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PART 1: THE DECLARATI ON

SI TE NAME AND LOCATI ON

Frontier Hard Chrone Superfund Site
Vancouver, d ark County, Washi ngton
U S Environnmental Protection Agency ldentification Nunber WADC653614988

STATEMENT OF PURPCSE

Thi s deci sion docunent presents the final remedial action selected by the U S.

Envi ronnental Protection Agency (EPA) for soils and groundwater at the Frontier Hard
Chrone Superfund Site, Vancouver, dark County, Washington. This docunent, and the

sel ected renedial action within, represents a fundanental change to the renedies sel ected
in two previous Records of Decision, or RODs (1987 ROD for soils and a 1988 RCD for
groundwat er), and stands as an Anended Record of Decision to both previous RODs,
addressing soils and groundwat er.

The remedy in this Arended RCD was chosen in accordance with the Conprehensive

Envi ronnent al Response, Conpensation, and Liability Act of 1980 (CERCLA), as anmended by
t he Superfund Anendnents and Reaut horization Act of 1986 (SARA), and, to the extent
practicable, the National G| and Hazardous Substances Pollution Contingency Plan (NCP).
This decision is based on the Adm nistrative Record for this site.

The State of Washi ngton Departnent of Ecol ogy (Ecol ogy) has participated in scoping the
site investigations and in evaluating alternatives for renedial action. Ecol ogy concurs
with the sel ected renedy.

ASSESSMENT OF THE SITE

The response action selected in this Arended Record of Decision is necessary to protect
the public health or welfare or the environnment fromactual or threatened rel eases of
hazar dous substances into the environnent. Such a release or threat or rel ease may present
an i mmnent and substantial endangernment to public health, welfare, or the environnent.

DESCRI PTI ON OF THE SELECTED REMEDY

The soils at the Frontier Hard Chrome Superfund Site, and the groundwater beneath the site
ext endi ng beyond the sout hern boundary of the Frontier Hard Chrone property, are

contam nated wi th hexaval ent chromium which is highly mobile and toxic. The selected
remedy will address the contam nation through in-situ reduction of hexaval ent chromumto
trivalent chromium which is generally i mobile and non- toxic. Reduction will occur
through injection, or nixing, of reducing agents into contam nated soils and groundwat er
at the site.

The followi ng are maj or conponents of the selected remedy:

Cont ai n Hi ghl y- Cont am nat ed G oundwat er: Contai nment of the nost heavily

contami nated groundwater at the site, or groundwater “hot spot” will involve the
delivery, through injection or augering/injection, of reducing conpounds on the
down- gradi ent side of the soils source area, into the groundwater and soils. The
conpounds delivered to the area will reduce the naturally occurring iron, thereby
creating an in- situ treatment barrier which reacts directly with the chromumin
groundwat er. As chrom um cont am nat ed groundwat er nmovi ng down- gr adi ent passes

t hrough the permeabl e reactive zone, the hexaval ent chromumin the groundwater is
reduced to trivalent chromum which is insoluble, and non- nobile. This In-Situ
Redox Manipulation (ISRM barrier will be in place prior to treatnent of the soils
source area and the groundwater plume “hot spot” in order to 1) provi de contai nnent
of the groundwater “hot spot” as quickly as possible, 2) provide added protection



during the in-situ treatnent of the soils source area and the groundwater “hot spot”
to prevent hexaval ent chrom um from novi ng down-gradient; and 3) provide |ong-term
protection against future | eaching of hexaval ent chromium should it occur. Reducing
conmpounds will either be injected through a series of wells, or augered/injected
into the groundwater. Recharge of the ISRM barrier is not anticipated because the
soils source area up-gradient of the ISRMbarrier will also be treated as descri bed
below. It is unlikely that residual concentrations of hexaval ent chromumin the
soils source area, should they exist after treatment, will pose a probl em beyond the
predicted fife of the ISRMbarrier. In-Situ Treatnment of Source Area Soils and

G oundwater “Hot Spot”: In-situ treatment of the soils source area and the
groundwat er “hot spot” will involve the delivery of reducing conpounds directly to
site soils exceeding 19 ng/ kg hexaval ent chrom um (soils source area) and

contam nated groundwater with concentrati ons of hexaval ent chrom um exceedi ng 5, 000
Mg/ L by augering/injecting or through injection wells. Augering/ injection is the
nost |ikely method of delivery given the cost savings and the thorough m xi ng of
reductant with soils the augering provides. 1 After treatnment of soils exceeding 19
ng/ kg and groundwat er exceeding 5,000 pg/L, conpaction of augered soils wll be
provided to allow for future use of the property to the extent practicable.

Once the source area for soils (exceeding 19 ny/ kg hexaval ent chrom um and
groundwat er (exceedi ng 5,000 pg/L hexaval ent chrom un) have been treated, remaining
groundwat er exceedi ng the state groundwater cleanup standard of 50 ug(L (MICA Met hod
A, total chromium is expected to disperse and dilute. Regular nonitoring of

down- gradi ent groundwater to ensure dilution and dispersion of affected groundwater
outside of the source area woul d be conducted until all renaining groundwater neets
state standards for groundwater cleanup. Institutional controls and nonitoring will
be inplenented to protect human health and the environnent during the tine required
for dispersion and dilution to reduce chrom umconcentrations in plune areas outside
of the “hot spot”. In addition to the state and local institutional controls already
in place, other institutional controls to be considered include placing notices and
restrictions on property deeds that serve to prevent access to contam nated
groundwater or future activities that threaten to renobilize chromumin site soils.
Property owners woul d ensure that any future property transfers would include
appropriate deed restrictions. Mnitoring of existing wells will also be needed to
track the concentrations in groundwater over tine.

The i npl ementation of the renmedy will be phased with the installation of the | SRM
treatnent barrier being conducted in the first phase to contain the groundwater “ hot
spot”. This renedy is selected because it addresses all source area soils and groundwat er
providing: 1) excellent overall protection of human health and the environnent, 2)
effectiveness long term 3) permanence, 4) conpliance with ARARs, 5) reduction in
toxicity, and nobility, and 6) state acceptance, at a |ower cost than other protective
alternatives. The renedy will provide a permanent solution to ongoing threats posed by the
Frontier Hard Chrone site to the groundwater and future threats posed to human heal th and
t he environnent .

This renmedy represents a fundanental change fromthe original renmedies selected in the
1987 soils ROD, and the 1988 groundwater RCD. The 1987 ROD called for renoval
stabilization and repl acement of 7400 cubic yards of soil - or all soils with
concentrations greater than 550 ng/ kg total chromium Thel988 ROD called for extraction
of groundwater fromthe area of greatest contam nation (levels of chromumin excess of
50,000 pg/L) via extraction wells, and treatnent of extracted groundwater. Eval uation of

t hese proposed renedi es by EPA after the RODs were issued reveal ed the soils renedy to be
ineffective. Groundwater nonitoring conducted after the 1988 ROD was issued indicated that

1 Delivery of reducing conpounds throughout the soils source area and the
groundwat er “hot spot” will nore than likely require direct access to contam nated
soils. Direct access will necessitate the denolition of both the Frontier Hard
Chrone building and the adjacent Richardson Metal Works buil ding



t he contam nated groundwater plune was decreasing in size as down-gradient industrial
supply wells were taken off |ine. Because new, cost-effective technol ogi es were becomn ng
avai |l abl e that provided the potential for nore effective groundwater renediation, EPA
reeval uated the need for punp-and-treat as the nobst appropriate solution for groundwater
cl eanup. The selected renedies for both the 1987 and 1988 RODs are retained in this
Anended ROD for conparison purposes.

STATUTORY DETERM NATI ONS

The selected remedy is protective of human health and the environment, conplies with
federal and state requirenments that are applicable or relevant and appropriate to the
remedi al action, is cost-effective, and utilizes permanent solutions and alternative
treatment technol ogies to the maxi mum extent practicable. This remedy al so uses permanent
solutions and satisfies the statutory preference for treatment as a principal el enent
(i.e., reduces the toxicity, mobility, or volunme of hazardous substances, pollutants, or
contaminants as a principal element through treatnent).

Because this remedy may result in hazardous substances, pollutants, or contam nants
remaining at the site, a revieww ||l be conducted within five years after initiation of
the remedial action to ensure that the renedy is, or will be, protective of human health
and the environnent.

DATA CERTI FI CATI ON CHECKLI ST

The following information is included in the Decision Sumrary section of this Anended ROD.
Additional information can be found in the Adm nistrative Record file for this site.

Chem cal s of concern and a summary of the concentrations found on site (Section 6,
Nat ure and Extent of Contam nation)

Baseline risk represented by the chenicals of concern (Section 7, Summary of Site
Ri sks)

The d eanup | evel s established for chemicals of concern and basis for the |levels
(Section 8, Renediation (bjectives)

The estimated capital and operation and nai ntenance costs, and the nunber of years
over which the renedy cost estimates are projected (Section 10.2, Conparative

Anal ysis of Alternatives, and Section 10.3, Summary of Conparative Anal ysis)

Key factors that led to selecting the remedy. (Section 10.2, Conparative Anal ysis of
Al ternatives)

A detail ed description of the Sel ected Remedy (Section 11, Sel ected Renedy)

AUTHORI ZI NG SI GNATURE

O s
Michael Gearheard 76}—

Director, Environmental Cleanup Office

Date: 8/30/01



PART 2: DECI SI ON SUMVARY

This Decision Summary provi des a description of the site- specific factors and anal yses
that led to selection of the revised renedy for the Frontier Hard Chrone (FHC) Superfund
Site. It includes information about the site background, the nature and extent of
contamination, the assessnent of human health and the environmental risks, and the
identification and eval uation of renedial alternatives.

The Deci sion Summary al so descri bes the invol verrent of the public throughout the process,
along with the environmental prograns and regulations that nmay relate to or affect the
alternatives. The Decision Summary concludes with a description of the renedy selected in
this Amended Record of Decision (ROD) and a discussion of how the sel ected renedy neets
the requirenents of the Conprehensive Environnmental Response, Conpensation and Liability
Act of 1980 (CERCLA), as anended by the Superfund Amendnents and Reaut horization Act of
1986 (SARA), and to the extent practicable, the National Contingency Plan (NCP).

The Decision Summary is presented in the followi ng sections:

Section 1 Site Nane, Location, and Description
Section 2 Site Hstory and Enforcenent Actions
Section 3 Communi ty | nvol venent

Section 4 Scope and Rol e of Operable Units
Section 5 Site Characteristics

Section 6 Nat ure and Extent of Contam nation
Section 7 Summary of Site Risks

Section 8 Remedi ati on oj ecti ves

Section 9 Description of Aternatives

Section 10 Conpar ative Analysis of Aternatives
Section 11 Sel ect ed Renedy

Section 12 Statutory Deterninations

The docunents supporting this Decision Sunmary are included in the Admi nistrative Record
for the Frontier Hard Chrome Superfund Site.

1.0 SI TE NAME, LOCATI ON, AND DESCRI PTI ON

The Frontier Hard Chrone (FHC) Superfund Site (the “site”) is located in the southwestern
part of the State of Washington, in the Gty of Vancouver, Washington. FHCis in an
industrial area of the city directly across the Colunbia River fromthe city of Portland,
Oegon ( see Figure 1). The area is generally flat extendi ng south, east, and west. About
one quarter mle to the north, a ridge rises steeply to where a large residential area
begi ns.

The site is approximately one-half mle north of the Colunbia R ver and covers about one-
hal f acre. The area is within a flood plain that has been extensively filled. There is a

t opogr aphi cal depression about one and one-half acres in size adjacent to the east end of
the site. The depression is generally five to twenty feet below the level of the site and
represents a remmant of the old floodplain that has not been filled. The groundwater table
is within twenty feet of the ground surface at the FHC site and is affected by the stage
hei ght of the river. The groundwater is used as the drinking water supply for the city of
Vancouver, which has two well fields within one mle of the site.

2.0 SI TE H STORY AND ENFORCEMENT ACTI VI TI ES
2.1 Site History
In approximately 1955, the site was filled with hydraulic dredge naterial and construction

rubble. Since then the site has been primarily occupi ed by two businesses, both engaged in
the chrome pl ating business. Pioneer Plating operated at the site from 1958 to 1970. The



site was then occupied by FHC until 1983. The property has been | eased to various other
busi nesses since 1983. Presently, the facility is being used as a netal shop.

During the operation of Pioneer and the initial operation of FHC, chrom um plating wastes
were discharged to the sanitary sewer system In 1975, the Gty of Vancouver determ ned
that chromumin the wastewater from FHC was upsetting the operation of its new secondary
treatnent system FHC was directed by the city and the Washi ngton State Departnent of

Ecol ogy (Ecol ogy) to cease discharge to the sewer systemuntil an appropriate wastewater
treatnent systemcould be installed to renove the chromumat the site

In 1976, Ecol ogy gave the FHC facility a wastewater disposal permt for discharge of
chrom um contami nate wastewater to an on-site dry well. The permt also contained a
schedul e for the installation of an appropriate treatnment systemfor the FHC wastewater
stream Between 1976 and 1981, several extensions of the permt and schedul e were granted
as the deadlines were passed w thout conpliance

In 1982, Ecology found FHC in viol ation of the Washi ngton State Dangerous Waste Act for
the illegal disposal of hazardous wastes. Ecol ogy al so discovered that an industria

supply well about one quarter nmile southwest of FHC was contaminated with chrom umat nore
than twice the federal drinking water standard. FHC s wastewater permt was again nodified
with a new conpliance date. FHC again did not conply with the permt requirenents for
econoni c reasons, and in Decenber, 1982, the site was proposed for inclusion on the
National Priorities List under CERCLA or Superfund. The listing was finalized in

Sept enber, 1983

In 1983, Ecol ogy ordered FHC to stop discharge of chromiumplating wastes to the dry well.
FHC was al so required to prepare a plan for the investigation of the groundwater. At that
tinme, FHC cl osed down all operations at the site. The conpany did not undertake the

i nvestigation

In March 1983, EPA and Ecol ogy signed a Cooperative Agreenent which gave Ecol ogy the | ead
for investigation of the FHC site under Superfund. Ecol ogy began the investigation in the
fall of 1984. The Renedial Investigation (RI) led to a Feasibility Study (FS) to

determ ned the cost-effective renedial action of the FHC site. The FS was conpleted in
Cct ober, 1987

EPA i ssued separate RODs for the soil s/source control operable unit (Decenber 1987) and
the groundwater operable unit (July 1988). The Decenber, 1987 ROD called for renoval
stabilization and repl acenment of 7400 cubic yards of soil - or all soils with
concentrations greater than 550 ng/kg total chrom um (this nunber was based on a site
specific leachate test for protection of groundwater). The July 1988 ROD called for
extraction of groundwater fromthe area of greatest contami nation (levels of chromumin
excess of 50,000 pg/L) via extraction wells, and treatnent of extracted groundwater.

Eval uation of the soils renedy by EPA after the ROD was issued reveal ed that the chosen
stabilization nethod was ineffective at preventing the |eaching of hexaval ent chrom um
fromsite soils. Goundwater nonitoring conducted after the ROD was issued indicated that
t he contam nated groundwater plune was decreasing in size as down-gradient industria
supply wells located at FMC (Figure 1) were taken off |ine. Because new, cost-effective
t echnol ogi es were beconing avail abl e that provided the potential for nore effective
groundwat er renedi ati on, EPA reeval uated the need for punp-and-treat as the nost
appropriate solution for groundwater cleanup.

Based on surface soil sanple analyses for total chrom umconducted during the R, Ecol ogy
conpl eted a renoval action in 1994 to reduce the threat of direct exposure and further
inmpacts to groundwater fromthe nost heavily contam nated surface soils. This action
consi sted of excavation of surface soil wth chrom umconcentrations exceedi ng 210 ng/ kg
fromthe eastern nost portion of the site (Figure 10). The area of excavati on was
subsequently backfilled with clean material and has been devel oped.



Devel opnent consi sted of construction of a commercial office building and adj acent
par ki ng.

In Decenber, 2000, in conjunction with a drainage project on the adjacent G and Avenue
the Gty of Vancouver extended a tight-lined drain pipe with road drains and catch basins
up 1st Street (directly to the south of the FHC site) to the intersection with “Y" Street
(directly to the west of the FHC site). The extension was engi neered to handl e all water
flow ng south on “Y" Street (which had previously entered the FHC site from 1lst Street).
The extension was provided in conjunction with an EPA Renoval Action to provide drai nage
of surface water away fromthe FHC site, preventing further infiltration of surface water
t hrough contam nated soils on site.

Since the original RODs were issued, EPA has continued to nonitor groundwater and soils,
and eval uate new, innovative cleanup technol ogies to address the persistently high
concentrations in soils and groundwater at the FHC site. In May, 2000, EPA finalized a
Focused Feasibility Study (FS) which identified and eval uated several new and innovative
technol ogi es for addressing the problens at the site. One of the promising newin-situ
treatnent technol ogies identified in the Focused FS, In-Situ Redox Manipulation, or | SRV
was further evaluated in a bench scale test in February, 2001. The results of the bench
scale test indicated that the technol ogy woul d be appropriate for use at the FHC site

In June 2001, EPA issued a Proposed Plan for cleanup of both soils and groundwater at the
site. The Proposed Plan identified in- situ treatnent using reduci ng conpounds as EPA s
Preferred Alternative. The public comment period for the Proposed Plan ended on July 25
2001. EPA received one comment letter with two comrents. These comments, and EPA s
responses, are contained in a Responsiveness Summary which is included in Part IIl of this
Amended ROD.

2.2 EPA Enforcenent Activities

Frontier Hard Chrone, Inc. (FHC) ceased operations in 1983 and is no |longer a viable
entity. At its close, FHC had little in the way of assets. The owners of the property, who
were al so owners of FHC, Inc., did not receive any dividends or final distributions from
FHC, Inc. As such, the regulatory and enforcenent actions have centered on the owners of
the site. Under Superfund, they are responsible parties and are liable for the site

cl eanup. Past negoti ati ons between the responsible parties, EPA and Ecol ogy have not been
productive. Since 1976, FHC has not conplied fully with any agency orders. The site owners
have not indicated any willingness or financial capability to undertake needed renedi a
actions at the site. Settlenment negotiations with the owners are currently ongoi ng.

3.0 COMMUNI TY | NVOLVEMENT

Public interest at the site has generally been limted. There have been two public
meetings for the purposes of informng the | ocal population about the activities at the
site and providing opportunities to comrent. The initial nmeeting was held in Cctober 1984
at the comrencenent of the RI/FS. The second neeting was held in Novenber 1987, during the
public comrent period for the original soils Proposed Plan, to take fornal public conment.
Further information on the conments received during this public neeting can be found in

t he Responsi veness Summary for the original soils ROD

Attendance at the neetings has been sparse. The neetings were attended by the responsible
parties and by people directly associated with the operation of FHC. Adjacent property
owners were also in attendance at the meetings. A transcript of the Novenber 1987 public
meeti ng was rmade, and a Responsiveness Summary was prepared. People who commented at the
Novenber 1987 neeting indicated that there was no need to take any action at all at the
FHC site, with the exception of constructing an inperneable cap over the dry well area

A second public notice and conment period took place in May and June 1988, to present
information and recei ve conment on the Proposed Plan for groundwater cleanup. An



opportunity for public hearing was given, however, no one fromthe public requested one.
Three witten comments were received on the Proposed Plan for groundwater cleanup. One
comrent indicated that the only renedial action needed is to construct a building over the
hi ghly contam nated area and to bl acktop over the renminder of the site. Further
information on these comments can be found in the Responsiveness Summary for the original
gr oundwat er RCD.

An additional public notice and conmrent period took place in June and July 2001 , to
present infornmation and receive formal coment on the Proposed Plan for this Arended RCD,
addressing both soils and groundwater. Again, an opportunity for a public hearing was

gi ven, however, no one fromthe public requested one. One comment letter was received with
two comments. The commentor requested additional information concerning 1) the type and
toxicity of potential by-products generated through the injection of sodiumdithionite
into contam nated site groundwater; and 2) the potential methods used for delivering
reductants to the unsaturated vadose zone of contam nated soils. The commentor was
generally supportive of EPA's Preferred Alternative for cleanup of soils and groundwat er
at the FHC site. For further information concerning these comments, and EPA s responses,
refer to the Responsiveness Sunmary in Part |11 of this Amended ROD.

Periodic informational fact sheets have been issued to the public providing updates on
site activities. Media interest in the site has generally been limted.

4.0 SCOPE AND ROLE OF OPERABLE UNITS

H storically, EPA has organized the work at the FHC site into two operable units (OUs):

. The soils QU and
. The groundwater QU

Thi s Amended Record of Decision selects final cleanup actions for both Qs at the site and
serves to anend both previous RODs (the 1987 RCD for soils and the 1988 ROD for
groundwat er) .

The soils QU includes surface and subsurface soils on the FHC site contanmi nated wth
hexaval ent chrom um whi ch pose a threat to human health and the environment either through
direct contact or inmpacts to groundwater. Al active soil remediation alternatives

eval uated in the Arended ROD focus on the soils source area, or that area defined by
concentrations of hexaval ent chromiumin excess of 19 ng/kg as detailed in Figure 7. The
soil s source area covers approxinately 28,000 square feet and extends to approxinately 25
feet in depth for a total volune of 26,000 cubic yards. The soils source area is |ocated
on the FHC property, prinarily belowthe forner FHC facility, and the adjacent R chardson
Metal Works property.

The groundwater QU includes groundwater contam nated with hexaval ent chrom um beneath the
FHC property extendi ng south beyond the property boundaries approximately 1000 feet. The
QU s vertical extent includes the Alluvial aquifer fromground surface to approxinately 35
feet in depth (the extent of the “A” zone). Al of the active groundwater alternatives
described in this Arended ROD address the specific portion of the plume with the highest
concentrations, known as the plume “hot spot”, while |eaving |arger areas of the plune
with | ower concentrations to dilute and disperse naturally in conjunction w th continued
monitoring and institutional controls. Based on groundwater nonitoring data collected to
date, EPA believes that the plunme exceeding state groundwater cleanup criteria which

exi sts outside of the plune “hot spot” will dilute and disperse naturally if source area
soils and groundwater (“hot spot”) are effectively treated. The plume “hot spot” is
defined as that area of the plunme with concentrations of chromi um exceeding 5,000 pg/L
(Figure 8). This area roughly coincides with the contam nated soils source area, defined
by soils concentrations in excess of 19 ng/kg (Figure 7). Beyond the “hot spot” renaining
areas of the plune are characterized by | ower concentrations ranging fromb50 pg/L to
1,400 pg/L present over an area of approximately 500,000 square feet. Due to the high cost



of potentially renediating this areas for limted contam nant renoval, EPA will not be
considering alternatives which address the entire plune.

5.0 SI TE CHARACTERI STI CS

5.1 Site Ceol ogy
5.1.1 Ceneral

The FHC site is located in the northern part of the Portland Basin, a sedinment-filled
structural basin located in northwestern Oregon and sout hwestern Washi ngton. O der Eocene
to M ocene vol canic and sedi nmentary rocks underlie the basin. The basin is filled with
consol i dat ed and unconsol i dat ed non-marine sedi mentary rocks contai ni ng i nportant

wat er - bearing units.

The FHC site is underlain by five geologic units. The youngest unit - the fill unit -
consists of hydraulic fill and construction debris placed prior to devel opment of the
site. The fill unit was placed on fine-grained Hol ocene alluvium underlain by glacial

flood deposits of the Pleistocene age. The Pl ei stocene flood deposits bl anketed an anci ent
fl oodpl ai n and several abandoned channels of the Col unbia River, which were incised into
the underlying Troutdal e Formation. The sedi mentary rocks of the Troutdal e Fornmation in
turn overlie a series of basalt flows that are part of the Colunbia River basalt group.
Approxi mately 1,600 feet of sediments overlie the Colunbia R ver basalts in the vicinity
of the FHC site.

5 1.2 Fill Unit

Before its devel opnent, the site was part of a gently undul ati ng, swanpy, alluvial
floodplain terrace along the Colunbia River. This surface has been nodified by grading and

the pl acenment of up to 20 feet of fill for local industrial developrments. Fill naterials
consi st of both hydraulic fill (silt and sand) and construction fill. During the 1940s,
hydraulic fill was used to | evel a swanpy area between Pearson Air Park and G ove Street.
The hydraulic fill materials consist of generally fine-grained sand, with silty sand near
the surface and sand at depth. Construction fill was also placed at portions of the site
begi nning in the 1960s. The construction fill consists of concrete debris, asphaltic
debris, red bricks, netal (iron chips), silt, sand, gravel, and mnor quantities of clay.
The construction debris fill is characteristically heterogeneous and poorly conpact ed.
Approximately 12 to 20 feet of fill is present in the area of the FHC site. Figure 2

presents a conceptual nodel of the site hydrogeol ogy.
5.1.3 Alluvial Unit

Underlying the fill unit is the alluvial unit; which consists of a thin, clayey silt
subunit and a sand-and-ground subunit. The clayey silt unit displays a heterogeneous
character ranging fromsilt to clayey silt to silty clay, with a variety of col or rangi ng
fromreddi sh brown to dark bluish gray, and textures varying both laterally and
vertically. Locally, the unit is rich with organic root fragnments and di spl ays shades of
green to black. The unit typically appears nassive in character; however, it is locally
nottled and interbedded with a thin lam nation of fine sand and silt. The unit is
typically 3 to 7 feet thick, but thins to the north and is absent along the northern
margi n of the fl oodpl ain.

Underlying the clayey silt unit of the alluvial unit is the sand- and-ground unit. This
subunit generally consists of poorly sorted sandy gravels, silty sandy gravels, and sandy
silts. These sands and gravels are predonminantly basaltic in conposition with | esser
amounts of quartz, metanorphics, and silicic volcanics. The fine-grained fraction,
consists primarily of brown to gray silt with mnor anounts of clay. The sand and gravels
are typically subrounded to rounded. Particle grain size ranges up to 8 inches in

di ameter; however, scattered |arger cobbles are present.



In general, three lithofacies are present within this alluvial subunit: (1) poorly sorted
deposits of silty sandy gravel to silty gravelly sand, (2) noderate to well-sorted
deposits of coarse sandy gravel to gravelly sand, and (3) very dense deposits of sandy
silt to silty sand. These three types of deposits display variation in particle size

di stribution and degree of sorting and, in general, are interbedded and di sconti nuous

The deposits of silty sandy gravel to silty gravelly sand are interpreted to result from
over bank deposition during maj or Colunbia R ver flooding, when the river is carrying a
large sedinent load and little to no particle sorting occurs. These deposits are
characterized by a high silt content, are generally dense, and appear well conpacted.

The deposits of coarse sandy gravel to gravelly sand are interpreted to result from
channel deposition that resulted in a higher degree of particle sorting than the
associ at ed overbank deposits. These deposits are characterized by a lower silt content and
increased perneability.

In the general site area, a 1 to 5 foot-thick, semcontinous |ayer of very dense sandy
silt to silty sand with | esser anobunts of clay and gravel is present at approxinmately -3
to -7.5 (MBL). This layer is separate from and lies below the clayey silt subunit which

separates the fill unit fromthe Alluvial unit. This fine-grained unit was characterized
by a high resistance to drilling and sanpler penetration, with little to no groundwater
inflowinto boreholes during drilling. This fine-grained unit is inportant because the Rl

referred to this deposit as the “lower aquitard” separating the upper portion of the
alluvial unit into the “A’” and “B" zones. Al though this |ayer nay be a | ocal sem confining
unit, the evidence suggests that this unit is not a significant hydraulic barrier within
the alluvial aquifer.

5.2 Hydr ogeol ogy

Shal | ow groundwater in the FHC area occurs within a heterogeneous alluvial unit that is
hydraulically connected to the Colunbia River. In general, the alluvial unit exhibits both
sem confined and confined aqui fer characteristics. This sem-confined condition is due, in
part, to a lowperneability clayey silt subunit that directly overlies the alluvia

aqui fer and to perneability contrasts within the alluvial aquifer.

The site hydrogeol ogy consists of (1) 15 to 20 feet of fill and silty sand that is largely
unsaturated (fill unit), (2) a 3 to 7 foot-thick, upper, discontinuous |ayer of clayey
silt, and (3) a heterogeneous anisotropic alluvial aquifer systemthat nay be as thick as
70 feet beneath the site (Alluvial unit). Localized zones of perched groundwater are
present within the fill nmaterials above the top of the clayey silt. Figure 2 illustrates
the general hydrostratigraphy inferred to be locally present in the FHC site area

The uppernost hydrogeol ogi ¢ unit consists of perched groundwater in the fill unit. The
fill unit is generally unsaturated, but locally perched water is present. The dry wel
used by FHC to discharge chrom um contai ni ng wastewater was open at the base of the fil
unit. Goundwater in the perched aquifer is generally recharged from precipitati on by
direct infiltration and by stormmater dry wells and roof drains. Separating the fill unit
fromthe alluvial unit is the 3 to 7 foot-thick, discontinuous, fine-grained unit.

Underlying the clayey silt unit is the alluvial aquifer. The alluvial aquifer is a sand-
and-gravel |layer beginning 15 to 20 feet bel ow ground surface (bgs). The upper portion of
the alluvial unit was subdivided in the Rl into two water-bearing zones based on the
presence of a discontinuous silty sand or sandy silt zone at a depth of 25 to 35 feet bhgs.
The upper zone has been referred to as the “A’ zone or “A’ aquifer, and the | ower zone has
been designated as the “B" zone or “B" aquifer. The silt zone, when present, varies from1l
to 3 feet in thickness and appears to be discontinuous. The silt zone was recogni zed by an
increase in drilling resistance and little or no groundwater entering the drill casing as
the boring encountered this unit. Although this layer may be a | ocal sem -confining unit,
the evidence suggest this unit is not a significant hydraulic barrier within the alluvial
aqui fer.



The groundwat er potentionetric surface generally slopes very shallowy to the south in the
vicinity of the FHC sit. Recharge to the alluvial aquifer systemoccurs north of the site
along the northern margin of the floodplain fromanother hydraulically connected alluvial
aquifer. In addition, recharge also occurs fromdirect infiltration of precipitation.

G oundwat er di scharges to the Colunbia R ver. Seasonal fluctuations in the river stage
exert a strong influence on water levels and the hydraulic gradients within the alluvial
aqui fer system

Representative water levels in the “A’” and “B” zone wells are presented in Figures 3 and 4
respectively. Goundwater flowis approximately 0.5 to 5 feet per day toward the river.
The hydraulic gradi ent averages 0.00015 ft/ft. The alluvial aquifer is hydraulically
connected to the Colunbia River, and the groundwater |evels in the alluvial aquifer appear
to be controlled primarily by the stage of the Colunbia R ver. During high river stages,
groundwat er flow away fromthe river has been recorded. There is no distinct vertical

gradi ent between the “A” and “B’ wells.

The hydraulic conductivity of the alluvial aquifer ranges from1l X 10-3 to 1 X 10-1 cnisec
and averages 5 X 10-1 cnmisec, as neasured by slug tests, grain size analysis, and punpi ng
tests.

6.0 NATURE AND EXTENT OF CONTAM NATI ON
6.1 Cener al

Hexaval ent Chromiumis the contam nant of prinmary concern at the FHC site. Wile volatile
organi ¢ compounds (VCCs), including tetrachl oroethene (PCE) and trichl oroethene (TCE) have
been detected in groundwater at the site, concentrations have been extrenely |ow and are
not directly linked to past activities at FHC. N ckel and |ead were also found in soils at
the facility during the RI. The contam nant |evels of these substances were nuch | ess than
those for chrom um Though the |evels of exposure were not zero, the additional risk

i mposed was negligible.

Rel eases from FHC operati ons contam nated groundwater with reported chrom um
concentrations, as high as 300,000 pg/L. At the time the contanination was first detected
in 1982, a groundwater plune exceeding federal drinking water standards (50 pg/L) extended
approxi mately 1600 ft southwest fromthe facility (Figure 5). Goundwater nonitoring since
initial discovery has shown that the plunme has receded. Monitoring in 2000 indicated that
the plume exceedi ng state groundwater cleanup standards extends approximately 1000 feet
south of the site (Figure 6). The change in overall plume size, and the shift in
groundwater flow fromthe site in a southwesterly direction to a nore southerly direction
is largely due to the discontinued punping of three |arge industrial supply wells |ocated
at the FMC (Figure 1) facility. Wth the influence of these wells elimnated, the plune is
conforming to natural groundwater flow Wile nonitoring indicates that the plune is
receding, it also shows that concentrations beneath the FHC site, or the plume “hot spot”
area, defined in this plan by chrom um concentrati ons exceedi ng 5,000 pg/L, have remai ned
consi stently high over tine.

Concentrations of total chromum2 in surface soils collected for the R were found as

hi gh as 5,200 ng/ kg while recent surface soil sanples (Wston 1999) reveal ed
concentrations of hexaval ent chrom um 3 near the FHC buil ding as high as 42 ny/kg.
Subsurface concentrations for total and hexaval ent chrom um have been noted as high as
31, 800 ny/ kg and 7,506 ng/ kg respectively. Contam nated subsurface soils extend beneath

t he nei ghboring Ri chardson Metal Works building. Al active soil remediation alternatives
di scussed bel ow focus on the soils source area, or that area defined by the Renedial
Action (bjectives (below) as having concentrati ons of hexaval ent chromumin excess of 19
my/ kg (Figure 7). The soils source area covers approxi mately 28,000 square feet and
extends to approximately 25 feet in depth for a total volume of 26,000 cubic yards.



6.2 G oundwat er

6.2.1 Wlls on the FHC Property and Adjacent Richardson Metals and Cassi dy Manufacturing
Properti es.

G oundwat er sanpl es have been collected from40 nonitoring wells installed within the FHC
study area which includes the FHC property and the adjacent Richardson Metals and Cassi dy
Manuf acturing properties. These sanpl es have been anal yzed for nmetals, VOCs, pesticides,
pol ychl ori nat ed bi phenyls; (PCBs), and conventional water quality paraneters. The results
of the groundwater sanpling for nmetals and VOCs are presented in Appendix A of the Fina
Focused Feasability Study (URSG 2000), located in the AR for this Anended ROD. In

addi tion, groundwater sanples have been collected from 30 push probe |ocations at the site
(“A" zone and perched zone) using direct-push sanpling nethods (URSG 1999).

Four groundwater sanpling events were conducted during the 1985-86 RI; eight groundwater
sanpling events were conducted during the 1990s, and one in 2000. The initial results of
the RI showed that groundwater beneath the site contains significant concentrations of
total and hexaval ent chrom um concentrations and that the chrom um had spread beyond the
boundaries of the FHC property to the southwest. One round of groundwater sanpling was
conducted in July 1992 as part of Renedial Design studies. Goundwater sanples were

coll ected by I CF Technol ogy on Cctober 1992; January, April, and Cctober 1993; and May
1994. Weston collected water sanples in the spring of 1997 and 1999. The spatia

di stribution of hexaval ent total chromumin perched and “A’ zone groundwater fromthe
1999 direct-push sanpling is shown in Figures 8 and 9 respectively. URS Greiner collected
groundwat er nmonitoring sanples in the winter of 2000.

The reducti on of chrom umconcentrations in sone areas of the site suggests that

di spersion and dilution of chromumis occurring in plune areas down- gradient of the
source, while plunme concentrations in the source area have renuai ned consistently high. For
instance, total chromumin “A’” zone groundwater from a push-probe sanpling | ocation
beneath the forner FHC building in the source area was approximately 119 ng/L in August
1999.

6.2.2 Additional Wells

Wat er sanples were collected fromseveral |ocations beyond the boundaries of the FHC,

Ri chardson Metal s, and Cassidy Manufacturing properties, including nonitoring wells,
irrigation wells, public water supply wells, and local drinking water sources. Water
sanpl es were collected fromthe nonitoring wells |ocated at the Cascade Tenpering
property; the irrigation well at the Washi ngton School for the Deaf track; drinking water
sources in the vicinity of FHC, and the Fort Vancouver National Hstoric Site

2 Total chromne results show concentrations of all forns of chrom umincluding
trival ent and hexaval ent. Total chromumresults for groundwater sanpling typically
reflect the concentrations of the nore toxic and highly nobile form- hexaval ent
chrom um 1997 groundwat er sanpling results conparing hexaval ent chrom um
concentrations to total chrom um concentrati ons show that the hexaval ent chrom um
concentrations average 97 percent of the total chrom umconcentrations. These
results indicate that there is little significant difference between the hexaval ent
and total chromiumvalues and that essentially all of the chrom umpresent in
groundwater is in the hexavalent form This is not unexpected because the other form
of chromum trivalent, is only very slightly soluble in typical groundwater pH
conditions. The pH in groundwater sanples collected during the August 1999
investigation ranged fromb5.7 to 7.3 and averaged 6.6, which is in the typical range
of groundwater pH

3 Hexaval ent chromumresults indicate only the concentrations for hexaval ent
chrom um Hexavalent chromiumis highly nobile and toxic, typically mgrating from
soils to groundwater as surface water flows down through the soil



Total and hexaval ent chrom um concentrations were not detected in the potable water
sanpl es except for dissolved chromumin one sanple (drinking water fountain at the
Ri chardson Metal Wrks building). Chrom umwas not detected when this source was
resanpl ed.

Based on conparison of total chrom umconcentrations fromgroundwater sanpling in 1987 and
1999, a significant reduction in chrom um concentrati ons beyond the southern boundary of
the FHC site is evident. The extent of chrom um appears to have been significantly reduced
inthis area, nost likely due to dilution and di spersion. The hexaval ent chrom um pl unme
was |ikely drawn beyond the southern boundary of the FHC property to the sout hwest by
industrial supply wells that operated prior to 1983 at FMC. In the period since these
wel | s ceased punping, the natural gradient and direction of the groundwater flow has been
reestablished, resulting in dilution and di spersion of the plune down-gradient of the
source area

6.2.3 1999 Push Probe Sanpling

In addition to groundwater sanples collected from 1985 through 2000 fromnmonitoring wells
installed for site investigation, groundwater sanples were collected and tested for

chem cals of interest during a push-probe investigation of the site in August 1999 (URSG
1999). Sanples fromthe “A’ zone aquifer and perched zone were tested in a treatability
eval uation of In-Situ Redox Manipulation, or ISRM (PNL 1999). G oundwater sanples were
collected fromthe “A’ zone aquifer at 30 push-probe sanple | ocations. Based on | ow
concentrations of chromumin “B" zone aquifer groundwater sanples, this investigation did
not include testing or investigation belowthe “A’” zone at the site. Perched groundwater
sanpl es were collected from 17 of the 30 push-probe |ocations

Di ssol ved chrom umwas detected in 18 of 30 “A’ zone sanples and 15 of the 17 perched
zoned sanpl es. Detected chrom umconcentrations in the “A” zone groundwat er sanpl es ranged
from6.8 to 119,00 ug/ L. The hi ghest concentrations were detected at sanpling | ocations
GP-06, GP-12, and GP-26, all located inside and i mredi ately sout heast of the forner FHC
bui l ding. The detections of chromumin “A" zone groundwater are shown in Figure 8.

Det ect ed chrom um concentrations in perched zoned groundwater sanples ranged from5.7 to
48,700 pg/ L. The hi ghest concentrations were detected at sanpling | ocations GP-06 and
GP-12, located i medi ately southeast of the former FHC building. The distribution of
chrom umin perched groundwater is shown in Figure 9.

6.3 Surface Water

Three surface water sanples were collected during the Rl fromsurface water puddles on the
FHC property. Total chromumwas detected in all surface sanples at concentrations ranging
fromO0.01 to 0.9 ng/L. While chrom umwas detected, human health risk fromexposure to the
surface water was considered mninal. Any renedial action inplenented would likely reduce
the contam nation of the surface water on the site, further reducing any risk fromthis
exposure. Risk due to contam nation of the Colunbia R ver was nodel ed and found to be
negligible due to the | ow concentrations of chrom umdetected in groundwater near the
river, and predicted dilution of groundwater as it mgrates to and enters the river

6.4 Surface Soi

Surface soil sanples were collected from89 |ocations as part of the Rl (Figure 10). Tota

chromumwas found in concentrations fromless than 2 ng/ kg to 5,200 ng/kg. Three sanpl es
wer e anal yzed for hexaval ent chromium and the results ranged fromless than 0.5 ng/kg to

10 ng/ kg. The hi ghest surface soil concentrations were near the dry well. However, an area
directly north of the FHC building and another area at the east edge of the site also had

el evated |l evels of total chrom um (Figure 10)

Seven surface soil sanples were anal yzed using the EPA Toxicity procedure for waste
di sposal characterization. The seven sanples had a range of 25 to 5,200 ng/kg of tota



chromum but only the sanple with 5,200 ng/kg chrom umyielded an EP toxicity extract
concentration above the detection limt, with a concentration of 0.2 ng/L

Based on surface soil sanple analyses for total chrom um Ecol ogy conpleted a renova
action in 1994 to reduce the threat of direct exposure and further inpacts to groundwater
fromthe nost heavily contam nated surface soils. This action consisted of excavation of
surface soil with chrom um concentrati ons exceeding 210 ng/ kg fromthe eastern nost
portion of the site (Figure 10). The area of excavati on was subsequently backfilled with
clean material and has been devel oped. Devel opnent consisted of construction of a
commercial office building and adj acent parking. The area of surface contam nation that
was not addressed during this renoval action is primarily adjacent to the forner FHC
bui l ding and the Richardson Metals building. Based on the R investigation, sonme hotspots
existed to the north of the former FHC buil ding. However, in the intervening period
since the Rl was conpl eted, natural and anthropogenic activities have resulted in a

redi stribution of chrom uminpacted surface soil.

6.5 Subsur f ace Soi

Subsurface soil sanples were collected fromthe site as part of Rl (Danmes and Moore 1987)
and RD studi es (Radi an 1991; |CF Technol ogy 1993). Total chrom umconcentrations in
subsurface soils ranged up to 31,800 ng/kg. The depth of the nost contanminated soils
ranged to 20 feet bel ow grade. Cenerally, the maxi mum chrom um concentrations in soi
borings were at the fill/clay interface that is present at depths of 15 to 20 feet across
the site.

Hexaval ent chrom um concentrations in subsurface soil obtained during investigation
activities in 1999 (Wston) are shown in Figures 11 and 12. Hexaval ent chrom um
concentrations ranged fromless than detection limt to 7,506 ng/kg. The naxi mum
hexaval ent chrom um concentration in the 1999 investigation was froma push-probe sanple
coll ected beneath the FHC building, in the source area (soils exceeding 19 ng/ kg
hexaval ent chrom um- see Figure 7).

6.6 Current and Potential Future Site and Resource Uses
6.6.1 Land Uses

Land use in the FHC area is prinmarily industrial, with sone nanufacturing and comrerci a
uses. Land ownership in the area is predominantly private, with the exception of Pearson
Air Park, which is publicly owned. The site and surrounding properties are zoned “M."” by
the Gty of Vancouver, allowi ng light industrial use. Wiile residential devel opnent south
of the site along the Colunbia river is occurring, projected |land use at the site and in
the immediate vicinity is expected to remain |ight industrial

6.6.2 Gound Water Uses

At present there are no active wells in the contam nated aquifer, and a nunber of state
and local institutional controls are in place which prevent utilization of the

contam nated groundwater plume. The City of Vancouver has several nunicipal codes that
regul ate water hookups within the city limts. Pursuant to Vancouver Minicipal Code (VM)
14.04, the public works director has established a Uility Review Process which requires
t hat new devel opments denonstrate how they will connect to the public water supply system
Bui l ding permts are not issued without an approved utility review Policy P86 of the Gty
of Vancouver’s Growth Managenent Plan states that “new private wells are not permtted
within the Vancouver urban area.” Policy P87 states that “existing and private wells
shoul d be properly abandoned in accordance with state regul ations and converted to public
wat er service when it becones available.” State regul ati on WAC 173- 160- 055 requires that
all well drillers notify Ecology 72 hours in advance of the intent to construct,
reconstruct, or abandon a well. Additionally, the Health District has regul ations
regardi ng new devel oprents, requirenents for drinking water sanpling and permts required
for new construction within city limts. The groundwater in the greater area generally is



used for drinking water but existing drinking water wells are not currently affected by
chrom um contam nated plune, nor is it expected that they will be in the future

Water supplies currently used in the area include two Gty of Vancouver nunicipal supply
wel l's approximately on mle fromthe site and an irrigation well |ocated about 1000 feet
to the east. These wells were sanpled found not to be affected by the site. G oundwater
nodeling done in the FS indicates very little chance of the contami nation spreading to
these existing wells, as they are not in line with the direction of the contam nated

pl ume. However, any future well devel opnent within or near the existing plume of

contam nated groundwater, in spite of city and local institutional controls, would pose
significant risks to future users.

6.7 Princi pal Threat Waste

The NCP establishes an expectation that EPA will use treatnent to address the principa
threats posed by a site wherever practicable (NCP Section 300.430(a)(1)(iii)(A)).
Principal threat wastes include wastes with high concentrations of toxic conpounds or
wastes that are highly nobile which generally cannot be contained in a reliable nmanner or
that would present a significant risk to hunan health and the environnent shoul d exposure
occur.

Hexaval ent chromumis the principal threat waste at the FHC site in soils and
groundwat er. Hexaval ent chromiumrenains in site soils and groundwater at very high
concentrations and is highly nobile and toxic. There are currently no controls in place to
prevent hexaval ent chromumin soils frominpacting groundwater, or to prevent

contam nated groundwater frommgrating further down-gradient.

The Sel ected Renedy described below in Section 10 utilizes in-situ treatnment to reduce
hexaval ent chromumin soils and groundwater to trivalent chromum which is essentially
i mobi | e and nontoxic. The technology will provide a permanent solution to the hexaval ent
chrom um contam nation in soils and groundwater at the FHC site

7.0 SUMVARY OF SI TE RI SKS
7.1 Cener a

Chromumis the hazardous substance of primary concern at the FHC site. Chromiumis
present in two fornms, designated trivalent chrom umand hexaval ent chromum O the two,
hexaval ent chromumis the nore hazardous. EPA cl assifies hexaval ent chromumas a Goup A
car ci nogen (evi dence of human carci nogenicity) when inhaled. The | evel of allowable
chromumin the air is 25 mcrograns per cubic nmeter based upon an occupational exposure
of eight hours per day. For protection of public health, the federal drinking water
standard (Maxi mum Contam nant Level, or MCL) for total chromumis set at 100 ug/L.

The risk fromexposure to chromumfromdirect contact and inhal ati on of dust was
investigated in 1987 and | ong term exposure was nodel ed based on surface soil contam nant
concentrations. Exposure was neasured using personal air nonitoring sanples obtained from
on site workers. Long term exposure was nodel ed based on surface soil contam nant
concentrations. It was determned that the | evels of exposure were well bel ow the anount
all owed in standards for occupational settings. According to the Assessnent, chrom um does
not exceed the 10-7 cancer risk for long termairborne exposures. These exposure estinates
do not account for potentially higher short term exposures to dust due to vehicul ar
traffic and wind. This increased risk was not quantified

The greatest risk presented by the FHC site is through contam nati on of the groundwater
and the drinking water supply w th hexaval ent chromium The aquifer is contamnated in
excess of federal drinking water standards (MCL). At present there are no active wells in
t he contam nated groundwater plune and a nunber of state and local institutional controls
are in place which prevent the utilization of the contam nated groundwater.



Based on all of the available data, currently there does not appear to be any contam nated
groundwat er exceedi ng Washington State chronic surface water criteria for chrom umfor
protection of freshwater aquatic life - 10.5 pg/L seeping into the Colunbia River fromthe
FHC groundwat er plune. The concentrations of chromumin the groundwater imediately

adj acent to the Col unbia River were predicted using a groundwater flow sinulation nodel
Wth no groundwater cleanup, the level of chromumat receptors along the river was
predicted to rarely exceed the State standard for chromc surface water for chrom um at
10.5 pg/L. This is due to dilution of the contam nate plune which occurs as groundwater
mgrates to and enters the river.

Li kel i hood of exposure to human health and the environment from contam nated soils and
groundwater at the FHC site over the next several years is |ow given the current size and
direction of the plune, and chrom um concentrations in surface soils. The site does,
however, present an ongoing threat to groundwater, and potentially to human health and the
environnent in the future if left uncontrolled

7.2 Endanger nent Assessnent, Summary

An Endanger nent Assessnent was conducted as part of the original Feasibility Study to
evaluate the risk to public health posed by the site and to assist in determning the
proper level of remedial response (Dames and Moore and Bovay Northwest 1987). Al though the
groundwat er contam nant concentrations have changed since the 1987 report was witten,
recent data suggest that the sanme types of risk are still present. The nagnitude of site
ri sks has decreased over tinme, but groundwater still exceeds maxi mum contam nant |evels
(MCLs), and soil exceeds human health cleanup criteria. Based on these conditions, a

revi sed risk assessnent was not conpleted for this Anended ROD because the concl usions of
the 1987 assessnent are still valid.

Si x hazardous substances were identified in the Rl to be present in one or nore nedia at
concentrations of potential concern to human health and the environnment. Al were
considered in the 1987 Endangernent Assessment. These substances are: chrom um nickel

|l ead, PCE, TCE, and TCA. During the 1999 groundwater investigation activities, PCE and TCE
were detected in 23 and 24 of 30 “A’ zone groundwater sanples. Only three PCE
concentrations exceeded the MCL (5 pg/L) and only one TCE concentrati on exceeded the MCL
standard. VOCs are not being considered further for renedial actions because 1)
concentrations have been extrenely |ow and few detections have exceeded the respective ML
criteria, 2) VOCs in groundwater have historically been an area- wi de problem not
specific to FHC, and 3) the presence of VOCs is not directly linked to past activities at
FHC. N ckel and lead were also found in soils at the facility during the RI. The

contam nant | evels of these substances were nuch | ess than those for chromium N ckel at
the site did not exceed the 10-7 cancer risk for |ong-term airborne exposures. Lead al so
presented mininal risk at the site in that the levels did not exceed and were not expected
to exceed the National Anbient Air Quality Standards. Though the | evels of exposure were
not zero, the additional risk inposed by the dust was negligible. A review of the

t oxi col ogi cal properties of these chemcals is contained in the Endanger nent Assessnent
which is contained in the Adnministrative Record for the FHC site.

Hexaval ent chromiumis the hazardous substance of primary concern at the FHC site
Hexaval ent chromumis a potential carcinogen when inhaled, is highly nobile in
groundwater, and is toxic at |ow concentrations. The |evel of allowable chromumin the
air is 25 mcrograns per cubic nmeter based upon an occupational exposure of eight hours
per day.

The risk fromexposure to chromumfromdirect contact and inhal ati on of airborne dust was
investigated as part of the Endangernent Assessnment. Exposure was neasured using persona
air nonitoring sanples obtained fromon site workers. Long term exposure was nodel ed based
on surface soil contam nant concentrations. It was determned that the | evel s of exposure
were well bel ow the anobunt allowed in standards for occupational settings. According to
the Assessnment, chrom um does not exceed the 10-7 cancer risk for long term airborne
exposures. These exposure estinmates do not account for potentially higher short term



exposures to dust due to vehicular traffic and wind. This increased risk was not
quanti fi ed.

Surface water was al so exam ned near the site. Standing water in puddl es were sanpled for
the presence of chrom um Chrom umwas found but human health risk fromexposure to the
surface water was considered mninal. Any renedial action inplenented would likely reduce
the contam nation of the surface water on the site, further reducing any risk fromthis
exposure. Risk due to contam nation of the Colunbia R ver was nodel ed and found to be
negligible due to the I ow concentrations of chrom um detected in groundwater near the
river, and predicted dilution of groundwater as it mgrates to and enters the river

The greatest risk presented by the site is through the contam nati on of the groundwater
and the drinking water supply with hexaval ent chromium Transport of groundwater

contam nants off site was eval uated for hexaval ent chromium Target popul ation receptors
were eval uated for exposure at downgradient well |ocations, the nearest nunicipal supply
well, and a school irrigation well. A groundwater contam nant transport nodel was used to
predi ct exposure via the groundwater pathway.

Hexaval ent chrom um concentrations in inpounded surface waters, site runoff, and
groundwat er di scharge to the Colunbia R ver were al so eval uated either by direct
observations or nodel predictions. Target popul ations were those that mght cone in
contact with these waters during recreational, occupational, or incidental activities
Surface water exposure estimates were devel oped using limted field data. G oundwater
exposure estinmates were based on the sane predictive nodel used to eval uated the potable
gr oundwat er pat hway.

7.2.1 Endangernent Assessnent Findi ngs

G oundwat er Pat hway: The nodeling results for a 70-year scenario suggest little inpact at
exi sting donestic or nunicipal water wells. The nmaxi mum predi cted probability of exceeding
the MCL for chrom umwas 5%

However, a hypothetical well within and near the existing groundwater plunme would be
severely inmpacted. Hexaval ent chromumlevels as high as 714,000 pg/L were predicted for
these wells, as conpared to the MCL. Groundwater concentrations of total chrom umas high
as 300,000 pg/L (1985) have been detected in the contam nated pl une.

G oundwat er di scharges to the Colunbia R ver: The concentrations of chromumin the
groundwat er i medi ately adjacent to the Colunbia R ver were predicted using a groundwater
flow simulation nodel. Wth no groundwater cleanup, the |evel of chrom umat receptors
along the river was predicted to rarely exceed the State standard for chrom c surface
water for chromumat 10.5 pg/L. This is due to dilution of the contam nate plune which
occurs as groundwater mgrates to and enters the river

Ai rborne Pathway: Al airborne exposure anal yses were based on predicted annual averages
and assuned total chrom umto hexaval ent chromiumrati os. Hexaval ent chronium val ues for
surface soil sanples were unavailable, so were instead estimted using chromumto
hexaval ent chromiumratios from subsurface borings. The error inherent in the use of the
observed chroniumto hexaval ent chromiumratios was incorporated in the analysis, and this
error is reflected in the estimated probabilities of exceeding standards and the 95th
percentile risk estimates. The 95th percentil e excess cancer risk for chrom umdid not
exceed the 10-7 level on site or the 10-8 level off site

Surface Water Pathway: Due to the limted anount of surface water at the site during
characterization, insufficient data were available to conduct a detail ed assessment of the
human health and environmental risk due to surface water transport.

I ncidental Ingestion Pathway: Wrst-case scenarios for chrom umingestion of on-site soils
or acute consunption of blackberries grown on site exceed allowable daily intake (AD)



values for chromumfor children. However, in both of these cases, other exposures -
notably inhal ed dusts - might be of greater concern to children accessing the site.
Anal yses of on-site ingestion scenarios for children assuned residential use of the site

7.3 Concl usi ons

Gbserved groundwater nonitoring results for chrom um show | evel s that present a
substantial and i mm nent endangernent to the public if drinking water resources were
devel oped in the area of the existing and predicted plune to the south of the site.

The aquifer is contam nated in excess of the MCL. The groundwater in the greater area
generally is used for drinking water but existing drinking water wells are not currently
affected by chrom umcontam nated plune, nor is it expected that they will be in the
future. However, any future well devel opnent wi thin or near the existing plune of
cont am nat ed groundwat er woul d be severely inpacted. The risk fromdrinking contam nated
water is based on the potential use of the water fromthe contam nated portion of the
aqui fer. This threat to the potential drinking water supply is expected to remain if no
actions are taken to renedy the site.

The site presents an ongoing threat to groundwater, and potentially to human health and
the environnent in the future if left uncontrolled. These risks include the follow ng

. A groundwat er plume with concentrati ons exceeding the MCL currently extends 1000
feet south of the FHC site and there are currently no controls to restrict the
novenent of this plunme, or continued inpacts to groundwater from highly contam nated
soils. This uncontrolled plunme presents an existing and future threat to the
groundwater as a resource to the Gty of Vancouver

. As described above, although the FHC plune appears to be shrinking, posing no
imrediate threat to the Colunbia R ver and existing drinking water wells,
concentrations at the center of the plune have renai ned consistently high since the
site was discovered. Concentrations in soils on site have al so renai ned consistently
hi gh, and continue to act as an ongoi ng source of contami nation to the aquifer

. Future use of the FHC site may include denolition of on- site structures. The
hi ghest concentrations of chromumin soil and groundwater exist bel ow these
structures. Potential renoval of these structures without proper oversight from
appropriate agencies presents two nmajor risks: 1) risk to workers, on site personne
and the community fromdirect contact with heavily contam nated soil and inhalation
of contam nated dust particles, and 2) flow of surface water through heavily
contam nated soils previously covered with on-site buildings, causing hexaval ent
chromumin these soils to | each nore readily into groundwater

. Future use of the FHC site nmay not be restricted to industrial use. The area north
of the Col unbia River where FHC is located is undergoing rapid residentia
devel opnent. Wiile FHC and the i medi ate environs are currently light industrial
this designation nmay change as the demand for further residential devel opnent
increases. Current exposure scenarios for airborne dust em ssions assune that FHC is
an industrial site with an 8 hour work day. Incidental ingestion of contam nated
surface soils as a risk factor has never been thoroughly eval uated given the
industrial nature of the site and the concentrations present. If future use of the
site becones residential, exposure scenarios will change, and current |evels of
contam nation in surface soils may be unsafe.

Wiile current risks to hunman health and the environnent are | ow, EPA believes that the
current and future inpacts to the groundwater, as well as potential future risks posed by
contam nated soils and groundwater at the FHC site, warrant active cl eanup. The response
action selected in this Anended Record of Decision is necessary to protect the public
health or welfare or the environnent fromactual or threatened rel eases of hazardous
substances into the environnment. Such a release or threat or rel ease nmay present an

i mm nent and substantial endangernent to public health, welfare, or the environnent.



8.0 REMEDI ATI ON OBJECTI VES

8.1 Remedi al Action (bjectives
Remedi al Action (bjectives (RACs) are specific goals to protect human heal th and
environnent. Cenerally, RAGCs identify the exposure routes, receptors, chemcals of

concern, and a human heal th or environmental cleanup objective.

EPA has established the foll owi ng RAGs for contam nated groundwater at the site:

Restore all hexaval ent chroni um contani nated groundwater to groundwater cleanup
standards (MICA A st andards)

Prevent ingestion of hexaval ent chrom untcontam nated groundwat er above state
groundwat er cl eanup standards (MICA A standards)

Prevent chrom um cont am nated groundwater from seeping into the Colunbia R ver above
chronic state standards for the protection of fresh water aquatic organi sns

EPA has established the followi ng RAGs for contaminated soils at the site:

Prevent hexaval ent chromiumin soils fromserving as an uncontrol |l ed, ongoi ng source
of contam nation to groundwater

Prevent current and future exposure to soil contam nated with chrom um above state
standards for unrestricted future use

Summary of O eanup Level s

Medi a Cheni cal s of Concern C eanup Level s Source of O eanup Level
G oundwat er Total Chrom um 50 ug/L MICA A
10.5 pg/ L State Chronic Surface Water
Soi | Hexaval ent Chrom um 19 ny/ kg MICA A
Hexaval ent Chrom um 400 ny/ kg MICA B
Trival ent Chrom um 80, 000 ny/ kg MICA B

MICA A = “Mddel Toxics Control Act, Method A’ is set by the Washington State of Departnent of

Ecol ogy. Values are set for unrestricted future use. A value of 100 pg/L may be used if the chrom um
in groundwater is trivalent chrom um

MICA A for hexaval ent chromiumin soils is established for the protection of groundwater. Values are
set for unrestricted future use

MICA B for hexaval ent chromumin soils is established for human health protection through direct
contact. The value of 400 ng/kg is determ ned not to be protective of groundwater at the site.
Therefore, the MICA A hexaval ent chrom um value of 19 ng/kg will serve as the cleanup | evel for

cl eanup.

MICA B for trivalent chromumis established for human health protection through direct contact. EPA
will denonstrate that this value is also protective of groundwater through historical data

eval uation, nodeling, and/or future nonitoring (see Section 10 below for further discussion).

8.2 Key Applicable or Relevant and Appropriate Requirements

The key Applicable or Rel evant and Appropriate Requirements (ARARs) for cleanup of
groundwat er at the FHC site include the State of Washington Mddel Toxics Control Act
(MICA), Method A groundwater cleanup standards, and the State of Washi ngton chronic
surface water criteria. For soils, the key ARARs include the MICA Method A cl eanup
standard for unrestricted future use for hexaval ent chrom um and the MICA Method B



standards for protection of human health through direct contact for trivalent chrom um

For hexaval ent chromiumin soils, the MICA Method A standard for unrestricted future use
and protection of groundwater (19 ng/kg) is appropriate for the FHC site. Al though the
MICA Method B direct contact standard of 400 ng/ kg is appropriate for the protection of
human health through direct contact, it is inappropriate for the protection of

gr oundwat er .

Conversely, EPA believes that the MICA Method B standard for trival ent chrom um of 80, 000
ng/ kg in soils for protection of human health through direct contact is appropriate for
the FHC site, including the protection of groundwater. According to the requirenents of
WAC 173-340-747, EPA will denonstrate that the MICA Method B direct contact standard is

al so protective of groundwater through nodeling, historical data evaluation and/ or future
noni t ori ng.

As the Selected Alternative in this Amended ROD utilizes the injection of reductants into
the groundwater, it nmust conply with WAC 173-218 - the Underground I njection Control
Program - which sets forth procedures and practices applicable to the injection of fluids
t hrough wel | s.

9.0 DESCRI PTI ON OF ALTERNATI VES

The list of cleanup alternatives for soil and groundwater described and eval uated below is
drawn fromthe May, 2000 Final Focused Feasibility Study, but includes the selected
alternatives fromthe 1987 and 1988 RODs for conparison. Alternatives evaluated in the
1987 ROD for soils which are not carried forward for discussion in this Arended ROD
include: excavation/treatnent/off-site disposal, due to cost; and biol ogical treatnent,
due to technical infeasibility. Wile this Anended ROD does eval uate extraction and
treatment of groundwater fromthe plunme “hot spot”, it does not evaluate extraction and
treatment of all groundwater contam nated above state groundwater cleanup standards as
included in the 1988 ROD. Extraction and treatnent of all groundwater contam nated above
state groundwater cleanup standards is not evaluated in this Arended ROD because the costs
woul d be excessive for marginal gain in contam nant renoval .

Alternative description and evaluation is divided into separate discussions of
“groundwat er” and “soil” renedies for ease and clarity of presentati on. Comnbi nations of
groundwat er and soil renedies are briefly discussed in the “Conparative Analysis of
Alternative” section below, and nmore specifically in the “Sel ected Remedy” section.

9.1 G oundwat er

Al of the active groundwater alternatives described in this Arended ROD address the
specific portion of the plume with the highest concentrations, known as the plune “hot
spot”, while leaving | arger areas of the plume with | ower concentrations to dilute and

di sperse naturally in conjunction with continued nonitoring and institutional controls.
Based on groundwater monitoring data collected to date, EPA believes that the plune
exceedi ng state groundwater cleanup criteria which exists outside of the plume “hot spot”
will dilute and disperse naturally if source area soils and groundwater (“hot spot”) are
effectively treated. The plume “hot spot” is defined as that area of the plume with
concentrations of chrom um exceeding 5,000 pg/L (Figure 8). This area roughly coincides
with the contam nated soils source area, defined by soils concentrations in excess of 19
my/ kg (Figure 7). Beyond the “hot spot” renamining areas of the plume are characterized by
| ower concentrations ranging fromb50 pg/L to 1,400 pg/L present over an area of

approxi mately 500,000 square feet. Due to the high cost of potentially renediating this
areas for limted contami nant renmoval, EPA will not be considering alternatives which
address the entire plune.

Alternative 1 - No Further Action: CERCLA requires evaluation of a no-action alternative
to reflect future conditions w thout any cleanup effort. This alternative is used for



conparison to other alternatives and does not include any type of institutional controls.

Under this alternative no additional actions would be taken to cleanup soils or
groundwater at the FHC Site. No controls would be inposed to prevent installation of
drinking water wells on the site or in the area surrounding the site where inpacted
groundwat er has migrated. No neasures woul d be taken to prevent migrati on of contam nants
into the Colunbia River. No warnings would be posted on the site identifying the potentia
hazards associ ated with consunption or prolonged contact with the groundwater

Alternative 2 - Institutional Controls/Mnitoring: This alternative consists of allow ng
the chromumin the groundwater to disperse and dilute with tine under no outside
influence. Institutional controls and nonitoring would al so be inplenented to protect
human health and the environnent during the tine required for dispersion and dilution to
reduce chrom um concentrations. In addition to the state and | ocal institutional controls
already in place, institutional controls would consist of placing notices and restrictions
on property deeds. The notices woul d i nform new buyers and exi sting occupants of
surroundi ng busi nesses of the inpacted groundwater and its potential adverse effects on
human health if groundwater were consuned. Property owners woul d ensure that any future
property transfers woul d include deed restrictions that would prevent the installation of
drinking water wells on the inpacted properties. Mnitoring of existing wells would be
needed to track the concentrations in groundwater over time. In the event contam nant
concentrations increased in surrounding wells that previously had no detections above
acceptabl e I evel s, owners of properties and known users of wells woul d be warned, and
additional deed restrictions and health advisories woul d be i ssued. Deed restrictions and
noti ces woul d be renpbved when concentrations in the wells decreased to acceptable | evels.
Moni toring woul d be required until groundwater neets state MICA A groundwater cleanup

st andar ds.

Alternative 3 — Punp and Treat/Institutional Controls/Mnitoring (Selected alternative in
1988 ROD): This alternative would involve the installation of a group of punping wells at
opti mum spaci ng and punping rates to create a “capture zone” for recovery of hexaval ent -
chromi um cont ani nat ed groundwater. This zone of recovered groundwater would be designed to
be of sufficient size to control and contain the area of groundwater w th the highest
concentrations of chromum-— deemed to be the “source area” or “hot spot” of the chrom um
contani nated plune. The source area is defined as that area of the plume containing
concentrations of 5,000 ug/L or greater. Contam nated groundwater woul d be punped froma
series of 7 extraction wells to a surface treatnent system which would remove chrom um

t hrough ion exchange treatment. The punp and treat systemwould operate for an estimated 5
years, punping at a rate of 30 gallons per mnute. Contaninated groundwater outside of the
source area would be left to disperse and dilute to acceptable levels (50 pg/lL).
Institutional controls and nonitoring woul d be conpleted as discussed in Alternative 2
Moni toring woul d be required until groundwater neets state MICA A groundwater standards.
Monitoring for 30 years has been included in the cost estimate in Section 9.

Alternative 4 — In-situ | SRM Treatnment Barrier, Institutional Controls, Mnitoring: This
alternative consists of constructing a treatnent barrier wall using |In-situ Redox
Mani pul ation (1 SRM technol ogy down-gradi ent of the soils source area (hexaval ent chrom um
concentrations exceeding 19 nmg/kg) to intercept and reduce hexaval ent chromumto
trivalent chromum |SRMtreatnent technol ogy for hexaval ent chrom um consists of
delivering a chem cal reductant into the aquifer or soil matrix to reduce the naturally
occurring iron, thereby creating an in-situ reactive treatnment zone which reacts directly
with the chromi um As chrom um contam nated groundwat er passes through the reactive zone

t he hexaval ent chromiumis reduced, or changed, to trivalent chromum which is insoluble,
and non- mobile. At the FHC site, reductant would be injected or augered into the
groundwat er i medi ately down-gradi ent of the plume “hot spot” as detailed in Figure 13
Injection of reductant into this area, the nost likely nethod of reductant delivery, would
require approxinmately 11 injection wells. Based upon a site-specific soil analysis
conducted by Battelle Northwest, the barrier is predicted to remain active for
approximately 30 years. If the barrier becones saturated and ceases to function before



up- gradi ent groundwat er achi eves state groundwater cl eanup standards, reinjection of
reductant woul d be required to recharge the barrier wall. Costs for potential reinjection
are not included in the estimate bel ow. Contam nated groundwater outside of the source
area would be left to disperse and dilute to acceptable levels (50 pg/L). Institutiona
controls and nonitoring woul d be conpleted as discussed in Alternative 2. Mnitoring and
institutional controls would be conpleted as discussed in Alternative 2. Mnitoring for 30
years has been included in the cost estimate in Section 9.

A by-product of the reactions created by reductant injection is sulfate. The naxi mum
concentration of sulfate predicted to be generated through this process is 2000 ng/L, or 8
tines the secondary state Maxi mum Contam nant Level (ML) standard of 250 ng/L
Conservative nodeling indicates that the maxi numsul fate concentrations will dilute and

di sperse to the secondary standard approxi nately 1000 feet down- gradient within

approxi mately 400 days. In other words, sulfates would create a tenporary inpact to
groundwat er within the already contam nated groundwater plune. As this alternative
utilizes the injection of reductants into the groundwater, it nust conply with WAC 173-218
- the Underground Injection Control Program- which sets forth procedures and practices
applicable to the injection of fluids through wells. If sulfate concentrations are higher
than expected, EPA will explore alternative nethods such as extracting the sulfates as
they are generated. Al ternative nethods have not been evaluated for cost, and are not
reflected in the cost estimates in Section 9.

Alternative 5 - In-situ Reduction of Hexaval ent Chromiumin G oundwater Source Area,
Institutional Controls, Mnitoring: Like Alternative 4, this alternative would involve the
delivery of a reducing chemcal directly into the soils and groundwater of the groundwater
source area, directly converting hexaval ent chromumto trivalent chrom um The reductant
woul d be injected or augered/injected into the plume “hot spot” in the aquifer as detailed
in Figure 14. If injection is used, approxinmately 18 injection wells would be required to
deliver reductant to the entire plune hot spot. Contaninated groundwater outside of the
source area would be left to dilute and disperse to acceptable levels (50 pg/L).

Moni toring and Institutional Controls would be conpleted as discussed in Alternative 2

G oundwater nmonitoring is estimated to be necessary for a period of 15 years. Again
generation of sulfates would occur as a result of the chem cal reactions taking place, and
downstream noni toring during injection or augering would be required to ensure that
sulfate levels will dilute and disperse as predicted. |If augering/injection is used, on
site structures would need to be removed prior cleanup

9.2 Soils

Al active soil renediation alternatives focus on the soils source area, or that area

defined by concentrati ons of hexaval ent chromumin excess of 19 ng/kg as detailed in

Figure 7. The soils source area covers approxi mately 28,000 square feet and extends to
approximately 25 feet in depth for a total volume of 26,000 cubic yards.

Alternative 1 - No Action: The no-action alternative consists of doing nothing to the
contanminated soils at FHC. No controls would be put in place to prevent human heal th
exposure or protect the environment.

Alternative 2 — Institutional Controls/Mnitoring: This alternative would invol ve
installing signs on the facility to warn workers and busi ness enpl oyees of contam nation
in surface and subsurface soils. Signs would warn agai nst di gging or excavation w t hout
proper conformance to environmental |aws. Deed notices and restrictions would al so warn
potential buyers of the presence of subsurface soil contam nation and would limt the use
of the property to industrial purposes. In addition, deed restrictions would require
remedi al actions to prevent exposure to contam nated soil beneath buildings if building
derolition occurs as a result of future property devel opment. Fences around the property
woul d keep out trespassers who could inadvertently be exposed to contam nated soils.
Property owners woul d ensure that any future property transfers would include the deed
restrictions described above.



Alternative 3 — Capping: This alternative consists of placing an asphalt |ayer over the
contam nated soil exceeding 19 ng/ kg of hexaval ent chromumto provi de separation from
human contact and reduce | eaching of chromumfromsoils to groundwater. The area to be
capped woul d likely be confirmed through surface and subsurface soil sanpling during
renmedi al design. Based on current information, it is assuned that an area approxi mately
200 by 155 feet, or 31,000 square feet, would be paved if buildings are renoved. If the
buildings remain in place, the area to be capped woul d be reduced by the area covered by
the buildings. Annual inspection and periodic nmaintenance of the cap would be required to
ensure that any large cracks that devel oped were repaired. Mnitoring for 20 years has
been included in the cost estimate in Section 9. Institutional controls woul d be

inpl enented as described in Alternative 2

Alternative 4 — Soil Excavation, Renoval, and D sposal: This alternative involves the
excavation of the nmost heavily inpacted soils, or soils containing hexaval ent chromumin
excess of 19 ng/kg. Based upon current infornation, approximtely 26,000 cubic yards of
soil would need to be excavated and di sposed of at a permtted facility. To obtain access
to the soil, two buildings - the former FHC buil ding and the Richardson Metal Wrks

buil ding - would have to be denolished. After the soil is renmoved for disposal, clean
backfill would be placed in the hole.

Alternative 5 — Soil Excavation, Stabilization, and Repl acement (Selected Alternative from
1987 ROD): This alternative involves the excavation and on-site stabilization of soils
using concrete to mnimze | eaching of chromium Stabilized soils would then be returned
to the excavated site. As with Alternative 4, two buil dings woul d have to be denolished to
obtain access to contam nated soils.

Alternative 6 — In-situ Treatnent of Soils Using Reducing Chenicals: This alternative
consi sts of injecting or augering a chenical reductant into source area soils to reduce
t he hexaval ent chronmiumin the soils source area to trivalent chromumas detailed in
Figure 15. Chem cal reductants woul d either be injected through vertical or horizonta
injection wells, or mxed directly with on site soils using an auger. Use of vertica
injection or augering/injection would require denolition of on site buildings. Horizontal
injection could be used with the buildings in place. Some institutional controls and

noni toring woul d be required as described in Alternative 2. 15 years of nonitoring has
been included in the cost estimate in Section 9. As with groundwater alternatives that use
reductants, sulfates would be generated as a result of the chenical reactions taking

pl ace

10.0 COVPARATI VE ANALYSI S OF ALTERNATI VES
10.1 Evaluation Criteria

The Sel ected Alternative for the cleanup of soils and groundwater at the FHC Site was
chosen on the basis of the remedial alternative evaluation criteria found in the NCP. The
nine criteria are divided into three categories: threshold, balancing, and nodifying
criteria. To be eligible for selection, an alternative must neet the two threshold
criteria. The five balancing criteria weigh trade-offs anong alternatives; a |ow rating on
one bal ancing criterion can be conpensated by a high rating on another. The fina

nodi fying criteria are considered after the public coment period during selection of the
final renedy. These nine criteria are presented bel ow and explained in further detail

Threshold Criteria: Must be nmet to be eligible for selection

Overall Protection of Human Health and the Environment. How well does the alternative
protect human health and the environnent, both during and after construction?

Conpl i ance with Applicable or Rel evant and Appropriate Requirenents (ARARs). Does
the alternative nmeet requirements of state and federal |aws and regul ati ons that apply or
that are relevant and appropriate to the cleanup action?



Bal ancing Griteria: Used to conpare alternatives

Long-term effecti veness and permanence. How wel| does the alternative protect human health
and the environnent after conpletion of the cleanup? Wiat, if any, risks will remin at
the site?

Reduction in toxicity, nobility, and volunme through treatnent. Does the alternative
effectively treat the contamnation to significantly reduce the toxicity, nmobility, and
vol ume of the hazardous substances?

Short-termeffectiveness. Are there potential adverse effects to either human health or
the environnent during construction or inplenentation of the alternative?

Inplementability. Is the alternative both technically and adm nistratively feasible? Has
the technol ogy been used successfully at simlar sites?

Cost. What are the relative costs of the alternative?
Modi fying Oriteria: Evaluated as a result of public coments.

State acceptance. What are the state comments or concerns about the alternatives
consi dered and about the Preferred Alternative in the Proposed Plan? Does the state
support or oppose the Selected Renedy in the Amended ROD?

Community acceptance. Wat are the community’s comrents or concerns about the
alternatives considered and about the Preferred Alternative in the Propose Plan? Does the
community generally support or oppose the Preferred Alternative in the Proposed Pl an?

10.2 Conparative Analysis of Alternatives
Overal |l Protection of Human Health and the Environnent
. G oundwat er

Alternative 1 (No Action) does not provide any degree of protection for human health and
the environment. Alternative 2 (Institutional Controls/ Monitoring) provides m ninal
protection of human health by warning potentially affected parties of the site hazards and
restricting access to the FHC Site and areas affected by the groundwater plune.
Alternatives 3 (Punp and Treat), 4 (ISRM Treatnent Barrier) and 5 (In-situ Reduction of
Hexaval ent Chromi umin G oundwater Source Area) all provide protection of human health and
the environnent by either treating or containing contam nated groundwater in the plume
“hot spot”. Alternatives 3, 4 and 5 also provide for institutional controls and nonitoring
as the remaining plume disperses and dilutes to state groundwater cleanup standards.

. Soil's

Alternatives 1 (No Action) and 2 (Institutional Controls/Mnitoring) do little or nothing
to protect human heal th and environment. Alternative 2 provides mninal to noderate
protection to humans by warni ng of risks associated with dermal contact or ingestion of
contanm nated soil. Alternative 5 (Stabilization with Concrete) has been shown to be
ineffective at preventing nobilization of hexaval ent chromiumto groundwater in site
specific stabilization tests concluded in 1991. Aternative 3 (Capping), while effective
at linmting dernal contact and ingestion, would do nothing to prevent continued |eaching
of contam nants from subsurface soils to groundwater. Alternatives 4 (Renoval /D sposal)
and 6 (In-situ Treatment of Soils Using Reducing Chenicals) are protective of human heal th
and the environnent. In-situ treatnent and renoval prevent human contact with affected
soils and prevent |eaching of contam nants to groundwater.



Conpl i ance with ARARs
. G oundwat er

The prinmary ARARs for all groundwater alternatives are federal MCLs and MICA state
groundwat er cl eanup standards. Alternatives 3 (Punp and Treat), 4 (I1SRM Treatnent Barrier)
and 5 (In-situ Reduction of Hexaval ent Chromiumin Goundwater Source Area) all utilize

t echnol ogi es that neet ARARs by enpl oyi ng net hods whi ch reduce groundwater contam nation
near the source and prevent further mgration of contam nants down-gradi ent (assuning
renmedi ati on of source area soils). Alternatives 4 and 5 both utilize the injection of
reductants into the groundwater and nmust conply with WAC 173-218 - the Underground
Injection Control Program- which sets forth procedures and practices applicable to the
injection of fluids through wells. Alternatives 1 and 2 do not conply with ARARs.
Alternatives 1 and 2 do not conply with cleanup goals or address site risks.

. Soil's

The primary ARARs for all soil alternatives are the state standards for protection of
human health through direct contact and protection of groundwater. Alternatives 1 and 2 do
not conply with ARARs. Neither alternative addresses groundwater protection or direct
contact associated with chrom umcontaninated soil. Both alternatives | eave contam nation
on site above MICA cl eanup requirenents with no exposure reduction. Alternative 5 does not
comply with ARARs as | eachate to groundwater woul d not be controlled with cenent
stabilization of contami nated soils. Alternative 3 reduces infiltration of groundwater but
woul d not prevent groundwater contact with contam nated subsurface soils and in the
long-termwould likely prove ineffective at preventing infiltration. Alternatives 4 and 6
conmply with ARARs. Both alternatives neet the soil cleanup goal of 19 ng/ kg hexaval ent
chromumfor protection of groundwater.

G oundwater Alternatives 1 (No Action) and 2 (Institutional Controls/ Monitoring), and
soil Alternatives 1 (No Action), 2 (Institutional Controls/ Mnitoring), 3 (Capping), and
5 (Stabilization), all fail at |least one of the Threshold Criteria and will not be carried
forward for further eval uation.

Long- Term Ef f ecti veness and Per manence
. G oundwat er

Alternative 3 (Punp and Treat) has good | ong- termeffectiveness because the contam nants
are renoved fromthe groundwater and di sposed of off site. Aternatives 4 (ISRM Treat nent
Barrier) and 5 (In-situ Reduction of Hexaval ent Chrom umin G oundwater Source Area) have
very good to excellent long termeffectiveness because contam nants are converted to a
non- toxic and imobile formof chromumin-situ. Alternative 4 nay be | ess effective |ong
termthan Aternative 5 because groundwater up-gradient of the treatment barrier nay not
neet state groundwater cleanup standards before the treatnent barrier expires. If the
treatnent barrier expires, reinjection would be required.

. Soil's

Alternative 4 (Renoval /Disposal) provides excellent |ong-termprotection by pernanently
renmovi ng contam nated soils fromthe site. Alternative 6 has very good to excellent |ong-
term effectiveness because contam nants are converted to an immobile formin-situ. Soil
mxing in Alternative 6 (In-situ Treatnment of Soils Using Reducing Chemicals) is
preferable to horizontal or vertical injection as the latter nethods nmay not effectively
deliver the reducing chenmcals to all affected soils - particularly denser soils such as
clay where the highest concentrations of chrom um are | ocated.



Reduction in toxicity, nobility, and vol une through treatnent
. G oundwat er

Alternative 3 (Punp and Treat) reduces toxicity and nobility through renoval of the
contam nant fromthe groundwater and i on exchange treatnment. Alternatives 4 (|ISRM
Treatnent Barrier) and 5 (In-situ Reduction of Hexaval ent Chromiumin G oundwater Source
Area) reduce the nmobility and toxicity through treatment, causing changes to the physical
state of the contaninant.

. Soil's

Alternative 4 (Renoval /D sposal) reduces the nobility of contam nants by conpletely
removing themfromthe site and treating as necessary to conply with di sposal regul ations.
Alternative 6 (In-situ Treatnent of Soils Using Reduci ng Chem cals) provides reduction in
nmobility and toxicity through treatnent, causing changes to the physical state of the
cont am nant .

Short-term Effecti veness
. G oundwat er

Alternative 3 (Punmp and Treat) has the | owest short-termeffectiveness due to the
construction required for punp and treat and the potential exposure of workers to the

cl eanup operation. Alternatives 4 (ISRM Treatnent Barrier) and 5 (In-situ Reduction of
Hexaval ent Chromiumin G oundwater Source Area) have high short-termeffectiveness as
excavation work is mnimzed, reducing off-site exposure to dust; and off-site disposal is
insignificant, reducing the potential for traffic accidents during cleanup. |If augering/
injection is used for Alternative 5, occupants fromthe FHC and Ri chardson Mtals

bui | di ngs woul d need to be relocated and the buildings denolished. |If augering/injection
is used for Alternatives 4 or 5, tenporary, |localized non-toxic odors may result from
injection/mxing of reductants into surface soils. Al the alternatives will mnimally

i npact nei ghboring busi nesses with sone increase in traffic and noise. Apart from
nmonitoring, Alternatives 4 and 5 have relatively shorter inplenentation periods
(approximately 6 nonths) than Alternative 3 (5 years). Alternatives 3 and 5 would hel p
achi eve groundwat er cl eanup water standards throughout the plune area in a relatively
shorter period than Alternative 4 which does not directly inpact the plume “hot spot”
area.

. Soil's

Alternatives 4 (Renove/ D spose) has the | owest short-termeffectiveness due the anount of
excavation required and resultant dust generation. Aternative 4 also requires significant
truck traffic to haul soils off site. Alternatives 6 (In-situ Treatnment of Soils Using
Reduci ng Chemi cals) has good short- termeffectiveness as excavation and traffic are
mnimzed. If augering/ injection is used for Alternative 6, occupants fromthe FHC and

Ri chardson Metal s buil dings would need to be relocated and the buil dings denolished. If
augering/ injection is used for Alternatives 4 or 5, tenporary, localized, non- toxic
odors may result frominjection/mxing of reductants into surface soils. Both alternatives
have relatively simlar periods of inplementation (approximately 6 nonths) and woul d both
achi eve cl eanup objectives at the end of project inplenentation. Confirmatory sanpling and
nmonitoring would be required for both alternatives after project inplenentation.

Inpl emrentability
. G oundwat er
Alternatives 4 (I SRM Treatnment Barrier) and 5 (In-situ Reduction of Hexaval ent Chromiumin

G oundwat er Source Area) are the easiest to inplenent as intrusive work is kept to a
mnimum |f augering/injection is used for Alternative 5 tenants fromon-site buildings



woul d need to be relocated and the buil dings denolished. Alternative 4 may face
inplenentability issues arising fromworking at a site with potentially active facilities
if the buildings are left in place. Both of these alternatives have been shown to be
effective and inplenentable at other sites, particularly the Hanford site in R chland
Washi ngton where an ISRM barrier is being used to treat chrom um contam nated groundwat er
flowing to the Colunbia River. Alternative 3 (Punp and Treat) is the nost difficult to
inplenent. In addition to installation of wells, it also requires installation of pipe
trenches. Alternative 3 is nore difficult to inplenent than Alternatives 4 and 5 because
of the added conplexity of the treatnent systemand the treated water disposa

requi renents.

. Soil's

Alternatives 4 (Renoval /Disposal) and 6 (In-situ Treatnent of Soils Using Reducing
Chemicals)- if augering is used - would be noderately difficult to inplenent as the
bui |l di ngs woul d need to be torn down. |If augering/injection is used for Alternative 6
tenants fromon-site buildings would need to be relocated and the buil di ngs denol i shed
Alternative 6 using injection wells would be difficult to inplenment due to the inpact on
t he busi nesses during construction, and a possible ineffective application under

bui | di ngs. Working around the site businesses (requiring weekend and eveni ng work
schedul es) in order to mnimze disruption would severely inpact inplenentation



Cost

Cost of Soil and Groundwater Alternatives

Al amounts adjusted to present val ue

Construction Costs Oper ation and TOTAL PRQIECT COSTS

G oundwat er : Mai nt enance Cost
(Total)

Alternative 3 - Punp and Treat
Alternative 4 - |SRM Treatnent Barrier $3, 762, 000 $1, 638, 000 $5, 400, 000
Alternative 5 - In-situ Treatnent of $1, 262, 000 $173, 000 $1, 435, 000
Source Area $2, 670, 000 $173, 000 $2, 843, 000
Soi | s:
Alternative 4 - Soil Excavation, $8, 678, 000 $11, 000 $8, 689, 000
Renoval , Di sposal
Alternative 6 - In-situ Reduction of $1, 532, 000 $154, 000 $1, 686, 000
Chr om um

Al costs are based on the July, 2000 Final Focused Feasability Study, with sonme mnor revisions.

Total costs for Goundwater Aternatives 3, 4 and 5 include institutional controls and long term
noni toring and mai ntenance for 30 years. Soil Alternative 4 assunes mninmal nai ntenance and
reporting beyond confirmatory sanpling. Soil Alternative 6 assunes 15 years of nonitoring and

mai nt enance will be required.

Injection of reductants through wells is assunmed for Groundwater Alternatives 4 and 5. Augering and
injection of reductants is assumed for Soil Alternative 6.

Gven the | ow probability of a potential recharge of the | SRM Treatnent Barrier ( G oundwater
Alternative 4), costs for this contingency are not included.

The potential for excavation of contam nated soils in areas of potential auger refusal in Soil
Alternative 6 - In- situ Reduction of Chrom um - have not been included. Best professional judgenent
based upon sanpling information indicated the probability of auger refusal to be |ow

Costs for potential relocation of tenants due to building denolition have not been included for Soil
Alternatives 4 and 6. Costs for building denolition have been included in Soil Alternatives 4 and 6.

St at e Accept ance

The Washington State Department of Ecol ogy has been involved with the devel opnent of
remedi al alternatives for soils and groundwater at the Frontier Hard Chrome Superfund Site
and agrees with the Sel ected Renedy presented in this Anended ROD.

Communi ty Accept ance

During the pubic comrent period for the Proposed Plan for this Anended RCD, EPA received
one comment letter with two comments. The conment |etter was generally supportive EPA s
Sel ected Renedy but requested additional information concerning 1) the type and toxicity
of potential by-products generated through the injection of sodiumdithionite into

contam nated site groundwater; and 2) the potential nethods used for delivering reductants
to the unsaturated vadose zone of contam nated soils. For further information concerning

t hese comments, and EPA's responses, refer to the Responsiveness Summary in Part Il of
this Amended ROD.



10. 3

The renedi al
al ternatives,

heal th and the environnent.

Rernedi al

Al ternatives,

Sunmmary of Conparative Analysis

alternatives nmatrix bel ow provi des a summary of conbi ned soi
hi ghl i ghting those conbi nations which are potentially protective of human

Medi a and Technol ogy Eval uation Matrix

and groundwat er

Soi
Alternatives

QG oundwat er Alternatives

Al ternative 1,
No Action

Al ternative 2,
I nstitutional
Control s

Alternative 3,
Pump and Treat

Al ternative 4,
| SRM Tr eat nent
Barrier

Alternative 5,
In-situ
Tr eat nent
of Source Area

Al ternative 1,
No Action

Not protective
as source area
soils and

pl urre “hot
spot” continue
to present
threat to

gr oundwat er

Not protective
as source area
soils and

pl ure “hot
spot” continue
to present
threat to

gr oundwat er

Not protective
as source area
soil s continue
to present
threat to

gr oundwat er

Not protective
as source area
soil s continue
to present
threat to

gr oundwat er

Not protective
as source area
soils continue
to present
threat to

gr oundwat er

Al ternative 2,
I nstitutional
Control s

Not protective
as source area
soils and

pl ure “hot
spot” continue
to present
threat to

gr oundwat er

Not protective
as source area
soils and

pl ure “hot
spot” conti nue
to present
threat to

gr oundwat er

Not protective
as source area
soil's continue
to present
threat to

gr oundwat er

Not protective
as source area
soil's continue
to present
threat to

gr oundwat er

Not protective
as source area
soil's continue
to present
threat to

gr oundwat er

Al ternative 3,
Cappi ng

Not protective
as source area
soi | s conti nue
to present
threat to

gr oundwat er

Not protective
as source area
soi |l s conti nue
to present
threat to

gr oundwat er

Not protective
as source area
soi | s continue
to present
threat to

gr oundwat er

Not protective
as source area
soi | s continue
to present
threat to

gr oundwat er

Not protective
as source area
soi | s continue
to present
threat to

gr oundwat er

Al ternative 4
Soi
Excavati on,
Renoval

Di sposal

Not protective
as plune “hot
spot” remains
unt r eat ed

Not protective
as plune “hot
spot” remains
unt r eat ed

Protective but
excessive in

ternms of cost
($14, 089, 000)

Protective but
excessive in

terns of cost.
($10, 124, 000)

Protective but
excessive in

ternms of cost
($11, 532, 000)

Alternative 5,
Stabilization
with Concrete

Not protective
as source area
soil s continue
to present
threat to

gr oundwat er

Not protective
as source area
soil s continue
to present
threat to

gr oundwat er

Not protective
as source area
soil s continue
to present
threat to

gr oundwat er

Not protective
as source area
soil s continue
to present
threat to

gr oundwat er

Not protective
as source area
soil s continue
to present
threat to

gr oundwat er

Alternative 6,
In-situ
Reducti on of
Chr om um

Not protective
as plune “hot
spot” remains
unt r eat ed

Not protective
as plune “hot
spot” remains
unt r eat ed

Protective

($7, 086, 000)

Protective

($3, 121, 000)

Prot ecti ve*

(%2, 191, 800)

* Cost assunes that augering/injection of source area soils is extended an additiona

for treatnment of plume “hot spot” area. Additional

Alternative 6 are conservatively estimated to be 30% of Soi
area to be treated

addi ti onal

10 feet in depth

construction costs and reductant costs beyond Soi

Alternative 6 costs based on the




. G oundwat er

Alternatives 1 and 2, No Action and Institutional Controls, for groundwater are not
protective of hunman health and the environnent, and are thus not considered to be
appropriate alternatives for the Site. Alternative 3 for groundwater, Punp and Treat, is
an effective renedy for site groundwater, but would require nore tine to inplenment (5
years), and costs significantly nore than (approxi mately $3, 200,000 nore than In-Situ
Treat ment through augering) In-situ Treatnent. Alternative 4, In-situ | SRM Treat nent
Barrier, is an effective contai nnment renedy, but does not treat plune “hot spot”
groundwat er and nust be recharged and maintained if concentrations in groundwater
up-gradient of the barrier persist beyond the life of the barrier. If no cleanup takes
pl ace, soil concentrations in the source area are likely to remain extrenely high, and
woul d continue to act as a source to groundwater, and a threat down-gradi ent should the
treatment barrier becone |ess effectiveness. Alternative 5, In-situ Treatnent of Source
Area groundwater, provides for the effective treatnent of all groundwater exceeding 5,000
pg/ L. Al protective groundwater renedies nmust be inplenented in conjunction with
protective soil remedies in order to renain effective over the long termand prevent
recontam nati on of the groundwater.

. Soil's

Alternatives 1 and 2, No Action and Institutional Controls, for soils is not protective of
human health and the environnent, and are thus not considered to be appropriate
alternatives for the Site. Alternative 5 for soils, Stabilization with concrete, has

al ready been shown through studies to be ineffective at inmobilizing hexaval ent chrom um
Alternative 3 for soils, Capping, reduces infiltration of groundwater but does nothing to
prevent continued | eaching of contam nants fromsaturated soils. Capping nust al so be

mai ntained in perpetuity, and will restrict future use of the property. Aternative 4 for
soils, Excavation, provides for conplete renoval of contam nated soils in the source area,
but at very high cost. Alternative 6 for soils, In-situ Treatnent, provides: 1) excellent
overal | protection of human health and the environment, 2) long term effectiveness,

3) pernmanence, 4) reduction in toxicity, and nobility, and 5) state acceptance, at a
significantly | ower cost than excavati on. Cost assunptions for inplenentation of soil
Alternative 6 in conjunction with groundwater Alternative 5 inply joint treatnent of
source area soils and groundwater in, and beneath, the soils source area through augering/
injection. All protective soil renedies nust be inplenented with protective groundwater
renmedies to renain effective over the long termand prevent recontam nation of source area
soils below the water table.

11.0 SELECTED REMEDY (Figure 16)

Alternative 5 In-situ Treatnent of Source Area groundwater, in conjunction with
Alternative 4, | SRM Treatnent Barrier, is the Selected Renedy for groundwater. Alternative
6, In-situ Treatnent is the Selected Remedy for soils. Treatnment of soils (Soil
Alternative 6) and treatnment of Source Area groundwater (G oundwater Alternative 5), is
acconpl i shed at the same time using the sane nethod to deliver the same chem cal
reductant. The preferred nethodol ogy for delivering reductant to both soils and
groundwater for in-situ treatnment in the soils source area and the plune hot spot is
augering/injection. The | SRM Treatnent Barrier (G oundwater A ternative 4) woul d be
installed on the down-gradi ent edge of the groundwater hot spot prior to the in situ
treatment of soils and groundwater specified in Goundwater Alternative 5 and Soil
Alternative 6. The ISRM Treatnent Barrier could be installed using injection wells or
augeri ng. G oundwat er contam nated above state cl eanup standards which is down-gradient of
the 1SRM Treatnent Barrier would be left to disperse and dilute. The conbinati on of these
alternatives would allow for the treatment of groundwater and soils in the soils source
area (soils exceeding 19 ng/ kg hexaval ent chrom um and the groundwater plune “hot spot”
(groundwat er exceedi ng 5,000 pg/L) at the sane tinme using the same reductant and the sane
met hodol ogy (augering) with additional construction and reductant costs (30% of soil

Al ternative 6 costs, or $505,800) beyond soil Alternative 6. These additional costs



account for the additional depth of augering and chemi cal reductant required to treat
groundwat er beneath the soils source area. Installation of an ISRMbarrier prior to the in
situ treatment of soils and groundwater specified in Goundwater Alternative 5 and Soi
Alternative 6, provides additional long termprotection of groundwater as well as
protection of down- gradient groundwater during augering/injection of reductant into
source area soils and the plunme “hot spot” area. This alternative provides for effective
treatnment of all soils and groundwater in source areas, and a 30-year treatnent barrier
for any residual contam nant |eaching, should it occur. The total estimated cost for the
Sel ected Renedy is $3, 626,800 ($1, 686,000 [costs for Soil Alternative 6] + .3 X $1, 686, 000
[or 30%of Soil Alternative 6 costs to account for the additional depth of auger/injection
to address groundwater] + $1,435,000 [the cost of Goundwater Alternative 4]) assum ng the
ISRM barrier is installed using injection wells. Additional cost savings of approxinately
$500, 000 could be realized if the ISRMbarrier were installed through augering/injection
on the down-gradient side of the soils source area as part of soil Alternative 6, for a
total Selected Renedy cost of $3,126,800. Detailed eval uati on of both nethods will be
conduct ed during Renedi al Desi gn.

A by-product of the reactions created by reductant injection is sulfate. The naxi num
concentration of sulfate predicted to be generated through this process is 2,000 ng/L, or
8 tines the secondary state Maxi mum Contam nant Level (ML) standard of 250 ny/L.
Conservative nodeling indicates that the maxi numsul fate concentrations will dilute and
di sperse to the secondary standard approxi mately 1000 feet down-gradient within

approxi mately 400 days. In other words, sulfates would create a tenporary inpact to
groundwat er wi thin the already contam nated groundwater plunme. Because this alternative
utilizes the injection of reductants into the groundwater, it nust conply with WAC 173-218
- the Underground Injection Control Program- which sets forth procedures and practices
applicable to the injection of fluids through wells. If sulfate concentrations are higher
than expected, EPA will explore alternative nethods such as extracting the sulfates as
they are generated. Al ternative nethods have not been eval uated for cost and are not
reflected in the cost estimates in Section 9.

The Sel ected Renedy calls for the reduction of hexaval ent chromumin soils and
groundwater to trivalent chromum Upon conpletion of the renmedy, concentrations of
trivalent chromumin subsurface soils will remain as high as 31,800 ng/kg. Hexaval ent
chromumis both extrenely sol uble under nornal groundwater conditions (pH ~ 7), nobile
and a carci nogen. Wen the val ence state of chromumis changed from+6 to +3 using a
reductant, chromiumforns the conpound chrom um hydroxi de which is insoluble under nornal
groundwat er conditions and in small quantities is an essential nutrient. Through use of
reductants, as di scussed above, hexaval ent chrom um woul d be converted to the insoluble
formof trivalent chrom um al nost instantaneously, immbilizing it in the subsurface and

i mredi at el y reduci ng chrom um concentrati ons in groundwater to non-detectable
concentrations. Even the highest concentrations of trivalent chromumthat woul d renmain on
site after reduction of hexaval ent chrom um woul d not exceed the state MICA B unrestricted
use | evel of 80,000 ng/kg. EPA will denonstrate that this value is also protective of
groundwat er through historical data evaluation, nodeling, and future nonitoring

The followi ng are maj or conponents of the Sel ected Renedy:

. Contai n Hi ghl y-Cont am nated G oundwater: Containnment of the nost heavily
contam nated groundwater at the site, or groundwater “hot spot” will involve the
delivery, through injection or augering/injection, of reduci ng conpounds on the
down- gradi ent side of the soils source area, into the groundwater and soils. The
conmpounds delivered to the area will reduce the naturally occurring iron, thereby
creating an in-situ treatnent barrier which reacts directly with the chromumin
groundwat er. As chrom um cont am nat ed groundwat er novi ng down- gradi ent passes
t hrough the perneabl e reactive zone, the hexaval ent chromumin the groundwater is
reduced to trivalent chromum which is insoluble, and non-nmobile. This In-Situ
Redox Mani pulation (ISRM barrier will be in place prior to treatnent of the soils
source area and the groundwater plume “hot spot” in order to 1) provide contai nnent
of the groundwater “hot spot” as quickly as possible, 2) provide added protection



during the in-situ treatnent of the soils source area and the groundwater “hot spot”
to prevent hexaval ent chrom um from novi ng down-gradient; and 3) provide long- term
protection against future | eaching of hexaval ent chromium should it occur. Reducing
conmpounds will either be injected through a series of wells, or augered/injected
into the groundwater. Recharge of the ISRM barrier is not anticipated because the
soils source area up-gradient of the ISRMbarrier will also be treated as descri bed
below. It is unlikely that residual concentrations of chromumin the soils source
area, should they exist after treatnent, will pose a probl embeyond the predicted
life of the ISRMbarrier.

In-Situ Treatnent of Source Area Soils and Groundwater “hot spot”: In-situ treatnent
of the soils source area and the groundwater “hot spot” will involve the deliver of
reduci ng conpounds directly to site soils exceeding 19 ng/ kg hexaval ent chrom um
(soils source area) and contam nated groundwater w th concentrations of hexaval ent
chrom um exceeding 5,000 ug/L by augering/injecting or through injection wells.
Augering/injection is the nost |likely nethod of delivery given the cost savings and
the thorough m xing of reductant with soils the augering provides.

After treatnent of soils exceeding 19 ng/ kg and groundwater exceeding 5,000 ug/L,
conpaction of augered soils will be provided to allow for future use of the property
to the extent practicable.

Once the source area for soils (exceeding 19 ny/ kg hexaval ent chrom um and
groundwat er (exceedi ng 5,000 pg/L hexaval ent chrom un) have been treated, remaining
groundwat er exceedi ng the state groundwater cleanup standard of 50 pg/L is expected
to disperse and dilute (MICA Method A). Regul ar nonitoring of down-gradient
groundwater to ensure dilution and dispersion of affected groundwater outside of the
source area will be conducted until all renaining groundwater neets state standards
for groundwater cleanup

Institutional controls and nonitoring will be inplenmented to protect hunman health
and the environnent during the tine required for dispersion and dilution to reduce
chrom um concentrations in plunme areas outside of the “hot spot”. Mnitoring of the
hot spot area will also be conducted to ensure that recontam nation of treated areas
is not taking place. In addition to the state and local institutional controls
already in place described in the “Summary of Site R sks” section, other
institutional controls to be considered include placing notices and restrictions on
property deeds. Institutional controls will be evaluated during Renmedi al Design and
after Renedial Action as all of the necessary information becones available. In
general, institutional controls will serve to prevent 1) access to contani nated
groundwat er, 2) access to soils contam nated with residual concentrations of
hexaval ent chrom um above state MICA A standards shoul d these concentrati ons remain
after Renmedial Action, and 3) future activities that threaten to renobilize chrom um
in site soils. Concentrations of trivalent chromumrenaining in soils after

Remedi al Action will also be evaluated to determine if they pose any potential risks
to human health through direct contact. Property owners would ensure that any future
property transfers woul d i ncl ude appropriate deed restrictions. Mnitoring of
existing wells will also be needed to track the concentrations in groundwater over
tinme. Monitoring of existing wells will also be needed to track the concentrations
in groundwater over tine.

4 Delivery of reducing conpounds throughout the soils source area and the
groundwat er “hot spot” will nore than likely require direct access to contam nated
soils. Direct access will necessitate the denolition of both the Frontier Hard
Chrone building and the adjacent Richardson Metal Works buil ding



The i npl ementation of the renmedy will be phased with the installation of the | SRM
treatnent barrier being conducted in the first phase to contain the groundwater “hot
spot”. This alternative is reconmended because it addresses all source area soils and
groundwat er providing: 1) excellent overall protection of human health and the
environnent, 2) effectiveness long term 3) pernanence, 4) conpliance with ARARs, 5)
reduction in toxicity, and nobility, and 6) state acceptance, at a | ower cost than other
protective alternatives. The renmedy will provide a pernmanent solution to ongoing threats
posed by the Frontier Hard Chronme site to the groundwater and future threats posed to
human heal th and the environnent.

Based on all of the information currently avail abl e, EPA believes the Sel ected Renedy
provi des the best bal ance of tradeoffs anong the other alternatives with respect to the
evaluation criteria.

12.0 STATUTORY DETERM NATI ONS

Based on the information currently avail abl e, EPA believes the Sel ected Renedy provides

t he best bal ance of tradeoffs anong the other alternatives with respect to the eval uation
criteria. The Selected Renedy best satisfies the following statutory requirenents in
CERCLA Section 121( b): (1) be protective of human health and the environnent; (2) conply
with ARARs; (3) be cost-effective; (4) utilize permanent solutions; and (5) satisfy the
preference for treatment as a principal el enent.

Under CERCLA Section 121 and the NCP, the | ead agency nust select renmedies that are
protective of human health and the environment, conply with applicable or rel evant and
appropriate requirements, are cost-effective, and utilize permanent sol utions and
alternative treatnent technol ogi es or resource recovery technol ogies to the maxi mum extent
practicable. In addition, CERCLA includes a preference for renedies that enploy treatnment
that permanently and significantly reduces the volune, toxicity, or nobility of hazardous
substances as a principal element and a bias against off-site disposal of untreated
wastes. The foll owi ng sections discuss how the Sel ected Renedy neets these statutory

requi renents.

12.1 Protection of Human Heal th and the Environnent

The Sel ected Renmedy will protect human health and the environnent through the treatment of
contani nated soils and the nost heavily contani nated groundwater by the injection or
augering/ injection of hexaval ent chrom umreduci ng conpounds with contami nated soils and
groundwater, in-situ. The Sel ected Renedy actively treats the soils and groundwat er by
reduci ng hexaval ent chronmium which is highly nobile and toxic, to trival ent chroni um
which is generally immobile and non- toxic. This remedy will reduce the threat of exposure
t o hexaval ent chrom um contam nated soils and groundwat er through direct contact,
ingestion, or inhalation.

12.2 Conpliance Wth Applicable or Rel evant and Appropriate Requirenments (ARARs)

The Sel ected Remedy will be designed and inplenmented to conply with all action specific,
chem cal specific, and |l ocation specific ARARs identified in this section. The ARARs for
the Sel ected Renmedy are al so presented bel ow

Model Toxics Control Act, Selection of deanup Actions, WAC 173-340-360; Institutional
Controls, WAC 173-340-440; Use of Method B d eanup Standards, WAC 173-340-705; G ound
Water O eanup Standards, WAC 173-340-720; Soil d eanup Standards, WAC 173-340-740 and
173- 340- 747

WAC 173-340-360 describes the mnimumrequirenents and procedures for selecting cleanup
actions. Section 360 is applicable to the Selected Renedy and will be denonstrated to be
nmet to Ecology’'s satisfaction by the State of Washington's concurrence on the Arended RCD.
WAC 173-340-440 applies where active cleanup neasures will not attain MICA cl eanup | evels.



In this case, institutional controls, as discussed in Section 10.0, apply to the
groundwat er until groundwater cleanup standards are achi eved. WAC 173. 340, 720, 740, and
747 establish cleanup standards for groundwater and soil contam nants applicable to this
site. The cl eanup standards are applicable and are set forth in Section 7.1 of this
Anended ROD wi Il neet or exceed these MICA cl eanup standards.

The Safe Drinking Water Act National Primary Drinking Water Regul ations, 40 CFR 141;
Public Water Supplies, WAC 246-290

These regul ations specify primary standards for drinking water (MCLs). They are applicable
at the tap for nunicipal water supplies and they are relevant and appropriate for
groundwater at the site since the Troutdal e aquifer is used as a drinking water source.
The groundwater cleanup goals for this site include restoring the groundwater to MICA

Met hod A standards for groundwater cleanup, which are nore stringent than the MCL for
chromi umin groundwater.

Under ground | nj ection Control Program (WAC 173-218)

This regul ation sets forth procedures and practices applicable to the injection of fluids
through wells. This regulation is applicable to the injection of reducing agents into site
soil s and groundwater according to the Sel ected Renedy.

Cean Water Act, 33 U.S.C, Part 1317; 40 CFR 403.5; Water Pollution Control Act, RCW
90. 48; Water Resources Act, RCW90.54; G ant of Authority Sewerage Systens, WAC 173-208

These regul ations pertain to the off-site disposal of treated groundwater, and while not
an ARAR because it would be an off-site activity, it is listed here for conpl et eness.
Extraction of groundwater down-gradient of the treatment area may be necessary during the
i mpl enentation of the Selected Renmedy to control the migration of sulfates generated from
the treatment process. Extracted groundwater, if required, would nost likely be discharged
to the Gty of Vancouver’'s wastewater treatnment systemand will neet the requirenents set
forth in a permt. If discharge to the Gty of Vancouver wastewater treatment systemis
required, EPA will also neet the requirenents of 40 CFR 403.5. This regul ation prohibits
the discharge of pollutants to publicly owned treatnent works woul d that pass through the
facility without treatnent or that would interfere with the treatment works.

Water Well Construction Act, RCW18.104; M ni mum Standards for Construction and
mai nt enance of Wells, WAC 173-160

These regul ations specify requirements for well construction and abandonnent intended to
protect groundwater from contam nation. These regul ations are applicable to the
construction of injection wells, extraction wells, and additional nonitoring wells (if
required); and the abandonnent of existing and future wells, as required at the FHC site
by the Sel ected Renedy.

General Regulations for Air Pollution Sources, WAC 173-400; Anbient Air Quality Standards
for Particulate Matter (WAC 173-470); Sout hwest Washington Air Pollution Control Agency
(SWAPCA) Regul ations 400 and 490

WAC 173-400 establishes technically feasible and reasonably attainable standards that are
generally applicable to the control and/or prevention of the enission of air contam nants.
Additionally, the Anbient Air Quality Standards for Particulate Matter identify suspended
particul ate standards applicable to excavation activities associated w th building
denmolition and other renedial activities at the FHC site.

Resour ce Conservation and Recovery Act, 42 U S.C Sections 6921-22; 40 CFR 261; 40 CFR
Part 262 Subparts A, B, C, and D, 40 CFR Parts 264, Subparts | and J; Washington State
Danger ous Waste Regul ati ons, WAC 173-303-070, 173-303-170 to 200, 173-303-630



These regul ations establish requirements for the proper designation, storage, treatnent
and di sposal of hazardous waste. 40 CFR Parts 261 and 262 and WAC 173-303 apply to the
proper designation and characterization of the hazardous waste nanaged at the site. There
are several potential hazardous waste streans (RCRA characteristic) that nay be managed at
the site. These waste streans include:

. Denol i shed concrete from buil di ng foundati ons contam nated by soils wth high
concentrations of hexaval ent chrom um

. Excess contam nated surface soil, debris and water fromlinmted renoval, as
requi red, and/or equi pnent/personnel decontam nati on.

. Personal Protective Equi prent contam nated wi th hexaval ent chrom um

40 CFR Parts 261 and 262 and the correspondi ng state Dangerous Waste Regul ations are
applicable to any hazardous waste generated during the treatnent of contam nated
groundwat er. These regul ati ons require proper designation and characterization of

hazar dous waste. The Selected Renedy will conply with these regulations. In addition, 40
CFR Part 264, Subparts | and J are relevant and appropriate for the ground- water
treatnent portion of the Sel ected Renedy. These regul ations, as well as the corresponding
St at e Dangerous Waste Regul ations, require proper use and nmanagenent of containers and
require appropriate controls on tank systens. Wile contam nated groundwater wll be
treated in- situ through injection or augering/injection, according to the Sel ected
Remedy, extraction of groundwater to control sulfate mgration down- gradient of the
treatnent area is possible. The Selected Renedy will conply with the substantive
requirenents for containers, and proper on-site storage of hazardous waste prior to off-
site disposal, should this be necessary.

40 CFR Part 261 and 262 and WAC 173-303-070 also apply to the limted anount of chrom um
contami nated soil that nmay be disposed of off site, if the soil is classified as

danger ous, hazardous, or extrenely hazardous waste. EPA will neet the federal and state
regul ations requiring identification, proper handling and di sposal of hazardous waste.

Sol i d Wast e Managenent - Reducti on and Recycling Act, RCW70.95; M ni mum Functi onal
Standards for Solid Waste Handl i ng, WAC 173-304.

These regul ations establish requirements for the disposal of non-hazardous waste. All
non- hazardous waste generated will be disposed of off-site in accordance with these
regul ations. Since disposal occurs off-site, this |l aw and associ ated regul ati ons
technically are not ARARs. Non-hazardous waste generated during the inplenentation of the
Sel ected Renedy will conply with these regul ations.

Pollution D sclosure Act of 1971, RCW 90.52. 040

This law requires that wastes are to be provided with all known, avail able, and reasonabl e
nmet hods of treatment prior to their discharge or entry into waters of the state, and are
applicable to the potential disposal of treated groundwater extracted down-gradi ent of the
treatnment area. The extracted water will have been treated by an in-situ reduction zone
(ISRM prior to extraction, and prior to discharge to the City of Vancouver sanitary
sewer. This in-situ treatment of groundwater prior to discharge will conply with the
requirenents of the |aw.

U S Department of Transportation 49 CFR Parts 171-180; Transportation of Hazardous
Materials, WAC 446-50

These regul ations establish requirements for transportati on of hazardous materials. These
regul ations are applicable to the transportation of soil, concrete and other debris (if
hazardous) to off-site disposal facilities and EPA will neet these requirenments during FHC
cl eanup activities.



To Be Considered (TBQ)

ARARs are promnul gated, enforceable requirenments that nust be at a site if they are
applicable or relevant or appropriate. O her types of information (e.g., advisories,
criteria and guidance) that are not ARARs, however, may be useful and should be

consi dered, as appropriate, if it helps to ensure protectiveness or is otherw se useful in
desi gning a specific cleanup renmedy. This information is commonly referred to as TBCs. The
foll owi ng docunents are TBCs at this site:

Ecol ogy Statistical Guidance for Ecol ogy Program Managers, August 1992 (Ecol ogy
Publ i cation 92-54) and Suppl enent 6.

Thi s docunent provi des guidance for statistical evaluation of sanpling data when

det er mi ni ng whet her MICA cl eanup standards have been achi eved. EPA will determ ne the
particul ar application of this guidance for use at the FHC site as the sanpling and
anal ysis plan for confirmatory sanpling is prepared.

12.3 Cost - Ef f ecti veness

In EPA’s judgnent, the selected remedy is cost- effective and represents a reasonabl e
value for the nmoney spent. In making this deternination, the followi ng definition was
used: “A renedy shall be cost-effective if its costs are proportional to its overall

ef fectiveness” (NCP Section 300.430(f)(1)(ii)(D)). This was acconplished by evaluating the
“overal |l effectiveness” of those alternatives that satisfied the threshold criteria (i.e.
were both protective of human health and the environment and ARAR-conpliant). Overall
effectiveness was eval uated by assessing three of the five balancing criteria in

conbi nation (long-termeffectiveness and pernmanence; reduction in toxicity, mobility, and
vol ume through treatnent; and short-termeffectiveness). Overall effectiveness of the

Sel ected Renedy was determined to be proportional to its costs and hence this alternative
represents a reasonabl e value for the noney spent.

The estimated cost of the selected remedy ranges from $3, 126,800 to $3, 626, 800. The | ower
end of the range assunes that the ISRMbarrier wall is installed through augering/
injection, while the upper end assunes that injection wells will be used. Both costs
assune augering/injection for the remai nder of the soils source area and plume “hot spot”.
Al t hough the conbi nation of Soil Alternative 6 (In-situ Reduction of Chromum and

G oundwater Alternative 5 (In-situ Treatment of Source Area) is |ess expensive by itself,
it does not provide 1) the containnent/treatnent of potential contam nant mgration during
treatment of groundwater through G oundwater Alternative 5; and 2) |ong term containment/
treatment of residual hexaval ent chrom um contam nation in soils/groundwater, should it
persist after inplementation of the remedy.

12.4 Wilization of Permanent Solutions and Alternative Treatnment Technol ogies to the
Maxi num Extent Practicabl e

EPA has determined that the selected renmedy represents the maxi mumextent to which
permanent sol utions and treatmnment technol ogies can be utilized in a practicable manner at
the site. O those alternatives that are protective to human health and the environment
and conply with ARARs, EPA has determ ned that the Sel ected Renedy provides the best

bal ance of trade-offs in ternms of the five balancing criteria, while also considering the
statutory preference for treatnent as a principal element and a bias against off-site
treatment and di sposal and considering State and community acceptance. These

determ nations are described in Section 9, and summari zed in Section 10, where EPA s
Rationale is provided for the Sel ected Remedy conponents. Both soils and groundwater are
treated in- situ through the injection, or augering/injection of reducing conmpounds. The
Sel ected Renedy presents a safe, in-situ, Aternative-treatnment-technol ogy solution to ex-
situ treatment and off-site disposal alternatives.



12.5 Preference for Treatnent as a Principal El enent

The selected renmedy will treat, in-situ, hexaval ent chromumin both soils and groundwater
whi ch continue to serve as source material at the FHC site and that constitutes the

remai ning principal threat at the site. As a result, hexaval ent chromumin soils

exceedi ng MICA A standards for unrestricted future use will be reduced to trival ent
chromum which is essentially i mobile and nontoxic; and groundwater w th concentrations
of hexaval ent chrom um exceedi ng 5000 pg/L will also be reduced to trivalent chrom um
Because treatnent, in- situ, is the basis of the Sel ected Renedy, the CERCLA preference
for treatnent as a principal element is satisfied at this site.

12.6 Five-Year Review Requirenents

Because this remedy will result in contam nants renmaining in groundwater down- gradient of
the groundwater plunme “hot spot” above levels that allow for unrestricted future use, a
review will be conducted within five years of the renedial action to ensure that the
remedy is, or will be, protective of hunman health and the environnent.

12.7 Docunentation of Significant Changes fromthe Preferred Alternative of the Proposed
Pl an

The Proposed Plan for this ROD Anendnent was rel eased for public coment in June, 2001.
The Proposed Plan identified Alternative 5, In-situ Treatnent of Source Area groundwater,
in conjunction with Alternative 4, ISRM Treatnent Barrier, as the Preferred Alternative
for groundwater. The Proposed plan identified Alternative 6, In-situ Treatnment, is the
Preferred Alternative for soils. EPA reviewed all witten comments submtted during the
comrent period. It was determned that no significant changes to the renedy, as originally
identified in the Proposed Plan, were necessary or appropriate.



PART | 11: RESPONSI VENESS SUMVARY

During the public comrent period for the Frontier Hard Chrone Superfund Site Proposed Plan
(June, 2001) EPA received one conment letter fromthe Gty of Vancouver. This conmment
letter is available in the Adm nistrative Record for the Frontier Hard Chrome Superfund
Site.

In the foll owi ng Responsi veness Surmmary, EPA provides responses to the issues raised by
the Gty of Vancouver. Comrents are summarized or rephrased by EPA for clarity and
brevity.

EPA woul d i ke to thank the Gty of Vancouver for providing comments. These comments have
hel ped to highlight particular issues, and will assist EPA in the design and
i npl enent ati on phases of the project.

Comment 1: What is not described fully in the fact sheet or the Proposed deanup Plan is
the possible toxicity of the reducing chemcals and all the likely chem cal byproducts or
internedi ate products. The expected end product, sulfate, is discussed, and projected to
be present at up to 8 tines the Washi ngton State secondary Maxi num Contam nant Level -
2000 ng/l v. 250 ng/l. To build public confidence in the Plan, EPA should carefully assess
and describe both the toxicity and fate of the injected chem cals and all expected
reactants. Possible reactions between the injected chemcal and naturally occurring
organic matter in the upper soil zone should al so be assessed

Response to Comment 1

As described in the Sel ected Renedy (Section 10 of the Anended RCOD), based upon nodel i ng
results, EPA expects sulfates remaining in groundwater after the dithionite deconposition
to disperse and dilute to the secondary state MCL of 250 ng/L within approxinately 400
days During the period while dispersion/dilution is taking place, concentrations of

sul fate exceeding the criteria will be |ocated well w thin the down-gradi ent FHC pl urme
which is contam nated with concentrati ons of hexaval ent chrom um exceedi ng state
groundwat er cl eanup standards. Sul fate concentrations will dilute/ disperse to the
appropriate concentrations well in advance of groundwater recovery in the sanme area for
hexaval ent chromium The Selected Renedy will al so nonitor concentrations of sulfate in
groundwat er downgradi ent of the |SRMtreatnent barrier. |f concentrations appear higher
t han expected and previously nodel ed, EPA will consider the use of extraction wells to
renove the sul fates.

As described in Section 6 of the Arended ROD, city, state and local institutional controls
are currently in place to prevent access to the contam nated aquifer. Wile it may be
possible for a newwell to be installed, or an existing well to be reactivated, which
accesses the contam nated plume, it is unlikely. If the aquifer were to be used by a party
unawar e of the existing guidelines and regul ations, the prinmary contam nant of concern
woul d remai n hexaval ent chromi um- not sulfates

Sodium dithionite (Na2S2O4) in its dissolved formin water is non-toxic, and is shipped in
comrerce in non-placarded tanker trucks. In its dry powder form it is a |listed dangerous
wast e, because of the characteristic of ignitability. In water solution, this is not a
probl em Expected deconposition products in the subsurface environment under the pH and
concentration condition enployed by the In Situ Redox Mani pul ation process are sulfite
thiosulfite and sulfate. The dithionite is injected at fairly high concentration (~0.01 M
or ~1,700 ppm) and allowed to react for approxi mately 2 days, until dithionite can no

| onger be detected. Typically at this tine, the spent reagent is about half sulfate, and
hal f sulfite, with about 1% 2%thiosulfate. Sulfite and thiosulfite are typically oxidized
by di ssol ved oxygen in the aquifer



Comment 2: An aspect of the Proposed Plan that should be described nmore fully is the
in-situ treatment of soils above groundwater. If the augering nethod of mixing is used
wi Il the vadose zone soils renain unsaturated, or will a significant anount of water be
added to facilitate the reacti on between the chem cal and the existing hexaval ent chrone?
Qurrently, not enough detail regarding the mxing step is provided to allow interested
parties to assess that portion of the cleanup

Response to Comment 2: Treatnent of soils in the unsaturated zone is a key design issue
O primary concern is the potential flushing of contaminants fromthe source soils into
the aquifer during inplenentation of the renmedy; and ensuring adequate exposure of al
contam nated soils in the unsaturated zone to the reducing agents. Wile these issues wll
be addressed in greater detail during design, it is inportant to note

. The Remedial Action will occur in phases. The first phase will be the installation
of the ISRMtreatnent barrier on the down-gradi ent edge of the soils source area and
the groundwater “hot spot”. The ISRMtreatnent barrier is installed in the saturated
zone only, and will be effective prior to treatnent of source area soils and
groundwater. Once the treatnment phase for source area soils and groundwater begins,
any contam nants that may be flushed into groundwater as a result of the process
will encounter the ISRMtreatnent barrier, and reduce prior to noving further
down- gr adi ent .

. Reduct ants augered into the unsaturated zone will be in liquid form The anmount of
liquid used will depend upon a nunber of factors including the tine of year (which
affects the anount of noisture present in the unsaturated zone) and the results of
Renedi al Desi gn

. The Remedi al Design will evaluate the potential for injecting/augering fromthe
saturated zone up through the unsaturated zone. If this nmethod appears feasible and
effective for treatment, it would provide an additional measure of safety in
controlling the movenent of contam nants. Through this method, contaninants
potentially nobilized during injection in the unsaturated zoned woul d encounter a
colum of treated sedi ment/groundwater in advance of the | SRM barrier
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