecol ogi cal pathways). These pathways are defined in Section 3.3. The renedi ati on goal s
for the drinking water pathway are based on drinking water standards (including MICA cl eanup | evels). The
remedi ation goals for the surface water pathways are based on the federal water quality criteria, state water
qual ity standards, and MICA surface water cleanup |levels, and are thus intended for protection of hunman

heal th and the environnment in the water bodies downgradient of the landfill.

The points of conpliance for the groundwater renediation goals depend on the pathway of concern (i.e.
drinking water or surface water pathway). For the renediation goals based on the drinking water pathway, the
poi nt of conpliance includes the groundwater throughout the landfill and all groundwater that is suitable as
a drinking water resource and that can be affected by the landfill contam nants. G oundwater near marine
shorelines might not be suitable as a drinking water resource due to high salinity fromseawater; MICA
defines this as groundwater that contains totals dissolved solids at concentrations greater than 10,000 ng/L
(WAC 173-340-720[1][ii]B). The nmonitoring programin Table 11-3 includes sanpling of several nonitoring wells
in each of the upper and internediate aquifers, in addition to the PUD and base supply wells. These
monitoring well locations (Figure 11.3) are all within the groundwater point of conpliance for drinking

wat er .

For the groundwater renedi ation goals based on surface water pathways (i.e., mgration of groundwater into
the adjacent surface water), MICA regul ations include a provision [WAC 173-340-720(6)(d)] that allows the use
of an alternative or conditional point of conpliance if four conditions are nmet. These conditions are

(1) That no dilution zone is allowed. This is satisfied by taking the conditional points of
conpl i ance upgradi ent of the actual surface water into which the groundwater is discharging

(2) That the groundwater will be provided with all known avail abl e and reasonabl e net hods of
treatment prior to release into surface waters. This is satisfied by the treatnent to be provi ded
by phytorenedi ation

(3) That the groundwater discharges will not result in violation of sedinent quality val ues published
in chapter 173-204 WAC. This is satisfied by the sediment renoval action discussed in Section
11. 2 and the subsequent monitoring of the sedinents.

(4) That groundwater monitoring will be performed to estimate contami nant flux rates, and to address
potential bioaccunul ati on problens resulting fromsurface water concentrations bel ow net hod
detection limts. The flux estimation requirenent is satisfied by the nonitoring of groundwater
levels (and resulting flows) and nonitoring the plume concentrations. The bi oaccunul ation
requirenent is net by nonitoring the downgradi ent sedinents and tissues for possible accunul ation
of landfill contam nants

Therefore, the requirenents for using a conditional point of conpliance will be net by the sel ected remedy.
WAC 173-340-720(6)(d) defines the conditional point of conpliance as being "located within the surface water
as close as technically possible to the point or points where groundwater flows into the surface water." The
existing nmonitoring wells located on the downgradi ent side of the landfill are considered to be suitable



nonitoring points for the conditional point of conpliance. The following wells will be nonitored for this
purpose: 1MNM1, MAL-2, MAL-4, MAL-5, MAL-25, and MAL-28. Because these nonitoring points are |ocated upstream
of the actual point of conpliance (i.e., the water at the interface between surface water and groundwater), a
consi derabl e drop in contam nant concentrati ons probably exists between the nonitoring points and the actua
poi nt of conpliance due to natural attenuation. Therefore, the Navy may elect to collect data to quantify the
degree of natural attenuation along the groundwater flow path and use these results to derive adjusted

remedi ation goals that would apply to the groundwater at the nonitoring points. The adjusted remedi ation
goal s woul d be set higher than the renediation goals listed in Table 11-4 in proportion to the degree of
natural attenuation found in the data collection effort. Any adjusted renediation goals would be subject to
revi ew and concurrence by Ecol ogy. The Navy nay al so decide, with concurrence by Ecol ogy, to replace any of
the existing nonitoring points with an alternate nonitoring point |ocated closer to the groundwater/surface
water interface. If a nonitoring point that has adjusted remediation goals is replaced with an alternate
nmonitoring point, the remediation goals will need to be readjusted. Such readjustrment will be subject to

Ecol ogy review and concurrence, and nmay require new data to quantify the degree of natural attenuation

Renedi ation goals for chemcals of concern in surface water are listed in Table 11-5. The surface water point
of conpliance includes surface waters that can be affected by the landfill contam nants, such as the narsh
tide flats and Dogfish Bay. The nonitoring programin Table 11-3 includes sanpling of several surface water
stations in these water bodi es, enphasizing |ocations in each water body that are proximal to (rather than
distal from) the landfill where contanmination is nost |likely. The |ocations of these stations (Figure 11.3)
are all within the point of conpliance for surface water.

Remedi ation goals for chem cals of concern in sediments are listed in Table 11-6. The sedi ment point of
conpl i ance includes sedinents in surface waters that can be affected by the landfill contam nants, such as
the marsh, tide flats and Dogfish Bay. The nonitoring programin Table 11-3 includes sanpling the top ten
centineters of several sedinent stations in the marsh, tide flats, and the part of Dogfish Bay closest to the
landfill. The locations of these stations (Figure 11.3) are all within the point of conpliance for sedinents.

Renedi ation goals for chemcals of concern in shellfish tissues are listed in Table 11-7. The point of
conpl i ance for shellfish tissues includes shellfish habitat areas in surface waters that can be affected by
the landfill contam nants, such as the tide flats and Dogfish Bay. The nonitoring programin Table 11-3

i ncl udes sanpling of several shellfish tissue stations in the tide flats and the part of Dogfish Bay cl osest
to the landfill. The locations of these stations (Figure 11.3) are all within the point of conpliance for
shel I fish tissue, and enphasi ze the shellfish habitat areas closest to the landfill where contam nation is
nost likely to occur

Conpliance with the renediation goals will be determ ned by conparing the nonitoring results to the
remedi ation goals for the points of conpliance described above. As |long as contaninants renain at |evels that
exceed the renediation goals, institutional controls and sonme degree of nonitoring will be needed

As noted earlier, this site has a unique set of hydrogeol ogi cal and geochem cal conditions that appear to
constrain the contam nant plunme and reduce contam nant concentrations al ong downgradi ent pathways. Wth these
conditions, and with the selected renedy institutional controls in place, it is believed that risks to human
or environnental receptors will not likely increase. This allows the tine to use the selected actions to
remedi ate the site, and to evaluate the effectiveness of these renedial neasures. These conditions are
expected to continue, and nonitoring will be done to confirmthat they do. So |ong as conditions exist that
constrain the plunme and the institutional controls are in place, review of the selected remedy or

consi deration of any future actions should focus on the effectiveness of the renmedy based on whether the
renmedi al action objectives in Section 8 are net, and not on whether the specific renediation goals are net at
all points of conpliance identified above

11.5. 3.2 G oundwat er

Conpl i ance with groundwater remedi ation goals based on protection of drinking water resources will be

eval uated by conparing these renediation goals to the nonitoring results at points of conpliance defined for
the drinking water pathway in the previous subsection. Conpliance with groundwater renediation goals based on
protection of surface water will be evaluated by conparing these remedi ation goals to the nonitoring results
at the nonitoring points defined in the previous subsection for the conditional point of conpliance for
groundwat er di scharging to surface water. Many of the current groundwater sanpling results are greater than
the remedi ation goals, as indicated in Table 11-4. This has led to the renedial actions that will be

i npl enent ed under the sel ected renedy. The foll owi ng paragraphs describe how the nonitoring results will be
eval uated to determ ne whether RAGs are being net and whet her additional actions should be inplemented beyond
those in the sel ected renedy.

Nat ural attenuati on processes, assisted by phytoremedi ati on, are expected to eventually | ead to inprovenents
in groundwat er CAH concentrations over the long term If such inprovenent does not occur, the Navy will
eval uate whether to take additional active neasures. Key factors for this will be assessnent of nonitoring



trends and the tinme frane for expecting inprovenent. As discussed earlier (e.g., Section 10.5), the tinme
frame for inprovenent is uncertain but will likely take nany years (perhaps decades) because of the
likelihood that residual NAPL is present in the landfill. Because phytorenediation will reduce the anmount of
groundwat er di scharging into the marsh, it is likely that inproved concentrations woul d be observed in
surface water sooner than in the groundwater. Wether this occurs will depend on whether the poplar trees
achi eve a net reduction in the mass flux of CAHs into the marsh. This may not happen, because

phyt orenedi ati on m ght actual |y cause groundwater concentrations to increase, especially in the initial years
of operation, as discussed in Section 11.1.1. For these reasons, when evaluating inprovenent in site
conditions, the Navy will take into account that the actions of the selected renedy are sl ow processes
especially in the presence of NAPLs, that are not necessarily expected to result in neasurable inprovenent in
a short tine frame.

In addition to assessing nonitoring trends for inprovenent in site conditions, the Navy will evaluate the
nmonitoring results for adverse trends that indicate risks to receptors downgradient of the landfill wll
becone unacceptable in the future. This will include assessnment of whether RACs are being net for the
drinki ng water pathway, the seafood ingestion pathway, and the ecol ogi cal pathway, and whether trends in the
noni toring data show that additional actions should be inplenented.

Drinking Water Pathway. |f adverse trends are observed in the conpliance point nonitoring wells for chenicals
that have renediation goals for protection of hunan health via the drinking water pathway, the Navy will

eval uate what further action should be taken. The appropriate action may range fromsanpling to further study
to active renedi al measures, including the contingent actions discussed in Section 11.6. The eval uation w ||
include the foll owi ng

. Whet her the institutional control neasures of the selected remedy renmai n adequate and effective
for preventing human health drinking water risks for groundwater on Navy property.

. Whet her the groundwat er showi ng adverse trends is |ocated al ong groundwater flow pathways that
can affect off-base drinking water resources downgradi ent of the landfill The current
hydr ogeol ogi ¢ conditions and groundwater flow patterns direct contam nants in the upper and
internediate aquifers into the adjacent surface water bodies rather than toward the shorel ands
and thus do not allow the landfill contamnants to affect off-base drinking water wells in
these aquifers. The water level nonitoring results for the upper and internedi ate aquifers will
be used to determ ne whether these groundwater flow patterns change such that off-base drinking
water wells could becone af fected

. Whet her CAHs are detected in the nmonitoring results for the PUD and base supply wells, and
whet her these detections are related to the CAHs in groundwater at the landfill.

Seaf ood I ngestion Pathway. |If adverse trends are observed in the conpliance point nonitoring wells for

chem cal s that have renediation goals for protection of human health via the seafood ingestion pathway, the
Navy wi || evaluate what further action should be taken. The appropriate action nmay range fromsanpling to
further study to active renedial nmeasures. The evaluation will include the follow ng:

. Whet her the marsh continues not to be a significant harvesting area pertinent to the human
health risk seafood ingestion pathway.

. Whet her the adverse groundwater trends will result in concentrations in seafood that will pose
unacceptabl e risk to human health, using littleneck clans (P. staminea) as an indicator species
for seafood.

. Whet her the adverse trends correspond with trends in downgradi ent surface water at |ocations
popul ated by seafood resources, and whether the surface water concentrations at these |ocations
exceed or will exceed the remediation goals.

. Whet her the chem cal s showi ng adverse trends can bi oaccunul ate in aquatic organi sns.
. Whet her the clamnmonitoring results show adverse trends corresponding to those in groundwater

Ecol ogi cal Pathway. |If adverse trends are observed in the conpliance point nonitoring wells for chemcals
that have renedi ation goals for the ecol ogical risk pathway, the Navy will evaluate what further action
shoul d be taken. The appropriate action nay range from additional sanpling to further study to active
remedi al measures. The evaluation will include the follow ng:

. Whet her the adverse groundwater trends will result in unacceptable ecological risk, using the
sedinent nonitoring results as an indicator for ecol ogical risk.



. Whet her the downgradi ent surface water and sedinent nonitoring results show adverse trends
correspondi ng to those in groundwater

11.5.3.3 Surface Water

Conpl i ance with surface water renediation goals for the ecol ogi cal pathway and the human health (seafood
ingestion) pathway will be evaluated by conparison of the goals to the nonitoring results at the points of
conpliance defined earlier in this section. Sone of the current surface water sanpling results are greater
than the renediation goals, as indicated in Table 11-5. This has led to the renedial actions that will be

i npl enent ed under the selected renedy. The foll owi ng paragraphs describe how the nonitoring results will be
eval uated to determ ne whether RAGs are being net and whet her additional actions should be inplemented beyond
those in the sel ected renedy.

Nat ural attenuati on processes, assisted by phytoremedi ation, are expected to eventually | ead to inprovenents
in surface water CAH concentrations over the long term I|f such inprovenent does not occur, the Navy will
eval uate whether to take additional active neasures. This evaluation and inplenentation of any resulting
actions will be the sane as discussed for groundwater in the previous subsection

In addition to assessing nonitoring trends for inprovenent in site conditions, the Navy will evaluate the
nonitoring results for adverse trends that indicate risks to receptors downgradient of the landfill wll
becone unacceptable in the future. This will include assessment of whether surface water RAGs are being mnet
for the seafood ingestion pathway and the ecol ogi cal pathway, and whether trends in the nonitoring data show
that additional actions should be inplenmented

Seaf ood I ngestion Pathway. |If adverse trends are observed in surface water for chenmicals that have

remedi ation goals for protection of human health via the seafood ingestion pathway, the Navy and wl |

eval uate what further action should be taken. The appropriate action nay range fromsanpling to further study
to active renedial neasures. The evaluation will include the follow ng

. Whet her the marsh continues not to be a significant harvesting area pertinent to the human
heal th risk seafood ingestion pathway.

. Whet her the adverse surface water trends will result in concentrations in seafood that will
pose unacceptable risk to human health, using littleneck clams (P. stami nea) as an indicator
speci es for seafood.

. Whet her the adverse trends occur in surface water at |ocations popul ated by seafood resources
and whet her the surface water concentrations at these |ocations exceed or will exceed the
remedi ati on goal s.

. Whet her the chem cal s showi ng adverse trends can bioaccunulate in aquatic organi sns.
. Whet her the clamnmonitoring results show adverse trends corresponding to those in surface
wat er .

Ecol ogi cal Pathway. |If adverse trends are observed in surface water for chemicals that have renedi ati on goal s
for the ecol ogical risk pathway, the Navy will evaluate what further action should be taken. The appropriate
action may range from additional sanpling to further study to active renedial measures. The evaluation wl|l
include the foll ow ng

. Whet her the adverse surface water trends will result in unacceptable ecological risk, using the
sediment nonitoring results as an indicator for ecol ogical risk.

. Whet her the sediment nonitoring results show adverse trends corresponding to those in surface
wat er .

11.5.3.4 Sedinents

Sedinents will be sanpled in the nmarsh, tide flats, and Dogfish Bay, and the nonitoring results will be used
to indicate the ecol ogical risk downgradient of the landfill. Sanple |ocations are shown in Figure 11-3. The
nonitoring programin Table 11-3 includes analysis for the chem cals of concern (COCs), plus additiona
chemcals of interest (COs) that should continue to be nonitored for possible accunul ati on downstream of the
landfill. The basis for selecting these COs for long-termnonitoring is discussed in Section 6.2. The

sedi nent sanpling will be perforned once every five years and will be scheduled to coincide with the
five-year review periods.

Because the five-year review periods for QU 1 will be set to coincide with those for QU 2 and the first



five-year review for QU 2 will occur in the year 2000, the Navy plans to initiate the QU 1 sedi nent sanpling
as foll ows:

. Sedi nent and clamtissue sanples will be collected at the same time and |ocations to all ow
conparison of results.

. The first sedinent sanpling round will occur in the spring of 2000. This assunes that the
sedi nent renoval action will occur in the sumer of 1999 and sanpling will occur the follow ng
spring to coincide with the appropriate tine of year for collecting clamtissue sanples.
Sanmpling in the spring should allow enough tine for the results to be available for conpleting
the five-year review by the end of the year 2000. This sanpling round will also be used to
provide the data for the post-sedi nent-renoval baseline sanpling event described in Section
11. 2. 3.

. The second sedinment sanpling round will occur in the spring of 2005, to coincide with the next
five-year review date.

The remedi ation goals for sedinments listed in Table 11-6 are based on the Washi ngton state sedi ment
managenent standards and include sedinent quality standards (SQSs) and cl eanup screening |evels (CSLs), which
will serve different purposes as discussed bel ow

Conpl i ance with sedi ment remedi ation goals will be evaluated by compari son of the S@ to the nonitoring
results at the points of conpliance defined earlier in this section (all stations shown in Figure 11-3 are
within the point of conpliance). Bioassay tests will be run for stations where the chemcal results exceed
the S@ of the state sedi ment nanagenent standards. The Navy will have the option to performthe chem cal and
bi oassay tests at the sane tine or to defer the bioassay testing until the chemcal results are eval uated
against the SQS. In either case, the Navy will schedule the sanpling and testing so that all results are
available in tinely fashion for the five-year review

If the chem cal and bioassay results exceed the S@ or if adverse spatial and tenporal trends in the sedinent
chemcal results indicate that the SQ@S will be exceeded in the future, the Navy will evaluate what further
action should be taken. In this case, the appropriate action may range fromsanpling to further study to
active renmedi al neasures. Consideration of the following factors will be included in the determ nati on of
whet her the data show adverse trends such that this evaluation of further action is needed: the chem cal
patterns and trends in other nedia along the migration pathway fromthe landfill to the sedinents, the

cl oseness of the results to the SQ or background, and the variability of the results conpared to
concentration changes apparent in the trend. The evaluation will also consider how soon the S@S is likely to
be exceeded based on the trend.

If the chem cal and bioassay results exceed the CSLs, active cleanup nmeasures will need to be considered. In
this case, the Navy may el ect to conduct confirnmatory sanpling prior to evaluating or inplenenting active

cl eanup neasures.

11.5.3.5 d am Ti ssues

Clams (Protothaca. staminea) will be sanpled at three stations in each of the tide flats and Dogfish Bay; the
nmonitoring results will be used to indicate the risks downgradient of the landfill that may occur via the
seaf ood i ngestion and ecol ogi cal risk pathways. Sanple |ocations are shown in Figure 11-3. The nonitoring
programin Table 11-3 includes analysis of the chemcals of concern (COCs), plus additional chem cals of
interest (Q0ls) that should continue to be nonitored for possible accumul ati on downstream of the landfill.
The basis for selecting these COs for long-termnonitoring is discussed in Section 6.2. The clam sanpling
will be performed once every five years and will be scheduled to coincide with the five-year review periods.
The clam sanpling will coincide with the sedi ment sanpling schedul e described in Section 11.5. 3. 4.

Conpl i ance with the clamtissue renediation goals will be eval uated by conparison of the goals to the
nonitoring results at the points of conpliance defined earlier in this section (all stations shown in Figure
11-3 are within the point of conpliance). The renedi ation goals for clamtissues listed in Table 11-7 incl ude
val ues for both the human health (seafood ingestion) pathway and the ecol ogi cal pathway.

The values in Table 11-7 for the seafood ingestion pathway were derived for subsistence harvesters using the
cal cul ati on procedures and exposure assunptions given in Appendix B. These values are for single chemcals
using a cancer risk level of 1x10 -5 and a hazard quotient of 1.0 for noncancer effects. Cunul ative effects
will be taken into account if nultiple chem cals are detected.

The ecol ogi cal risk pathway values listed in Table 11-7 are ecol ogi cal risk-based screening values identified
in the Summary Data Assessnent Report (SDAR). In particular, the values are fromthe Iist of nmaxi mum
acceptabl e ti ssue concentrations (MATCs) devel oped in Appendi x J of the SDAR



If the clamtissue chem cal results exceed the remedi ation goals or if adverse spatial and tenporal trends in
the chem cal results indicate that the renediation goals will be exceeded in the future, the Navy will

eval uate what further action should be taken. The appropriate action may range fromconfirnatory sanpling to
further study to active renedial measures. The determ nation of whether the data show adverse trends wll

i ncl ude consideration of the following factors: the chem cal patterns and trends in other nedia along the

m gration pathway fromthe landfill to the clans, the closeness of the results to the remedi ati on goal or
background, and the variability of the results conpared to concentrati on changes apparent in the trend. The
evaluation will also consider how soon the renediation goal is likely to be exceeded based on the trend

11.5.3.6 I nplenentati on of Additional Actions

In evaluating any of the nonitoring results for either inproving or adverse trends, consideration will be
given to the variability of the results conpared to the magni tude and sl ope of the apparent trend, and to the
magni t ude of the apparent change conpared with current concentrations. The intent is to account for data
variability so that decisions to inplenent additional action are based on actual trends that are discernible
as such rather than apparent trends that may be due to tenporal or sanpling variations

Any eval uation or proposal by the Navy regarding the need for additional action or the type of action that
shoul d be taken will be subject to review and concurrence by the agencies. The additional action would also
need to neet the National Contingency Plan (NCP) criteria for selection of renedies, including benefits
relative to costs. The Navy will inplement appropriate additional measures concurred upon by the agenci es.

11. 6 CONTI NGENT ACTI ONS

This el enent of the selected renedy involves contingent actions that would be used to prevent drinking water
risks if the long-termnonitoring results show that off-base donestic wells could becone contaminated in the
future

The site characterization results for groundwater flow and site geology show it is extremely unlikely that
contami nated groundwater will mgrate to off-base donestic wells. The | ong-term nonitoring programincludes
tracki ng of groundwater concentrations and groundwater flow directions in the intermedi ate aquifer

downgradi ent of the landfill. As discussed in Section 11.5, if the monitoring results show that conditions
change such that domestic wells could becorme contam nated, the Navy will eval uate what further actions should
be taken. This will include inplenentation of contingent actions if these are deened necessary to protect

residents fromunacceptabl e drinking water risks. The contingent action that will be inplenented in a
specific instance will depend on the circunstances of the particular donestic well and residents that need

to be protected, and nay invol ve hooking up the affected property to the public water supply, installing a
new drinking water well on the property to tap a deeper aquifer, or sonme other measure that is protective and
feasible for the particular situation and concurred upon by Ecol ogy and EPA. If contingent action is needed,
the Navy will initiate the contingent action before the off-base drinking water well can become contam nated.

11.7 I NSTI TUTI ONAL CONTROLS

This el ement of the selected renedy involves the use of institutional controls to prevent undue exposures to

landfill contam nants on Navy property. In addition, these institutional controls will limt or prevent

activities that would interfere with the renedial activity at the site. These controls wll preclude

installation of water wells at QU 1 and prevent devel opment or activity that would disturb the landfill in a

manner that could | ead to unacceptable risks to human health and the environnent. The institutional controls

will include the follow ng measures for Navy property in the areas identified in Figure 11-4:

. For the land between the tide flats and the marsh (Area Ain Figure 11-4): Land use

restrictions that prevent construction of water wells except for nmonitoring wells or wells that
nmay be needed for future renedial actions. This area is downgradient of the landfill with

respect to the internediate aquifer

. For the land between the tide flats and the Pass & I D Building parking lot (Area Bin Figure
11-4): Land use restrictions that prevent construction of water wells except for nonitoring
wells or wells that nay be needed for future renedial actions. This area is or may be
downgradi ent of the landfill with respect to the upper and internedi ate aquifers.

. For the tide flats and adjacent shoreline owed by the Navy (Area Cin Figure 11-4): Land use
restrictions that address procedures for controlling construction or maintenance activities to
prevent activities that would interfere with or conprom se the nonitoring or other renedial
actions for the site. The Navy will be able to conduct construction or naintenance activities
with concurrence by Ecol ogy and EPA.



. For the land at the landfill (Area Din Figure 11-4): Land use restrictions and requirenents

that address naintenance of the landfill cover and procedures for controlling activities that
invol ve digging or construction at the landfill that could cause exposures to contam nants in
soil, groundwater, or vapor within or fromthe landfill. This includes restrictions that

prevent construction of water wells except for nmonitoring wells or wells that may be needed for
remedi al actions. The Navy will be able to conduct digging and construction activities (e.qg.
street and utilities inprovenents or maintenance) subject to taking necessary preventive
neasures to protect against short-termand long-termrisks fromlandfill contam nants, and with
concurrence by Ecol ogy and EPA

The institutional controls will also include restrictions on occupancy of buildings |ocated on
the landfill. These will preclude use of the buildings by humans except for occasional
tenporary activities (i.e., workers will not be assigned full-time to an office or post | ocated
on the landfill). The initial plans for phytoremedi ation do not require the existing buildings
to be renoved. However, if the Navy subsequently decides, with concurrence by Ecol ogy and EPA
that the phytorenedi ation planting zone shoul d be expanded to area where existing buildings are

located, the Navy will renove the buildings. The land use on the landfill will be limted to
parking, storage, and facilities that involve only occasional occupancy by workers, and
remedi al activities. The institutional controls will limt activities at the landfill that

woul d inpair the natural attenuation processes working at the site, unless it is nutually
agreed to do so (e.g., to facilitate a remedial action besides natural attenuation). If the
Navy has a need to amend the land use or activity in the future, it may propose a change
subj ect to concurrence by Ecol ogy and EPA.

. For the marsh pond and nmarsh system (Area E in Figure 11-4): Land use restrictions that address
procedures for controlling construction or naintenance activities that (1) would disturb the
wet | ands adjacent to the landfill and coul d cause exposures to contam nants fromthe | andfil

that may be present in the sedinents or surface water or (2) would interfere with or conprom se
the monitoring or other remedial actions for the site. The Navy will be able to conduct
necessary construction or naintenance activities subject to (1) taking measures to protect

wor kers and prevent short-termand long-termrisks fromlandfill contam nants, (2) conplying
with requirements of pertinent wetlands regulations (e.g., Section 404 of the dean Water Act,
State of Washington Hydraulic Code), and (3) with concurrence by Ecol ogy and EPA

. For all of the institutional control |and areas shown in Figure 11-4: NUWC Keyport will renain
a secure facility limting access to individuals with bona fide business with the Navy or
invitees. Should the United States decide to cease using the property for mlitary operations
the need for and appropriate degree of fencing and security neasures will be reviewed and
re-established at such tine by the Navy, with concurrence by Ecol ogy and EPA

The institutional controls will include |and use restrictions that prevent installation of water wells on
Navy property within 1000 ft of the landfill (except for nonitoring wells or wells that may be needed for
remedi al actions).

To document and naintain institutional controls identified in this ROD, the Navy will prepare an
Institutional Control Plan (I1CP). A schedule for the devel opment of the ICP will be submtted by the Navy to
EPA and Ecol ogy in accordance with the terns of the Federal Facility Agreenent between the parties. The |ICP
will identify with geographic specificity all areas subject to the institutional controls selected in the
ROD; identify the objectives of the institutional controls; provide for the frequency and type (e.g., field
i nspection, process review, record review) of nonitoring of the institutional controls; require a nonitoring
report; and identify current |and users and uses. The ICP will be included in the five-year CERCLA review.

In furtherance of the I1CP, the Navy will devel op appropriate nmanagenent directives (i.e., 1SO directives or
base instructions) that may be referred to as standard operating procedures (SCPs) that will identify the
process(es) to naintain institutional controls. The SOP will apply to all personnel at NUWC Keyport,
including contractors and tenants, and all activities that will affect the institutional controls or the

remedi al actions selected for the site. The SOP will include the follow ng:
. A point of contact for inplenenting, naintaining and nonitoring institutional controls
. A requirenent that Navy notify EPA and Ecol ogy at |east 60 days prior to inplenentati on of any
maj or change in | and usage at a site subject to institutional controls. By way of illustration

not limtation, "nmajor change in |and usage" is intended to include such activities as a change
in land use fromindustrial or recreational to residential that would be inconsistent with
those specific exposure assunptions in the human heal th and/or ecol ogical risk assessments that
served as the basis for the institutional controls that were inplenented at the site. The
purpose of the notification is to obtain regulatory concurrence with Navy's determ nation as to



whet her a contenpl ated nmaj or change in land use will necessitate the need for re-eval uation of
the sel ected renedy.

. A commitment by the Navy to use its best efforts to obtain the appropriate funding to naintain
institutional controls

. A requirenent that the Navy notify EPA and Ecol ogy as soon as possible but no later than 60
days prior to any transfer, sale or | ease of any property subject to institutional controls.
The notification process is intended so that the parties can ensure that appropriate provisions
are included in conveyance docunments to maintain institutional controls.

. A requirenent that the Navy coordinate with EPA and Ecol ogy any proposed del etion or
termnation of an institutional control. In the event of a disagreenent between the parties,
EPA shal | deci de whether an institutional control should be deleted or termnated

. A requirenent that the Navy pronptly notify EPA and Ecology if it is discovered that an
institutional control has not nmet its objective. The notification process is intended to allow
the parties to identify any specific deficiencies in the IC process and for the Navy to
inpl enent corrections in order to prevent sinmlar deficiencies in the future.

The managerent directives may be incorporated into the | CP however, the managenent directives do not create
legal rights in any person or entity.

11.8 COsT

The estimated life cycle cost of the selected renedial actions for QU 1 is shown in Table 11-8, based on a
life cycle of 30 years and a net discount factor of 5 percent. Table 11-8 provi des a breakdown of the nain
capital, operating, and nmintenance itens that contribute to the overall life cycle cost.

12. 0 STATUTCRY DETERM NATI ONS

Under CERCLA Section 121, sel ected renedies nmust be protective of human health and the environnent, conply
with ARARs, be cost-effective, and use permanent solutions and alternative treatment technol ogies to the
maxi mum extent practical. In addition, CERCLA includes a preference for renmedies that use treatnent that
significantly reduces volune, toxicity, or nmobility of hazardous wastes as a principal elenment. How the
selected renedy for QU 1 neets these statutory provisions is discussed in the follow ng sections. MICA
regul ations also require these statutory provisions to be net by the sel ected renedy.

12. 1 PROTECTI ON OF HUMAN HEALTH AND THE ENVI RONVENT

The selected remedy for QU 1 will protect human health and the environnent by treating TCE hot spots within
the landfill, removing PCB-contam nated sedi ments fromthe adjacent narsh, maintaining a cover on the
landfill and using institutional controls to prevent exposures to contanminants within the landfill, and
noni toring groundwat er and downgradi ent nedia to verify expectations that unacceptable risks will not occur
in the future. These actions will prevent exposures above the risk |evels specified by CERCLA and wi |l |
address state cleanup regul ati ons (MICA) and ot her ARARs; specified in Section 12.2

The landfill cover will be maintained to prevent direct exposure to contam nated soil and wastes within the
landfill. The institutional controls will preclude installation of water wells and control |and use
activities at the landfill that could cause unacceptabl e exposures to contam nants in the vapor, soil, and
groundwater within the landfill. These potential exposures will be reduced by using phytorenediation (with
poplar trees) to treat hot spots of TCE-fam |y conpounds within the landfill, which are the hi ghest known
concentrations of chemcals of concern (COCs). The phytorenedi ation action is not intended to address PCBs.
The poplar trees are expected to work in concert with natural attenuation processes to gradually reduce the
amount of TCE-fam |y conpounds in these source areas and to achieve faster overall reduction than would occur
by natural attenuation processes alone. Reducing the TCE-fam |y conpounds at the landfill wll decrease the
potential for downgradi ent concentrations of these chenicals to increase to unacceptable risk levels in the
future

The sedi ment renoval action will address the sediments having the highest concentrations of chem cals of
concern (i.e., PCBs). This will also reduce the potential for PCBs to accunul ate and cause unaccept abl e human
health risks (e.g., fromingestion of seafood) and ecol ogical risks downstreamof the landfill in the future.
The long-termnonitoring of groundwater, surface water, sedinments and shellfish tissues will check
expectations that downgradient risk levels renmain acceptable in the future. Long-term nonitoring of
groundwater levels will verify expectations that hydrogeol ogi c conditions continue to direct contaninated
groundwater fromthe landfill into the adjacent surface water bodies and away fromthe shorelines where



of f-base drinking water wells currently exist or could exist in the future. Long-termnonitoring of the PUD

and base supply wells will check expectations that the aquitards and upward gradients below the landfill wll
prevent the landfill from contam nating these water supplies. The nonitoring results will initiate

consi deration of additional actions if data trends show any of these expectations will not be net. The Navy
will inplenent appropriate renedial measures, w th concurrence by Ecol ogy and EPA

The sel ected remedi al actions are not expected to pose unacceptable short-termrisks or cross-nedia inmpacts.
Cross-nedia risks or inpacts might arise due to transpiration of TCE-fam |y conpounds through the poplar
trees into the atnosphere or incorporation of landfill contami nants into the poplar |eaves or |inbs. However,
based on current research for this innovative technol ogy, poplar trees are known to treat and degrade a hi gh
percentage of the TCE-fanily conmpounds taken up in their roots, and unacceptable risks or inpacts fromthe

| eaves, linbs, and air enissions are not expected. The poplar tree perfornmance denonstration will check these
expectations. If unacceptable cross-nedia risks and inpacts are found, the cost-effectiveness of the

phyt orenedi ati on action will be reconsidered.

12.2 COVPLI ANCE W TH ARARSs

The selected remedy for QU 1 will conply with federal and state ARARs. No wai ver of any ARAR i s bei ng sought
or invoked for any conponent of the selected remedies. The ARARs identified for QU 1 are discussed in the
foll owi ng sections.

12.2.1 Chemical -Specific ARARS

. The State of Washi ngton Mbdel Toxics Control Act regulations set forth in WAC 173-340 Part VI I,
whi ch establish cl eanup standards for groundwater, surface water, and air quality for cleanup
sites, are applicable to the selected renedy at QU 1.

. Federal Safe Drinking Water Act (regulations set forth in 40 CFR °°141, 142, and 143), which
est abl i shes naxi mum contami nant | evels for public water supplies, are relevant and appropriate
for groundwater that may be a drinking water source downgradi ent of the landfill.

. State of Washi ngton Drinking Water Regul ati ons (WAC 246-290- 310), which establish nmaxi mum
contaminant |evels for public water supplies, are relevant and appropriate for groundwater that
may be a drinking water source downgradi ent of the landfill.

. Water Quality Standards for Surface Waters of the State of Washington (WAC 173-201A) are
applicable to the surface waters downstreamof the landfill. Standards for the protection of
aquatic life for specific chemcals are listed in WAC 173-201A-040[3]. For chemicals not |isted
in this section, WAC 173-201A-040[5] specifies that standards for protection of aquatic life
shall be derived fromthe federal water quality criteria (USEPA Criteria for Water, 1986, as
revi sed). WAC 173-201A-040[5] al so states that human heal t h-based water quality criteria used
by the state are contained in 40 CFR °131. 36( known as the National Toxics Rule).

. State of Washi ngton Sedi nent Managenent Standards (WAC 173-204), which establish state sedinent
qual ity standards and cl eanup screening |levels for marine sedinents, are applicable to
sedi nents downstream of the landfill.

12.2.2 Location-Specific ARARs

. Federal Executive Order 11990, 40 CFR Part6, Appendix Ais applicable to the actions that may
affect the wetlands at QU 1.

. Section 404 of the Cean Water Act (Federal Water Pollution Control Act, 33 U S. C. °°1344
promul gated by 33 CFR °°320-330 and 40 CFR °230), which requires the ninimzation and
mtigation of inpacts due to unavoi dable dredging or filling activities in navigable waters

including wetlands, is applicable to the sedinent renoval and tide gate inprovenent actions of
the selected remedy at QU 1.

. State of Washi ngton Hydraulic Code (WAC 220-110), which requires revi ew by the Washi ngton
Departnent of Fish and Wldlife for projects affecting the natural flow of state waters, is
applicable to the sediment renoval and tide gate inprovenent actions of the selected renedy at
QU 1.

. The Endangered Species Act (16 U S.C. °1531 promnul gated by 33 CFR °©°320-330) is rel evant and
appropriate to NUWC Keyport in general because several birds listed as threatened or endangered
species are known to inhabit the base. However, the actions of the selected renmedy at QU 1 will



not affect critical habitat of these species.

12.2.3 Action-Specific ARARs

. Federal Resource Conservation and Recovery Act (regulations set forth in 40 CFR °°261, 262
263, and 268), which specifies waste identification requirements for solid waste that may
contai n hazardous substances, is applicable to poplar tree tissues and sedi ments that are
managed during renedi ation of QU 1. The waste storage, nanifest, transport, treatnent, and
di sposal requirenents of these regulations will be applicable to the tissues or sedinents if
they are designated as a hazardous waste by these identification requirenents

. State of Washi ngt on Dangerous Waste Regul ati ons (WAC 173-303), which specify waste
identification requirements for solid waste that may contai n hazardous substances, are
applicable to poplar tree tissues and sedinents that are managed during renmedi ati on of QU 1.
The waste storage, manifest, transport, treatnent, and di sposal requirenents of these
regul ations will be applicable to the tissues or sedinents if they are designated as a
dangerous waste by these identification requirenents.

. Federal dean Air Act CGeneral Provisions (40 CFR °52) and Puget Sound Air Pollution Control
Agency Regul ation 1, Section 9.15 for the control of fugitive dust during construction
activities, are applicable to the phytorenedi ation and tide gate replacenent actions of the
selected remedy at QU 1

. Puget Sound Air Pollution Control Agency Regulation IIl, which requires conpliance with
accept abl e source inmpact levels (ASILs) for new air contam nant sources, is applicable to the
phyt orenedi ati on action of the selected renedy at QU 1.

. Federal Resource Conservation and Recovery Act (RCRA) regulations set forth in 40 CFR °°264. 116
and 117, which require survey requirenents and institutional controls for facilities where
hazardous wastes remain after closure, are relevant and appropriate to the sel ected renedy at
QU 1.

. State of Washi ngton Mddel Toxics Control Act regulations set forth in WAC 173- 340-440, which
require institutional controls for cleanup sites where hazardous substances will renain above
cleanup levels follow ng remedi al actions, are applicable to the selected renedy at QU 1.

. State of Washington water well regulations (WAC 173-160), which specify standards for
construction and mai ntenance of wells, are applicable to the nmonitoring wells at QU 1.

. State of Washi ngton M ni num Functional Standards for Landfills set forth in WAC 173-304
00407(3) and 460(3)(e), which specify standards for cl osure performance and cl osure design for
landfills, are relevant and appropriate to the maintenance of the landfill cover in the

selected renedy at QU 1. For the reasons discussed in Section 11.4, those aspects of the design
requirenents in °460(3)(e) that pertain to a lowperneability layer or liner are not applicable
nor relevant and appropriate to the selected remedy at QU 1, but woul d be rel evant and

appropriate if a future decision is nade to inplement a low perneability landfill cover at QU
1.
. State of Washi ngton Model Toxics Control Act regulations set forth in WAC 173-340-360(7), which

specify the nethods to be enpl oyed for groundwater renediation if groundwater cleanup |evels
are not nmet at or beyond the point of conpliance, is applicable to future decisions regarding
the need for possible additional remedial actions at QU 1. Currently, the hydrogeol ogic
conditions and natural attenuation conditions at QU 1 satisfy the requirenent for

contai nnent/control called for in subsection (b)(ii), and the actions of the sel ected renedy
described in this ROD satisfy the remai ning requirenments under subsection (b).



12.2.4 Gher Criteria, Advisories, or Quidance

This section discusses other criteria, advisories, or guidances that are considered to be appropriate for the
remedi al actions of the selected renedy for QU 1.

. If any of the sedinents or other waste renoved during renediation of QU 1 will be disposed,
treated, or stored in any off-site facility, the National Contingency Plan (NCP) off-site
di sposal rule (40 CFR °300.440) nust be followed. This will require that the Navy obtain prior
approval fromEPA that any off-site facility to be used for this purpose is in conpliance with
requirenents of the off-site rule

. The follow ng EPA directive describes the content that will be addressed in the five-year
reviews to be conducted for QU 1: Menorandum Structure and Conponents of Five- Year Reviews.
U S. Environmental Protection Agency, O fice of Solid Waste and Energency Response. OSVER
Directive 9355.7-02. May 23, 1991.

. The followi ng EPA directive describes protocols and guidance that will be addressed by the Navy
when conducting the denonstration of nonitored natural attenuation discussed in Section 11.1.6
of this ROD: Use of Mnitored Natural Attenuation at Superfund, RCRA Corrective Action, and
Under ground Storage Tank Sites. U S. Environmental Protection Agency, Ofice of Solid Waste and
Emer gency Response. OSVER Directive 9200.4-17. Novenber, 1997. Because this directive is
witten broadly and generically to provide guidance for any and all sites, it is expected that
sone of its protocols nay not be pertinent to the particular site conditions at QU 1.0
therefore, any denonstrations in the natural attenuation protocol may be adjusted for site
conditions or elimnated by nmutual agreenent between the Navy and the agencies

12. 3 COST- EFFECTI VENESS

The selected remedy for QU 1 is cost-effective because it affords overall effectiveness proportional to its
cost, with an estimated present worth cost of $3.5 million. Its cost-effectiveness is illustrated by
conparison with the costs and benefits of the other alternatives in the foll owi ng paragraphs.

Al though the estimated cost for the selected renedy is about 50% greater than the linmted action alternative,
it would provide a solution with better |ong-termeffectiveness, because the COCs woul d be permanently
reduced in quantity by renovi ng PCB-contam nated sedinents fromthe narsh and by using poplar trees to treat
the TCE-fam |y hot spot areas within the landfill. Reducing the anbunt of contaminants in these areas wll
reduce the potential for the COCs to cause unacceptable risks in the future.

The contai nnent alternatives would be nore effective than the selected renedy in preventing the mgration of
cont am nated groundwater away fromthe landfill, particularly in the cases where the groundwater cutoff wal
is extended to contain the internediate aquifer as well as the upper aquifer. However, the contai nnment
alternatives are estimated to cost three to four times nore than the sel ected renmedy. This additional cost
does not appear to be warranted, based on the site investigation results showi ng that the landfill has not
caused unaccept abl e downgradi ent risks that require i mediate action and that there is a good |ikelihood for
natural attenuation to nmintain acceptable downgradient risks in the future. Gven the current and expected
future risks, the source reduction benefits enphasized in the selected remedy appear nore worthwhile than the
plume control benefits afforded by the contai nment alternatives

The downstream sedinent trap alternative would cost nore than the selected renedy ($4.5 mllion) but would
provide | ess overall benefit because it does not include treatnent or control measures for the TCE-famly
conpounds. In addition, the sedinment trap systemwoul d cause significant short-termand ongoi ng physica
inpacts to the narsh environnment, and it may not be very effective in controlling the mgration of

PCB- cont am nat ed sedi ments. The sparging alternative would cost even nore ($5.4 mllion), but would al so
provide | ess overall benefit than the sel ected renmedy because the sparging process is not able to renove a
| arge percentage of the TCE-fam |y conpounds in a reasonable tine frame (e.g., 5 years), especially those
conmpounds present in non-aqueous |iquid phase, and it is cost-prohibitive to operate the process for an
extended tinme franme (for detailed explanation, see Section 10.1). In contrast, the poplar trees can provide
treatnment for an extended period with little attention and operating cost, and nay |ikely achieve better
TCE-fam |y reductions than sparging in the long run. The poplar trees are a less intrusive, |ower cost
approach than sparging for treating and reducing TCE-fam |y conpounds in the high concentration areas of the
landfill.

The funnel -and-gate treatment systemin the plunme control alternative would be effective in reducing the
di scharge of TCE-famly compounds fromthe landfill into the marsh via the upper aquifer. However, this

alternative would cost nore than the selected renedy ($4.2 million) and woul d provide benefits for plune
control rather than enphasi zing source reduction. Therefore, the funnel-and-gate alternative appears |ess
wort hwhil e and | ess cost-effective than the selected remedy for the same reasons di scussed above for the



cont ai nnent al ternatives.
12. 4 UTI LI ZATI ON OF PERVMANENT SOLUTI ONS AND TREATMENT TECHNOLOGE ES TO THE MAXI MUM EXTENT PRACTI CAL

The sel ected renedy represents the maxi numextent to which permanent solutions and treatment technol ogi es can
be utilized in a cost-effective manner for QU 1. It is protective of human health and the environment,
conplies with ARARs, and provi des the best bal ance of tradeoffs in ternms of |ong-termeffectiveness,
per manence, short-termeffectiveness, inplenentability, cost, and reductions in toxicity, mobility, or volune
achi eved through treatnment. In considering these tradeoffs, the nost decisive factors for selecting the
preferred remedy fromthe other alternatives are sumari zed as fol |l ows:

. The proposed actions are preferred because they include source reduction neasures for the

TCE-fam |y conpounds and sedi nent renoval for PCBs.

. The source reduction and sedi ment renoval actions will address the |ocations of highest
concentrations and will reduce the potential for the COCs to cause unacceptable risks in the
future

. The sel ected actions are not expected to interfere with the natural attenuati on processes at

the site, which woul d happen with the physical containment alternatives and mght occur with
the gas sparging alternative

. The sel ected actions will cause nuch | ess physical inpact to the marsh environnent than the
contai nnent, funnel -and-gate, and sedi ment trap options.

. The use of poplar trees for reducing sources of the TCE-fam |y conpounds will be aesthetically
pleasing, will avoid disturbing the contents of the landfill, and is an innovative neasure for
renmoving and treating these conpounds that is less costly and nore technically feasible than
the gas sparging option, and may be nore effective in the long run

. The source reduction achieved by the poplar trees is expected to work in concert with the
natural attenuation processes and decrease the overall tine frame for cleansing the site of the
TCE-fam |y conpounds conpared with the tine frame for natural attenuation al one

The sel ected actions correspond to those in the preferred alternative in the Navy's 1997 proposed plan. In
general, the response of the community and the public comrents on the proposed actions, in particular the use
of poplar trees to treat the TCE-fam |y hot spots, have been favorable. Wile some have expressed concerns,
many citizens, including RAB nenbers, have voiced their preference to utilize natural processes to renediate
the site, and have indicated their support for phytoremnedi ation and the proposed pl an

12. 5 PREFERENCE FOR TREATMENT AS A PRI NCl PAL ELEMENT

The sel ected remedy neets the statutory preference for selecting renedial actions that enploy treatnent
technol ogies to permanently and significantly reduce the toxicity, mobility, or volune of the hazardous
substances as a principal element. The poplar trees will renove and treat TCE-fam |y conpounds from hot spot
areas within the landfill. These source areas contain the highest concentrations of COCs at QU 1 and
constitute a principal threat posed by the site

13. 0 DOCUMENTATI ON OF Sl GNI FI CANT CHANGES

The original proposed plan for the NWC Keyport site was rel eased for public comment in January 1994. For QU
1 (Area 1), the 1994 proposed plan identified the preferred alternative for the site as a conbinati on of
actions selected fromthe alternatives developed in the 1993 FS report, including institutional controls,
noni toring, vacating buildings where indoor air risks were identified, and installing a final landfill cover

As a result of public concerns about this preferred alternative for Area 1, the NUWC Keyport site was split
into two operable units: Operable Unit 1 (QU 1) consisting of Area 1, and Operable Unit 2(QU 2) consisting of
Areas 2, 3, 5, 8, and 9. Splitting the site into two operable units was done to allow nore time to consider
alternatives for Area 1 while proceeding to a decision for the remaining Areas. Creation of two operable
units represents a significant change conpared with the proposed plan. The Navy, Ecol ogy, and EPA revi ewed
all witten and verbal comments submitted during the public comment period for the Areas that constitute QU
2. Upon review of these comments, it was determned that no significant changes to the renmedy for QU 2, as it
was originally identified in the proposed plan, were necessary to satisfy public concerns.



For QU 1, the Navy, Ecology, and EPA decided to collect additional site characterization data and eval uate
several additional alternatives in a supplenental focused feasibility study. These efforts resulted in a
Summary Data Assessnment Report, a Focused Feasibility Study Report, and a new proposed plan for QU 1, all

i ssued in Novenber 1997. The 1997 proposed plan presented a preferred alternative that included

phyt orenedi ati on, sedi ment renoval, tide gate inprovenent, maintaining the landfill cover, long-term
nonitoring, and institutional controls. Some of the conponents of this preferred alternative differ fromthe
elements of the original preferred alternative of the 1994 proposed plan and represent a change in the
original preferred alternative

A public neeting was held on Decenber 3, 1997 for the new proposed plan, and a 30-day public coment period
occurred from Novenber 16 to Decenber 15, 1997. The Navy, Ecol ogy, and EPA reviewed all witten and verba
comrents submtted during the 1997 public comment period. Upon review of these coments, the Navy, Ecol ogy
and EPA deternmined that no significant changes to the remedy for QU 1, as it was identified in the 1997
proposed plan, were necessary to satisfy public concerns.
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<| MG SRC 98183M>
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<I MG SRC 98183P>
<| MG SRC 981830Q>
<I MG SRC 98183R>
<I M5 SRC 98183S>
<I M5 SRC 98183T>
<| MG SRC 98183U>
<| MG SRC 98183V>
<I MG SRC 98183W
<I MG SRC 98183X>
<I MG SRC 98183Y>
<I MG SRC 981832>
<I MG SRC 9818371>
<I M5 SRC 98183z2>
<I M5 SRC 9818323>
<| MG SRC 9818374>
<| MG SRC 9818375>
<I MG SRC 9818376>
<I MG SRC 9818377>
<I MG SRC 98183Z7A>
<I MG SRC 98183z7B>
<I M5 SRC98183Z7C>
<I M5 SRC 98183z7D>
<| MG SRC 9818378>



Par anet er

G oundwat er Di scharge Al ong Downgradi ent margin of Landfill -

Aver age
Range a

G oundwat er

Aver age
Range b

G oundwat er

Aver age
Range a

G oundwat er

Aver age
Range b

G oundwat er

Aver age
Range b

Esti mated G oundwat er Travel

Upper aquifer -
Intermedi ate aquifer - south end of

Keys Road

I nternedi ate aquifer -

Keys Road

Internediate aquifer -

a Based on
Based on
¢ Based on

o

travel ti

velocity

Di scharge Al ong Downgradi ent Margin of Landfill -

Vel ocity Across Landfill -

Vel ocity Across Landfill -

Vel ocity Across Tide Flats -

Bradl ey Road to marsh

Bradl ey Road to

Keys Road to bridge

Tabl e 6-4

Summary of Hydrogeol ogic Conditions at the Landfill

Units

Upper Aqui fer

gpm
gpm

gpm
gpm

Upper Aqui fer

ft/day
ft/day

I ntermedi ate Aquifer

ft/day
ft/day

I ntermedi ate Aquifer

ft/day
ft/day

Tinmes ¢

yr

landfill to yr

yr

yr

one standard devi ati on about the geonetric nean of the hydraulic
one standard devi ati on about the geometric nean of the hydraulic

averaged conditions.
nes,
and travel

<I MG SRC 98183Z8A>
<I M5 SRC 981837Z8B>

Note that there is considerable uncertainty

as evidenced by the magnitude of the ranges shown above for
tine across the tide flats is particularly uncertain.

I nt ermedi at e

I ntermedi ate Aquifer

Wt Season Season Dry Season
(Round 3) (Round 4) (Round 5)
2.6 2.3 1.8
0.8 -9 0.7 - 8 0.5- 6
1.7 1.7 1.4
0.4 -7 0.4 -7 0.3 -6
0.16 0.14 0.13
0.05 - 0.5 0.04 - 0.5 0.04 - 0.4
0. 096 0.091 0. 083
0.02 - 0.4 0.02 - 0.4 0.02 - 0.3

- 0. 027 0. 020
- 0.007 - 0.1 0.005 - 0.08
5-8
31
15
50

conductivity neasurenments for Unit HL.
conductivity neasurements for Units Jo and H4.
associated with them esti nmated groundwat er
estimated groundwater velocities. The estinated



Chemi cal

I nor gani cs

Arseni c

Beryl i um

Chr om um

Cobal t

Copper

Lead

Manganese

Mer cury

Vol atil e O gani c Conmpounds
Acet one

Benzene

Br onodi chl or onet hane
1, 3- But adi ene

2- But anone

Carbon tetrachl ori de
Chl or obenzene

Chl orof orm

Chl or onet hane

Cycl ohexane

1, 4- D chl or obenzene
1, 1- D chl or oet hene

1, 2- Di chl or oet henes
1, 3-Di chl or opr opene

Table 7-1

Summary of Hunman Health COPCs I|dentified During the

1993 Human Heal th Ri sk Assessnent

G oundwat er a

Ar
(i ndoor &
out door)

Surface Water
(marsh, tide flats
& Dogfi sh Bay)

Sedi nent
(marsh, tide flats
& Dogfi sh Bay)

Seaf ood
(tide flats &
Dogfi sh Bay)



Table 7-1
Summary of Hunman Health COPCs I|dentified During the
1993 Human Health Ri sk Assessment

Ar Surface Vater Sedi nent Seaf ood
(i ndoor & (marsh, tide flats (marsh, tide flats (tide flats &
Chemi cal Soi | G oundwat er a out door) & Dogfi sh Bay) & Dogfi sh Bay) Dogfi sh Bay)

Freon 11 *
Freon 12 *
Freon 114 *
Met hyl ene chl ori de *
Cct ane *
Propyl ene *
Styrene *
Tet rachl or oet hene *
Tol uene *
1, 2, 4-Trichl or obenzene *
1,1, 1-Tri chl or oet hane *
Tri chl or oet hene * * *
1, 2, 4-Tri net hyl benzene *
1, 3, 5-Tri net hyl benzene *
Vi nyl chloride * * *
Xyl enes *
Sem vol atil e Organi ¢ Conpounds
Benzo( a) ant hr acene
Benzo( a) ant hracene *
Benzo( a) pyr ene *
Chrysene * *
bi s(2- et hyl hexyl ) pht hal at e * *
Phenant hr ene * *
Propyl enegl ycol dinitrate * * *
Chl ori nat ed Herbi ci des

Endosul fan sul fate *
Pesti ci des/ PCBs
Arocl or-1254 *

a Pathways involving future domestic use of upper and intermediate aquifer groundwater at QU 1 were not presented in the 1993 baseline human health risk
assessnent report; however, they were evaluated during its devel opnent, and are presented here.



Table 7-2
Summary of Human Heal th Exposure Pat hways Eval uated During the
1993 Hunman Heal th Ri sk Assessnent

Receptors Exposure Medi um Exposur e Pat hway
Onsite Wirkers Soi | | ngesti on
(current and future) Ar a I nhal ati on of VOCs (outdoor)

I nhal ati on of VQOCs (i ndoor)
I nhal ati on of particul ates (outdoor)
Site visitors & nearby

resi dent s-i ncl udi ng Surface water I ngesti on
subsi st ence seafood users
(current and future) Sedi nent I ngesti on
Seaf ood I ngestion (including subsistence users)
Onsite residents b G oundwat er (upper & I ngestion
(future) i ntermedi ate aquifer) I nhal ati on of VOCs
a Risks to then current and hypothetical future onsite workers to airborne landfill contam nants via inhalation of indoor air were evaluated in
the 1993 risk assessnent. However, since 1993, all buildings on the landfill have either been renoved or are no | onger occupi ed. Because of

this, risks calculated for "current" workers in the 1993 ri sk assessnment do not presently exist.

b Pat hways invol ving future donestic use of upper and internediate aquifer groundwater at QU 1 were not presented in the 1993 basel i ne human
health risk assessnent report; however, they were eval uated during its devel opment and are presented here.



Table 7-3
Sunmary of Human Heal th Cancer R sks and Hazard Indices Cal culated During the
1993 Human Heal th Ri sk Assessnent

Cancer Ri sk Non- Cancer Ri sk
Exposure Scenario Medi um Aver age RMVE Aver age RVE
Onsite Workers Soi | 3x10 -7 7x10 -7 <0. 001 <0. 001
(current and future) I ndoor Air a 7x10 -5 3x10 -4 1 2
Cut door Air 1x1 -6 3x10 -6 <0. 001 <0. 001
Site visitors & nearhy
resi dent s-i ncl udi ng Surface water 9x10 -8 5x10 -7 <0. 001 <0. 001
subsi st ence seaf ood users
(current and future) Sedi nent 8x10 -9 1x10 -7 <0. 001 <0. 001
Seaf ood
(subsi stence users) 1x10 -6 1x10 -5 0.03 0.1
Onsite residents b G oundwat er (upper &
(future) i ntermedi ate aquifers) 2x10 -3 2x10 -2 7 20
a Risks to then current and hypothetical future onsite workers to airborne landfill contam nants via
inhal ation of indoor air were evaluated in the 1993 risk assessnent. However, since 1993, al
buil dings on the landfill have either been renoved or are no | onger occupied. Because of this, risks

calculated for "current" workers in the 1993 risk assessment do not presently exist.

b Pat hways invol ving future domestic use of upper and intermedi ate aquifer groundwater at QU 1 were not
presented in the 1993 baseline human health risk assessnent report; however, they were eval uated
during its devel opnent and are presented here.



Summary of Human Health CO's ldentified During the

Chemi cal
I norgani cs
Ant i mony
Arsenic
Beryl | ium
Cadm um
Lead
Manganese
Mer cury
Silver
Thal i um
Vol atil e Organi c Conpounds
Benzene
Chl or of orm
1, 4- Di chl or obenzene
1, 1- D chl or oet hane
1, 2- D chl or oet hane
1, 1- D chl or oet hene
1, 2- Di chl or oet hencs
Tet rachl or oet hene
1,1, 1- Tri chl or oet hane
Trichl or oet hene
Vinyl chloride
Sem vol atil e Organi ¢ Conpounds
bi s(2- et hyl hexyl ) pht hal ate
O ganochl ori ne Pesti ci des/ PCBs
Al drin
Chl or dane
Dieldrin
Hept achl or
Hept achl or epoxi de
Arocl ors

Table 7-4

1995/ 1996 Suppl enent al

QG oundwat er

Data Col | ecti on Rounds

Surface Water

Seaf ood



Summary of Ecol ogi cal

Chemi cal Soi |
I nor gani cs
Al um num
Ant i mony
Arseni c
Cadm um *
Chrom um
Copper *
Iron
Lead *
Manganese
Mer cury *
Sel eni um
Silver *
Zi nc *
Cyani de *

Vol atil e Organi ¢ Conpounds
1, 4- D chl or obenzene

1, 1- D chl or oet hane

Vi nyl chloride

Xyl enes *
Sem vol atil e Organi ¢ Conpounds
Ant hr acene *
Benzoi c acid

But yl benzyl - pht hal at e *
Chrysene *

bi s(2- et hyl hexyl ) pht hal ate *
Di et hyl pht hal ate

Di - n- butyl pht hal ete *
Fl uor ant hr ene *
4- N trophenol

Phenant hr ene *
Phenol

Propyl enegl ycol dinitrate *
Pyrene *

O ganochl ori ne Pestici des
Chl or danes

2,4-D

4,4' - DDD
4,4' - DDE

4, 4" - DDT

D canba
Endosul f ans
Endrin

Met hoxychl or

Met hyl par at hi on

Table 7-5

1993 Ecol ogi cal

Surface Water

COPCs ldentified During the

Ri sk Assessnent

Sedi nent

Shel | fi sh



Sunmmary of Ecol ogi ca

Recept ors

Terrestrial plants

Terrestrial mamal s

Her bi vor ous bi rds

Bent hi ¢ i nvertebrates

Denersal fish
Car ni vor ous birds

Summrary of Potenti al

Recept or

Mar sh
Bent hi ¢ organi sns

Tide Flats
Bent hi ¢ or gani sns
Derrer sal

fish (e.g., English sole)

Bent hi ¢ or gani sns
Dogfi sh Bay
Bent hi ¢ or gani sns

Table 7-6

1993 Ecol ogi cal Ri sk Assessnent

Exposure Medi um
Soi
Soi
Pl ants
Sedi nent
Pl ant s
Surface wat er

Sedi nent

Sur f ace wat er

Bent hi ¢ invertebrates
Aquatic food species

Table 7-7
Unaccept abl e Ecol ogi ca

1993 Ecol ogi cal R sk Assessnent

Pat hway

Exposure to sedinent &
interstitial water
Exposure to surface water
Exposure to sedi ment
Exposure to sedi ment

I ngestion of benthic

or gani sns

Exposure to surface water

Exposure to sedi ment

Exposur e Pat hways Eval uated During the

Exposur e Pat hway
Root upt ake
I ngesti on
I ngesti on
I ngesti on
I ngesti on
I ngesti on

I ngestion
Cont act
I ngesti on
Cont act

I ngesti on
I ngesti on

Ri sks lIdentified During the

Primary Ri sk Contributors

bi s(2- et hyl hexyl ) pht hal at e,
organochl ori ne pesti ci des
Anti nony, nercury

bi s(2- et hyl hexyl ) pht hal at e,
organochl ori ne pestici des
bi s(2- et hyl hexyl ) pht hal at e
organochl ori ne pestici des
bi s(2- et hyl hexyl ) pht hal at e
organochl ori ne pesti ci des
Anti nony, nercury

bi s(2- et hyl hexyl ) pht hal ate



Chemi cal
I nor gani cs
Arsenic
Cadni um
Chr oni um
Copper
Lead
Mer cury
Ni ckel
Silver
Zinc
Semivol atil e Organi ¢ Conpounds
Acenapht hene
Phenol
O ganochl ori ne Pesticides & PCBs
Al drin
Dieldrin
Endosul f ans
Endrin
Hept achl or
Hept achl or epoxi de
Arocl ors

Table 7-8

Summary of Ecological COs ldentified During the

1995/ 1996 Suppl enent al

G oundwat er

Data Col | ecti on Rounds

Surface Water

Sedi ment



Tabl e 10-1
Estimated Costs of Renedial Action Alternatives

Initial Present Tot al
Capi t al Val ue of Pr esent
| nvest ment &M Costs a Wrth b
Alternative
$ milion $nillion $ milion

Sour ce Reduction 2.8 2.6 5.4

Pl ume Control 1.5 2.6 4.1

Sedi nent Trap 1.7 2.5 4.2

Limted Action 0.7 1.6 2.3

Cont ai nnent 4to7c 5to8c 12 to 14 ¢

Preferred Alternative 0.9 2.6 3.5

a Present value of operating and mai ntenance (C&\) costs assunming 5 percent net discount factor and a
life-cycle period of 30 years.

b Present worth is the sumof initial capital investnent and the present value of the O&M costs. The
estimates of probabl e cost shown here are based on the assunptions listed in the feasibility studies,
whi ch used cost estinating techniques that typically have an estimating uncertainty within +50%to
-30% for the quantities assumed. If actual quantities differ fromthe assumed quantities, the actual
costs may exceed this range.

c These costs show the range for several different containment alternatives fromthe original FS

Because the containnent alternatives with the | owest capital cost had hi gher O&M cost, and because
the alternatives with the highest capital cost had | ower C&M cost, the range of total present worth
costs for the containment alternatives is relatively narrow.



St ati ons

Upper aquifer wells MAL-4,
MML-5 & MAL- 16

Upper aquifer wells 1IMV¥1 &

MAL- 2

Surface water station MA12

Exi sting upper aquifer wells near
phyt or enedi ati on zones

addi ti onal

NOTE: The sanpling | ocations,
t he agenci es,
proj ect,

* After trees are established, but before the first 5-year review, these wells will
of the growi ng season and once at the end of the dornant season--to0 assess seasona

pi ezos as needed

pl us

frequenci es,

Table 11-1

Long- Term Moni toring for Phytorenediation

Expl anati on
To assess cont am nant
sout hern cont am nant zone

To assess cont ani nant
cont am nant zone

the central

reduction in

reduction in

To assess concentration reduction in
surface water due to contam nant
reduction in southern contam nant

Zzone.

To contour water table in treatnent

zone to denonstrate that

contam nated water is being taken

up by trees.

agr eenent .

Par anet ers
VCCs

VOCS

VCCs

Water |evels

and analytes listed in this table may be adjusted, by mutua
during the devel opnment of sanpling and nmonitoring plans in the renedial
and nay be nodified as needed at any tinme by nutua

Once
Once
Once
Once
Once
Once
Once
Once
Once

Four
Once
Once

Fr equency
every yr,
every 2 yr
every 5 yr
every yr,
every 2 yr
every 5 yr
every yr,
every 2 yr
every 5 yr

tines per
per year,
per 5 yrs,

yrs 1-5 *

s, yrs 5-10
s, yrs 10+

yrs 1-5%

s, yrs 5-10
s, yrs 10+

yrs 1-5

s, yrs 5-10
s, yrs 10+

yr, yrs 1-5

yrs 5+
yrs 10+

agreenent between the Navy and

desi gn and subsequent phases of this

be sanpled twice in the sane year--once at the end

changes in contam nant concentrations.



Table 11-2
Long- Term Monitoring for Intrinsic Biorenmediation

Stations Expl anati on Par anet er s Frequency
Upper aquifer wells MN1-4, To track conditions in southern Vocs Once every yr, yrs 1-5
MML-5 & MAL- 16 cont am nant zone. Redox par anet er s* Once every 5 yrs, yrs 5+
Upper aquifer wells 1IMV¥1 & To track conditions in central VOCS Once every yr, yrs 1-5
MAL- 2 contam nant zone. Redox par anet er s* Once every 5 yrs, yrs 5+
Intermedi ate aquifer wells MAL-25 To track conditions within Vocs Once every 2 yrs, yrs 1-5
& MAL- 28 i ntermedi ate aquifer plure. Redox par anet er s* Once every 5 yrs, yrs 5+
Intermedi ate aquifer well MAL-39 To track conditions at |eading edge Vocs Once every 2 yrs, yrs 1-5
of of f-base plune margin. Redox par anet er s* Once every 5 yrs, yrs 5+

NOTE: The sanpling |l ocations, frequencies, and analytes listed in this table may be adjusted, by nutual agreenent between the Navy and
t he agenci es, during the devel opnent of sanpling and nonitoring plans in the renedial design and subsequent phases of this
project, and may be nodified as needed at any time by nutual agreenent.

* Redox paraneters = total organic carbon, dissolved inorganic carbon, alkalinity, pH Eh, dissolved oxygen, conductivity, tenperature
hydr ogen, methane, iron(ll), manganese(ll), hydrogen sulfide, nitrate, and sulfate.



Stations
Deep aquifer supply wells
(PUD wel |l & Base well)

Intermedi ate aquifer well at
H ghway 308 bridge (MAL-39)

Upper and intermediate aquifer
wells & piezoneters

Upper aqui fer groundwat er
(MAL-4, MAL-5, 1MM1, &
MAL- 2)

Seep

Table 11-3

Long- Term Moni toring For Assessing R sk and Conpliance

Par amet er s
Dri nki ng Water Pat hway

Expl anati on

To provide direct indication of VQCs
drinking water risk fromdeep

aqui fer system

To confirmthat concentrations at VQCs

the | eadi ng edge of the off-base

i nternmedi ate aquifer plume remain
|l ow. This woul d provi de additional
evi dence (in conjunction with
groundwat er gradi ents) that |andfil
does not pose drinking water threat
in off-site internediate aquifer.
To nonitor groundwater gradients
and flow directions to denonstrate
conti nued absence of off-site
drinking water risks in upper and

i nternedi ate aquifers

Water |evels

Ecol ogi cal Pat hway
Representative stations VQCs
downgr adi ent fromthe southern and
central CAH contani nant zones to
nmoni tor for possible adverse trends
for inputs to surface water (marsh).
To nonitor input of PCBs to surface
wat er .

PCBs/ Pest i ci des

Once

Once
Once

Once
Once

Once
Once

nce
Once

Fr equency

every

every
every

every
every

every
every

every
every

yr

yrs
yrs

yrs
yrs

yrs
yrs

yrs
yrs

yrs
yrs

yrs
yrs

yrs
yrs

yrs
yrs

1-5
5+

1-5
5+

1-5
5+

1-5
5+



Tabl e 11-3 (Conti nued)
Long- Term Moni toring For Assessing R sk and Conpliance

Stations Expl anati on Par anmet er s Frequency
Ecol ogi cal Pat hway (Conti nued)
Internediate aquifer wells MAL-25 H ghest concentration stations VOCS Once every 2 yrs, yrs 1-5
& MAL- 28 within internediate aquifer plune to Once every 5 yrs, yrs 5+

nmoni tor for possible adverse trends
for inputs to surface water (tide

flats).
Surface water (MAO9 & NAL12) Representative stations VOCS Once every 2 yrs, yrs 1-5
downgr adi ent of southern and Once every 5 yrs, yrs 5+

central CAH groundwater zones to
nmoni tor ecol ogical risk in marsh

system
Surface water (TF19 & DB14) To nonitor inputs to of f-base VOCS Once every 2 yrs, yrs 1-5

envi ronment . Once every 5 yrs, yrs 5+
Sedi nment : To nonitor ecol ogical risks (by PCBs/ Pest i ci des Once every 5 yrs

conparison to SM5) in narsh, tide SVCCs (Timed to coincide with the 5-yr
Pond station (MAl1l) flats, and Dogfish Bay. Metal s (arsenic, beryllium review periods, as explained in

chrom um |ead, nercury, nickel, Section 11.5.3.4)

Stations in sediment renoval area and zi nc)

(MAO9 and one ot her)

Tide flats stations (TF18, TF20,
TF21)

Dogfi sh Bay stations(DB05, DBO7,
DB08)



Tabl e 11-3 (Conti nued)
Long- Term Moni toring For Assessing R sk and Conpliance

Stations Expl anati on Par anmet er s Frequency

Seaf ood | ngesti on Pat hway

Upper aqui fer groundwater Representative stations VQCs Once every 2 yrs, yrs 1-5
(MAL-4, MAL-5, 1IMM1, & downgr adi ent fromthe southern and Once every 5 yrs, yrs 5+
MAL- 2) central contam nant zones to

nmoni tor for possible adverse trends
for inputs to surface water (narsh).

Seep To nonitor input of PCBs to surface PCBs/ Pest i ci des Once every 2 yrs, yrs 1-5

wat er . Once every 5 yrs, yrs 5+
Internedi ate aquifer wells MAL-25 H ghest concentration stations VCCs Once every 2 yrs, yrs 1-5
& MAL- 28 within internediate aquifer plune to Once every 5 yrs, yrs 5+

nmoni tor for possible adverse trends
for inputs to surface water (tide

flats).
Surface water (TF19 & DB14) To nonitor inputs to off-base VQCs Once every 2 yrs, yrs 1-5
envi ronment . Once every 5 yrs, yrs 5+
G anms (TF18, TF20, TF21, DBOS5, To nonitor hunman heal th ingestion PCBs/ Pest i ci des Once every 5 yrs
DB07, DBO08) risks in tide flats and Dogfish Bay SVQCs (Timed to coincide with the 5-yr
where potential harvesting coul d Metals (arsenic, beryllium review periods, as explained in
occur. chromium |ead, nercury, nickel, Section 11.5.3.4)
and zinc)
Al so, to denonstrate that VOCs in VQOCs*

surface water do not partition or
accunul ate significantly in clans.

NOTE: The sanpling locations, frequencies, and analytes listed in this table nay be adjusted, by mutual agreenent between the Navy and the
agenci es, during the devel opment of sanpling and nonitoring plans in the remedi al design and subsequent phases of this project, and may be

nodi fied as needed at any tine by rmutual agreenent.

* VOCs would only be tested during the first sanpling round.



Range of Dri nki ng Wat er Pat hway
Det ect ed
Concentrations, Feder al State MICA
Chem cal of Concern Ig/L MCL MCL Met hod B d

1, 1- Di chl or oet hane 0.2 - 30, 000 800
1, 2- D chl or oet hane 0.2 35 5 5 5b
1, 1, - Di chl or oet hene 0.24 - 680 7 7 0.073
ci s-1, 2-Di chl or oet hene 0.32 14, 000 70 80
trans- 1, 2- Di chl or oet hene 0.24 - 520 100 160
Tet rachl or oet hene 0.4 - 4 5 5b
1,1, 1-Tri chl or oet hane 430 - 5,600 200 200 7,200
Tri chl or oet hene 0.3 - 22,000 5 5 5b
Vinyl chloride 0. 47 12, 000 2 2 0. 023
Pol ychl ori nat ed bi phenyl s 0. 06 1.4 0.5 0.011
NOTE: A blank cell in this table means there is no criterion for the cheni cal

Tabl e 11-4

Reredi ation Goal s for

G oundwat er

Regulatory Criteria and Remediation Goals, Ig/L

Renedi ati on
Coal

800

5

0.5¢c

70

100

200

0.5¢c

0.04 c

Seaf ood
I ngestion a

59

1.9

33, 000

4.2

41, 700

56

2.9

0. 000027

for that particular category.

Surface Water Protection Pat hways

Ecol ogi cal Renedi ati on
Ri sk a Goal

59

1.9

33, 000
4.2
41, 700
56
2.9

0.03 0.04 c

a Federal water quality criteria (WX) are the same as state water quality standards (WQSs) for this pathway.

b WAC 173-340-700(6) states that
standards will be based on the PQ. For this chemcal,
Ecol ogy' s | npl ementati on Menorandum No. 3 (PQs as O eanup Standards,
goal for this chemcal.

¢ The values listed are MICA Method B cl eanup | evel s for individual

in cases where cleanup |levels are below the practi cal

chem cal s;

the PQL is higher than the cl eanup |evel.
dat ed Novenber 24, 1993),

quantitation limt (PQ), conpliance wth cleanup
I n accordance with WAC 173-340-700(6) and
the PQL has been listed as the remedi ation

they require downward adjustrment to account for multiple

chenical s or pathways as needed to neet a cunul ati ve excess cancer risk of < 10 -5 and a cunul ati ve noncancer risk hazard index of < 1.0,
per WAC 173-340-708(5) & 6) and WAC 173-340-700(3)(6).



Tabl e 11-5
Reredi ation Goals for Surface Water

Regulatory Criteria and Remediation Goals, Ig/L

Range of Seaf ood | ngesti on Pat hway Ecol ogi cal Ri sk Pat hway
Det ect ed
Concentrations, State MICA Reredi ati on Feder al State Remedi at i on
Chem cal of Concern Ig/L WE a Met hod B ¢ Goal WX WXE Goal
1, 1- D chl or oet hane 0.23 - 11
1, 2- D chl or oet hane not detected 99 59 59
1, 1- Di chl or oet hene 0.5- 1.0 3.2 1.9 1.9
ci s-1, 2-Di chl or oet hene 0.24 - 480
trans- 1, 2- Di chl or oet hene 0.26 - 3.5 33, 000 33, 000
Tet rachl or oet hene not detected 8.9 4.2 4.2
1,1, 1-Tri chl or oet hane not detected 41, 700 41, 700
Tri chl or oet hene 0.49 - 64 81 56 56
Vinyl chloride 0.25 - 56 525 2.9 2.9
Pol ychl ori nat ed bi phenyl s 0.13 0. 000045 0.000027 0.04 b 0.03 0.03 0.04 b
NOTE: A blank cell in this table nmeans there is no criterion for the chemcal for that particular category.

a These criteria are equal to the surface water RGs for the corresponding pathway (from Table 11-5). The point of conpliance for these

b

(o}

d

criteria is as discussed in the text.

The MICA cl eanup | evel equals the drinking water MCL in this case, because it is "sufficiently protective" in accordance with WAC
173-340-720(3) (a).

WAC 173-340-700(6) states that in cases where cleanup |levels are below the practical quantitation [imt (PQ), conpliance with cleanup
standards will be based on the PQ.. For this chemcal, the PQ is higher than the cleanup | evel. In accordance with WAC 173-340-700(6) and
Ecol ogy' s I npl ementati on Menorandum No. 3 (PQs as C eanup Standards, dated November 24, 1993), the PQL has been listed as the remedi ation
goal for this chemcal.

The values listed are MICA Method B cl eanup | evels for individual chem cals; they require downward adjustnent to account for nultiple
chenical s or pathways as needed to neet a cunul ative excess cancer risk of < 10 -5 and a cunul ati ve noncancer risk hazard index of < 1.0,
per WAC 173-340-708(5) & 6) and WAC 173-340-700(3)(6).



Table 11-6
Reredi ati on Goal s for Sedinents

Range of
Det ect ed Stat e Sedi ment Managenent Standards, ng/ kg
Concentrations Renedi ati on Goal ,
Cheni cal of Concern ny/ kg Sedi nent Qual ity Standard Cl eanup Screening Level ny/ kg

1, 1- D chl or oet hane not anal yzed bi oassay bi oassay bi oassay S@S
1, 2- D chl or oet hane not anal yzed bi oassay bi oassay bi oassay SQ@S
1, 1- D chl or oet hene not anal yzed bi oassay bi oassay bi oassay SQ@S
ci s-1, 2-Di chl or oet hene not anal yzed bi oassay bi oassay bi oassay S5
trans-1, 2- D chl or oet hene not anal yzed bi oassay bi oassay bi oassay S5
Tet rachl or oet hene not anal yzed bi oassay bi oassay bi oassay SQS
1,1, 1- Tri chl or oet hane not anal yzed bi oassay bi oassay bi oassay SQS
Tri chl or oet hene not anal yzed bi oassay bi oassay bi oassay S@S
Vi nyl chloride not anal yzed bi oassay bi oassay bi oassay SQ@S
Pol ychl ori nat ed bi phenyl s 1.08 - 29 a 12 a 65 a 12 a
Pol ychl ori nat ed bi phenyl s passed bi oassay S@ b bi oassay bi oassay bi oassay S

NOTE: Bi oassays will be perfornmed if chemcal results fail S5

a These concentrations are carbon-normalized values (i.e., ng per kg organic carbon).
b At stations where PCBs were detected.



Table 11-7
Reredi ati on Goal s for O am Ti ssues

Regul atory Criteria and Renedi ati on Goal s, ng/kg

Seaf ood | ngestion Pat hway a

Range of
Det ect ed Noncancer Cancer
Concentrations, R sk Ri sk
Chem cal of Concern ny/ kg (HQ=1.0) (10 -5 Level)

1, 1- Di chl or oet hane not anal yzed 304
1, 2- D chl or oet hane not anal yzed 91 0.33
1, 1- Di chl or oet hene not anal yzed 27 0.051
ci s-1, 2-Di chl or oet hene not anal yzed 30
trans-1, 2- D chl or oet hene not anal yzed 61
Tet rachl or oet hene not anal yzed 30 0.59
1,1, 1-Trichl or oet hane not anal yzed 61
Tri chl or oet hene not anal yzed 18 2.8
Vinyl chloride not anal yzed 0.016
Pol ychl ori nat ed bi phenyl s 0.005 - 0.013 0. 061 0. 015
NOTE: A blank cell in this table means there in no criterion for the cheni cal

a The renedi ation goals for the seafood ingestion pathway are derived fromthe assunptions given in Appendi x B. For conpliance purposes,
renedi ati on goals cal culated in accordance with the assunptions in Appendix B wll
results of all sanples collected from Dogfish Bay and the tide flats,

Renedi ati on
Coal MATC b Coal

Ecol ogi cal Ri sk Pat hway

Renedi ati on

304
0.33
0.051
30

61
0.59
61
2.8
0.01 6

0. 015 2.6 2.6

for that particular category.

be conmpared with RVE concentrations calculated fromthe
i ncludi ng any stations added in future nonitoring rounds.

b MATC = maxi mum accept abl e ti ssue concentration from Appendi x J of the Summary Data Assessnment Report (URSG 1997).



Table 11-8
Esti mated Costs of Sel ected Renedial Actions

Present Val ue Total Present

Capi tal Cost of O&M Cost Wrt h Cost

Remedi al Action $ milion $milion $nmllion
Phyt or enedi at i on 0.35 1.11 1.46
Sedi nent Renoval 0. 08 0 0.08
Upgrade Marsh Qutl et 0.09 0.02 0.11
Landfill Cover 0. 39 0. 38 0.77
Moni t ori ng 0 1.07 1.07
Total Costs 0.91 2.58 3.49

NOTES: The costs shown above were based on feasibility study assunptions.
Present value and present worth costs are based on a 30-year life cycle and a 5% net discount rate.

The estimates of probable cost shown here are derived fromthe 1997 feasibility study, which used
cost estimating techniques that typically have an estinmating uncertainty within +50%to -30%for the
quantities assuned. |f actual quantities differ fromthe assuned quantities, the actual costs may
exceed this range.



APPENDI X A
RESPONSI VENESS SUMVARY

The responsi veness summary addresses public conments on the proposed plan for renedial action at the Nava
Undersea Warfare Center (NUWAC), Keyport, Qperable Unit 1 (QU 1). The proposed plan was issued Novenber 13
1997. The public comment period was held from Novenber 16 through Decenber 15, 1997. A public neeting was
hel d on Decenber 3, 1997 to present the proposed plan and to accept oral and witten public comments.

Most comments were received on pre-printed comment forms that had been distributed along with the proposed
plan. In addition to providing space for witten comments, the pre-printed comment forns included two
statenents that coul d be checked; one statenent indicated that the commenter supported the preferred
alternative presented in the proposed plan and the other indicated that the commenter did not support the
preferred alternative. O the 21 forns received, 17 of them (81 percent) had the statement checked indicating
support for the preferred alternative. One form (5 percent) had the statenment checked indicating that the
commenter did not support the preferred alternative. Three forns (14 percent) had neither statenent checked.
Many of the forms contained no separate witten coments; others contai ned one or nmore comrents on the
proposed plan. In addition to comments provided on the comrent forms, four people gave oral conments at the
public neeting and one agency provided coments in a letter.

In all, 26 comrents were received. The comments fall into several categories, as follows:
. Comrent s expressing general approval of the preferred plan
. Comrent s concerni ng phytorenedi ati on, natural attenuation, and the landfill cover
. Comrent s concerning | ong-term nonitoring
. Comment s concerning indoor air quality in the former nodul ar offices
. Comment s concerning future conmunity invol venent activities
. M scel | aneous coment s

The followi ng sections list the comments recei ved under each category. Responses are provided for each
comrent, except those in the first group that express approval of the proposed plan. Sone of the coments
that were received orally are paraphrased and several of the witten comments were edited slightly for
clarity.

The follow ng comments indicate general approval of the proposed plan and preferred alternative

1. | amvery pleased with the proposed plan and think that it is cost effective and that it addresses all of
the concerns of the RAB [Restoration Advisory Board] and the community.

2. The plan is well conceived and shoul d adequately protect public health under current and future | and use
scenari 0s.

3. | support the preferred alternative because it reduces the source of the chenicals of concern, it is cost
effective, and it addresses the three main exposure pat hways.

4. | amconfident that the proposed plan neets the requirenents of federal |aw for cleanup of contam nated
landfill. It also responds to the public concerns for the long tine effect of the contam nants fromthe
landfill.

5. | hope and expect that such conprehensive plans for cleanup will be applied to all Superfund sites in our
nation

6. | amvery pleased with the proposed plan and the work that has gone into reviewi ng options

7. As a menber of the RAB, it has been an interesting process. The proposed plan is a conproni se anong the
stakehol ders. It was a long-tine-com ng process in which all parties are satisfied. | amhappy to see that
sour ce-reduction becane inportant.

8. ood job.

The follow ng comments concern phytorenedi ation, natural attenuation, and the |andfill cover:

9. The use of trees sinply noves the problemfromone part of the environnent to the other. What do you do
with the contam nated trees? Do you burn then®

Response: Research conducted to date at other hazardous waste sites by the University of Washi ngton and
others indicates that nost of the chlorinated solvents that enter the trees are broken down within the trees



into harm ess conpounds. Because the contam nants are largely destroyed, phytorenediati on does not sinply
transfer contam nants fromone part of the environnent to the other at these sites. The snall anmount of
contam nants that are not broken down are rel eased through the | eaves to the atnosphere where they are
destroyed by chemi cal reactions caused by sunlight. Assum ng that the sane processes descri bed above will
occur at QU 1, it is not expected that the trees at the landfill (ie., the |leaves, linbs, and trunks) woul d
becone contam nated. Under these conditions, waste wood (such as that from pruning and thinning) could be
di sposed of in a normal nanner or sold as firewood.

However, because phytorenediation is a relatively new technol ogy, and because of the inportance of the issues
raised in the cooment, the ability of poplar trees to break down the types of contam nants found in the
landfill (both chlorinated solvents as well as other landfill contam nants) and not to release theminto the
air in unacceptable concentration or accurmulate themwithin the trees will be verified by conducting studies
at Keyport and or by evaluating the results of conparable studies conducted at other simlar contam nated
sites.

10. | like the idea of using poplars, but | question how effective they will be for draw ng those
contami nants that are beyond the working depth for this tree species.

Response: Although the tree roots extend only to the top of the water table, they are capabl e of draw ng
contami nants fromdeeper in the aquifer. This is because, during the growi ng season, each tree acts like a

m ni ature punping well, depressing the water table and form ng a "cone of depression."” The cone of depression
causes contam nants to flow both radially inward, as well as upward, toward the tree roots. In this way,

phyt orenedi ati on i s capabl e of reducing the anmount of contam nants from deeper in the aquifer

11. It looks as if there are pathways for groundwater flow that will bypass the poplars. Wy?

Response: The objective of the phytorenediation is not necessarily to intercept all groundwater flow fromthe
landfill, but to reduce the amobunt of TCE-family contamnants within the landfill over the long term For
this reason, the proposed plan shows the poplars planted above groundwater contanminant "hot spots." Planting
the trees over hot spots will provide the nost contam nant reduction using the fewest trees because every
gall on of water taken up will contain nmore contaminants than if the trees were planted over |ess contaninated
areas. In any case, although it is not their primary objective, the punping action of the trees planted over
hot spots will intercept a significant anmount of the nost contam nated groundwater and prevent it from
reaching the marsh system The actual placenent of the trees, and the bal ance between contam nant reduction
and groundwater interception, will be determ ned during the renedial design phase of the project, and
confirmed by nonitoring and assessnent during the operational phase.

12. The proposed plan states that, "If using poplar trees to reduce contaninants proves to be a problemin
the areas with high contam nation | evels, then the planting areas could be nodified so the trees would
control the groundwater plunme in areas where concentrations are lower." How wi |l this be measured? Wat
nonitoring will be done?

Response: This statenment fromthe proposed plan neans that if the contam nant concentrations in the hot spots
are too high for the poplar trees to grow, then trees could instead be planted downstream of the hot spots to
intercept contam nated groundwater before it reaches the marsh. However, based on research studies it is
expected that the trees should be able to thrive in the contam nant |evels found at the landfill hot spots.
Long-term nonitoring associated with the perfornance of phytorenediation will include sanpling groundwater
for chlorinated aliphatic hydrocarbons (CAHs) (to track their reduction over tine) and periodically measuring
water table elevations to assess the anount of drawdown being induced by the trees.

13. The protective asphalt cover may limt rainfall accunulation in the landfill site, but it also seals the
site and prevents the natural cleanup by light, air, and vegetation to occur. The proposed phytorenediation
is an excellent start, but a plan should be adopted for the eventual renoval of the top seal over the
conplete site and a phased-in vegetation (phytorenedi ation) planting of the conplete area

Response: This comment points out the careful bal ance that must be struck between a nunber of potentially
conflicting renedi ati on processes. For exanple, the asphalt cover limts rain infiltration. This is desirable
because it reduces the nobilization of landfill contaminants and their ultimte discharge to the downgradi ent
environnent. On the other hand, poplar trees will reduce the source of landfill contam nants. This is al so
desirabl e; however, the trees cannot be planted without first renoving the asphalt cover. Al so, planting too
many trees coul d use excessive water and require extensive irrigation. Finally, intrinsic biodegradati on of
CAHs is occurring in groundwater within the landfill. This, too, is desirable because it reduces the
cont am nant source; however, renoving the asphalt cover and planting trees (or paving areas that are
currently unpaved) could interfere with the mcroorganisnms that are currently degrading TCE-famly
contaminants. The Navy and the Department of Ecol ogy believe that the approach outlined in the proposed plan
provides a good starting point and a bal ance between the vari ous processes descri bed above. In addition
results of the long-termnonitoring will be used to assess the functioning of phytorenediation and intrinsic



bi odegradati on; these results will be used to fine tune the extent of the poplar trees and pavenent that is
needed to mnimze risk to downgradi ent receptors and nexi m ze reduction of the contam nant source.

14. Has there been any suggestion to elimnate or prevent notor vehicle traffic over the landfill cover area
as a control method to prevent pavenent cracking?

Response: It is the Navy's intention to continue to use the paved areas of the landfill for vehicle parking
and equi pment storage. Vehicle traffic and equi pnent storage on the asphalt pavenent has sone effect on
cracki ng; however, the prinmary cause for cracking is that the nmaterial in the landfill settles unevenly as it

deconposes. The Navy will continue to naintain the pavenent in order to naintain its function and integrity
as a barrier to infiltration. This maintenance is not a major cost item

15. If these [natural biological breakdown] processes are occurring, and the cis- isoner of 1,2-DCE

[di chl oroet hene] is broken down by biol ogi cal processes rather than the trans- isomer, then why the heck is
there so nmuch cis- isoner in the groundwater? Shouldn't the proportion of the trans- to cis- be higher? Maybe
the natural process is stopping at DCE? Since DCE is nore toxic than TCE [trichloroethene], why is this
"natural biological process" a good thing?

Response: Intrinsic biodegradation (i.e., reductive dechlorination) breaks down TCE into both cis- and
trans-1,2-DCE. Sinilarly, both DCE isomers undergo further degradation via reductive dechlorination, direct
oxi dation, and conetabolism (not just the cis- isomer, as suggested by the comrent). The hi gher
concentrations of cis-1,2-DCE observed at QU 1 are consistent with other studies, both field and | aboratory,
that indicate that the reductive dechlorination of TCE typically results in concentrations of cis-1,2-DCE
than are greater than those of trans-1, 2- DCE

Second, the inplication that DCE is nore toxic than TCE is not correct. Based on hunan health risk based
regul atory levels, such as the Washington State Mdel Toxics Control Act (MICA), the DCEs are about ten to a
thousand tines | ess toxic than TCE, depending upon the route of exposure. The ranges of reported toxicity
val ues of these conpounds to aquatic organi snms are overlapping, so it is not possible to say that one is
clearly nore toxic than the other to aquatic organi sns.

Finally, the natural processes that biodegrade the CAHs are desirabl e because they reduce
the concentration of contam nants entering the environment and they reduce the anount of
contam nants within the landfill.

The follow ng comments concern | ong-term nonitoring:

16. How will the Navy ensure that [natural renediationg processes continue? That is, what paraneters will be
neasur ed?

Response: The Navy will nmake two basic types of neasurenents on a long-term ongoing basis to assess the
functioning of the intrinsic biorenediation processes. One type of neasurenment will nonitor the redox
conditions in groundwater at a nunber of |ocations. These neasurenents are inportant because they can tel
whet her the geochem cal conditions are remaining favorable for the breakdown of the CAHs. The other type of
neasurement wWill rnonitor the concentrations of the various CAHs thensel ves. These measurenents are inportant
because they can tell whether the nore-chlorinated "parent conmpounds” are continuing to be broken down into
| ess-chl orinated "daughter conpounds" by bi ol ogi cal processes

17. [ The Navy shoul d] ensure that [long-termnonitoring of groundwater, sedinments, and shellfish] continues
[to receive] strong enphasis. [The Navy shoul d] especially watch [conditions that ensure the safety of
drinking water].

Response: The long-termnonitoring programfor QU 1 will periodically test groundwater, surface water
sedinents, and shellfish tissue. This testing will be used to track and docunment conditions relative to human
health (including risks to drinking water) and ecol ogi cal risks. The results of the long-termnonitoring will
be reviewed with the Washington State Departnent of Ecol ogy (Ecology) and the U.S. Environnental Protection
Agency (EPA) to determ ne whether additional monitoring, investigation, or engineered action should be
considered. Both the superfund | aw and state cleanup law require that these reviews take place at |east every
five years.

18. What will the tine interval be for the |ong-term periodic nonitoring?
Response: In general, groundwater and surface water stations will be nonitored every one to two years. Media
in which any changes are expected to occur very slowy, such as sediment and shellfish tissue, will be tested

less frequently (e.g., every four or five years).

19. The Agency for Toxic Substances and D sease Registry (ATSDR) health consultation follow up report



recommended that shellfish from Dogfish Bay be nonitored for chem cal contam nants every four years. It also
recommended control neasures for any future intrusive renedial activities to ensure that additiona

contam nants will not be released fromthe landfill into the Tide Flats and Dogfish Bay. Although Dogfish Bay
is currently closed to shellfish harvesting due to biological contanination, we [Washington State Departnent
of Health] support these recommendations as necessary to ensure that future consunption of shellfish from
Dogfish Bay will not pose a public health hazard. W recogni ze that the proposed plan includes a provision
for long-termnonitoring and suggest that the reconmendati ons nmade by ATSDR be considered in devel opi ng an

i npl enentati on strategy.

Response: The long-termmonitoring programfor QU 1 will include the sanpling of shellfish in Dogfish Bay and
the tide flats. The first sanpling will occur prior to the first required five-year agency review of the
long-termnoni toring data. Subsequent sanpling events are planned at five-year intervals in order to coincide
with the subsequent five-year reviews. This sanpling interval is slightly |longer than the four-year interva
nmentioned in the ATSDR heal th consul tation report; however, ATSDR has inforned the Navy that a five-year

interval is acceptable to them This is because the five-year interval is still |less than the age at which
native littleneck clans reach edible size (six years, according to the ATSDR report) and will, therefore
still be protective of human health. Any occurrence of adverse contam nant trendy in the shellfish or other

environnental nedia would |lead to the consideration of nore frequent nonitoring of clans.

The follow ng comments concern risk due to the air pathway:

20. I's worker exposure to VOCs [volatile organic compounds] in buildings still an issue at QU 1?
Response: No, all buildings at QU 1 have either been renoved or are no | onger occupi ed

21. The responsi veness summary shoul d i nclude a statenent addressing the risk incurred by the enpl oyees who
worked in the trailers on the landfill for varying periods of tinme. For exanple: Enployee A 5 days, 10 hours
a day for 5 years; Enployee B, 5 days, 9 hours a day for 1 year; etc.

Response: The fol |l owi ng exanpl es, based on data in the human health risk assessment, give an idea of the
range of cancer-risks that were cal cul ated: A worker exposed to the maxi num det ected cont anm nant
concentrations for 25 years (5 days per week, 50 weeks per year) woul d experience an additional one-in-3,000
chance of cancer. This is above the maxi mum EPA target risk range val ue of one-in-10,000. However, a worker
exposed to the average contam nant concentrations for 10 years would only experi ence an additiona
one-in-14,000 chance of cancer. This is bel ow the maxi num EPA target risk range val ue. Since the nodul ar
offices were in use for less than ten years, actual risk would |likely have been even | ower than
one-in-14,000. There is no longer any ongoing risk to workers frominhalation of landfill contam nants
because the Navy renmoved the nodul ar offices fromthe north end of the landfill.

The follow ng comments concern future comunity involvenent activities

22. Thanks for all the cooperative efforts to keep the community inforned. | hope that we can continue with
"Community Update" style newsletters and open neetings (informal RAB-style) to keep us appraised of design
installation, and results of the renedial actions. How will this happen as the RAB's responsibilities end?

Response: The Community Update newsletters will continue to be issued on a quarterly basis (i.e., four tines
per year) through the tine of planting the poplar trees, expected to be Spring of 1999. After that, the
frequency of the newsletters will be evaluated and possibly changed to sem -annually (i.e., two tines per
year). The RAB will continue to nmeet and plans to nonitor the progress of renediation at, the landfill, the
long-termnonitoring results, and the QU 2 areas. These issues will continue to be discussed in RAB neetings,
whi ch are open to the public. Finally, the Superfund |aw requires that the Navy informthe public of the
status of the site at |east every 5 years until the contamnants at the site fall bel ow cleanup |evels

23. How, when, and how often will the (long-termnonitoring] results be nmade available to the public? WII
neetings be held, and if so how often, to discuss the nonitoring results? WIl a mailing list of interested
parti es be maintai ned?

Response: The long-termnonitoring reports for each round will be placed in the repositories for public
review. Their availability will be announced in the Comunity Updates. The Conmmunity Update newsletters will
continue to be issued on a quarterly basis (ie., four times per year) through the time of planting the poplar
trees, expected to be Spring of 1999. After that, the frequency of the newsletters will be evaluated and
possi bly changed to semi-annually (i.e., two times per year). The results will also be a topic of discussion
in the RAB neetings, which are open to the public. The RAB will continue to nmeet and plans to nmonitor the
progress of renediation at the landfill, the long-termnonitoring results, and the QU 2 areas. A mailing |ist
is currently maintained for the Keyport sites and will continue to be maintai ned. People on the mailing |ist
receive the Community Update and notices of RAB neetings. In addition, the Superfund | aw requires that the
Navy informthe public of the status of the site at least every 5 years until the contamnants at the site



fall bel ow cl eanup | evels.

The follow ng mscellaneous coments on the proposed plan were al so received:

24. The Navy shoul d consider making QU 1 into a public park that would be operated jointly with the county.
Pl ease include me on future considerations of this.

Response: This idea has been considered and it has been determ ned that the areas surroundi ng and enconpassed
by Qperable Unit 1 renmain operationally inmportant to the base. Wiile the poplar trees will be planted over
portions of the landfill, other areas will continue to be used for parking and storage. Due to this need, and
i ssues of federal real estate use and liabilities, the Navy will maintain this area in its current state

25. Manchester fuel depot had a sinilar problem They have renoved the soil and had it processed. W are
still studying the problem Maybe we should find out how they resolved their problemand take similar action
W have spent enornous anmounts of money studying the probl en

Response: The study phase of the QU 1 cleanup was finished in Novenber 1997 when the Summary Data Assessnent
Report and the Focused Feasibility Study were finalized. Follow ng that, federal and state |laws require that
a nunber of steps be conpleted,, including the publication of the proposed cleanup plan, a public hearing, a
public comrent period, and the preparation of this docunment, the Record of Decision (RCD). Now that these
requi renents have been net, the inplementation of renedial activities can begin.

The action at the Manchester fuel depot that the comment refers to involved soil contam nated with

pol ychl ori nat ed bi phenyls (PCBs). Approximately 5,000 cubic yards of contam nated soil were excavated and
transported to facilities in Texas and UWah where it was incinerated. The Manchester cleanup involved a
relatively snall area in which the extent of contam nation could be well defined. The contam nants of concern
at Manchester, PCBs, are very resistant to natural degradation and, therefore, often require the use of
expensi ve, "non-green" renedi al measures, such as incineration. The situation at QU 1, however, is very
different and does not lend itself to a sinmlar remedial action. The contam nants at QU 1 are di spersed

t hroughout |arge portions of the multi-acre former landfill. Because of this, the amount of material that
woul d have to be excavated, transported, and processed would be enornous if the type of cleanup done at
Manchester were attenpted. Because nmuch of the contamination at QU 1 is below the water table, excavation
woul d be very difficult and woul d require extensive dewatering neasures and the di sposal of |arge anmounts of
cont am nated groundwat er generated by the dewatering. Finally, unlike Manchester, the nmain contam nants at QU
1 are chlorinated solvent-type chemcals (i.e., CAHs). These types of chemicals are readily susceptible to

bi ol ogi cal and chem cal breakdown under the right conditions. Because of this, the remediation of QU 1 does
not have to rely on technol ogy-intensive actions |like incineration and can take advantage of "green" renedi a
nmeasures, such as phytorenediation and intrinsic biorenediation to reduce the amount of contanminants in the
landfill.

26. The plan | ooks OK except | have a strong feeling you're only trying to cover up the probleminstead of
solving it.

Response: The phytoremedi ati on and sedi nent renoval actions, in concert with natural attenuation, are
expected to reduce the anount of contamination at the landfill in order to i mprove conditions over the |ong
term Although these processes will take time, unlike nmore intrusive cleanup nmeasures, they will occur in an
environnental ly friendly manner that will not significantly harmthe marsh environnent.



APPENDI X B
EXPOSURE ASSUMPTI ONS FOR SHELLFI SH REMEDI ATI ON GOALS
FOR PROTECTI ON OF HUMAN HEALTH

The remedi ation goals for clamtissues shown in Table 11-7 for the seafood ingestion pathway are risk-based
concentrations for the protection of hunman health derived fromthe fol |l owi ng equati ons

RGn = (HQ(RaD)/ (I F n)
RGc = (CRL)/(SF/(IF e)
IFn=(IR(FlI)(EF) (ED)/(BW (AT c)
IFc = (IR(FI)(EF) (ED)/ (BW (AT c)
wher e
RG n = renedi ati on goal for noncancer risk, ng/kg
HQ = hazard quoti ent
RAD = reference dose, nmg/kg-d
IF n = intake factor for noncancer risk, kg/kg-d
RG ¢ = renedi ati on goal for cancer risk, mg/kg
CRL = cancer risk leve

SF = cancer slope factor, (ng/kg-d) -1

IF ¢ = intake factor for cancer risk, kg/kg-d
IR = ingestion rate, kg/d

FI = fraction ingested from contani nated source
EF = exposure frequency = 365 d/y

ED = exposure duration, y

BW = body wei ght, kg
AT n = averaging tine for noncancer risk, d
AT ¢ = averaging tine for cancer risk, d

The shel I fish remedi ation goals (RG) for the seafood ingestion pathway shown in Table 11-7 are based on
protection of human health for subsistence consuners, using a cancer risk level of 10 -5 and a hazard
quotient of 1.0 for noncancer effects for reasonabl e naxi mum exposure (RVE) within the Dogfish Bay resource
area (including the tide flats). The exposure assunptions used to derive shellfish RG for the seafood
ingestion pathway are listed in Table B-1. The toxicity factors for calculating the PGs in Table 11-7 are
listed in Table B-2. For conpliance purposes, RG values calculated in accordance with the assunptions in this
Appendi x will be conpared with RVE concentrations for this resource area calculated fromthe results of al
sanpl es collected fromDogfish Bay and its tide flats, including any stations that mght be added in future
rounds

As shown in Table B-1, the RGs are based on a value of 0.25 for the fraction ingested (FI). This val ue

mat ches that used for estinmating RMVE risks for the subsistence scenario in the baseline risk assessnment. The
0.25 value was used in the baseline risk assessnent as a conservative estinmate of the fraction of shellfish
in the diet of subsistence consumers that could come fromthe potentially contam nated resource area (Dogfish
Bay) in estimating RVE risks. It is planned to use a targeted sanpling approach rather than a random sanpli ng
approach to initiate the long-termnonitoring programfor QU 1 (i.e., sanple stations will be |ocated near

the landfill rather than |l ocated randomy throughout the entire resource area). Because concentrations in
shel I fish nmost |ikely decrease markedly with distance fromthe landfill for a chem cal of concern migrating
fromthe landfill, these targeted sanpling results will likely provide a nore conservative estimte of RVE

concentrations for this pathway than the RMVE estimates in the baseline risk assessment. Because the targeted
sanpling locations are not representative of the entire resource area (Dogfish Bay and its tide flats), the
inclusion in the RVE cal cul ation of results fromany possible future additional sanpling |ocations from
within this resource area will not cause a reduction in the intended | evel of protectiveness provided by the
shel I fish RAO and RGs for this pathway.



Table B-1
Exposure Assunptions for Shellfish Remedi ati on Goal s- Seaf ood | ngesti on Pat hway

Par anet er

I ngestion Rate (IR

Fraction I ngested from Contaninated wunitless

Source (FI)

Exposure Frequency (EF)

Exposure Duration (ED)

Body Wi ght (BW
Averagi ng Time - Noncancer (AT a)

Averagi ng Tine - Cancer (AT c)

a Toy, KA, Polissar, NL., Liao, S.,

Beach Road, Marysville, WA 98271.

b EPA 1991. Human Heal t h Eval uati on Manual ,

kgl d

d'y

kg

and Mttel staedt,
Squaxin Island tribes of the Puget Sound region.

Val ue

0.092

0.25

365

70

70

25, 550

25, 550

Suppl enent al

Sour ce/ Ref erence

Subsi st ence consunption using 95th percentile

shell fish ingestion rate for adult tribal nenbers
(1.308 g/kg-d), adjusted for a 70-kg body wei ght
(fromToy et al. 1996) a

This val ue natches that used for estimating RVE risk
for the subsistence scenario in the baseline risk
assessnent. The 0.25 val ue was used in the baseline
ri sk assessment as a conservative estimate of the
fraction of shellfish in the diet of subsistence
consuners that could cone fromthe potentially
contam nated resource area (Dogfish Bay) in
estimati ng RVE ri sks.

This val ue corresponds to the ingestion rate (IR
val ue gi ven above, which has been expressed as a
daily rate for every day of the year.

Taken as the lifetime (i.e., 70 years) because
subsi stence consuners (e.g., tribal nenbers) are
likely to live in one location their entire |lives
EPA s default value for adult body weight (from
EPA 1991) b

For noncancer health effects, the averaging tinme is
equal to the exposure duration (ED).

For cancer, the averaging tine is the taken
lifetine (i.e., 70 years)

G D. 1996. A fish consunption survey of the Tulalip and

Tulalip Tribes, Departnent of the Environnent, 7615 Totem

CGui dance: Standard Default Exposure Factors.

CSWER Directive 9285.6-03. Ofice of Solid Waste and Energency Response, U.S. Environnmental Protection

Agency. March 1991.



Table B-2

Toxicity Factors Used for Shellfish Renediation Goal s-Seaf ood | ngesti on Pat hway

Chemi cal

1, 1- D chl or oet hane

1, 2- D chl or oet hane

1, 1- Di chl or oet hene

ci s-1, 2-D chl or oet hene
trans-1, 2- D chl or oet hene
Tet rachl or oet hene

1,1, 1-Tri chl or oet hane

Tri chl or oet hene

Vinyl chloride

Pol ychl ori nat ed bi phenyl s

a Oal RDfor PCBs is based on the oral

Oal Rd
ny/ kg-d

2.

ONRP NP OW®

0.1

. O0E- 02
. 00E- 03
. 00E- 02

00E- 02

. 00E- 02
. 00E- 02
. O0E- 03

NA
00E- 05

Ref erence Oal SF Ref er ence
(mg/ kg-d) -1
NA
9. 10E- 02 |
6. 00E-01
NA
NA
5. 20E- 02
NA
1. 10E-02
1.9
l;a 2

Z2Z- T I~ Z2XT
2

-Is

RfD for Aroclor 1254

I = EPA Integrated Ri sk Information System (IR S)

I
1

Z
1

EPA- NCEA Regi onal Support provi sional

Health Effects Assessment Summary Tabl es (HEAST)

val ue



