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1. Site Nanme and Location

The Murray Snelter Site ("the Site") is located in the city of Mirray, Uah, in Salt Lake County as
illustrated on Figure 1. The Site includes the former operational areas of the Murray Snelter and

adj acent Germania Snelter which are referred to as the "on-facility" area, as well as surrounding
residential and comrerci al areas where airborne em ssions fromthe snelters inpacted the environnent or
where contami nation in shallow ground water nmay be transported in the future. These surroundi ng areas are
referred to as the "off-facility" area

The on-facility area is approxi matelv 142 acres. Its boundaries are 5300 South Street to the south, State
Street to the east, Little Cottonwood Creek to the north, and the west set of Union Pacific railroad
tracks to the west. The off-facility area is approxinmately 30 acres to the west of the on-facility area
approxi mately 106 acres south and sout heast of the on-facility area, and a small area between 5200 South
Street and Little Cottonwood Creek to the east of the on-facility area. The west portion of the
off-facility area is bounded by Little Cottonwood Creek to the north, 300 Wst Street to the west, 5300
South Street to the south, and the on-facility boundary to the east. The south/southwest portion is
bounded by 5300 South Street to the north and Wl son Avenue to the south. The off-facility boundaries
were determ ned by EPA based on the results of air dispersion nodeling perforned in Novenber, 1994. The
purpose of the nodeling was to identify the area that potentially woul d have recei ved the greatest anount
of deposition resulting fromlead and arsenic em ssions fromthe Murray Snelter during its operating

peri od.

For environmental sanpling, risk assessnent, and risk managenment purposes, the Site was divided into
smal l er areas to represent realistic areas of human and ecol ogi cal exposure. The 142 acre on-facility
area was divided into el even "exposure units" (EUs) and the 136 acre off-facility area was divided into
eight "initial study zones" (1SZ' s). The riparian area along Little Cottonwood Creek was delineated as
the ecol ogi cal study area. The Site boundaries, EUs, and ISZ's are shown on Figure 2

2. Qperational Hstory

The Gernania Snelter was built in 1872 on the north west corner of the on-facility area adjacent to
Little Cottonwood Oreek. The Gernmnia Snelter processed |ead and silver ores. Asarco bought the Gernania
Snmelter in 1899 and operated it until 1902. At the tine, Asarco was al so constructing the Miurray Snel ter
on property to the south and adjacent to the Germania Snmelter. In 1902, operations at Germani a stopped
and the Murray Snelter began operating and continued processing | ead and silver ores until 1949. Smelting
operations produced a variety of by products including arsenic (as sulfates/oxides in flue dust or as
arsenic trioxide), matte (an iron sulfide matrix with high | ead and copper content), arsenical speiss (an
iron-arsenic-sulfide matrix), and slag (a vitrified iron silicate).

The on-facility portion of the Site includes both the former Germania Snelter and Murray Snelter facility
areas. Mninal specific information is available on the smelter operations at the Germania facility.
After operations ceased, the area was regraded with Germania slag and, later, with slag fromthe Mirray
Smel ter. Subsequently, no significant historical features of the Germania Smelter remain and the
description of snelter operations provided below is based solely on descriptions of the Murray Snelter

At the tine of its construction, the Murray Smelter was reportedly the largest prinmary lead snelter in
the world. In addition to |l ead, several byproducts were also generated including gold, silver, copper
anti nony, bisnmuth, arsenic, and cadm um The nmai n byproducts by vol unme were slag, arsenic and cadm um

Figure 3 is a layout of the Murray Snelter facilities. The Mirray Snelter included an extensive rai
network, two stacks (330 feet and 455 feet high), eight blast furnaces, roasters, arsenic kitchens
sinter plants, mlls and power houses. The facility also included a baghouse for em ssions control. Mst
of the Murray Snelter facilities have been denvolished, except for the snelter stacks, some buil di ng
foundati ons, and the original office/engine room building



A flow sheet for Mirray Snelter operations for 1920 is shown in Figure 4. A though nodifications occurred
during the period of operation, the fundanental processes remained the sane. The raw material, lead ore
was shipped fromvarious |ocations and was classified either as sulfide ore or oxide ore. Oxide ore was
capabl e of being snmelted directly, whereas sulfide ore required a prelinmnary, roasting step to reduce
the sul fur content. The primary nmanufacturing process was therefore characterized by two najor

operations: (1) roasting operations to |ower the sul fur content of sulfide ores and to produce sintered
material suitable for final snmelting; and (2) smelting operations to produce |ead bullion (shipped away
for final refining), matte (sent to the roasters to be treated again by oxidation of its sulfur), and

sl ag. The secondary manufacturing process was the re-processing of flue dust and baghouse dust to produce
arseni c trioxide.

2.1 Roasting Qperations

Prior to 1920, roasting operations involved three furnace types: (1) four W.dge roasters, (2)Dw ght-LIoyd
roasters: and (3) five Godfrey Roasters, operated in conjunction with twenty-seven Huntington and
Heberlein ("H&H') pots.

The Wedge roasters received charge consisting of sulfide ore, matte fromthe blast furnaces, |ead
concentrates fromvarious points, and silica. These furnaces produced roasted ore which was then | oaded
into tramcars and conveyed to cooling bins where it was conbined with | ow sul fur ores and charged to the
Dwi ght - LI oyd roasters. Air em ssions fromthe Wdge furnaces passed directly into a dust chanber that ran
along the north side of the Wedge roaster building and connected the main roaster flue to the Cottrel

Pl ant. The Dwei ght-Lloyd roasters, or sintering nmachi nes, produced nmaterial which was transferred
directly into rail cars and sent to the roast bins where the blast furnace charge was nmade up. Ar

em ssions fromthe Dwi ght-Lloyd roasters were also sent to the Cottrell Plant.

The Cottrell Plant was an electrostatic precipitator. Precipitated materials fell or were shovel ed
directly into rail cars. These materials were either returned to the roasters or sent to the briquetting
plant to be briquetted for charging to the blast furnace. Gases fromthe Cottrell Plant were sent to the
455-f oot stack, which began operating in May 1918. During repairs or other activities on the baghouse
the roaster flue and treatment process received bl ast furnace gases.

The Godfrey Roasters were used to process flue dust fromthe baghouse and Cottrell Plant. Flue dust was
roasted in the Godfrey Roasters and the resulting arsenic trioxide vapor was conveyed to the arsenic
kitchens where it was collected as relatively pure arsenic trioxide. Exit gases fromthe kitchens were
sent to the western portion of the baghouse and col |l ected dust was recycled to the Godfrey Roasters.
Arsenic trioxide was stored in one of two concrete storage bins before transportation offsite for sale as
a product. In 1942, additions were nade to the arsenic kitchens to increase their production capacity
(addi tional kitchens were added) and to provide additional storage (new storage bins for arsenic product
were installed) and conveyance capacity (a systemto convey baghouse dust to the kitchens was installed).

2.2 Snelting Qperations

Snel ting was achi eved by eight blast furnaces. The charge to the bl ast furnaces included oxide ore, flux
material, and roasting products. Air enm ssions were sent to an enlarged flue, along the west side of the
buil ding. Fromthis chanber, the gases passed to a rectangular brick flue, 18 feet wi de by 17 feet high
which led to the baghouse. Exit gases fromthe baghouse were usually sent to the 330 foot stack, although
gases fromthe baghouse or blast furnace were occasionally routed to the 455 foot stack. The baghouse
installed in 1907, was constructed of brick 216 feet long and 90 feet w de, and contai ned approxi mately
4,000 wool en bags, each 30 feet in length and 18 inches in dianeter. In 1920, the baghouse was divi ded
into four conpartnents, three of which were operated while the fourth was cleaned out. Dust fromthe
baghouse was either |loaded into rail cars for transport to tenporary storage areas near the thaw house
where it was kept prior to off-site transport or conveyed to the CGodfrey Roasters and arsenic kitchens by
narrow gauge railway for production of high-grade arsenic trioxide. The material fromthe baghouse was

| ow grade arsenic oxi de, which contained | ower amounts of arsenic than the arsenic kitchen product, with
arsenic present in oxide and sulfate forns. Prior to off-site shipment, arsenic kitchen product was
stored in a wooden arsenic storage bin to the south east of the thaw house.



2.3 Materials Used/ Generated by the Snelter Operaton

The contam nants of concern to human health at the Site are | ead and arsenic 1. Based on the data
generated at the Site and information on historic snelter operations, elevated | evels of arsenic and | ead
at the Site can reasonably be attributed to the follow ng materials:

. Lead Ore: No anal ytical data are available to describe the range of arsenic and | ead
concentrations in ore matenials processed at the snelters. Lead contents for ore from U ah
were reported between 4.4 and 32 percent by weight. Oe nineral ogy was variable, but nay
have included: galena, pyrite, arsenopyrite, sphalerite, anglesite, cerussite, and | ead
oxi de (nassicot).

. Bl ast Furnace Products/By-products. Four materials were typically generated during bl ast
furnace operation: netallic | ead, speiss, matte, and slag. The materials woul d separate due
to their varing densities. Metallic lead was the primary product of the operation, and it is
not expected that any quantity is currently present at the Site

. Matte/ Speiss: In snelting of ores at the Murray Snelter, the amount of speiss
produced was too small to separate it fromthe matte. Matte/speiss generated in the
bl ast furnaces was conprised of nmetal sulfides, with iron being the donmi nant netal
Anal ysis of speiss for various snelters in the western U S. show | ead contents
between 0.5 and 2 percent and arsenic contents between 31 and 32 percent. Analysis of
matte at the same snelters show | ead contents between 8.5 and 18 percent and arsenic
contents bel ow detection limts. Since speiss contents were probably snall at Mirray,
it is believed that any naterial present at the Site will contain higher |evels of
| ead than arsenic. Lead natte/speiss concentrate was stored out in the open in the
northern plant area.

. Slag: Slag is an anorphous, vitrified furnace product and the primary byproduct of
the snelting process. Air-quenched slag was the material generated in the highest
volume by the snelter process and significant quantities are still present at the
Site. Lead concentrations of 8,200 to 16,000 mlligrans per kil ogram (ng/kg) and
arseni c concentrations of less than 5 to 1,500 ng/ kg have been neasured in slag from
the Site (both Germania and Murray slag piles). Metals are not typically rel eased
fromslag under normal environnental conditions. A series of |eaching tests was
perforned on a sanple of slag material collected fromthe Site. The details of the
| eaching tests and the results are summarized in the final Feasibility Study. The
tests indicate that a minimal proportion of the netals present is released from sl ag
when precipitation and ground water are the |eaching solutions. However, the rel ease
of arsenic appears significantly enhanced at both extreme high and | ow pH

. Fl ue Dust: Roasting and furnace operations had a tendency to volatilize arsenic. These gases
were collected and transported in flues to treatnent units, the Cottrell Plant or the
baghouse. Exit gases fromthese units were sent to the stacks. Flue dust is present in areas
where operations were |ocated (flues, the arsenic kitchens, the Cottrell Plant, and the
baghouse) and in areas where flue dust was nanaged (next to the thaw house). Simlar
materials are al so present at the ground surface over a wider area. This is due to
di spersion resulting fromspillage during material handling, and stack enissions. Arsernic
levels in flue dust have been neasured at 25,000 ngy/ kg

. Arsenic Trioxide: Arsenic trioxide was produced primarily during the processing of flue
vapors fromthe Codfrey Roasters in the arsenic kitchens. The material was probably in a
relatively pure form with arsenic primarily present in oxide forns and sone sulfate
present. Pure arsenic trioxide has been neasured at 760,000 ng/ kg arsenic. Approximately
2000 cubic yards of arsenic trioxide have been found in the on-facility area of the Site

. Stack Emi ssions: Exit gases fromthe baghouse and Cottrell Plants were routed to the stacks.
Stack em ssions resulted in the deposition of |ead and arsenic onto surface soils in the
off-facility area. These em ssions occurred during the entire period of snelter operation
Lead levels in off-facility soils inpacted by stack em ssions have been neasured as high as
1800 ng/ kg. Arsenic levels in these soils have been neasured as high as 610 ng/kg

I As will be discussed in subsequent sections of this ROD, contam nants of concern to ecol ogi ca
receptors within the ecol ogi cal study area include other metals in addition to | ead and arsenic
However, the majority of the Site is sufficiently characterized by focusing on | ead and arsenic



2.4 Snelter Denolition

Records indicate that as part of the shut down of the Miurray Snelter, existing raw material feed stock
was processed and the resulting products and by-products were collected and sold. Due to this sequenced
shut down, the anount of residual raw materials, products, and by-products left at the Siteis limted
The exception is slag, the primary by-product of the smelting process, which was initially present over a
large area. The initial quantity has been significantly reduced by mning in the period since the snelter
shut down.

The nmajority of snelter structures were denolished in the period i mediately after operations ceased in
1949. Based on environnmental sanpling and historical photographs, it appears that denolition of the nmain
smel ter structures was conducted in an organi zed manner. Sal vageable nmaterials (e.g., netal fromthe
processing units and rail lines, and other process equi prent) were taken off-site, and building
structures were subsequently denolished with the brick and concrete debris typically spread in the

imredi ate area. Slag was then brought in fromthe slag pile area to cover the debris and to provide a

sui tabl e surface for subsequent devel opment of commerci al / manufacturing operati ons. Today, snelter
materials are typically present within the upper three feet below the current ground surface, primarily
in the formof slag brought in for fill, residual materials such as flue dust within footprints of forner
operations and mixed structural debris fromsnelter denolition in the inmmediate vicinity of forner
structure locations. At a limted nunber of locations, relatively high |evels of arsenic such as that
associated with flue dust are present as deep as 10 feet. This is thought to be the result of dissolution
and transport by surface water infiltration

Several snelter structures remained after the initial denolition activities. Some of the structures were
used as storage buildings until around 1980 when they were denolished as part of Site devel opnent. A few
structures, including the engi ne house and the stacks, are still present today.

3. Site Description

3.1 Land Use

3.1.1 Current Land Use

The on-facility area is currently zoned Manufacturing General Conditional, MGC. This zoning designation
allows light industrial processes to be conducted with heavier industrial uses allowed after a

condi tional use permt has been approved by Murray Gty. The najority of the on-facility area is owned by
the Buehner famly and | eased by a concrete manufacturing conpany; the unrel ated Buehner Corporation. The
conpany nmakes pre-cast and pre-stressed concrete building and transportation products as well as
architectural concrete products. Qther uses within the on-faculty area include a pipe warehouse and
distribution facility, the WR Wite Conmpany, a telecomrunications equi pnent conpany, Skaggs

Tel ecommuni cation Services; a Federal Express outlet; the Murray Cty Police Training Facility; a
portland cenment transfer and supply facility, Ashgrove Cement; other warehouses; and an abandoned asphalt
pl ant owned by Mnroe, Inc. There are two residential trailer parks within the on-facility area. The "Doc
and Dell's" trailer park is located on State Street. The "G andview' trailer park is on the sout hwest
corner of the on-facility area on 5300 South Street. The locations of these trailer parks are noted on

Fi gure 2.

Land use in the off-facility area is mixed residential/comercial. The western portion of the
off-facility area is currently zoned MG C and Commrerci al Devel opnent Conditional, CD C GC D C Zoning
provi des areas where a conbi nati on of busi nesses, commercial, entertainnent and related activities nmay be
establ i shed and nai ntai ned. The southern portion of the off-facility area is currently zoned MG C and
low density single famly residential, R 1-8 The Murray Junior H gh School and the Miurray H gh Schoo

are located in the south portion of the off-facility area

3.1.2 Future Land Use

In 1997, the Murray City council adopted a |and use plan for future devel opnent of the on-facility
portion of the Site and anended its General Plan accordingly. The |and use plan for the on-facility area
i ncl udes construction of a north-south roadway corridor fromVine Street to 5300 South Street through the
central portion of the on-facility area. Murray City council has appropriated the funding for the road
whi ch extends north and south of the Site along the alignnent shown in Figure 5. This alignment takes
into account the Gty's desire for traffic volume and the owners' desire for sufficient access. Largely
due to the construction of this access road, a significant portion of the on-facility area is highly
likely to be redevel oped in the near future. CQurrent |and owners are discussing options with the Gty and
potential devel opers to optimze future use of the area. Much or all of the outdoor industrial activity
is expected to end, to be replaced with light industrial/ comercial activities. The Cty will rezone the



area to GD-C use by passing an ordi nance establishing an "overlay district" which restricts certain uses
and requires city review of devel opnent plans within the on-facility area boundari es.

Al so, all residential occupation within the on-facility area will soon end. A Site devel oper has acquired
an option to purchase the Doc and Dell's trailer park with the intention of converting the trailer park
to conmercial uses. Gandview Trailer Park has been purchased by the Wah Transit Authority (UTA) and
residential |eases are not being renewed. UTA intends to swap the G andview parcel for a parcel of |and
owned by the Buehner famly near Ashgrove. Wthin two years, UTA will construct a light rail station
platform adj acent to the existing railroad tracks along with associated of f-street parking, and

| andscaping. If the land swap wi th Buehner occurs, then residential occupation of Gandview w |l be
terminated nore rapidly as the site is developed. In either case, residential occupation of G andview
will likely end within two years.

The Amendnent to the General Plan for Murray City also includes three other potential public use
proj ects:

1) Mirray City Court/Police Administrative Ofice. There is interest in locating a court/police conpl ex
somewhere south of Little Cottonwood Oreek, and south of Vine Street. The Gty will be establishing
its own court systemwithin a few years and will ultimately need facilities to be constructed for
this purpose. There is an urgent need to provide adequate police facilities as well as additional
space in Cty Hall. It is anticipated that three to five acres will be needed for this facility.

2) Little Cottonwood Creek Parkway |nprovenents. The Miurray Parks & Recreation Department is interested
in obtaining property to enhance the south side of Little Cottonwood Creek with | andscaping, a
wal ki ng and bicycle trail, urban plaza, pavilion and restroomfacilities contained within
approximately 5 acres. This would allow the extension of the Gty's existing trail systemwth a
target of connecting to the Jordan River trail system

3) Snelter Site Interpretive Park. There is also interest in developing a small interpretive park at the
base of the snelter stacks that would be no | arger than approxinmately two acres. The small park coul d
contain a plaza, seating, fountain and | andscaped areas. H storical information relating to the
smelter Site history would be integrated into the park devel opnent.

This type of devel opnent provides the opportunity to integrate inplenentation of remedial actions into
devel opnent activities, a key objective of EPA's Brownfields Program G ven the interest in devel oping
the on-facility area and the high | evel of involvenent and conmitnment by the Gty of Murray and the
current land owners, there is sufficient certainty concerning, future land use to identify the reasonably
anticipated future | and use scenario as recommended in the EPA OSVER directive "Land Use in the CERCLA
Remedy Sel ection Process". The reasonably anticipated future |and use for the on-facility area is |ight

i ndustrial/comercial use.

In the off-facility area, areas to the west of the on-facility area (1SZ-1 and 1SZ-8) are zoned MG C and
C-D-C but do have sone residential occupation. This zoning prevents the construction of new hones, and
therefore, residential occupation is expected to end in the future. To the south of the on-facility are
(1SZ-6 and 1Sz-7) a portion of the land is zoned for residential use and a portion is zoned MG C
Simlar to the western off-facility area, although there are sone existing non-conformng residences,
residential occupation is expected to end sonetime in the future due to the prohibition of new hone
construction and the redevel opnent of the on-facility area. The reasonably anticipated future | and use
for the off-facility area is a conbination of commercial/light industrial and residential.

3. 2 Topogr aphy

The Site is mainly flat in the southern portions. Near Little Cottonwood Oreek on the

north, the terrain slopes steeply. This area used to be filled with slag fromthe Mirray Snelter but
over the years since the snelter shut down, the slag has been excavated and used throughout the
Salt Lake Valley. A steep wall of concrete debris fromrecent Site uses and residual slag renains
in the northern area where slag used to exist.

3.3 Geologic Units and Soils

The geologic units at the Site consist prinarily of |ake sedinents from Pl ei stocene Lake Bonnevill e,
however, younger alluvial floodplain deposits are found along Little Cottonwood O eek. The | ake sediments
consi st of clays, silts, and fine sands and underlie the nmore recent alluvial stream deposits which
generally consist of silt, sand, and gravel. Surface soils within the on-facility portion of the Site
have been disturbed, affected by the construction and operation of smelting, ore handling, and refining
facilities over a period of 77 years. In nmore recent tinmes, construction and operati on of concrete,



asphalt, and other commercial or manufacturing facilities have further disturbed the area's soils. In
particular, construction of the facilities and the deposition of slag fromsnelting operations and ot her
fill materials have covered the majority of the original surface soils

In the off-facility area, surface soils have been significantly affected by extensive general urban
devel opnent .

3.4 Hydrogeol ogy

The Site lies on an area covered by thick valley-fill (alluvial) deposits that conprise several distinct
aqui fers within the aquifer system Specific conponents of the aquifer systemare as foll ows:

. Shal | ow Aquifer: a shallow, unconfined aquifer conprised of interbedded sandy cl ays and
cl ayey sands occurring above the Bonneville Blue O ay;

. Bonnevi |l l e Blue O ay: approximtely 30-foot-thick continuous |ayer of clay separating the
shal l ow and internedi ate aquifers

. Internediate Aquifer: a confined aquifer imrediately underlying the Bonneville Blue d ay
conprising approximately 10 to 20 feet of relatively coarse-grained deposits; and

. Deep Aquifer: an artesian aquifer, several hundred feet bel ow the internediate aquifer
conprising various coarse-grained valley-fill deposits

The shal l ow aquifer is unconfined with a saturated thickness that ranges from2.5 to 25 feet within the
on-facility area. The average depth to water is approximately 10 feet. The aquifer materials have a
geonetric nmean hydraulic conductivity of 5 feet per day (based on estinmates fromdifferent locations in
the study area ranging from1l to 112 feet/day). Goundwater in the shallow aquifer flows along the top of
the Bonneville Blue Oay, generally north-northeast, toward Little Cottonwood Creek as shown in Figure 6
Water |evels measured adjacent to the creek indicate that the shallow aquifer is hydraulically connected
to Little Cottonwood Creek and that groundwater discharge to the creek occurs during certain times of the
year.

The second conponent of the aquifer systemis the Bonneville Blue Oay. Avail able hydrogeol ogic
information indicates that the Bonneville Blue Clay is continuous across the facility and the surrounding
area. This lithologic unit forms an effective barrier for vertical groundwater novenment fromthe shal | ow
aqui fer to the internedi ate and deep aquifers. Analyses presented in the Feasibility Study support this
concl usi on.

Beneath the Bonneville Blue day, the internmedi ate and deep aquifers are separated by nore than 200 feet
of interbedded fine- and coarse-grained valley-fill and alluvial deposits. Both receive recharge
primarily up gradient of the Site. Goundwater in the internediate aquifer flows north-northwest across
the Site as shown in Figure 7, and the aquifer is not hydraulically connected to surface water bodies in
the vicinity of the Site. The deep aquifer is the nain source of drinking water for nost residents in the
Salt Lake Valley. Municipal water-supply wells located in the vicinity of the Site are screened nore than
500 feet bel ow the ground surface in the deep aquifer

3.4.1 Potential for Use of Gound Water as a Drinking Water Supply

It is unlikely that the shallow aquifer will ever be used as a potable water supply due to severa
conditions. Prinmarily, the water is of poor quality for drinking water. Background total dissolved solids
(TDS) concentrations range from 606 to 3,236 ng/L and exceed EPA's secondary drinking water quality
standard of 500 ng/L. Additionally, this water supply is only available in limted quantity due to the
aqui fer thickness coupled with | ow hydraulic conductivities which do not produce sufficient water for
typi cal water supply needs. The internedi ate and deep aquifers provide |ower TDS and hi gher yielding

wat er supplies. However, within EPA's ground water classification system two factors are considered in
desi gnating ground water as a potential drinking water source; water quality and yield. In EPA's

regul atory schene, water is considered to be suitable for drinking if it has a TDS concentration of |ess
than 10,000 ng/L and either can be used without first being treated or can be rendered drinkable after
being treated by nethods reasonably enployed in a public water supply systemand can sustain a yield of
150 gal | ons per day. The characteristics of both the shallow aquifer and the internmediate aquifer at the
Site neet EPA's criteria for designation as a potential drinking water source, dass Ilb and Wah's
criteria for designation as a Cass Il drinking water under Uah's Gound Water Quality Protection Rule
The deep aquifer meets both EPA's and Wah's criteria for designation as a Class | aquifer, a current
drinki ng water source



3.5 Surface Water

Little Cottonwood Creek is a perennial streamflow ng along the north/northeast boundary of the
on-facility area and into the Jordan River approximately one nile downstream The stream has been altered
by urban and agricultural devel opnent both upstream and downstream of the Site. In the northern portion
of the on-facility area, the course of the streamwas altered during snelter operation. Facility draw ngs
and aerial photographs indicate that the creek originally flowed through the northern portion of the
on-facility area, but during snelter operation the creek was diverted to the north with the fornmer
channel incorporated into the slag pile. Today, the upstreamreaches of the creek are bordered by
residential areas or parks, while the Site and downstream reaches are mainly bordered by

commerci al /industrial areas.

H storically, Little Cottonwood Creek has been stocked with rainbow trout and German brown trout;

however, reproductive success of these fish is thought to be poor due to the steep gradient and a bel ow
average availability of good quality pools in the creek. In the vicinity of the Site, Little Cottonwood
Creek is designated by the State of Uah for secondary contact recreati on use such as boati ng and wadi ng
(classification 2B), for cold water gane fish use (classification 3A) and agricul tural use
(classification 4). A survey of Little Cottonwood Creek conducted in 1997 found no diversions of surface
water for agricultural use downgradient of the Site. A though no fornmal petition has been brought forward
to the Ubah Water Quality Board to change the agricultural use designation, existing evidence docunented
in the survey report suggests that such use is not likely in the future.

In addition to the use designations assigned by the State of Wah, fisheries habitat in UWah is
inventoried and classified on a statewi de basis by the Utah Division of WIdlife Resources. The section
of streamnear the Murray Snelter has been designated as a Cass 5 stream based on esthetics,
availability, and productivity as determ ned in a physical habitat survey conducted in 1974. According to
the classification system Cass 5 streans are now practically valueless to the fishery resource, however
many waters in this class could provide valuable fisheries if sufficient quantity of water could be

provi ded.

On the northern area of the Site, shallow ground water within the floodplain of Little Cottonwood Creek
surfaces at three distinct locations to formwetlands. An area of 0.75 acres of wetlands were identified
in a delineation study done in June, 1997 by Hydronetrics titled "Report of Wetland Deternination, Little
Cottonwood Creek Riparian Area, Forner Murray Snelter Site, Miurray, Wah".

3.6 dimate

The Salt Lake area has a sem-arid climate. Average precipitation is approximately 16 i nches per year and
the average air tenperature is approxi mately 64 degrees Fahrenheit. The Site el evation is approxinately
4280 - 4315 feet above sea |evel.

3.7 Floodpl ain

The nost recent flood insurance study which includes Little Cottonwood Creek was done by HUD in 1994.
Several differences have been observed between existing floodpl ain topography and the floodplain cross
section data utilized for devel opment of the nost recent floodplain map. Existing conditions conpared
with conditions from which previous floodplain delineations were based, show nore floodplain area in the
sout hbank (within the on-facility area) and less flood plain was in the northbank (north of the Site
boundary). The | arge existing southbank fl oodplain area probably resulted from excavation of slag from
this area, or it may have been excluded from previ ous studi es because it may not be part of the effective
fl ow conveyance. Mbst of the site is outside of the 100 year floodplain as shown on Figure 8 fromthe HUD
st udy.

3.8 Nearby Popul ati ons and Denogr aphi cs

Based on data fromthe 1990 census, approxi mately 20,000 people live within a mle radius of the Site.
The najority of this population is non-mnority. O the 20,000, there are approximately 2,100 children 5
years ol d or younger, 2,700 adults over the age of 60, and 4,200 wonen of child-bearing age (18-45 years
old). Figure 9 summarizes this denographic information.

4 Site History and Enforcement Activities

4.1 Administrative Oder on Consent for an Engi neering Eval uation/ Cost Analysis

In January, 1994, EPA proposed that the Site be listed on the National Priorities List. On August 5,
1994, EPA issued a letter of "Notice of Potential Liability and Demand for Paynent to Asarco.



Negoti ati ons between EPA and Asarco commenced shortly thereafter culmnating in Septenber, 1995 when EPA,
Asarco, and Murray Gty entered into an Admnistrative Order on Consent (ACC) for the performance of an
Engi neeri ng Eval uati on/ Cost Analysis (EE/CA) for the Site. EPA retained responsibility for perfornmng a
basel i ne hunman health and ecol ogi cal risk assessnment for the Site. The EE/ CA was intended to support a
Non-Time-COritical renoval action.

4.2 ACC for Tinme Oritical Renoval

On Septenmber 13, 1995, EPA and Asarco entered into a separate ACC for conducting a tinme critical renoval
at the playground area of the Gandview Trailer Park. The scope of this tine critical renoval was
excavation of soils within and adjacent to the playground which contai ned unacceptable | evels of |ead and
arseni c and backfill of those areas with clean fill. This renmoval action was conpleted by Asarco in
Novenber, 1995. The renoved soils have been tenporarily stored in a waste pile on-Site and will be

consol idated on-Site as part of the remedial action selected in this RCD.

4.3 Menorandum of Understanding with Murray Gty

In April, 1996, EPA and Murray City entered into a Menorandum of Understandi ng whi ch established that
Mirray Gty would assist EPA in identifying current and potential future land use at the Site, in

devel opi ng response action alternatives, and in inplenenting any institutional controls required by EPA' s
chosen response action.

4.4 EEH/ CA

Data needs were identified in the EEf CA Wrk plan, an attachment to the EE/ CA ACC. Environnental sanpling
to support the EE/CA and risk assessnments began in April 1995. Asarco conpleted a Site Characterization
Report in August, 1996. Shortly thereafter, EPA decided to redirect what had been a Non-Tinme-Critical
Renoval activity into the renedial action franmework. Accordingly, the requirenent for an EE/ CA was
changed to a Feasibility Study. Table 1 shows the conpletion dates for the major docunents which support
this Record of Decision (ROD).

Table 1: Conpletion Dates for Major Documents Supporting the RCD

DOCUMENT RESPONSI BI LI TY COVPLETI ON DATE
Site Characterization Report Asarco August, 1996
Basel i ne Human Heal th Ri sk EPA May, 1997
Assessment
Feasibility Study Report Asar co August, 1997
Basel i ne Ecol ogi cal Ri sk EPA Sept enber, 1997
Assessnent
Proposed Pl an EPA Sept enber, 1997

4.5 Informati on Requests

EPA sent CERCLA, 104(e) requests to Asarco and on-facility property owners by letter dated April 25, 1996
seeking information on operations at the Site and naterial handling and storage details. Responses to the
information requests were provided by all recipients.

5. Scope of Response Action

The remedi al action which is the subject of this RODis the second of the three response actions EPA
considers to be necessary at the Site. The first response action was a tine critical renoval of soils
located in and adjacent to the playground area at the G andview Trailer Park. These soils were

contam nated with |l ead and arsenic at |evels considered by EPA to be unacceptably high. The area was
backfilled with clean fill. The decision to undertake the time critical renoval action is docurmented in
an Action Menorandum si gned by EPA Region 8 on Novenber 7, 1995. Asarco conpleted the G andview Trailer
Park time critical renmoval action in Novermber, 1995.

The remedi al action described in this ROD addresses contam nated ground water, the subsurface soil which
is the source of the ground water contam nation, contam nated surface soils, and the surface water of
Little Cottonwood Creek as foll ows:



1. Contaminated ground water. Source control will be inplenented by excavation and off-site di sposal of
the principal threat wastes at the Site, approximately 2000 cubi ¢ yards of residual undiluted arsenic
trioxide. This material is considered a principal threat due to its high nobility and its denonstrated
ability to act as a source of Ground water contam nation. In addition, direct contact with this
material may result in acute human health risks. Further source control wll be inplenented by
excavation of approximately 68,000 cubic yards of |low level threat waste, diluted arsenic trioxide or
flue dust mxed with soil, fill, or debris fromforner snelter structures. This material wll be
consolidated within a repository systemconstructed within the Site boundaries. The repository will be
designed as the base for a new access road through the Site which was planned by Muirray Gty. The
access road is expected to be the catalyst for Site devel opnment. Mnitored natural attenuation wll
address the residual ground water contam nation w thin and down gradi ent of these source areas.
Institutional controls in the formof a Murray Gty ordi nance establishing an "overlay district" and
restrictive easenents that run with the land both will prohibit the construction of new wells or use
of existing wells (except EPA approved nonitoring wells) within the on-facility area and the western
and eastern portions of the off-facility area.

2. Contam nated surface soils. On-facility surface soil containing |levels of |ead and arsenic which
exceed renediation levels will be covered. The barriers will provide protection by breaking the
exposure pathways associated with long termdirect contact with these soils. Site devel opnent itself
is expected to result in additional protection of human health since | and uses associated with
unaccept abl e human health risks will end. A so, the developnment will result in the construction of
addi tional barriers (new buildings, roads, sidewal ks parking |ots, and | andscapi ng) over renaining
surface soil and slag. Al though no unacceptable risks associated with exposure to slag were identified
by EPA, the devel opment of the Site will ensure no exposure to slag in the future. Institutional
controls in the fromof a Muirray Gty ordinance will establish an "overlay district" which includes
zoning to prevent residential and contact intensive industrial uses within the forner snelter
operational areas and will require maintenance of the barriers and controls or excavated subsurface
material within this same area. Restrictive easenments that run with the land will be established in
addition to the overlay district to prevent residential or contact intensive industrial uses.

Of-facility surface soils containing |levels of |ead exceeding remediation levels will be renmoved and
replaced with clean fill. The renoved soil will be used on-facility as subgrade material in
construction of the repository system

3. Surface water. Little Cottonwood O eek, which forms the northern boundary of the Site and to which
shal | ow ground water discharges will be nonitored to ensure continued protection during the ground
wat er natural attenuation process. Additional nonitoring of the ecol ogical study area of the Site will
be used to reduce the uncertainties identified in EPA's predictions of ecol ogical risk.

The remedi al action protects ground water and Little Cottonwood Creek and incorporates the construction
of a new north-south access road through the site which will encourage future devel opnent of the Site and
hel p achieve Murray City's goal of nore appropriate |and use through site devel opment. Institutional
controls will prevent exposure of people to ground water with arsenic concentrations that represent an
unacceptable risk and will also ensure that future uses of the land will be protective and that the
remedi ation will be maintained.

EPA expects that an additional response action will be required at the Site. A structural analysis of the
exi sting stacks at the Site was conpleted in January, 1998. The study concludes that both stacks as they
exi st today are not able to withstand seismc events which are specified in the current Uniform Buil ding
Code. Based on infornation collected as part of Site characterization efforts on the nature and extent of
contami nation on interior bricks of the stacks, EPA expects that an additional tine critical renoval
action will be required to address the potential for rel ease of hazardous substances and resulting health
ri sks associated with the potential structural failure of the stacks.

6. Hghlights of Community Participation

EPA's community invol verent activities at the Site began in March, 1995 with the establishment of the
information repository at the Murray City Library. In August, 1995, when the EE/ CA work plan was in final
preparation, EPA and UDEQ rel eased a fact sheet describing the scope and objectives of the site
investigation. Wth the assistance of Murray Gty officials, two public neetings were conducted on August
9, 1995 and August 10, 1995 to informthe affected citizens of Mirray about the up-com ng investigation
activities on or near their property.

In Septenber, 1996, EPA rel eased another fact sheet describing the prelimnary results of the baseline
human health and ecol ogi cal risk assessnents. Since the results were specific to separate popul ations,
EPA conduct ed six separate public meetings and two availability sessions to explain the results of



environnental sanpling and risk assessnents.

In Cctober, 1996, EPA initiated the formation of the Mirray Snelter W rking G oup consisting of
representatives of UDEQ Asarco, owners of property and businesses on the Site, Murray Cty, and EPA. The
purpose of the Wrking Goup was to inform EPA about pending Site devel opnent plans and to provide a
forumfor discussing alternative cleanup strategies for the on-facility area of the Site. In a series of
open neetings conducted during Cctober, 1996 through February, 1997, inplications of renedial
alternatives were di scussed by the working group. EPA provided information on the nature and extent of
contami nation and the clean up requirenents.

The followi ng commtnents were nade as a result of the Wrking G oup sessions:

1. Current property owners, Mirray Gty, and Asarco are conmitted to acconplishing the necessary tasks to
ensure that a new road will be constructed on the Site between Vine Street and 5300 South Street.
These tasks include dedication of the land for the road right of way and agreenent on the
establ i shnent of a "Special Inprovenent District" to fund utility construction.

2. CQurrent property owners and Murray City are willing to work together to establish appropriate public
and private institutional controls as required by EPA s sel ected renedy.

3. Asarco is willing to use its best efforts to design a renmedial action that is consistent with the
Murray Gty General Land Use Pl an.

The agreenents anong the menbers of the Murray Smelter Working Group are nenorialized in an Agreenent in
Principle signed in May, 1997.

In Septenber, 1997, EPA rel eased the Proposed Plan for the Site and made avail able all supporting
docunents in the information repository established at the Mirray Gty Library and the EPA Superfund
Records Center at the EPA Region 8 offices in Denver, Colorado. The notice of availability of these
docunents was published in the Salt Lake Gty Tribune and the Deseret News on Septenber 23, 1997. A
public comrent period was held from Septenber 22, 1997 until Cctober 22, 1997. In addition, a public
meeting was held on Cctober 1, 1997. Responses to the comments received during the public comment period
are included in the Responsiveness Summary which is part of this ROD. A summary of the highlights of
community participation is presented in Table 2.

Thi s deci si on docunent presents the selected renedial action for the Murray Srmelter Site in Mirray, U ah,
chosen in accordance with CERCLA and the National Contingency Plan. The decision for this Site is based
or the administrative record.

Table 2: H ghlights of Comunity Participation Activities

ACTIVI TY SUBJECT DATE
Fact Sheet summary of site investigation  August, 1995
activities
Public Meeting expl anati on of sanpling August 9-10, 1995

activities

Fact Sheet draft risk assessnent release  Septenber, 1996
Public Meetings/Availability draft risk assessnent and Sept enber, 1996
Sessi ons sanpling results
Mirray Snelter Wrking future site use plans and Cct ober, 1996 - February,
G oup Sessions remedi ation alternatives 1997
Fact Sheet Proposed Pl an of Action Sept enber, 1997
Public Meeting comrents on the Proposed Cct ober, 1997
Pl an
Publ i c Comment Peri od Proposed Pl an of Action Sept enber 22 - Cctober 22,

1997



7 Summary of Site Characteristics
7.1 Scope of Site Investigation Activities

Using data available fromPrelininary Assessnent/Site Investigation activities. EPA perforned screening
level calculations to identify the chenicals of concern which would be the focus of site
characterization, risk assessment, and remedial activities at the Site. This analysis is docunented in
the "Prelimnary Scoping Report" prepared by EPA in Decenber, 1994. The anal ysis concludes that |ead and
arsenic are the chemcals likely to be of substantial concern to humans. Based on these results, the

EE/ CA Work Pl an specified | ead and arsenic chenmical analysis of soil and ground water sanples collected
to support site characterization and the baseline hunman health risk assessnent. Recogni zing that

chem cals of concern to ecological receptors, especially aquatic organisns, often are different from
those of concern to humans, EPA selected the ecol ogi cal chemnicals of concern by eval uating historica
data collected fromsurface water, sedinent, and soil in the Little Cottonwood Creek riparian zone. This
eval uation was done by the EPA Region 9 Ecol ogi cal Technical Assistance Goup (ETAG at a meeting on
January 31, 1995. In addition to arsenic and |ead, the ETAG identified al um num cadm um copper,
mercury, nickel, selenium silver, thallium and zinc as ecol ogical chenicals of concern to be
investigated in the ecol ogical study area

7.2 Soil and Dust Investigation

The site investigation for surface soil, subsurface soil, and dust is detailed in the Final EE/ CA Wrk
Pl an conpleted in Septenber, 1995. Prior to sanpling, the on-facility area was divided into el even | SZ
based on current property boundaries and land use. Sinilarly, the off-facility area was divided into

ei ght EUs based on consideration of the predicted pattern of historic air deposition fromthe site al ong
with current street and | and use features. A total of 10-20 surface soil sanples (defined as 0"-2" deep)
were collected fromeach on-facility EU Mre sanples were collected fromthe | arger exposure units. In
addition, test pits were excavated in several exposure units, using existing and historical features to
select the location of the pits. Special enphasis was placed on areas where potential sources of

contam nation such as historical l|ocations of the snelter flues, the bag house, waste transfer
facilities, the roasting areas, the arsenic kitchen, and the snelting areas were |ocated. At each test
pit, subsurface sanples were collected in one foot intervals to a depth of 5 feet.

In the off-facility area, surface soil sanples were collected from10 to 16 distinct residential yards
(depending on the size of the 1SZ) within each 1 SZ. Each sanple was a conposite of surface soil from4 to
6 sub-locations within the yard. In addition, 16 soil borings were collected (two different locations in
each 1SZ) and subsurface soil sanples were collected fromthe 0"-2", 2"-6", 6"-12" and 12"-18" intervals.
These subsurface sanples were collected to characterize the vertical extent of contamination in each
off-facility ISZ. Indoor dust sanples were collected from22 different hones or buildings in the
off-facility areas. Sanples were collected using a hand held vacuum Typically, each sanple was a
conposite of dust collected fromthree areas, each about 2 feet by 7 feet. Summaries of sanpling results
for soil and dust can be found in Tables 3-5.

After the Baseline Human Heal th Ri sk Assessnment was conpl eted, supplenental soil sanpling was conducted
in every residential yard within those | SZs which were predicted to have unacceptable risk. A summary of
this supplenental sanpling effort can be found on Figures 10-12

Table 3: Summary Statistics for Indoor Dust Sanples

CHEM CAL # OF SAMVPLES AVERAGE RANGE
Arsenic 22 27 myl kg 5 ng/ kg - 94 ng/ kg
Lead 21 303 ng/kg 83 nu/kg - 757 ngy/ kg

In order to gain informati on on the physical and chemi cal nature of the |l ead and arsenic present in
surface soil, EPA collected 10 sanples fromlocations on the Site. These sanples were dried and sieved to
yield the fine fraction (<250 un) and submtted for geochenical characterization. The lead in soil at the
Site occurs in a variety of different forms, nost commonly as | ead phosphates, lead silicates, |ead

oxi des, iron-lead oxides, |ead arsenic oxide, and lead sulfide. In contrast, arsenic occurs mainly as
ferric-lead-arsenic oxide and | ead-arsenic oxide with only small anounts of other arsenic species. The

| ead and arsenic bearing particles were mainly snmaller than 20 umw th about 80% of all the lead or
arsenic bearing grains existing in a liberated or cenented state, with only about 20%existing within a



rock or glass matrix.
7.3 Slag Investigation

EPA col | ected a single conposite sanple of slag fromnine different |ocations at the Site. Two of the
subsanpl es were fromthe Germania snmelter slag pile, six were fromthe face of the slag nonolith | ocated
adj acent to EU-2, and one was fromthe slag at the base of the slag pile adjacent to Doc and Dell's
trailer park. The conposite slag sanple was anal yzed in duplicate using Contract Laboratory Program

nmet hods. The nean val ues of the duplicate anal yses are 695 ng/ kg arsenic and 11,500 ny/ kg | ead

In addition to chemical analysis, the slag sanple was subnmtted for geochenical characterization. As
expected, the principle formof |ead-bearing particle in the slag sanple is slag (i.e., particles of
glassy matrix with | ead dissolved in the glassy phase). However, this type of particle contains a
relatively |l ow concentration of |ead and so does not account for nmost of the |lead nass in the sanple.
Rat her, the majority of the relative | ead mass exists in the formof |ead oxide with snaller
contributions fromagalena (9%, |ead arsenic oxide (6% and other metal |ead oxides (4% . About 87% of
all lead bearing particles in the slag sanple are liberated, accounting for about 77%of the relative
| ead mass.

Simlarly, the nost frequent type of arsenic bearing particle in the slag sanple is slag, accounting for
62% of the relative arsenic mass. The najority of these particles are |liberated, existing partially or
entirely outside the confines of glassy slag particles

7.4 Gound Water Investigation

The ground water investigation was conducted in two phases which included installation of 13 nonitoring
wells in the shallow aquifer, 7 nonitoring wells in the internmedi ate aquifer (Phase I), and a hydropunch
investigation (Phase Il). Several other on-facility wells that had been installed in earlier
investigations were al so redevel oped and sanpled. A presentation of the results of all the ground water
sanpl i ng performed between Cctober, 1995 and April, 1996 is contained in the final Site Characterization
Report. Shallow alluvial and internmedi ate around water continues to be nonitored quarterly. Summaries of
the sanpling results for key analytes in shallow ground water can be found in Table 6. A full summary of
a ground water sanpling results can be found in the Cctober, 1997 G ound Water and Surface \Water

Moni toring Report. The nost severe Site-related inmpact to shall ow ground water was found to be arsenic
contami nation. Figure 6 illustrates the arsenic levels detected in shallow ground water in January, 1996
District plumes of contam nation can be seen in areas underlying the former | ocations of snelter
oper ati ons.

7.5 Surface Water, Sedinent, and Riparian Soil Investigation

Sanmpl es of surface water, sedinent, benthic nacroinvertebrates, and riparian soil were collected in the
ecol ogi cal study area and anal yzed for ecol ogi cal chenicals of concern as part of site characterization
efforts. Figure 13 shows the |ocations of these sanples. Summaries of the results of this sanpling can be
found in Tabl es 7-10.

Subsequent to site characterization efforts, additional quarterly surface water sanpling was conducted
beginning in July, 1996. Additional |ocations were established to characterize areas of Little Cottonwood
Creek which receive ground water discharge fromthe shallow aquifer and to characterize the effects of
ground water and point source discharges on the water quality of Little Cottonwood Oreek. Figure 13a
shows these additional |ocations. This supplemental sanpling was limited to arsenic anal ysis. Summaries
of the surface water results can be found in Table 11

The results of the point source discharge sanpling are particularly significant because they indicate
that the increase in dissolved arsenic concentrations in Little Cottonwod Creek occurs in the vicinity
of the discharge froma stormsewer culvert running north along State Street. Loading cal cul ations
presented in the April, 1997 quarterly nonitoring report denonstrate that nearly all of the dissol ved
arseni c | oadi ng (88% 100% accounting for flow measurenent accuracy) observed in the creek appears to
originate fromthe cul vert point source discharge. Gound water discharge fromthe shallow aquifer in the
on-facility area to the south of the creek was not shown to have a measurable effect on arsenic load in
the creek.



8. Summary of Site Risks and Renedial Action Objectives
8.1 Human Heal th Ri sks

EPA conpl eted a baseline risk assessnment for the Site in My, 1997. Human health risks were cal cul ated
separately for four groups of people to characterize risks for the current and reasonably antici pated
future land use; on- and off-facility residents; on-facility workers who spend nost of the day indoors
(non contact intensive (NCl) workers); on-facility workers who spend nost the day outdoors and are
engaged in activities that result in significant exposure to soil and dust (contact intensive ()

wor kers); and teenagers who have been observed congregating in areas along Little Cottonwood Creek. The
exposure pathways eval uated for each group were ingestion of soil and dust, ingestion of slag (only
eval uated for current and future teenagers), and ingestion of ground water. Q her exposure pathways to
site-related wastes are judged to be sufficiently minor that quantitative eval uation was not warranted
The current land use for the site is a conbination of comrercial (best represented by NC Wrkers),
industrial (best represented by C workers), and residential. As discussed in Section 3, the reasonably
anticipated future land use for the on-facility area is comrercial/light industrial (NC) and for the
off-facility area is a conbination of comrercial/light industrial (NCl) and residential. The exposure
assunptions used in the risk assessnent were al so used to develop prelimnary renediation goals for soil
These assunptions can be found in Appendi x B

The risk assessnment, was perforned using two distinct approaches for the on-facility and off-facility
portions of the Site. The majority of the on-facility was divided into seven EUs, sized to approxinate
the area over which a typical office or industrial worker would come into contact with surface soils
during a working lifetime. The residential trailer parks within the on-facility area were divided into
four smaller EUs sized to approxi mate the area over which a child or adult might come in contact with
soil during the period of residence. Soil sanples were collected within each exposure unit and averaged
according to EPA guidance. This average, the "exposure point concentration", was the basis for the risk
calculation. EPA will manage risks for the on-facility area by EU

In contrast, the off-facility was divided into eight |SZs sized to represent nei ghborhoods, not

i ndi vidual residences. This was because historical data indicated little variability in concentrations of
| ead and arsenic within neighborhoods. Concentrations in general tended to decrease with distance from
the snelter site. The term|SZ was chosen deliberately to reflect that the risk assessnment for the
off-facility area is an "initial" or screening | evel assessment. The exposure point concentrations for
the off-facility risk assessnment were the average concentrations for each | SZ or nei ghborhood. EPA
establ i shed the followi ng decision rule for the off-facility: If the screening |level risk assessnent
predi cts unacceptable risks in a given | SZ, the assessnent will be refined (i.e., additional sanples will
be collected to characterize each residence, exposure point concentrations will be established based on
these sanples and will be conpared to the remediation goal), if the screening |level risk assessnent
predicts acceptable risks in a given 1SZ, that 1SZis considered to require no further action. Based on
this decision rule, additional soil sanples were collected fromeach residence within ISZ 1, 6, and 7
The refinement of the screening | evel assessment was conpleted after this supplenental soil sanpling was
perforned in ISZs 1, 6 and 7 in January, 1997. A conparison of these sanpling results with the
residential renediation goals conprises the final risk assessnent for the off-facility area. EPA wll
nmanage risks for the off-facility area by individual yard

8.1.1 Arsenic Risks

The risks associated with exposure to arsenic in soil are sunmarized in Table 12 excerpted fromthe final
Human Heal th Basel i ne Ri sk- Assessnment. Current EPA policy, sunmmarized in OSWER Directive 9355 0-30,
states that where the cunmul ative carcinogenic site risk to an individual based on the reasonabl e maxi mum
exposure for both current and future land use is less than 10 -4, and the non-carcinogeni ¢ hazard
quotient is less than 1, action is generally not warranted. Using this criteria, the cancer and
non-cancer risks associated with the reasonabl e naxi mrum exposure to arsenic in soil by NC workers are
predicted to be unacceptable in (i.e., warranting renedial action) in EU-3 and EU-4 only. The cancer and
non- cancer risks associated with the reasonabl e maxi mum exposure to arsenic in soil by C workers are
predicted to be unacceptable in all exposure units. The cancer and non-cancer risks associated with the
reasonabl e maxi num exposure to arsenic by residents within the on-facility area are unacceptable in one
exposure unit, EU-8. As can be seen in Figure 2, EU-8 is adjacent to areas where people are currently
living. However, no trailers are present and no people currently reside within this EU

In the off-facility area, risks to residents are unacceptable in ISZ-8. O ose inspection of |SZ-8 reveal s
that the unacceptable risk is attributable to one property. The risk assessnment broadly assuned that al
off-facility properties were used as residences. This particular property is used for a comerci al
business (it is a lunber yard) and is expected to renain in comercial use in the future. Conparison of
soil concentrations to those considered to be acceptable for NC workers denonstrates that risks are



acceptable for comercial use of this property.

The risks associated with the reasonabl e maxi num exposure to arsenic in ground water are sunmmarized in
Tabl e 13 excerpted fromthe final Human Health Baseline R sk Assessment. As can be seen in the table, the
non- cancer and cancer risks associated with exposure to arsenic in ground water are unacceptable for both
wor kers and residents

The risk assessnent al so eval uated the potential risks associated with exposure of teenagers to slag
while visiting the Site. The cancer and non-cancer risks associated with the reasonabl e maxi mum exposure
to arsenic in slag are below a | evel of concern. The hazard quotient is 0.2 and the cancer risk is

1 x 10 -5.

8.1.2 Lead Risks

The health risks associated with exposure to |ead are evaluated in a different manner than those

associ ated with exposure to arsenic. The health effect of nbst concern associated with | ead exposure is
the inpairment of the nervous system especially in young children and unborn children. Anal yses
conducted by the Centers for D sease Control and EPA associate |levels of lead in the blood of 10

m crogranms per deciliter (ug/dL) and higher with health effects in children. EPA s risk nanagenent goa
for lead is to achieve a | evel of protectiveness such that a typical child or group of simlarly exposed
children woul d have an estimated risk of no nore than 5% of exceeding the 10 ug/dL blood | ead | evel. The
ri sk assessment results for |ead exposure at the Site are reported as the probability of an individua
child or the fetus of an individual pregnant worker having a bl ood |evel above the 10 ug/dL goal. EPA's
I nt egrated Exposure/ Upt ake Biokinetic Mbdel was used to assess risks to residential children. A

bi oki netic sl ope factor approach was used to assess risks to adults and teenagers. The ri sk assessnent
consi dered the exposed population within the on-facility EUs 1-7 to be adults

The health risks associated with exposure to lead in soils at the Site are summarized in Tables 14 and 15
excerpted fromthe final Human Heal th Baseline R sk Assessment. Risks to NCI workers are predicted to
exceed EPA's health goals in EU-3 only. However, the health risks associated with exposure to lead in
soils by G workers exceed EPA's health goals in all exposure units, with probabilities of 25% 99% of
exceeding the target blood | ead | evel. The risks fromexposure to lead within the on-facility residential
areas of EU 8, 9 and 11 are predicted to exceed EPA's health goals. In the residential areas south and
west of the site, risks fromexposure to | ead exceed EPA's health goals in ISzZ-1, 1SZ-3, 1SZ-6, |SZ-7

and 1SZ-8. dose inspection of these results showed that |SZ-3 was occupi ed by the Mirray H gh School and
commerci al businesses and further, the elevated lead levels in | SZ-8 were associated with commerci a
properties. Considering these |and uses, the lead risks in |1SZ-3 and |1SZ-8 were determnined by EPA to be
accept abl e. Suppl emental sanpling and refinenent of the risk assessment was limted to 1 SZ-1, 1SZ-6, and
1Sz-7

The risk assessnent al so evaluated the potential effect of the exposure of teenagers to slag while
visiting the Site. The assessnent concluded that there is a less than 0.02% probability of exceeding
EPA' s health based goal as a result of this exposure.

8. 2. Ecol ogi cal R sks

The ecol ogi cal risk assessment eval uated potential exposures of fish, birds, mallard ducks, frogs, and
pocket gophers to smelter related chemcals of concern within likely habitat areas. Potential risks to
ecol ogi cal receptors were estinmated by cal cul ati ng Hazard Quotients (HQ) and Hazard Indices (Hs). The
HQ is the ratio of environnental concentration or dose to a safe level or dose. If the HQ for a chem ca
is equal to or less than 1, it is assunmed that there is no appreciable risk that adverse health effects
will occur. |If an HQ exceeds 1, there is sone possibility that adverse effects may occur, although an HQ
above 1 does not indicate an effect will definitely occur. However, the larger the HQ value, the nore
likely it is that an adverse effect may occur

Hazard quotients for each contam nant at each |ocation and by each pathway were sumed to obtain a Hazard
Index (H) for each receptor. Figures 14 to 17 summarize the H's for the belted kingfisher, killdeer,
val | ey gopher, and the mallard. The assessment consi dered exposure via ingestion of water, sedinent,
soil, and food within the ecol ocical study area of the Site. The H's are calculated for both the No
bserved Adverse Effect Level (NQAEL) and the Lowest Cbserved Adverse Effect Level (LOAEL). The NOAEL H
is appropriate to consider when determining risks to individual ecol ogical receptors. The LOAEL H best
characterizes risks to populations. Figures for the kingfisher and nallard also illustrate an adj ustment
with "area use factors" as their home ranges are larger than the actual Site areas. Al figures
illustrate risk up gradient of the Site, on-Site, down gradient of the Site, and in the depressions
(wetl ands). Lead concentrations in soils and sedinments as well as sel eniumconcentrations in plants are
the largest contributors to risk to ecol ogical receptors at the Site.



Hazard quotients for trout and frogs were cal cul ated by conparing exposure point concentrations for
surface water with toxicity reference values. The eval uati on, documented in the ecol ogical risk
assessnent, shows essentially no risks to brow trout or frogs in Little Cottonwood Creek.

8.2.1 Discussion of Results

The estimate of relative risk is the risk estimate on-Site divided by the risk estimate up gradient. It
is a useful nmeasure of how much higher the risk is due to the Site relative to inherent risks. The
estinmate of absolute risk is the HQ or the H for each location. As can be seen in Figures 14-17, in
general, the relative risks to terrestrial receptors on-Site are two or nore tinmes higher than the risks
observed up gradient. Both relative risk estinmates and absolute risk estinates are consi dered by EPA when
determining if remedial action is warranted. There are essentially no risks to aquatic life in Little
Cot t onwood Creek considering both relative and absolute risk estimtes. The greatest areas of concern at
the Site are the wetl ands, where both absolute and relative risk estinates are high

Interpretation of these risk estimates nmust take into account the follow ng sources of uncertainty in the
cal cul ati ons:

1. Where nmeasured concentration data were not available, literature based bi oaccumul ation factors were
applied to estimate concentrations. This use of predicted rather than neasured data adds to the
uncertainty in the assessnent. This uncertainty may be significant for the risks predicted for the
mal | ard and the pocket gopher, since predicted excess risk is associated with ingestion of
contam nants in vegetation. These plant concentrations driving the risk were predicted using
literature based bi oaccunmul ation factors. Wthout true site neasurenents, it is difficult to ascertain
if this risk is representative

2. Sanple preparation nmay also |lead to sone degree of uncertainty. Benthic macro invertebrates which were
connected at this Site were not rinsed prior to analysis. This could lead to a carry over of sedinents
thereby influencing contaninant |levels in this nedia. Sedinents were ground and aci d-digested. This
met hod of treatnent could possibly lead to a rel ease of contami nants fromthe sedi nent which m ght not
typically be available to a receptor. Therefore, EPA believes preparation of sanples collected from
this Site to support the ecol ogical risk assessment may have contributed to artificially high nmeta
concentrations, thereby elevating risk estinates.

3. The risks were cal cul ated on the assunption that the receptor spent 100%of its tinme within a
| ocation. Depending on the home range and actual use of each location, the actual risks could be
| ower .

Observations of the ecol ogical receptors at the Site in the formof qualitative surveys docunented in the
ecol ogi cal risk assessment suggest that the predicted effects are not occurring. EPA believes that
further biononitoring is needed to validate this assunption. Attenpts to reduce the risks through active
neasures such as renoving and replacing sedinments in the wetlands will likely result in loss of the
habitat. In EPA' s judgenent, the wetlands are of great ecological interest and |oss of this habitat may
have a nore negative inpact on the | ocal ecosystemthan the highly uncertain predicted risks.

Al so relevant to the discussion of ecological risks is the fact that current Site devel opment pl ans

i ncl ude extensive regrading which will likely result in filling of the wetlands. The Corps of Engineers
has jurisdiction over the wetlands if affected by devel opnent actions and nay or may not allow the
filling of these wetlands. If it were to occur, the filling of the wetlands woul d be an ecol ogi cal i npact

initself but would essentially break the exposure pathways of concern for ecol ogical receptors.
8.3 Renedi al Action njectives

The baseline risk assessment provides the basis for EPA's decision that actual or threatened rel eases of
hazar dous substances at the Site nay present an immnent and substantial endangerment to public health
wel fare, or the environment. Specifically, unacceptable risks were identified for the foll owi ng exposed
popul ations via the ingestion of arsenic and lead in dust and soil and the ingestion of arsenic in ground
wat er .

Current and Future NCI Wrkers

Current C Workers

Current and Future Residents

EPA has determined that renedial action is warranted at this Site. Renmedial Action (bjectives (RACs) were
devel oped by EPA for the exposure pathways and contani nants of concern associated with unacceptable risks
under the current and reasonably anticipated future | and use. These RAGs are presented in this section



8.3.1 Overarching RAO

Devel opment of the on-facility portion of the Site is a key assunption on which this renedy decision is
based. Integration of devel opment and Site renmediation is a goal of EPA's Brownfields program EPA's
Brownfields Initiative is an organi zed commtnment to help communities revitalize properties where
expansi on or redevel opment is conplicated by real or perceived environnental contamination, to mitigate
potential health risks, and to restore econonic vitality. Based on consideration of Brownfields goals
the key overarching RAO i s:

Devel op a conprehensive renedy that protects hunman health and the environment, is
consistent with the current and reasonably anticipated future | and use, and renoves
obstacles to Site devel opment associated with real or perceived environnental contam nation

EPA devel oped nedi a-specific RACs using the basic assunption that the reasonably anticipated future |and
use will be commercial/light industrial use of the on-facility area and residential use of the
off-facility areas where homes are currently | ocated. EPA based this assunption on the information
gathered during the Site Characterization and subsequent Mirray Snelter Wrking Goup sessions all of
which is summarized in Section 3.1. This information supports EPA' s concl usion that the current
industrial and residential use of the on-facility property will end in the very near future.

8.3.2 Chenical Specific Applicable or Relevant and Appropriate Requirenents (ARARS)

In accordance with the National Contingency Plan (NCP), renediation | evels are a subset of the RAGCs and
consi st of nedi umspecific chem cal concentrations that are protective of human health and the
environnent. These renedi ation |levels are based on risk assessnent or ARARs. Table 16 presents the

chem cal specific ARARs for the Site which are incorporated into the RAGs as renediation levels to
address specific contam nants and exposure pat hways. Appendi x B presents the derivation of the risk based
remedi ation levels for soil which are also incorporated into the RAGs. Appendi x C presents the technica
support for EPA's selection of the renediation |level for arsenic in shallow ground water.

8.3.3 On-Facility Soil/Snelter Mterials

RAGs: Prevent unacceptable risks to current and future workers or to ecol ogica
receptors due to the ingestion of soil/snelter materials containing arsenic
or | ead.

Reduce the uncertainties in the predicted risks to ecol ogical receptors
Renedi ati on Level s:
The renediation levels for soils/snelter materials are risk-based

For workers, prevent exposure to soils/snelter naterials containing | evels
of arsenic or lead which would pose a potential excess cancer risk greater
than 1E-4; a potential chronic health risk defined by a hazard quotient of
one; or result in a greater than 5% chance that the fetus of a pregnant
wor ker woul d have a blood | ead | evel greater than 10 m crograns per
deciliter (lg/dL). Based or the findings of the Baseline Human Heal th

Ri sk Assessnent and a reasonably anticipated future land use that is
commercial/light industrial, these | evels correspond to:

Surface soils shall not exceed 1,200 milligrans per kil ogram
(rmg/ kg) arsenic as the 95% upper confidence limt on the arithnetic
mean within any given exposure unit.

Surface soils shall not exceed 5,600 ng/kg | ead as the arithmetic
mean within any given exposure unit.

8.3.4 On-Facility G oundwater

RAGs: M nimze future transport of arsenic fromsource materials to the shall ow aquifer.

Prevent exposure of human and ecol ogi cal receptors to ground water with
arseni c concentrations that represent an unacceptabl e risk

Prevent unacceptable increases in the arsenic concentrations of the
internediate aquifer resulting fromarsenic nmigration fromthe shal |l ow aquifer



Renedi ation | evel s:

The remedi ation levels for ground water are based on ground water ARARs.

Meet the MCL (0.05 nilligrans per Liter (nmg/L)) for dissolved arsenic in
shal | ow groundwat er at the east and west Site boundaries.

Meet the MCL (0.05 ng/L) for dissolved arsenic in the internmedi ate aquifer.

Meet the Alternate Concentration Limt (ACL) of 5.0 ng/L for dissolved
arsenic, within the unconfined shallow aquifer within the Site boundaries.

The conpliance points for the ACL in shallow ground water are in the

vicinity of ground water discharge |ocations south of Little Cottonwood Creek.

8.3.5 Little Cottonwood Creek Surface Water

RAGCs

Renedi ati on Level s:

Protect Little Cottonwood Creek water quality by preventing unacceptabl e
i ncreases of arsenic concentrations in surface water resulting from ground
wat er di scharges or surface water run-off fromthe Site.

The renedi ation | evels for surface water are based on surface water ARARs.

8.3.6 Of-Facility

Meet the Wah Standards of Quality for Waters of the State for trivalent
arsenic of 190 mcrograns per liter (ug/L) as a 4 day average and 360 ug/L
as a 1 hour average in Little Cottonwood Creek.

Meet the Wah Standard of Quality for Waters of the State for dissol ved
arsenic of 100 ug/L in Little Cottonwood Creek.

Soi ls

RAGs:

Renedi ati on Level s:

Prevent unacceptable risks to current and future residents due to the
i ngestion of soil containing |ead.

Prevent unacceptable risks to current and future NCI workers due to the
i ngestion of soil containing |ead.

The remedi ation levels for off-facility soils are risk based.

The concentration of lead in surface soils within residential areas of the Site
shal |l not exceed 1200 ng/ kg as an arithnetic nean within any given

residential yard. EPA devel oped a range of 630 my/kg- 1260 ng/ kg for the

renmedi ation level for soils in residential areas. Appendi x B provides the
details of the devel opnent of this range. The April 23, 1997 risk

managenent strategy prepared by EPA provides the rationale for EPA' s

sel ection of 1200 ng/ kg as the appropriate renedi ation | evel for the
residential areas of this Site. The specific factors considered in making this
determnation for each property were the current |and use, the reasonably
anticipated | and use, the |ikelihood of exposure to soil (neasured
qualitatively by ground cover), and enpirical evidence of exposure to |ead

The concentration of lead in surface soils within comercial areas of the
Site shall not exceed 5600 ng/kg as an arithnetic nmean within any given
commerci al property.

8.3.7 On-Facility Ecol ogical Study Areas

RAC

Reduce uncertainties in predicted risks to ecol ogical receptors.



9.0 COVPARATI VE ANALYSI S

This section presents, a sunmmary of the conparative analysis of the renedial alternatives devel oped for
the Site to achieve the RAGs. This two-stage analysis reviews the renedial alternatives in relation to
the threshold criteria and prinmary balancing criteria specified in the National Contingency Plan (NCP).
Modi fying criteria are then discussed in Section 9.2. The findings of the conparative analysis are
summari zed in Section 9.3, including selection of a conprehensive renmedy for the entire Site.

9.1 Identification of Alternatives

A range of conprehensive renedial alternatives was devel oped to address human health risks and
environnental protection for the Site. For the purpose of organizing the various Site nmaterials and their
associ ated environmental effects, snelter naterials present in the on-facility area of the Site were put
into one of four categories based on infornmation fromthe Site Characterization Report and the Baseline
Ri sk Assessment:

Category | and Il1: Category | and Il materials are the sources of arsenic concentrations in
ground water above the ACL. Both relatively high arsenic concentrations
and large material volunes are necessary for material to be a potenti al
threat to ground water and be classified as Category | or Il. Alternatives
were devel oped for Category | and Il ground water source naterial to
achi eve the RAO of ninimzing future transport of arsenic from source
materials to the shallow ground water. Alternatives for Category |I and Il
materi al must achieve the remedi ation | evels established for ground water.

Category I: Category | materials are distinct in that they are considered by EPA to be
principal threat wastes characterized as |arge volunes of nateria
containing relatively undiluted arsenic trioxide. There is an estinmated
quantity of 2000 cubic yards of Category | nmaterial within the on-facility
area. The identification of Category | materials considers

A. Associated with distinctly elevated arsenic concentrations in underlying
shal | ow ground water (greater than or equal to 15 ng/L);

B. High arsenic concentrati ons conpared to other categories of materials on Site;

C. Visual characteristics (e.g., color, particle size) which indicate arsenic
trioxide;

D. Direct contact risks which are considered to be a principal threat if this
material were ever brought to the surface at the Site; and

E. Located where forner snelter structures which processed or stored

arsenic trioxide were historically |located. Category | materials are | ocated
in the areas of the arsenic kitchens, the western conpartnent of the
baghouse, and the arsenic storage bin(s). The exact linits of Category |
material will be defined in renmedial design considering the results of
sanpling material deeper or adjacent to this material

Category Il: Low level threat around water source material characterized as |arge vol unes of
diluted arsenic trioxide or flue dust often mixed with soil, new fill, or debris from
former snmelter flues. These materials have | ower arsenic concentrations than
Category | materials and are potentially a significant source of ground water
contam nation. There is an estinmated quantity of 68,000 cubic yards of Category,

Il material within the on-facility area. The identification of Category Il materials
consi ders

A. Located near or within the footprint of former snelter structures such
as the concrete flues, the roasting plant, the baghouse, storage areas,
transport areas, and the blast furnace area. The exact limts of Category I
material will be defined in renedial design considering the results of
sanpling naterial deeper or adjacent to this material

B. Visual characteristics (e.g., color, particle size) which indicate flue dust
or diluted arsenic trioxide; and



C. Potential current or future threat to ground water quality. Category 11
material is associated with arsenic in shallow ground water above the ACL.

Category Il11: Category IIl materials are surface soils which are predicted to pose an
unacceptable risk to NCI workers within the on-facility area. Aternatives for
Category Ill materials nust achieve the renediation levels for on-facility,
soils/snmelter materials. Material in this category will not pose a threat to ground
water. The identification of Category Il materials considers;

A. Located within on-facility EUs identified as causing unacceptabl e health
risks to NCI workers (EU-3 and EU 4).

B. Lead concentrations greater than 5600 nmg/ kg as the arithnetic nean
within the EU, and

C. Arsenic concentrations greater than 1200 ng/ kg as the 95% upper
confidence linmt on the arithnmetic mean within the EU.

Category IV: Slag

Remedi al alternatives were devel oped to address all four categories of snelter materials. The key
conponents of each alternative considered in the conparative analysis are summari zed bel ow.

Alternative 1 - No Action

. The Murray Snelter Site would be left inits current condition.

Alternative 2 - Excavation & Onsite Consolidation/Barrier Placenent/NMonitored Natural
Attenuation/Institutional Controls Renpbval and Disposal of Off-Facility Soils

. Source control via excavation of Category | and Il materials and consolidation in separate
repositories in the on-facility area.

. Moni tored natural attenuation of shallow ground water wi thin and down gradi ent of source
areas to achieve the ACL. The mechani smof attenuation of arsenic in shallow ground water is
adsorption to the iron oxides in the subsurface soil.

. Surface water nonitoring in Little Cottonwood Creek and nonitoring of the on-Site ecol ogi cal
study area. Mnitoring of wetlands will include surface water, sedinment and benthic macro
invertebrates. Mnitoring of terrestrial areas will include plants and soil.

. Institutional controls in the formof a Muirray Gty ordi nance establishing an "overl ay

district" which includes zoning to prevent residential and contact intensive industrial uses
within the former snelter operational areas, prohibitions on the devel opnment or use of any
ground water wells within Site boundaries for EPA approved nmonitoring wells, maintenance of
the barriers, and controls on excavated subsurface material within the former snelter
operational areas. Qther institutional controls include restrictive easenents that run with
the [and which contain the same | and use and ground water well construction restrictions.

. Covering of Category IIl nmaterials in place with barriers sufficient to prevent direct
contact. Such barriers may be pavenent, |andscaping, soil caps, or sidewalks.

. Soi |l renoval /repl acement with clean soil, or other fill in off-facility residential or
commercial properties with |ead concentrations in soils that nay represent an unacceptabl e
ri sk. Excavated soil will be used in the on-facility area of the Site as subgrade nateri al
duri ng devel opnent or road construction.

Alternative 3 - Excavation/Onsite Consolidation& Ofsite D sposal/Mnitored Natural
Attenuation/Barrier Placenent/Institutional Controls/Renoval and D sposal of Off-Facility Soils

. The same actions as Alternative 2, except Category | materials are excavated and di sposed
offsite.

Alternative 4 - Excavation/Onsite Consolidation& Ofsite D sposal/Barrier Placenent/Institutional
Control s/ G ound Water Extraction/Renbval and Disposal of Off-Facility Soils

. Al Aternative 3 conponents.



. G ound water extraction in areas of richest arsenic concentrations, treatnment of extracted
ground water, and discharge to the sanitary sewer system

Alternative 5 - Excavation/Onsite Consolidation& Ofsite D sposal/Barrier Placenent/Institutional
Controls/In-Situ Gound Water Treat nment/Renoval and D sposal of Of-Facility Soils

. Al Aternative 3 conponents.

. Option A - Constructed wetlands to treat shallow ground water prior to discharge to Little
Cot t onwood Cr eek.

. Option B - Perneable barrier treatnent wall to treat shallow ground water prior to
di scharge to Little Cottonwood Creek.

Alternative 6 - Excavation/Onsite Consolidation & Of Site D sposal/Mnitored Natural Attenuation/Barrier
Pl acenent/Institutional Controls/Of-Facility Community Health Educati on, Mnitoring and Intervention

. Al Aternative 3 conponents for the on-facility area.

. Community heal th education and nonitoring for residents and workers in off-facility areas of
concern. This alternative al so includes intervention actions such as surface control,
barrier placenment or soil removal, if the potential for unacceptable risk is indicated by

the nonitoring program

Alternative 7 - Excavation/Onsite Consolidation & Offsite D sposal/Mnitored Natural

Attenuation/Barrier Placenent/Institutional Controls/Soil Tilling in Of-facility Areas
. Al Alternative 3 conponents for the on-facility area
. Deep tilling in off-facility residential or commercial properties with |ead concentrations

in soils that nmay represent an unacceptable risk. Institutional controls to protect the
integrity of soil barriers and to place requirements on the handling and di sposal of any
excavated material frombeneath the tilled zone if the concentrations in this material are
above a | evel of concern.

9.1.1 Threshold Criteria Analysis

9.1.1.1 Overal |l Protection of Human Health and the Environnent

As denpnstrated in the Baseline R sk Assessnment, Alternative 1, No Action does not neet the threshold
criteria of overall protection of human health and the environnent except that no action is appropriate
for slag since no unacceptable risks associated with exposure to slag were identified by EPA in the

Basel i ne Ri sk Assessnent. Wth the exception of Alternative 1, all alternatives considered in the
conparative analysis neet the requirements of the RAGs and provide overall protection of human health and
the environnent. Differences in overall protection are related to the |evel of certainty with regard to
actions for Category | nmaterials and relative effectiveness of actions on ground water and the
off-facility soils. There are also differences with respect to the key overarching RAO requiring that
remedi al actions be consistent with the current and proposed | and use.

Source control via excavation and consolidation of Category | and Il materials in separate repositories
(Alterative 2) would prevent future infiltration of surface water, thus protecting ground water from
further inpact due to transport of arsenic fromthis source material. Excavation/onsite consolidation is
an effective nmethod of source control at this Site prinarily due to the ease in |ocating the source
material. The material is generally within the locations of historical snelter structures. For exanple,
the results of sanpling subsurface soils to a depth of 5 feet in the vicinity of the baghouse show t hat
excavation of the upper 2 feet of nmaterial fromwithin the footprint of the former baghouse woul d renove
approxi mately 97 percent of the arsenic present in this source area. (This calcul ati on was done by
dividing the nmass of arsenic in 2 feet by the total mass of arsenic neasured in 5 feet of subsurface soil
at the location of the highest arsenic |evels.)

Barrier placenent over Category IIl naterials is a conmponent of all alternatives except Alternative | and
woul d be effective in preventing direct exposure as long as barriers are maintained. The institutional
control s which include public and private | and use restrictions and a ban on construction of ground water
wells (with the exception of EPA approved monitoring wells) within the on-facility area will prevent Site
uses which could result in unacceptable risks due to residential or contact intensive use or ground water
ingestion. In the off-facility area, soils containing | ead exceedi ng renediation | evels would be
excavated to at least 18 inches and the excavated soil brought onto the on-facility area for



incorporation into renedial actions or devel opnent. The off-facility excavated areas woul d be repl aced
with soil or other clean fill. Renoval of soil with | ead concentrations above renedi ation | evels provides
protection of human health and the environment by breaking the exposure pathway of direct contact with
cont am nated source materi al

The source control action for Category | nmaterials in Alternatives 3, 4, and 5 is off-site disposal

Al t hough both on-site disposal (Alternative 2) and off-site disposal (Aternatives 3, 4, and 5) actions
provide essentially the sane |l evel of overall protection, renmoval of Category | materials fromthe Site
woul d elimnate conpletely any | ong-termconcerns regarding the potential for direct exposure (the |levels
of arsenic in Category | nmaterials nay cause acute health effects) and the potential for the materials to
act as sources of arsenic to ground water in the future (arsenic in Category | materials is predoninantly
the sol ubl e oxide and sulfate forns) in the event that the repository was damaged resulting in a rel ease
of these materials into the environnent. Al though not likely to occur, the possibility of its occurrence
illustrates the difference between the two alternatives.

Alternative 4 contains the sane conponents as Alternative 3 and adds a ground water extraction system
Site specific hydrologic and chemcal factors |limt arsenic transport rates to the extraction wells and
thus Iimt the rate at which arsenic may be renoved fromthe aquifer. Long termpunping rates are limted
by the flux or supply of ground water introduced to the aquifer. Section 4 of Appendix A of the
Feasibility Study contains a conceptual design for a ground water extraction system and approxinate time
frames are predicted for arsenic extraction rates. The analysis denonstrates that the flux of water
through targeted portions of the aquifer will not change as a result of installing a punping system
Therefore, addition of an extraction systemw thin the source areas will not accelerate the rates of
decline in arsenic concentrations in ground water relative to the rates achi eved through source contro
and natural attenuation. The tinme frame required to neet renediation levels in ground water within the
source areas is predicted to be between 100-125 years with the installation of a ground water extraction
system Monitored natural attenuation is predicted to require approxi nately 100-150 years to achi eve
remedi ation | evel s throughout the Site. For both source control with nonitored natural attenuation and
source control with ground water extraction, the same set of site specific factors limts the rate at

whi ch arsenic concentrations will decline. In addition, operation of an extraction system may not be
conpatible with the desired future | and use, because of the |arge area and numerous wel | s necessary.

Alternative 5 contains the sane conponents of Alternative 3 and adds in-situ treatnent of shall ow ground
wat er (either by constructed wetlands or by a perneable barrier treatnent wall) near Little Cottonwood
Creek. CQurrently ground water discharges to Little Cottonwood Creek. However, the principal areas of

el evated arsenic concentrations in ground water are distant fromthe creek and are not predicted to
intercept the creek for over 100 years. Due to source control and attenuation within the aquifer, arsenic
concentrations are expected to be significantly lower by the tine arsenic fromthese areas intercepts the
creek. The types of treatnent systens included in Alternative 5 are not expected to be effective for
periods greater than 10 years w thout extensive routine mai ntenance. |nplenentation of either treatnment
option will have limted short-termeffectiveness due to the diffuse source areas which may include
ground water fromboth sides of the creek and surface water runoff and conpl ex ground water flow patterns
near the creek and nay provide no benefit for long-termeffectiveness in reducing arsenic transport to
Little Cottonwood Oreek. Therefore, inplenentation of in-situ ground water treatnment systems is not
expected to provide additional performance over the source control and nonitoring actions included in
Alternative 3.

Alternatives 6 and 7 include two different options for addressing the off-facility soils containing
unaccept abl e concentrations of lead. Alternative 6 includes comunity education to informresidents on
net hods to prevent unacceptabl e exposures and a voluntary bl ood-1ead nonitoring program If the

noni toring programindi cates the potential for unacceptable risk intervention actions woul d be

i npl enented. These acti ons woul d be designed on a case-by-case basis and could include surface contro
such as vegetation of bare areas, barrier placenent or soil renovals. This alternative is expected to be
protective of human health if participation in the programis sufficiently high. Alternative 7, soi
tilling, is also expected to be protective of human health and the environment. In the najority of
off-facility areas of concern, |ead concentrations are elevated at the surface. The source of this |ead
is likely due to deposition of em ssions fromthe snelter during its period of operation. In these cases,

deep tilling will reduce lead concentrations to below | evels of concern. Site characterization data
indicate that at some |ocations | ead concentrations are above a | evel of concern over the entire tilling
zone, possibly due to the placenent of slag. In these areas, |ead concentrations in surface soils would
not be reduced below a | evel of concern by tilling and community health educati on and nonitoring woul d be

impl enented to provide long termprotection



9.1.2 Conpliance with Applicable or Rel evant and Appropriate Requirenents

9.1.2.1 Gound Water ARARs

Chem cal specific ARARs are identified in Table 16. Section 121(d)(2)(B)(ii) of the Conprehensive
Envi ronnent al Response Conpensation and Liability Act (CERCLA) allows EPA to establish alternate
concentration limts (ACLs) to those otherw se applicable under the followi ng conditions stated in 55
Federal Regi ster 8732:

The ground water nust have a known or projected point of entry to surface water with no
statistically significant increase in contam nant concentration in the surface water from
ground water at the point of entry, or at any point where there is reason to believe
accumul ation of constituents may occur downstream In addition, the remedial action

nmust include enforceabl e measures that will preclude hunan exposure to the contam nated
ground water at any point between the facility boundary and all known and projected

poi nts of entry of such ground water into surface water.

Quarterly nonitoring of surface water and ground water at the Site has denonstrated that ground water
fromthe shall ow aquifer discharges to Little Cottonwood Creek at |ocations along the northern Site
boundary. The contam nant of concern in ground water is arsenic. Information collected since April, 1997
and docunmented in quarterly monitoring reports indicates the primary source of arsenic to Little

Cott onwood Creek exists at a point discharge at the eastern facility boundary. Loading cal cul ations
indicate that 88% 100% of the arsenic loading to Little Cottonwood Creek is due to this point discharge,
not to the ground water discharge fromthe Site. EPA has deternmined that the conditions at Miurray Snelter
satisfy the requirements of CERCLA 122(d)(2)(B)(ii) which allow the establishment of an ACL for

groundwat er. EPA has established 5.0 ng/L as the ACL for dissolved arsenic in ground water. Appendix C
provides a summary of the cal cul ations used by EPA to determ ne a range of acceptable ACLs. In nmaking its
det ermi nati on, EPA considered the zone of potential shallow ground water discharge fromthe Site and
conservatively assumed all discharge is fromthe Site or south side of the creek. EPA also based its
deternmination on low flow conditions in Little Cottonwod Creek and Site specific hydraulic conductivity
and hydraulic gradi ent neasurenents. The ACL of 5.0 ng/L for dissolved arsenic is a ground water
concentration which will assure that Little Cottonwood Creek is protected at its beneficial use,
agricultural use, given the discharge of shallow ground water to the creek.

In accordance with the NCP, the situation at Murray Snelter fulfills the CERCLA statutory criteria for
ACLs, including the analysis in the Feasibility Study which denonstrates that active restoration of the
groundwater to MCLs is not practicable. The existing documentation of these conditions precludes the need
for an ARAR waiver. The renediation | evel for dissolved arsenic in shallow ground water within the Site
boundaries is the ACL of 5.0 ng/L. Achieving this level will constitute conpliance with the groundwater
ARARs. The MCL is currently net at the on-facility area boundaries (the north boundary is north of the
ground water-surface water m xing zone north of Little Cottonwood O eek).

Source control actions contained in Alternatives 2 through 5 are expected to minimze transport of
arsenic fromsnelter materials and result in inprovement of ground water quality such that the ACL will
be met within the entire on-facility area in a time frame of 100-150 years. This approach is reasonable
given the unlikelihood that the shallow aquifer will ever be in demand as a drinking water source.

I nprovenent in ground water quality would al so reduce arsenic discharge to the creek. The additional
action of ground water extraction contained in Alternative 4 would not result in a significant decrease
inthe time required to neet the ACL or a reduction in arsenic loading to the creek. Tinme franes for
achieving the ACL in Alternative 4 are estinmated to be 100-125 years. There are fundanental technical
limtations for the effective perfornance of an extraction systemrelated to the | ow aquifer yield and
high partitioning of arsenic to aquifer solids. The additional action of an in-situ treatnent contained
in Alternative 5 would not contribute to reduction of current arsenic concentrations in the shallow
aqui fer and woul d have a minimal effect on near- and |long-term /| oading of arsenic to Little Cottonwood
Creek. The areas of highest arsenic concentration are currently distant fromthe creek and are not
predicted to intercept the creek for at |east 100 years. Attenuation by adsorption is expected to
significantly reduce the arsenic concentrations fromthese areas by the time they reach the creek.

The ACL is currently achieved at nonitoring well MM112, the well location closest to conpliance points
near Little Cottonwood Creek which will be established as part of the remedy. Wthin 30-40 years, the
effects of the source control actions of Alternative 3 along with the nonitoring activities are expected
to denonstrate that the rate of natural attenuation of arsenic in shallow ground water is sufficient to
predict that the ACL will never be exceeded at the established conpliance points. EPA expects the

remai ni ng areas of the shallow aquifer to achieve the ACL within a time f:rame of 100-150 years.

Al though not identified as a contam nant of concern, sel enium has been detected in the shall ow ground
water within the Site boundaries at |evels exceeding the MCL of 0.05 ng/L. These detections are at 8 well



locations within the on-facility area. However, the MCL for sel enium has consistently been net at well
locations just south of Little Cottonwood Creek and the east and west on-facility boundaries (well

|l ocations MW 112, MM 109, MM 102, and MM 104 on Figure 6). The preanble to the NCP states at 55 Federal
Regi ster 8753 :

"...there may be certain circunstances where a plume of ground water contam nation is
caused by rel eases fromseveral distinct sources that are in close geographical proximty."

In cases such as these, the NCP preanbl e suggests that

"...the nost feasible and effective ground water clean up strategy may be to address the
probl emas a whole, rather than source by source, and to draw the point of conpliance to
enconpass the sources of rel ease.”

EPA considered this discussion, the proximty of the sources of arsenic and sel enium (both within the
former snelter operational area), as well as the reliability of the restrictions on ground water use
within the Site boundaries in establishing the points of conpliance for the selenium ML at the well
locations just south of Little Cottonwood Creek. The ground water ARAR for seleniumis currently net at
the points of conpliance. Seleniumw || be included as part of the ground water nonitoring conponent of
t he remedy.

9.1.2.2 Surface Water ARARs

State of Utah Water Quality Standards are identified as applicable in Table 16. The data gathered during
the site characterization effort and subsequent sanpling events indicate that UWah's aquatic life
standard for arsenic (0.19 ng/L arsenic as As [IIl]) is consistently being nmet, but that the arsenic
standard for agricultural use (dissolved arsenic of 0.1 ng/L) is not being net during | owflow conditions
within the on-facility boundaries. The standards for both uses were nmet at |ocation SW6, in Little
Cot t onwood Creek downstream of the Site during the site characterization sanpling events.

The source control actions will address the Mirray Snelter-rel ated source of the arsenic in the point

di scharge fromthe culvert along State Street which discharges to Little Cottonwood Creek. This source
has been | ocated near the stormdrain along State Street near the Doc and Dell's trailer court. The
control of this discharge and the natural attenuation of shallow ground water to the level of the ACL is
expected to result in conpliance with the surface water ARARs in Little Cottonwood Creek within a period
of 3 years. The inprovenent of ground water quality as a result of source control, natural attenuation
and surface water managenent will protect Little Cottonwood Creek in the future.

Little Cottonwood Oreek does not currently nmeet the beneficial use for agriculture due to high |l evels of
TDS from urban runoff and hi gh phosphorus. Neither TDS nor phosphorus are related to the Site. An
investigation of the actual use of Little Cottonwood Creek was conducted in April, 1997. Two diversions
of surface water were observed up gradient of the Site, neither of which was for agricultural use
purposes. No diversions were observed down gradient of the Site. This informati on suggests that the
current uses of Little Cottonwood Oreek are not consistent with the beneficial use. EPA believes that a 3
year period for achieving the agricultural use standard for dissolved arsenic in Little Cottonwood Creek
is reasonable in this case.

9.1.2.3 Action- and Location- Specific ARARs

Tables 17 and 18 present the action specific and |ocation specific ARARs for the Site. Al alternatives
will neet these ARARs. On-facility alternatives which include consolidation of source naterials within
the Site boundaries do not trigger the |and disposal restrictions, therefore these requirenents are not
applicable. The Site boundaries are considered by EPA to be an "Area of Contam nation" as defined in the
NCP. Moverent of waste within an Area of Contanination does not constitute placemnent.

9.1.3 Prinmary Balancing Criteria

9.1.3.1 Short-Term Ef f ecti veness

As di scussed above, all alternatives with the exception of Alternative 1, No Action, neet the
requirenents of the RAGs and provide overall protection of hunan health and the environment. There are no
substantial differences between alternatives 2,3,4,and 5 in terns of short-termeffectiveness. Each
alternative entails excavation and handling of Category | and Il materials. However, dust control
neasures are easy to inplenent and the potential for risks to the community or workers will be m nim zed.
Short-termrisks fromthe presence of heavy construction equipment on the Site would be simlar with
respect to each alternative as well as to the potential risks posed by current industrial uses. Response
obj ectives would be net at the sane tinme for all alternatives once excavated naterials are di sposed and



barriers install ed.

Alternative 6 contains community heal th education and nonitoring for the off-facility area. This

alternative provides a high level of short termeffectiveness. Although there are potential uncertainties
associated with the willingness of residents to participate, the high |l evel of involvenment by Mirray Gty
and the high |l evel of comunity awareness concerning the Site suggest that the programw || be effective

in the short term Alternative 7, tilling in the off-facility areas, may not be as effective as soi
renmoval in breaking the exposure pathway due to the presence of |ead belowthe tilling zone.
9.1.3.2 Long-term Effecti veness and Per manence

A primary consideration in the evaluation of |ong-termeffectiveness is that a najor portion of the
on-facility area is expected to be redevel oped in the near future. The expected | and use of office/light
comrercial will reduce the potential for unacceptable risks of ("contact intensive" activities would
end), and integration of remedial actions with redevel opnent, the key overarching RAQ would allow for
opti m zing the managenent of snelter materials remaining at the Site such that confidence would be
increased that the renmedy and subsequent institutional control/nonitoring will be effective over the long
term

Alternatives 2 and 3 differ in terms of actions on Category | materials. Under Alternative 2, Category
material s woul d be excavated and consolidated in a repository in the on-facility area. Under A ternative
3, Category | naterials would be excavated and di sposed of off-site. Gven the current and reasonably
anticipated future |and use and the opportunity to install a repository in a suitable |ocation under the
control of Murray City, both actions would provide long-termprotecti on of human health and the
environnent: Renoval of Category | nmaterials fromthe Site would conpletely elimnate any future concerns
regarding the potential for direct exposure or contact of Category | materials with infiltrating ground
wat er and therefore provide a higher |evel of performance in terns of |ong-termeffectiveness. For
Category Il materials, consolidation into a repository would provide long termprotection of hunman health
and the environnment. Category Il materials nmay be | ow|evel sources of arsenic to ground water under
anbient infiltration conditions. Mnimzing the potential for infiltration of surface water through these
material s by consolidation beneath a | owperneability barrier with surface control is expected to be
effective in preventing nmigration of arsenic to ground water. This sanme action is included in
Alternatives 2, 3, 4 and 5. Control on the use of I and and ground water, the second conponent of the
institutional controls, will be effective in preventing direct contact with unacceptably high | evels of
arsenic and lead in soil and ground water and will prevent the migration of arsenic fromthe shall ow

aqui fer to the intermedi ate aquifer. These controls will be inplenented through city zoning and
restrictive easements which run with the land. Thus they will be effective in the long termand are

consi dered pernmanent restrictions.

Alternatives 3, 4 and 5 contain the sane actions on snelter materials and provide the same basic |evel of
long-termeffectiveness. Alternatives 4 and 5 include additional actions to contain the extent of arsenic
transport. Alternative 4 contains a ground water extraction systemin the areas of highest arsenic
concentrations in the shallow ground water. The additional action of ground water extraction would
eventual Iy provide for reductions in arsenic concentrations in shallow ground water and woul d be
effective for |ong-termcontai nment of arsenic already present in the shallow aquifer near the forner
baghouse and thaw house areas. However, nodeling indicates that an extensive ground water extraction
system woul d not substantially reduce the time required to achieve the RAGs for the shall ow aquifer and
Little Cottonwood Creek. Overall, Aternative 4 provides |ower performance than Alternative 3 with
respect to long-termeffectiveness because it would not provide a significant inprovenent in
environnental conditions relative to Alternative 3 and would entail a high I evel of operation and

mai nt enance.

Alternative 5 includes in-situ treatnment of shallow ground water in the vicinity of Little Cottonwood
Creek with the purpose of Iimting arsenic transport and di scharge to the creek. G oundwater nonitoring
indicates that the two principal areas of ground water contam nation do not currently extend to Little
Cott onwood Creek and are not predicted to do so for nore than 100 years. Source control actions and
natural attenuation of arsenic in the aquifer are expected to significantly reduce the arsenic
concentration by this tine. The | ong-term perfornmance of systens such as constructed wetl ands and
perneabl e barrier treatnent walls to treat arsenic is limted. Effective renoval is only expected for a
period of approximately 10 years due to the nildly-oxidizing groundwater chem stry. Therefore, if these
types of systens were installed in the near future, they would not be effective at the tine when arsenic
fromthe principal source areas reaches them

In the off-facility area, |ead concentrations in residential soils range up to 1,800 ng/Kg. The

remedi ation level lead in soil in the off-facility area is 1,200 ppm Al ternative 6, which includes
community education to provide informati on on nethods to prevent unacceptabl e exposure, is expected to
provide long-termprotection of human health through the education/ nmonitoring conmponents with additiona



assurance due to the option for intervention neasures in the future if the potential for unacceptable
exposures is indicated

For Alternative 7, because |ead concentrations are above | evels of concern throughout the tilling |ayer
at sone locations, tilling may not always be effective in reducing concentrations to bel ow the |evel of
concern. In this case, Alternative 7 would rely on sinilar comunity education measures described under
Alternative 6. Therefore, Alternatives 6 and 7 essentially provide the sanme |evel of |ong-term

ef fecti veness

The off-facility conponent of Alternatives 2,3,4, and 5 would provide a high | evel of |ong-term
protection because surface soils with | ead concentrations above a | evel of concern would be excavated and
replaced with clean soil or other fill. If conplete renovals are achieved, this action would provide the
hi ghest |evel of long-termeffectiveness because all soils of concern woul d be renoved

9.1.3.3 Reduction of Toxicity, Mbility and Vol ume Through Treat nent

Wth the exception of the no action alternative, the alternatives considered by EPA do not provide
significantly different performances in terns of reduction of toxicity, nobility and vol unme of arsenic or
| ead t hrough treatnment

Alternatives 2 and 3 do not contain any treatment conmponents except the possible treatnent of Category
materi al before disposal at an off-site facility. For Alternative 2, a reduction in the nmobility of
arsenic in subsurface soils wuld be expected due to the mnimzation of infiltration through Category
and Il materials. For Alternatives 3, 4 and 5 a simlar reduction wul d be expected due to renoval of
Category | materials and minimzation of infiltration through Category Il naterials.

Alternative 4 contains a treatnent conponent; treatnment of extracted ground water to renove arsenic prior
to discharge to the sanitary sewer. This treatnment conponent would provide little if any reduction in
toxicity, mobility or volume of arsenic at the Site in conparison to Alternatives 2 and 3. However, the
ground water extraction systemwoul d provi de sonme additional reduction in nobility of arsenic in the

shal  ow aquifer relative to Alternatives 2 and 3 due to physical containnent of arsenic related to
sources in the former thaw house and baghouse areas. The aquifer characteristics which result in | owflow
rates and high arsenic attenuation currently limt the nobility of arsenic and an extracti on system woul d
have minimal additional benefit.

The in-situ treatnment of shallow ground water in the vicinity of Little Cottonwood Creek contained in
Alternative 5 would not provide any reduction in toxicity or volume of arsenic at the Site. It would
provide a mnor reduction in the nobility of arsenic in shallow ground water near Little Cottonwod
Creek. As discussed above, the principal areas of ground water contam nation are distant fromthe creek
and arsenic fromthese areas is not predicted to intercept the creek for over 100 years. At this tine

the arsenic concentrations are predicted to be significantly | ower due to the high attenuation of arsenic
in the aquifer. Passive constructed wetlands or a treatnent wall woul d be expected to operate efficiently
for only 10 years without continued routine maintenance and woul d, therefore, not be effective for the
time frame of principal interest.

Overall, therefore there are no substantial differences in performance of the alternatives against this
criterion. Alternatives 2, 3 and 5 performat essentially the sane |evel, whereas Alternative 4 perforns
at a slightly higher |evel due to physical containment of arsenic in shallow ground water.

For the off-facility area, lead is immobile in Site soils and | ead concentrations in the off-facility
area are well below |l evels which would warrant treatnment. Treatnent is therefore not applicable to
off-facility soils.

9.1.3. 4 | npl emrentability

The source control activities contained in Alternatives 2, 3, 4 and 5 are inplenentable either for
current |and use or for the expected future | and use. Excavation of Category | and Il materials would be
inpl enentabl e with sone mnor disruptions to current industrial activities. Physically suitable
repository locations for Category | and Il naterials are also available for current or future | and use
Of-site disposal of Category | materials (a conponent of Alternatives 3, 4 and 5) would also be readily
inplenentable. In addition, barrier placement over Category IIl nmaterials would be inplenmentable with

m nor disruption to current industrial/comrercial activities, or could be inplemented during
redevel opment of the area. Institutional controls to protect barriers are inplenentable given the high
degree of involvenent of the current |and owners and Murray G ty.

Alternatives 4 and 5 contain the sanme source control actions as Alternative 3 with the addition of two
types of renedial action alternatives on ground water. The extraction systemcontained in Alternative 4



woul d be difficult to inplement due to the lowyield of the aquifer and high partitioning of arsenic to
the aquifer solids. A large nunber of wells would be necessary, each punping at a |ow rate over an
extended period of time. Operation and nai ntenance of this type of system including a treatnent plant
woul d be difficult and would not be conpatible with future |and use. Alternative 4 therefore has a | ower
performance than Alternatives 2 and 3 in terns of inplenentability. Either of the options evaluated for
in-situ ground water treatnent under Alternative 5 (wetlands or treatnment wall) woul d have nunerous
technical difficulties associated with effective inplenmentation and operation. Considerations include the
limted area available (for wetlands), depth and conplex flow patterns of ground water in the vicinity of
the creek, the presence of the units in the flood plain, and uncertainties associated with the
effectiveness of the technologies in renoving arsenic. In addition, the technol ogies would require a high
| evel of long-term maintenance. For the ground water conditions found at the site, effective performance
of the types of technol ogies under consideration is approxi mately 10 years w thout on-goi ng nmai nt enance.
Repl acenent of substrate in a wetlands or of ferric sulfate in a treatnment wall may be required at
approxi mately 10-year intervals. This action would not be conpatible with the future | and use and
Alternative 5 has a | ower performance than Alternative 3 in terns of inplementability.

In the off-facility area, comunity health education and nonitoring prograns contained in Alternative 6
woul d be readily inplenmented because only non-engineering controls are consi dered. Excavation and soil
repl acenent eval uated under Alternatives 2-5 are al so expected to be readily inplenmented. Residents in
the areas of concern have participated in the site characterization study, and there is a high |evel of
awar eness concerning the Site in the general community. These types of actions have been performed at

several sites around the country. Alternative 7, which requires soil tilling rather than excavation at
the same | ocations, would be nore difficult to inplenment than the other alternatives. This is prinmarily
due to technical difficulties of tilling in small spaces such as residential yards, where structures and

pl ants woul d naeke sone areas difficult to access.
9.1.3.5 Cost Anal ysi s

Details of the cost analysis are contained in the final Feasibility Study. The costs estinmated for the
on-facility area are shown in Table 19.

Table 19

Estimated Costs - On-Facility Area (MI1lions)

Alternative Alternative Alternative Alternative Alternative
Item 2 3 4 5a 5b
Capi tal Cost $8.7 $8.9 $10. 8 $10.6 $21.9
Annual C&M $0. 14 $0. 14 $0. 27 $0. 21 $0. 23
Present Net $10.1 $10. 3 $14. 3 $13. 4 $40. 2

Wrth

&M costs are estimated for 30 years. The extracti on conponent of Alternative 4 and in Situ treatnent
conponents of Alternative 5 would require O&M for over 100 years and so woul d entail substantially higher
costs than shown above.

The cost to inplement Alternatives 2 and 3 is considered to be low, the costs to inplement Alternative 4
and 5a are considered to be noderate; and the cost to inplenent alternative 5b is considered to be high.

The costs estinmated for off-facility alternatives are shown in Table 20.

Tabl e 20
Summary of Estimated Costs for OFf-Facility Renmedial Alternatives (MIIions)

Al ternative Al ternative Al ternative

Item 6 7 2-5
Capi tal Cost $0. 57 $0. 64 $1.1
Annual O&M $0. 05 $0. 015 $0. 013
Present Net $1. 34 $0. 93 $1. 33

Wrth



9.2 Mdifying Criteria

9.2.1 State Acceptance

The U ah Department of Environnental Quality (UDEQ was provided the opportunity to review and comment on
all documents generated in support of this renmedial action decision. UDEQ al so participated in all
meetings of the Murray Snelter Wrking G oup and the technical task group neetings. In comrents on the
Proposed Plan. UDEQ i ndi cates agreenment that Alternative 3 is the nost reasonable choice for the Site.
However, UDEQ indicated that this agreenent was not based on the length of time or the current |evels of
contam nation. Gven the "extrenely long" tinme frames and uncertainty involved in ground water
restoration under any alternative, UDEQ has determined that it is technically inpracticable within a
reasonable tine frame to meet ARARs at this Site, and has agreed on that basis and for other reasons
given in this ROD (e.g., protection of human health and the environment) that the remedy described in
this ROD is appropriate. Wile EPA characterizes the situation differently, both parties are in agreemnent
about the ultinate approach. UDEQ believes that the long tinme frame for achieving ground water

renmedi ation levels is acceptable only in the context of the technical inpracticability

of any alternatives.

EPA' s responses to UDEQ s comments an the Proposed Plan are provided in the Responsiveness Sumary of
this ROD.

9.2.2 Community Acceptance

Few comments were received fromthe comunity on the Proposed Pl an. Based on these comments and EPA's
extensive work with the commnity through the Muirray Snelter Working Group sessions, it appears that the
community accepts EPA' s selected renedy presented in Section 9.4. EPA' s responses to verbal and witten
comrents on the proposed plan are provided in the Responsiveness Summary of the ROD.

9.3 SUMVARY

Seven renedi al alternatives were evaluated for the Murray Smelter Site. Through an analysis using the
nine criteria of the NCP, EPA has selected Alternative 3 as the Site renedy. The renedy consists of the
foll owi ng conponents:

. G ound water in the shallow aquifer contaminated with arsenic at |evels above the ACL of 5.0
ng/ L di ssol ved concentration will be addressed via source control and nonitored natural
attenuation as follows:

1. Source control will be inplenmented by excavation and off site disposal

of the principal threat wastes at the Site, an estimated quantity of 2000
cubic yards of Category | material defined in Section 9.1 of this ROD.

This material is considered a principal threat due to its high nmobility and its
denmonstrated ability to act as a source of ground water contamination. In
addition, direct contact with this naterial nmay result in acute human health
risks. Of site disposal will be conducted in accordance with EPA's Of Site
Rul e, 40 CFR 300. 440 and the generator requirements identified in Table 17.

2. Further source control will be inplenmented by excavation of

approxi mately 68,000 cubic yards of low |level threat waste, Category II
material defined in Section 9.1 of this ROD. This material will be
consolidated within a repository systemconstructed within the Site
boundaries in accordance with the ARARs identified in Table 17. The
repository will be designed as the base for a new access road through the
Site which was planned by Muirray Gty. The access road is expected to be
the catalyst for Site devel opment to commercial/retail uses.

3. Mnitored natural attenuation will address the residual ground water
contam nation within and down gradient of these source areas. Mnitored
natural attenuation will continue until shallow ground water achieves the
I evel of the ACL for dissolved arsenic of 5.0 ng/L. The internedi ate
aquifer will also be nmonitored to denonstrate continued conpliance with
the MCL of 0.05 ng/L dissolved arsenic.

4. The shallow aquifer will be nonitored to evaluate the concentrations of
sel enium at the established conpliance points south of Little Cottonwood
Creek. The seleniumnonitoring is not for evaluation of the renedy, it is to



ensure continued conpliance with the sel eni um MCL.

5. Institutional controls in the formof a Murray Gty ordi nance

establishing an "overlay district" and restrictive easements that run with the
| and which both will prohibit the construction of new wells or use of

existing wells within the on-facility area and the western and eastern
portions of the off-facility area except for EPA approved nonitoring wells.

. Surface soils (0"-2") within the on-facility area contamnated with | ead and arsenic
exceedi ng renedi ation |l evels of 1200 ng/ kg arsenic as the 95% upper confidence limt on the
arithnetic nmean within an EU or 5600 ng/ kg lead as the arithnmetic mean within an EU will be
addressed as foll ows:

1. Soils will be covered in place with barriers sufficient to prevent direct
contact. Such barriers nay be pavenent, |andscaping, soil caps, or

sidewal ks. Site devel opnent itself is expected to result in additional
protection of human health since | and uses associated with unacceptable

human health risks will end. Al so, developnent will result in the

construction of additional barriers (new buil dings, roads, sidewal ks parking
lots, and | andscapi ng) over renuining surface soil and slag. A though no
unaccept abl e ri sks associated with exposure to slag were identified by

EPA, the devel opnent of the Site will ensure no exposure to slag in the future.

2. Institutional controls in the formof a Murray Gty ordinance wll
establish an "overlay district" which includes zoning to prevent residential
and contact intensive industrial uses within the forner snelter operationa
areas and will require maintenance of the barriers and controls on

excavat ed subsurface material within this sanme area. Restrictive easenents
than run with the land will be established in addition to the overlay district
to prevent residential or contact intensive industrial uses.

. Of-facility surface soils (0"-2") containing | evels of |ead exceeding 1200 ng/ kg as the
arithnetic nean in individual residential yards or 5600 ng/kg as the arithnmetic nean in
commercial areas will be renoved to a depth of 18 inches and replaced with clean fill. Any

| andscapi ng disturbed in this action will be replaced. The renoved soil wll be used
on-facility as subgrade naterial in construction of the repository system

. Surface water of Little Cottonwood Creek will be nonitored to ensure continued protection
during the ground water natural attenuation process at the level of 190 ug/L as a 4 day
average for trivalent arsenic and 360 ug/L as a 1 hour average for trivalent arsenic and 100
ug/ L for dissolved arsenic.

The established ecol ogical study area will be nonitored and the resulting infornmation wll
be used to reduce the uncertainties identified in the final Ecol ogical R sk Assessment for
the Site. Monitoring of wetlands will include surface water, sedinment and benthic nacro
invertebrates. Mnitoring of terrestrial areas will include plants and soil

The goals of the selected renmedy are to protect the intermedi ate and deep principal aquifer at the leve
of the MCL for dissolved arsenic, to restore the shallow ground water to the Ievel of the ACL of 5.0 ng/L
for dissolved arsenic established to protect Little Cottonwod Creek at its beneficial use, and to

remedi ate surface soils to levels protective of the reasonably anticipated future | and use. The renedy
incorporates the construction of a new north-south access road through the Site which will encourage
future devel opnment of the Site and achieve Murray Gty's goal of nore appropriate |land use through Site
devel opnent .

Based on information obtained during the Site investigation and on a careful analysis of all renedia
alternatives, EPA believes that the selected remedy will achieve these goals. It nay becone apparent
during the nonitored natural attenuation process for ground water that dissolved arsenic |evels have
ceased to decline and are remai ning constant at |evels higher than the ACL over sone portion of the plume
within the shallow aquifer. If it is determ ned on the basis of system perfornance data that certain
portions of the aquifer cannot be restored to the ACL, EPA will prepare a justification for a waiver of
the ground wat er ARAR based on technical inpracticability of achieving further contam nant reduction



10. Statutory Determ nations

Under its legal authorities, EPA's prinary responsibility at Superfund sites is to undertake renedi a
actions that achi eve adequate protection of human health and the environnent. |In addition, section 121 of
CERCLA establ i shes several other statutory requirements and preferences. These specify that when

conpl ete, the selected renedial action for this Site nust conply with applicable or relevant and
appropriate environmental standards established under Federal and State environnental |aws unless a
statutory waiver is justified. The sel ected renedy al so nust be cost-effective and utilize pernmanent
solutions and alternative treatnent technol ogi es or resource recovery technol ogies to the nmaxi num extent
practicable. Finally, the statute includes a preference for renedies that enpl oy treatnent that
permanently and significantly reduce the volune, toxicity, or nobility of hazardous wastes as their
principal elenent. The follow ng sections discuss how the selected renedy neets these statutory

requi renents.

10.1 Protection of Human Heal th and the Environnent

The Baseline Human Health Ri sk Assessnent identified unacceptable risks over the entire on-facility area
associated with potential direct contact with | ead- and arsenic-contam nated soil and snelter debris by
wor kers engaged in outdoor industrial activities. The assessnment identified substantially |ess risk

(al though still unacceptable in limted on-facility areas) associated with exposure to the sane naterials
under a scenario of comercial uses wherein workers would be prinmarily indoors. The assessnent al so
identified unacceptabl e risks associated with direct exposure to | ead contam nated soil by residents and
comrercial workers in the off-facility area. Potential ingestion of ground water fromthe shal |l ow aquifer
within the Site boundaries was also predicted to result in unacceptable risk

There is a large portion of the on-facility area where slag is exposed at the surface. It is not likely
that commercial or industrial workers or other adults will spend nmuch tine in areas of exposed sl ag.
Therefore, direct contact with slag by workers or residents is likely to be mninal. However, area

t eenagers have been observed to visit the site in areas where slag is exposed. The Basel i ne Human Health
Ri sk Assessnent characterized risks to teenagers who congregate in areas along Little Cottonwood O eek
and are potentially exposed to slag. The assessment concluded that risks associated with exposure to slag
are within the range that EPA considers to be acceptable.

The sel ected remedy enpl oys ground water source control via excavation and off-site disposal of the
principal threat at the site, undiluted arsenic trioxide, and will effectively address the identified

ri sk associated with potential mgration of this material into shallow ground water and potential future
direct contact with this material

The second conponent of the selected renedy is ground water source control by excavation and

consol idation of ground water source material within an on-Site repository system The systemw || be
designed with surface water managenent features. This action will effectively control the infiltration of
surface water into arsenic contam nated soil and prevent further mgration of arsenic into shall ow ground
water. The on-Site repository systemw |l be designed to performas an adequate base for a new access
road fromVine Street to 5300 South Street. The repository thus will serve three functions in the
protection of hunman health at the Site

(1) Reduction of mobility of arsenic to ground water by off-Site disposal of and containment of ground
wat er source material to address risks associated with exposure to contam nated ground water;

(2) Containnment of contaninated material which presents unacceptable risks due to direct contact thereby
elimnating this exposure pathway; and

(3) Catalyst for devel opnent of the Site by providing the base for a roadway which is expected to provide
the necessary access to pronote commercial uses. The Site devel opment will address the unacceptable
ri sks associated with high contact industrial outdoor activities.

The third conponent of the selected remedy is a conprehensive public and private institutional controls
package which will restrict the use of ground water within the Site boundaries (with the exception of EPA
approved monitoring wells) and restrict |and uses other than general commercial uses as defined by the
Murray Gty |land use code. The institutional controls package will also require that Site features such
as roads, parking lots, and | andscapi ng, which are functioning as barriers to human exposure be

mai ntai ned. The institutional controls will provide human health protection into the future. The Site
devel opnent itself is expected to result in protection of human heal th through the construction of
barriers over renmaining |ow | evel surface contam nation and slag. Al though no unacceptabl e risks

associ ated with exposure to slag were identified, the devel opment of the site will ensure no exposure to
slag in the future.



The fourth conponent of the selected renedy is nonitored natural attenuation of ground water down

gradi ent of source areas. Analyses performed during Site Characterization and summarized in the final
Site Characterization Report denonstrate that arsenic is being attenuated on the aquifer materials and
that iron oxide is the primary nineral phase responsible for the attenuation of arsenic. Through the
adsor ption mechani sm the unacceptably high levels of arsenic in the shallow aquifer will decrease over
tinme at a rate that depends on the net flux of water noving through the affected portions of the shall ow
aqui fer. The process of adsorption will effectively reduce the dissolved arsenic concentrations in
shal | ow ground water. Performance nonitoring will be inplenented to evaluate the effectiveness of the
attenuation and to ensure protection of human health and the environnent. Performance nonitoring wll

i ncl ude both ground water and surface water nonitoring. The effects of the source control actions of
Alternative 3 along with the nonitoring activities are expected to denonstrate within 30-40 years

that the rate of natural attenuation of arsenic in shallow ground water is sufficient to predict that
the ACL will never be exceeded at the established conpliance points near Little Cottonwood Creek. EPA
expects the renaining areas of the shallow aquifer to achieve the ACL within a time frame of 100-150
years.

The I ast conponent of the selected renedy is soil renoval and replacenent with clean fill in off-facility
residential or comrercial properties with soil |ead concentrations that nay present an unacceptable
health risk. This action will break the exposure pathway of direct contact with soils

10. 2 Conpliance with Applicable or Rel evant and Appropriate Requirenents

The selected remedy will conply with all applicable or relevant and appropriate chemcal requirenments
presented in Tables 16-18

10. 3 Cost Effectiveness

The selected renmedy is cost effective because it has been determ ned to provi de overal
effectiveness proportional to its costs, the net present worth value being $11.6 mllion. The estinated
costs of other alternatives are presented in Tables 19 and 20

The costs of Alternatives 2,3, 6, and 7 are very sinmlar. Conparing Alternatives 2 and 3, the additiona
ef fectiveness and protectiveness associated with off-site disposal of principal threat wastes
(Al'ternative 3) was judged to warrant the additional $200,000 cost. The difference between Al ternatives
3, 6, and 7 is the option for renediating the off-facility soils. The cost of a community nonitoring and
heal th education programis greater than the excavati on of contaminated soils and provides an

approxi mately equal |evel of protectiveness. Alternative 7 includes tilling of soils. This Alternative is
|l ess costly than full soil renoval but provides slightly |less effectiveness in sone areas of the Site

The costs of Alternatives 3, 4, and 5 are quite different reflecting different approaches to ground water
remedi ati on. EPA hydrogeol ogi sts carefully considered the potential benefits of extracting and treating
ground water as described in Alternative 4. The effectiveness of this option is limted by the
characteristics of the aquifer which allow very little water to be extracted. The addition of an
extraction systemw Il not increase the rate of inprovenent in ground water quality over natura
attenuation processes despite the additional cost. A so considered was the amount of |and which woul d be
required for dedication of nunmerous ground water extraction wells. This |and woul d then be unavail abl e
for Site devel opment. The additional cost of Alternative 4 does not result in effectiveness or benefit
for the Site. Alternative 4 also has greater problems with long terminplenmentability, and greater
inconpatibility with Site devel opnent. Alternative 5 includes in-situ ground water treatment in

addi tional to source controls. This alternative requires high operati on and mai nt enance costs wi t hout
appreciable increase in effectiveness or protectiveness.

Bal anci ng costs with effectiveness, protectiveness, and Site devel opnent considerations, Alternative 3 is
judged by EPA to be the nost cost effective.

10.4 Wilization of Permanent Solutions and Alternative Treatnent Technol ogi es (or Resource Recovery
Technol ogi es) to the Maxi mum Extent Practicable

The sel ected remedy represents the maxi mum extent to which permanent solutions and treatnent technol ogies
can be utilized in a cost effective manner for the Site. Neither extraction and treatment nor in situ
treatment of ground water were found to be nore effective than natural attenuation at reducing arsenic
concentration in ground water. Yet both technol ogies are nore costly. The institutional controls of the
sel ected renedy, while not pernmanent, will provide the required | evel of protection during the period of
natural attenuation of the ground water. The source control neasures will provide a pernanent solution by
consolidating the material in a engineered repository system preventing contact by water, and peopl e.



O the alternatives that are protective of hunan health and the environnent and conply with ARARs, EPA
bel i eves that the sel ected renedy provides the best balance in ternms of long termeffectiveness and
permanence; reduction in toxicity, nobility, or volune achi eved through treatnent; short term
effectiveness; inplenmentability; and cost. Overall protection of human health and the environnent, |ong
termeffectiveness, and cost were the nost decisive criteria in selecting Alternative 3 as the renedy.

10.5 Preference for Treatment as a Principal El enent

The sel ected remedy prescribes excavation and off-site disposal for the principal threat waste. On-site
treatnent as a principal element was found not to be cost effective. However, the principal threat wastes
will be treated off-site before disposal. Therefore, the selected renedy satisfies the statutory
preference for treatnment as a principal elenent to sone degree.

Because the selected remedy will result in hazardous substances remaining on site, a revieww || be
conducted every five years after commencenment of renedial action to ensure that the renmedy continues to
provi de adequate protection of hunman health and the environnent.

10. 6 Concl usi on

EPA' s choice of Alternative 3 for renediation of the Site is protective of hunan health and the
environnent and is in accordance with CERCLA and the National Contingency Pl an.



RECORD COF DECI SI ON
DECLARATI ON STATEMENT

SI TE NAME AND LOCATI ON

The Murray Snelter proposed National Priorities List Site is located in the city of Mirray, Uah in Salt
Lake County.

STATEMENT OF BASI S AND PURPCSE

Thi s deci si on docunment presents the selected renedial action for the Murray Snmelter Site chosen in
accordance with the Conprehensive Environmental Response, Conpensation, and Liability Act, as amended by
t he Superfund Anendnents and Reaut horization Act and the National Contingency Plan. This decision is
based on the adm nistrative record file for the Site.

The State of U ah does not concur on the sel ected renedy.
ASSESSMENT OF THE SITE

A period of 77 years of lead snelting operations at this Site (1872-1949) resulted in inpacts to the
soil, ground water, surface water and sedinent. Lead and arsenic have been identified as the contam nants
of concern to human health. In addition to | ead and arsenic, alum num cadm um copper, nercury, nickel
sel enium silver, thallium and zinc have been identified as the contami nants of concern to ecol ogi ca
receptors. R sk assessment perforned at the Site in 1997 identified elevated risks to ecol ogi ca

receptors as a result of exposure to lead in soils and sedinments and seleniumin plants. The risk
assessnent al so identified unacceptable risks to humans fromingestion of |ead and arsenic in surface
soils and the potential ingestion of arsenic in shallow ground water. Although not currently used as a
drinking water source, the shallow aquifer at the Miurray Smelter site nmeets EPA's and the State of Uah's
criteria for classification as a potential drinking water source, dass IIb. An alternative drinking
water source is readily available in the deep principal aquifer and there is no near termfuture need for
the shal l ow ground water resource. Therefore, EPA believes that a relatively longer tine frane for

achi eving groundwater clean up levels is appropriate at this Site

Actual or threatened rel ease of hazardous substances fromthis Site, if not addressed by inplenenting the
response action selected in this Record of Decision, may present an inminent and substantial endangerment
to public health, welfare, or the environnent.

DESCRI PTI ON OF THE REMEDY

The remedial action selected by this ROD is the second of three response acti ons EPA considers to be
necessary at the Murray Snmelter Site. EPA expects that an additional tinme critical renoval action will be
required to address the potential for rel ease of hazardous substances and resulting health risks
associated with the potential structural failure of the two snelter stacks |ocated on the Site

The remedy selected for the Murray Smelter Site in this ROD consists of the follow ng:

1. Contaninated ground water. Source control wll be inplenented by excavation and off site disposal of
the principal threat wastes at the Site, approxi mately 2000 cubic yards of residual undiluted arsenic
trioxide. This material is considered a principal threat due to its high nobility and its denonstrated
ability to act as a source of ground water contam nation. In addition, direct contact with this
material may result in acute human health risks. Further source control will be inplenented by
excavation of approximately 68,000 cubic yards of |ow |level threat waste, diluted arsenic trioxide or
flue dust mxed with soil, fill, or debris fromforner snelter structures. This material wll be
consolidated within a repository systemconstructed within the Site boundaries. The repository will be
designed as the base for a new access road through the Site which was planned by Murray Gty. The
access road is expected to be the catalyst for Site devel opnent. Mnitored natural attenuation wll
address the residual ground water contam nation within and down gradi ent of these source areas.
Institutional controls in the formof a Muirray Gty ordi nance establishing an "overlay district" and
restrictive easenents that run with the land both will prohibit the construction of new wells or use
of existing wells (except EP approved nonitoring wells) within the on-facility area and the western
and eastern portions of the off-facility area

2. Contam nated surface soils. On-facility surface soil containing |levels of |ead and arsenic exceedi ng
remedi ation levels will be covered. The barriers will provide protection by breaking the exposure
pat hways associated with long termdirect contact with these soils. Site devel opnent itself is
expected to result in additional protection of human health since | and uses associated with



unaccept abl e hunman health risks will end. A so, the developnent will result in the construction of

addi tional barriers (new buildings, roads, sidewal ks parking |lots, and | andscapi ng) over remaining
surface soil and slag. Al though no unacceptable risks associated with exposure to slag were identified
by EPA, the devel opnent of the Site will ensure no exposure to slag in the future. Institutiona
controls in the formof a Muirray Gty ordinance will establish an "overlay district" which includes
zoning to prevent residential and contact intensive industrial uses within the forner snelter
operational areas and will require maintenance of the barriers and controls on excavated subsurface
material within this same area. Restrictive easenents that run with the land will be established in
addition to the overlay district to prevent residential or contact intensive industrial uses.

Of-facility surface soils containing |levels of |ead exceeding renediation levels will be renmoved and
replaced with clean fill. The renoved soil will be used on-facility as subgrade material in
construction of the repository system

3. Surface water. Little Cottonwood O eek which fornms the northern boundary of the Site and to which
shal | ow around wat er di scharges will be nonitored to ensure continued protection during the ground
wat er natural attenuation process. Additional nonitoring of the ecological study area of the Site will
be used to reduce the uncertainties identified in EPA' s predictions of ecol ogical risk

The goal s of the selected remedy are to restore ground water to the level of the ACL of 5.0 ng/L for

di ssol ved arsenic established to protect Little Cottonwood Creek at its beneficial use and to renedi ate
surface soils to levels protective of the reasonably anticipated future | and use. The renedy incorporates
the construction of a new north-south access road through the Site which will encourage future

devel opnent of the Site and achieve Murray Gty's goal of nore appropriate |Iand use through Site

devel opnent. Based on informati on obtained during the site investigation and on a careful analysis of all
remedi al alternatives, EPA believes that the selected renedy will achieve these goals. It may becone
apparent during the nonitored natural attenuation process for ground water that dissolved arsenic |evels
have ceased to decline and are renai ning constant at |evels higher than the ACL over sone portion of the
plume. If it is determined on the basis of system performance data that certain portions of the aquifer
cannot be restored to the alternate concentration linmit, EPAw Il prepare a justification for a waiver of
the ground water ARAR based on technical inpracticability of achieving further contam nant reduction

STATUTCRY DETERM NATI ONS

The selected renedy is protective of human health and the environnment, conplies with Federal and State
requirenents that are legally applicable or relevant and appropriate to the renedial action and is cost
effective. This remedy utilizes pernmanent sol utions however, the use of alternative treatnent

t echnol ogi es was found not to be practicable for this Site. The remedy will achieve significant reduction
inthe nobility of the Site wastes through containment. The principal threat will be addressed by
excavation and off site disposal

Because this remedy will result in hazardous substances remai ning on site above health based |l evels, a
review will be conducted within five years after comencenent of renedial action to ensure that the
remedy continues to provide adequate protection of hunman health and the environnent.
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TABLE 5: LEAD AND ARSEN C I N SUBSURFACE SO L

Area

EU-1
EU- 2
EU-4
EU-5

EU- 6
EU-7
EU- 8

EU-9
EUL0

1Sz-1
| SZ- 2
| SZ- 3
| SZ- 4

1 SZ-5
| SZ-6
| Sz-7
1 SZ-8

Al

Nunmber
of stations

PR RN

N

NDNDNDN

2
2
2

data from Hydronetrics 1995a
BDL = Bel ow detection limt (about 5 ppn.

Dept h
Interval s

0-2
2-6
6-12
12-18

Basel i ne Human Heal th R sk Assessnent
Nunber 4500- 090- AQAC

Docunent Contro

TH S DOCUMENT WAS PREPARED BY ROY F. WESTON,

5 35 5 S

35 35 5 S

Arseni c
Aver age Range
(ppm (ppm
448 BDL- 1500
272 130- 340
158 BDL- 620
25 BDL- 56
1224 BDL- 48000
3005 BDL- 34000
2851 64- 7200
1240 13- 7500
107 45-140
69 17- 230
73 27-170
214 53-610
68 6- 150
81 44-120
47 BDL- 70
185 86- 480
132 BDL- 450

I NC. EXPRESSLY FOR EPA.
DI SCLOSED IN WHOLE OR | N PART W THOUT THE EXPRESS WRI TTEN PERM SSI ON CF EPA

Lead
Aver age Range
(ppm (ppm
8243 50- 16000
9480 8200-10000
1656 66- 4800
222 61- 600
2259 57-22000
3793 63- 14000
2751 520- 9000
6858 75- 40000
634 430- 1200
334 240- 420
1089 150- 3200
520 87- 1600
496 290- 710
443 230- 560
599 120- 1000
2659 550- 7300
165 140- 190

May 1997
Page 2-10
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WELL

JMM 01
JMV 02
JMVt 06
JM

07B

JMV 08
VB- GV

VB- GW

MM 100
MM 101

MW 102
MW 103
MV 104
MW 105

TABLE 6

SUMVARY OF CHEM CAL ANALYSI S FOR KEY ANALYTES
SHALLOW AQUI FER GROUND WATER
MJRRAY SMELTER

# OF
SAMPLES

A A DdDN

© ©

o ©

O © © ©

TDS
RANGCE

787-1108

777-890
1325-1489
121 - 1367

549- 957
868- 1126

981-1270

852-976
484- 651

623- 3409
1032- 1110
605- 1439

726-941

TOTAL ARSENI C

detects

O DM DN

© ©

(o]

© 00 © ©

r ange

0.366-0. 746
0.452-1.008

0. 013-0. 019

0.016-0.078
0.487-30. 14

2.87-6.539

BDL- 0. 002
0. 006-0. 047

0.013-0.021
0. 098-0. 27
BDL- 0. 012
0.013-0.042

nean

0. 502
0. 652

0. 015

0.039
10. 98

4.10

0. 002
0. 014

0.017
0.21
0. 009
0. 022

TOTAL LEAD
detects range
2 0. 064- 0. 093
2 0.003-0.013
2 0. 002-0. 008
0 0
7 0. 002- 0. 007
4 BDL- 0. 003
4 BDL- 0. 005
6 BDL- 0. 035
6 BDL- 0. 301
1 BDL- 0. 001
4 BDL- 0. 003
2 BDL- 0. 01
6 BDL- 0. 079

nean

0.079
0. 008
0. 005

0. 004
0. 005

0. 002

0.01
0. 062

0.001
0. 002
0. 002
0.02

TOTAL SELENI UM

detects

o

o

(o]

oo w

range mean

0.015-0.192 0.065

0.036-0.056 0.046

BDL- 0. 016 0.01

BDL-0.007 0.004

BDL-0.018 0.012
0.016-0.053 0.037



TABLE 6

SUMVARY OF CHEM CAL ANALYSI S FOR KEY ANALYTES
SHALLOW AQUI FER GROUND WATER
MJRRAY SMELTER

MMV 106 9 1491-1895 9 23.85-31.06 26.74 6 BDL- 0. 079 0.02 8 0.07-0.137 0.104
MMV 107 9 2126-2784 8 BDL-0.019 0.014 1 BDL- 0. 001 0.001 8 0. 026-0. 186 0.12
MM 108 9 995-1264 6 BDL- 0. 02 0.006 3 BDL- 0. 026 0.006 8 0.041-0.095 0.076
MN¥109 7 1082-1345 7 0014-0022 0.018 4 BDL-0. 012 0.003 O

M#110 9 1329-1530 9 1.689-2.388 2.10 O 8 0.104-0.141 0.139
MM111 9 658-1578 9 2.903-4.535 3.60 7 0013-0.212 0.107 8 0075-0. 166 0. 115
MM112 9 602-1124 9 0.052-0.134 0.104 7 0.027-0.084 0.039 4 BDL- 0. 059 0. 016
MM 113 2 1524-1544 2 0.015-0.021 0.019 O 0

MV 114 2 490- 506 2 0.015-0.021 0.018 O 0

UTBN- 1 10 759-1265 10 0.116-0.27 0.176 8 0.05-0.101 0.069 9 0.011-0.063 0.036
WELL 1 8 535-801 8 0.14-0.316 0.245 5 BDL- 0. 086 0.024 O

VWELL 2 9 1434-1782 9 1.439-1.974 1.68 3 BDL- 0, 008 0.006 1 BDL-0.006 0.003
WELL 3 9 843-1309 9 0.134-0.236 0.173 7 0.081-0.214 0.139 8 0.011-0.079 0.028
NOTES:

Al values are reported in units of ng/L
Val ues of one half (the detection limt were substituted for bel ow detection limt data in calculation of nean val ues.



TABLE 7 Exposure Point Concentrations for Surface Water

Part A Low Fl ow

Chemi cal Upgr adi ent Onsite Downgr adi ng Depr essi on
(n=2) (n=2) (n=2) (n=2)
Total a Di ssol ved b Tot al D ssol ved Tot al D ssol ved Tot al
Al um num 0.193 [0.05] 0. 209 [0.05] 0.534 [0.05] 0. 110
Arseni c [ 0. 0025] [ 0.0025] 0. 048 0. 044 0. 054 0. 065 0. 048
Cadm um [0.00025] [0.00025] [ 0. 00025] 0. 0012 0. 0009 0. 0012 0. 0041
Copper [ 0.005] [ 0.005] [ 0. 005] [ 0. 005] 0.012 0.01 0.017
Lead 0. 008 0. 003 0. 004 [0.001] 0. 009 [0.001] 0. 045
Sel eni um [ 0.0015] [0.0015] [ 0. 0015] [0.0015] [0.0015] [ 0. 0015] 0.01
Zi nc 0. 021 [0.01] 0. 035 [0.01] 0. 079 0.028 0. 149
Part B: H gh Flow
Chemi cal Upgr adi ent Onsite Downgr adi ng Depr essi on
(n=2) (n=2) (n=2) (n=2)
Total a Di ssol ved b Tot al D ssol ved Tot al D ssol ved Tot al
Al um num 0. 644 [0.05] 0. 748 [0.05] 1. 053 [0.05] 0. 185
Arseni c [ 0. 0025] [ 0.0025] 0. 010 0.01 0.011 0.01 0.672
Cadm um 0. 0007 [ 0. 0005] 0. 001 0. 001 0. 001 [ 0. 00025] 0. 003
Copper 0.017 [ 0.0025] 0.017 0. 006 0.03 [ 0. 0025] 0.03
Lead 0.013 [0.001] 0. 021 [0.001] 0. 032 [0.001] 0. 087
Sel eni um [0.025] [ 0.0025] [ 0. 0025] [0.0025] [0.0025] [ 0. 0025] 0. 049
Zinc 0.113 0. 049 0.117 0.121 0.135 0. 072 0. 492

Al values are expressed in units of ng/L and represent maxi mum val ues due to limted sanples as
described in the text.

[ T Values in brackets represent % quantitation (reporting) limt.

a Total concentrations were used to evaluate risk to avian receptors.

b Dissol ved concentrations were used to evaluate risk to fish.

See Appendi x C for data and sumary statistics.
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TABLE 8 Exposure Point Concentrations for Sedi ment

Upgr adi ent Onsite  Downgradi ent Devel oprent

Chemi cal (n=10) (n=10) (n=10) (n=10)
Al um num 5523 6465 5938 11893
Arsenic 29 70 32 492
Cadm um 0. 63 3.1 1.4 51
Copper 62 188 409 1628
Lead 302 1699 356 9058
Mer cury 0.1 0.33 0.18 0.50
N ckel 37 63 116 40
Sel eni um 0.55 0.78 0.48 58
Si |l ver 2.3 5.5 3.6 19
Thal i um [0.5] [0.5] [0.5] 32
Zinc 526 2389 694 58600

Al values reported in units ng/kg dry weight. EPCs are the mni numof the UCL95 or naxi num detected
val ue as described in text.

[ 1 Values in brackets represent “2quantitation (reporting) linmit.

See Appendi x C for data and summary statistics.
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TABLE 9 Exposure Point Concentrations for Riparian Soil

Upgr adi ent Onsite Downgr adi ent

Chemi cal (n=7) (n=8) (n=5)
Al um num 52611 10780 9800
Arseni c 70 129 55
Cadm um 1.8 6 3
Copper 258 366 193
Lead 771 3100 659
Mer cury 0.77 1 0. 67
N ckel 67 47 40
Sel eni um 0.7 11 0.9
Silver 6.6 8.6 6.6
Thal i um [0.5] 1.1 [0.5]
Zinc 685 2332 681

Al values reported in units of ng/kg dry weight. EPCs are the m ni numof the UCL95 or naxi num detected val ue
as described in the text.

[ 1 Values in brackets represent 2 quantitation (reporting) linit.

See Appendi x C for data and summary statistics.



Chemi cal

Al um num
Arseni c
Cadm um
Copper
Lead

Sel eni um
Silver
Thal i um
Zi nc

Al value reported in units of ng/kg dry weight.
val ue as described in the text.
See Appendi x C for data and summary statistics.

Draft Final
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TABLE 10 Exposure Point Concentrations for
Bent hi ¢ Macroi nvert ebrat es

Upgr adi ent (n=6)

1100
12

3

60
58
17

0. 56
[0. 5]
373

Ecol ogi cal R sk Assessnent
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Onsite (n=4)

1169

288
5
73
175
11
1.3

[0. 5]

595

Downgr adi ent (n=2)

865
99
3
64
50
12
0. 49
[0.9]
425

I NC. EXPRESSLY FOR EPA

Depr essi on (n=3)

864
133

15
122
440

EPCs are the m ni numof the UCL95 or

Sept enber 1997
Page 3-2
IT SHALL NOT BE RELEASED OR

maxi num det ect ed



TABLE 11
SUMVARY COF ARSENI C CONCENTRATI ONS | N SURFACE WATER
MEASURED | N QUARTERLY MONI TORI NG EVENTS
MJRRAY SMELTER SI TE

SAMPLE  UPSTREAM UPSTREAM ONSITE ONSITE DOMSTREAM DOMSTREAM  WETLANDS  WETLANDS

DATE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE

DI SSOLVED  TOTAL DI SSOLVED TOTAL DI SSALVED TOTAL DI SSOLVED TOTAL
7122/ 96 0. 007 0. 007 0. 167 0. 146 0.129 0. 107 0. 26 0. 266
12/6/96  <0.005 <0. 005 0.173 0. 201 0.164 0. 202
1/14/97  <0.005 <0. 005 0. 288 0. 299 0.2 0. 255
4/ 11/97  <0.005 <0. 005 0.176 0.161 0.181 0.184
7/ 15/ 97 0. 007 0. 008 0. 051 0. 046 0. 042 0. 043 0. 201 0. 232
10/ 8/ 97 0. 009 0. 008 0.123 0.11 0. 053 0. 061 0. 146 0.175

Al results are reported in units of nilligrans per liter.
Where no result is reported, no sanple was collected on that date.
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Requi r enent

Ut ah Prinmary Drinking Water Standards

National Primary Drinking Water Standards

Nati onal Primary Drinking Water Standards

Definitions and Ceneral
Quality Act

Requi renents of Utah Vater

Adm nistrative Rules for Goundwater Quality Protection

TABLE 16

CHEM CAL SPECI FI C ARARS

Citation

UAC R309-103-2

40 CFR 141 11

40 CFR 141 80

UAC R317-1

UAC R317-6-6 4C and R317-6-
64D

UAC R317-6-2

Description

Est abl i shes maxi num cont am nant | evel s
of 0.015 ng/L for lead and 0.05ng/| for
arsenic as prinmary drinking water

st andar ds

Est abl i shes the maxi mum cont ani nant
level for arsenic of 0.05 my/L

Establ i shes a | ead action |evel of 0.015
ng/ L. Regul ations establish a treatnment
techni que triggered by exceedance of the
action level in nore than 10 percent of tap
wat er sanpl es col |l ected during any

nmoni tori ng period.

Provi des definitions and general
requirenents for water quality in the State
of Ut ah

Establ i shes requirenents for issuance of a
groundwat er di scharge pernit at an
existing facility. Permt limts may be
ei ther groundwater quality standards or
alternate concentration limts.

G oundwat er quality standard for arsenic
is 0.05 ng/l, for lead is 0.015 ng/l.

Al ternate concentration linits are

establ i shed on a site specific basis. The
Alternate Concentration Linmt for the
Miurray Smelter Site is 5.0 ng/L.

Not es

rel evant and appropriate for
groundwater at the Murray Snelter
Site

rel evant and appropriate
groundwater at the Murray Smelter
Site

rel evant and appropriate for
groundwater at the Murray Snelter
Site

Applicable to ground water and surface
water at the Murray Snelter Site

Substantive requirenents are rel evant
and appropriate for groundwater at
Mirray Snelter. Note that the
groundwat er quality standard need not
be nmet if it is denonstrated that an
alternate concentration limt (ACL) is
protective. At the Murray Snelter Site
the ACL is the relevant and appropriate
requirenent for on site groundwater in
the shal | ow aqui fer.



TABLE 16
CHEM CAL SPECI FI C ARARS

Standards of Quality for Waters of the State UAC R317-2-6, R317-2-7, Est abl i shes use designati ons of O ass 2B, Applicable to surface water of Little
R312-2-13, and C ass 3A, and G ass 4 for the segnment of Cot t onwood Cr eek
R317-2-14 Littl e Cottonwood Creek which borders

the Murray Snelter site. Establishes

water quality standards applicable to each
class. Water quality standards for trival ent
arsenic are 190 ug/l (4 day average) and
360 ug/l (1 hour average) for Cass 3A
Water quality standard for dissol ved
Arsenic is 100 ug/l for Cass 4 VWater
quality standards for lead are 3 2 ug/l (4
day average) and 82 ug/l| (1 hour average)

for ass 3A and 100 ug/l for dass 4



TABLE 17
ACTI ON SPECI FI C ARARS

Em ssi on St andards UAC R307-1-4 Establ i shes air quality standards for visible Applicable to enissions generated
em ssi ons, PMLO, and internal conbustion during remedial activities
engi nes
Fugi ti ve Dust Em ssion Standards UAC R307-12 Establi shes air quality standards for Applicable to fugitive dust em ssions
fugitive dust em ssions generated during renedial activities
G ound Water Protection Standards for Oaners and 40 CFR Part 264.97 Est abl i shes general ground water Rel evant and appropriate to ground
Operators of Hazardous Waste Treatnent, Storage, and UAC R315-8-6 nmonitoring requirenents for treatnent water at Miurray Smelter Site
Di sposal Facilities storage and di sposal facilities underlying any on site waste
managenent units constructed as part
Est abl i shes requirenments for conpliance of the renedial action
40 CFR Part 264 99 noni toring program
General Facility Standards: 40 CFR 264 19 Est abl i shed requirenent for a construction Rel evant and appropriate to
Construction Quality Assurance Program qual ity assurance programto ensure that construction of surface inpoundment.
constructed units neet or exceed all waste pile, and land fill units
design criteria and specifications constructed as part of the renedial
action
General Facility Standards: UAC R315-8-2.9 Establ i shes site characteristics which are Portions are rel evant and appropriate to
Location Standards for Hazardous Waste Facilities unsuitabl e for |ocation of hazardous waste al ternatives which include
40 CFR 264. 18 nmanagenent units. consolidation of wastes on site
Standards for Control of Installations, State Adoption of UAC P307-1-3 Est abl i shes NAAQS as requirements for Rel evant and appropriate to air
National Anbient Air Quality Standards (NAAQS) air quality. NAAQ for PMLO is 50 em ssions resulting fromrenedi al
ug/ m 3 annual arithnetic nmean, and 150 activities at Murray Snelter

ug/ m3 24 hour naxi mum
NAAQS for lead is 1.5 ug/m3 maxi mum
quarterly average,

Of Site Managenent of CERCLA Wastes 40 CFR 300. 440 Est abl i shes requirements for off site Applicable to alternatives that involve
managenent of CERCLA wastes of f site nmanagenent of hazardous
wast e
UAC R315-5 Est abl i shes hazar dous waste generator

40 CFR 262.10 through 262-44  requirenents

Wll Drilling Standards UAC R655-4 Est abl i shes standards for drilling and Applicable to installation or
abandonnent of wells abandonnent of nonitoring wells

<I M5 SRC 98078BVA>



U ah Pol lutant Discharge Elimnation System
Requi renent s

C osure and Post-d osure:
Post-cl osure Care and the Use of Property

O osure And Post O osure:
Post - cl osure notices

C osure and Post d osure:
Post - cl osure notices

<I MG SRC 98078BVB>

ACTI ON SPECI FI C ARARS

UAC R317-8

40 CFR 264. 117

40 CFR 264. 118

40 CFR 204. 119

Est abl i shes general requirements
definitions, and standards for point source
di scharges of pollutants into surface water
bodies in Uah and establishes pre-
treatment requirenents for discharge to a
publicly owned treatnents works

Est abl i shes m ni mum requi rements for
nonitoring, reporting, and mai ntenance of
cl osed hazardous waste nanagement units

Est abl i shes requirenent for witten plan
identifying activities that will be carried on
after closure of each disposal unit

Est abl i shes requirenent to record
certification of closure via a notation on
the property deed to the facility and
notification that the | and has been used to
manage hazardous waste

Applicable to point source discharges to
Little Cottonwood Creek fromthe
Mirray Street site

Rel evant and appropriate to
consolidation units constructed as
of the renedial action

Portions are relevant and appropriate to
consolidation units constructed as part
of the renedial action

Portions are rel evant and appropriate to
consol idation units constructed as part
of the remedial action



TABLE 18
LOCATI ON SPECI FI C ARARS

Mgratory Bird Treaty Act 16 USCS 703 Establ i shes that is unlawful to take or Applicable to mgratory birds at the
possess any mgratory nongane bird or Mirray Snelter site
any part of such mgratory nongane bird



APPENDI X A

RESPONSI VENESS SUMVARY

PROPOSED PLAN FOR
MJURRAY SMELTER PROPOSED NPL SI TE

PART | :

COMMENTS RECEI VED FROM THE UTAH DEPARTMENT OF ENVI RONMENTAL QUALI TY (UDEQ)

UDEQ st ated concerns that sel eniumhas been detected in the shallow ground water at the Site in
concentrations which exceed drinking water standards for that chem cal.

EPA Response: The over-riding environnental concern associated with shallow ground water within the
on-facility boundaries is arsenic which has been detected at |evels 100-1000 tinmes drinking water MCL. In
conparison, sel enium has been detected at various locations within the on-facility boundaries at levels twce
the drinking water MCL. Unlike arsenic, the seleniumin shallow ground water has not affected the quality of
Little Cottonwood Creek. EPA' s sel ected renedy includes continued nonitoring of seleniumin shallow ground
water and institutional controls which will prevent exposure to seleniumby prohibiting the installation of
ground water wells except for the purpose of nonitoring. The selected renedy is thus protective.

UDEQ al so expressed concern about the arsenic |oading of Little Cottonwod Creek as a result of a point
di scharge fromthe 48 inch reinforced concrete pipe culvert which runs along State Street.

EPA Response: The sel ected renedy requires control of the Site related source(s) of this arsenic discharge
and further requires conpliance with surface water quality standards for Little Cottonwod O eek. The details
of the source control activities will be devel oped as part of renedial design.

UDEQ provi ded an eval uati on of responses to comments they subnmitted on the draft Feasibility Study. The
responses were prepared by Asarco. On the basis of Asarco's responses to UDEQ s and EPA's conments on the
docunent, EPA approved the Final Feasibility Study. EPA notes that UDEQ was provi ded Asarco's responses on
August 27, 1997.

UDEQ Comment 1: UDEQ requests nuneric clean up levels and confirnatory sanpling.

EPA Response: EPA established renediation levels in Section 8.3 of the ROD. The details of confirmatory
sanpling will be devel oped as part of renedial design.

UDEQ Comment 2: UDEQ i s concerned about the renedy's ability to conply with the ground water MCL for arsenic
given the long tine (>150 years) for achieving the MCL predicted in the Feasibility Study.

EPA Response: |In the ROD EPA provides the rationale for why the conditions at Mirray Snelter neet those
established in CERCLA Section 122 for the establishment of an Alternate Concentration Limt in lieu of the
MCL for arsenic. The evaluation of how the selected alternative will meet this ACL within reasonable tine
frame given the Site specific circunstances is contained in Section 9.1 of the ROD. EPA agrees with the
statenments in the final Feasibility Study that the MCL will ultimately be met. The mechani sns of natural
attenuation will continue in perpetuity such that ground water quality will continue to inprove resulting in
the achi evenent of restoration albeit in a very long tine.

Al so in Comment 2, UDEQ requests nore specific information about how ACLs will be established at the Site.
EPA has included the devel opnent of the ACL for arsenic as Appendix Cto the ROD.

UDEQ Comment 3: UDEQ objects to Asarco's statenents which suggest that State ARARs were not identified in a
timely manner.

EPA Response: EPA notes that UDEQ has never responded to EPA's Septenber, 1996 formal request for an ARARs
analysis fromthe State. Wiile it is accurate to state that many di scussions have occurred between the State
and EPA on the identification of State ARARs, UDEQ has only provided a table with no indication of whether
that table was to be considered official or final identification of State ARARs for this Site.

UDEQ al so requested justification for why chemical specific RCRA ground water naxi mum concentration |evels
were not identified as ARAR

EPA Response: EPA did not identify these standards because they are not applicable (Mirray Srmelter is not a



treatnent storage or disposal facility) and are not rel evant and appropriate given the Site circunstances are
appropriate for establishing an ACL.

EPA included the following ARARs in the ROD in response to UDEQ conments:
A. UAC R315-8-6 is identified as rel evant and appropri ate.
B. Uah's ground water protection rule is identified as relevant and appropri ate.
C. EPA's off-site rule is identified as applicable.
D. UAC R315-5 is identified as applicable.
E. UAC R3158-14 is identified as rel evant and appropri ate.
F. UAC R311-211-2 is identified as applicable.
G UAC R317-1 is identified as applicable.

UDEQ Comment 4: UDEQ i s concerned about the |ack of detail regarding the cover design for the on-Site
repository system

The requirenents for the cover are identified in the ROD. The further devel opment of the details of the cover
is a renedial design activity.

UDEQ provi ded an eval uati on of how well Asarco responded to UDEQ s conments on the draft Feasibility Study.
This evaluation is noted by EPA. EPA considers the responses provi ded by Asarco to be adequate. It was on the
basis of Asarco's responses to these comrents as well as EPA's comments that EPA approved the Feasibility
Study. W assune that this further evaluation by UDEQ is provided for the record and as such will be included
as part of the Admnistrative Record for the Site.

PART ||

COWMMENTS RECEI VED FROM ASARCO

Asarco comented that the nmonitoring requirenents included in the ROD to support efforts to reduce
uncertainties in the ecological risk assessnent may not be required if the wetlands area of the Site are
filled during Site devel opnent. Asarco al so suggests that there may be other options to nonitoring which will
reduce the uncertainties in the ecol ogical risk assessnent.

EPA Response: EPA agrees with the comment and has included | anguage in the ROD indicating that in the event
the wetlands are filled, the associated exposure pathways will be broken. The ROD al so includes the
requirenent that if the wetlands remain, nmonitoring will be required. The najority of the ecological risk at
the Site is associated with the wetlands. As devel opnent pl ans beconme nore clear, nonitoring will be
incorporated into the renedial design or deleted as appropriate. Currently, there is not enough infornation
to assess how the planned Site devel opment will affect the wetlands.

Asarco al so comrented that the Proposed Plan was not clear in describing whether the proposed cover for slag
is to be an interimor permanent cover. Asarco further questioned the basis for requiring a cover for slag.
Asarco al so encl osed the attached nenorandum supporting their view that a cover for slag is not required.

EPA Response: EPA agrees with Asarco's comments. Language has been added to the ROD to clarify that there is
no need to cover the slag as part of the remedy for the Site. The ROD also nakes it clear that EPA expects
the slag will be covered in the near future as part of Site devel oprent.
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To: Donal d A. Robbi ns
From Rosalind A. Schoof, Ph.D
Dat e: Cct ober 23, 1997

Subj ect: Wathering of Slag at the Murray Snelter Site

Recently a question has arisen regarding potential future human health risks for workers who night contact
particles released fromslag at the Muirray Snelter Superfund Site in Mirray, Uah due to weathering
processes, prior to conpletion of final remediation activities at the site within the next 5 to 10 years
(Lavel e 1997), This technical menorandum addresses the possibility that such risks might differ fromthose
previ ously assessed by EPA in the baseline human health risk assessment for the site (Weston 1997).

The baseline risk assessnent noted that there are extensive areas of the site where slag is exposed at the
surface, but concluded that on-facility workers were unlikely to spend much tine in areas of exposed sl ag

The only hunan receptors for whom sl ag exposure was determned to be of potential concern were teenagers who
m ght spend tinme near the slag piles up to 50 times per year for 7 years. These teenagers were assumed to
ingest 100 ng of slag at each visit. The fraction of |ead and arsenic assuned to be absorbed fromthe slag
was based on studies conducted using fine particles collected fromthe slag piles. The risk assessnent

concl uded that these teenagers were unlikely to be at risk of adverse health effects fromlead in the slag,
and that increnental cancer risks associated with arsenic in the slag were within EPA's acceptable risk range
(i.e., between 1 x 10 -6 and 1 x 10 -4).

There are a nunber of reasons why continued weathering of the slag piles during an interimperiod prior to
inmpl enentation of renedial actions is not likely to pose unacceptabl e hunan health risks. The purpose of the
basel i ne risk assessment was to assess potential risks to workers and residents if no renmedial actions were
ever taken at the site. Consequently, risks froman interimperiod prior to inplenenting renedial action
cannot exceed those eval uated and judged to be lowin the baseline risk assessment unless there is sone
marked change in the nature of exposures to slag, or in the nature of releases of netals fromslag that was
not foreseen in the baseline risk assessment. The nature of exposures to slag is not expected to change for
on-facility workers or for residents. Simlarly, the nature of releases of nmetals fromslag is also unlikely
to change for reasons described bel ow,

One nechanismfor release of metals is by weathering and breakdown of chunks of slag into fine particles. In
many area of the site, slag that has been at the surface for 50 to 100 years doesn't show any narked signs of
weat hering. In areas where weathering nay have occurred, the risk assessnment already accounted for this
process by assuning that the ingested slag was in fine particles that mght adhere to hands prior to
ingestion. Additionally, the bioavailability of fine particles collected fromthe slag piles was tested, and
the results were used in the risk assessnent. Consequently, the baseline risk assessnent is already based on
weat hered nmaterial, and continued weathering is not likely to lead to increased risks. Indeed, as discussed
bel ow, further weathering nay serve to reduce the risks by changing the arsenic and lead to | ess bioavail abl e
f or ms.

To assess the risk posed by the exposed slag at the Murray site, the risk assessnent used the bioavailability
estimate for the conmposite Mirray slag sanple tested in the EPA swine study (Weston 1997). Geater than 70
percent of the lead nmass in this sanple (as determ ned by el ectron m croprobe anal ysis) was associated with
the highly bioavailable |Iead form |ead oxide (Figure 1). However, as the |ead oxide weathers, it will form
secondary weat hering products including | ead phosphate, iron-lead oxides, and iron-lead sulfates (Davis et

al. 1993). Because these weathering products will have lower solubility than the | ead oxi de mi neral upon

whi ch the risk assessnent was based, the risk posed by the exposed slag will dimnish as the | ead oxide

weat hers and forms these secondary minerals.

While no informati on was presented in the risk assessment describing the arsenic mneral ogy of the Mirray
slag sample, Dr. John Drexler of the University of Colorado has indicated that a |arge fraction of the
arseni c was associated with the arsenic oxi de phase (Drexler 1997). Assunming this is the case, then arsenic
bi cavailability would al so dimnish with tine because the arsenic bound in soluble arsenic oxide wll
eventually repartition into iron oxide phases (PTI 1996), which have a | ower bioavailability than arsenic
oxi de

In conclusion, it appears that the evaluation of potential human health risks from exposure to slag in the
basel i ne risk assessment for the Murray Smelter Superfund site was sufficiently conprehensive to ensure that
no unforeseen risks will occur during an interimperiod prior to conpletion of renedial actions at the site.
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TABLE 2-1. SUMVARY OF PARAMETERS FOR ARSENI C EVALUATI ON

Par anet er Resi dent NCl - Wor ker C - Wr ker
Soi |l /dust intake rate as child (ng/day) 200 - -
Soi |l /dust intake rate as adult (ng/day) 100 50 240
Fraction of total that is dust 0.5 0.5 0
Rel ati ve bioavailability of arsenic in soil/dust O0.26 0. 26 0. 26
Body wei ght as child (kg) 15 - -
Body wei ght as adult (kg) 70 70 70
Exposure frequency (days/yr) 350 250 250
Exposure duration as child (yrs) 6 - -
Exposure duration as adult (yrs) 24 25 25
Averaging tinme for cancer (yrs) 70 70 70
O al slope factor 1.5 1.5 1.5
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PRG for Arsenic in Soil a (ppm

Popul ati on 1E- 04 1E- 05 1E- 06
Resi denti al 290 29 2.9
NCl - Wor ker 1, 200 120 12
a - Wr ker 180 18 1.8

a Al values expressed to two significant figures
2.4 Uncertainty in the PRG Val ues

It is very inportant to recognize that quantitative risk calcul ations and PRG derivations are both inherently
uncertain due to | ack of know edge regardi ng a nunber of key paraneters. These uncertainties (discussed in
Section 6 of the Baseline Human Health Ri sk Assessment) include |ack of know edge regardi ng actual hunan
exposure rates to soil, dust and slag, uncertainty in the extent of absorption (bioavailability) of arsenic
fromsoil and slag, and uncertainty in the exposure |levels of arsenic that are actually likely to cause
significant adverse effects.

In nost cases, conservative approaches are used to fill these know edge gaps. Therefore, the PRG val ues
cal cul ated above are nore likely to be | ow than high. Because of this, the PRG val ues should not be viewed as
concentrations which forma clear boundary between acceptabl e and unacceptabl e soil |evels. Rather, val ues

bel ow t he PRG shoul d be viewed as very likely to be protective, with a gradual ly decreasing probability of
protection as soil values exceed the PRG

3.0 EVALUATI ON OF LEAD
3.1 PRGs for Residents
Basi ¢ Approach

The USEPA has devel oped an | ntegrated Exposure, Uptake and Biokinetic (1EUBK) nodel for evaluating the risks
of lead to children (age 0-7) exposed under residential circunmstances. This nobdel was used to cal cul ate the
concentration of lead in soil which would correspond to a 5% probability that a child living at a | ocation
with that concentration in soil would have a blood | ead value greater than 10 ug/dL. Al input assunptions to
the nodel were those recommended by EPA as defaults (EPA 1994a), except for 1) the Geonetric Standard
Deviation (GSD), 2) the ratio of lead in dust conpared to soil, 3) the relative bioavailability of lead in
soil and dust, and 4) the anmount of lead ingested in the diet. The basis for each of these site-specific
values is detailed in the Baseline Hunman Heal th Ri sk Assessnent (WESTON, 1997) and is summarized briefly

bel ow.

<I M5 SRC 98078BzB>
GSD

A study of blood lead | evels in Sandy, U ah, indicate that variability between different children can be
descri bed by an individual geonetric standard deviation of 1.4 (EPA 1995b). Because the popul ati on of Sandy
is believed to be generally simlar to the popul ation of Mirray, this value (a GSD of 1.4) is considered to
be nmore relevant and a better approximation of the true site-specific value than the default value (1.6), so
the site-specific value is used in place of the default val ue

Soi | / Dust Rel ationship

The normal assunption used in the | EUBK nodel is that the concentration of lead in indoor dust is 70% of that
in outdoor soil (EPA 1994a). However, this assunption has been found to overestinate | ead concentrations in
dust at some mining-related sites. As described in the Baseline Human Health Ri sk Assessment (WESTON 1997),
paired soil-dust sanples were collected from22 off-facility |locations, and these data were used to anal yze
the average rel ati onship between levels of lead in soil and in dust. The slope of the best-fit straight line
through the data calculated by linear regression is 0.32 ppmper ppm However, as noted above, analysis of
soi | /dust relationships by linear regression is conplicated by the problemof neasurenent error, which tends
to lead to an underestinate of slope and an overestinate of intercept. On this basis, the best-fit slope was
rounded upwards to 0.35 ppm per ppm and this value was used in place of the default of 0.70 in the | EUBK
nodel

RBA

The 1 EUBK nodel enploys a default relative bioavailability factor of 60%for |ead absorption fromsoil and
dust (conpared to that for water or food) (EPA 1994a). However, there are several studies which provide



evidence that lead in soil frommning/snelting sites nay be absorbed | ess-extensively than this default. The
EPA has conducted a study of the bioavailability of lead in a conposite soil sanple fromthe Mirray Snelter
site (EPA 1996a). Prelimnary results are sumarized bel ow

RBA in Site Soil Val ue
Pl ausi bl e Range 0.67-0. 84
Preferred Range 0.67-0.75
Suggested Point Estinmate 0.71
As seen, although there is uncertainty in the estimate, the relative bioavailability for soil is probably

about 70% slightly higher than the default value used in the | EUBK nodel. Based on this val ue, and assum ng
that lead in food and water is about 50% absorbed by children (EPA 1990), this RBA val ue corresponds to an
absol ute bioavailability of 35% (0. 35).

<I MG SRC 98078BZC>

Dietary Lead |ntake

As di scussed in Appendix A recent dietary data collected by the FDA support the view that dietary intakes
are now |l ower than the default values provided in the | EUBK nodel. The revised val ues are as shown bel ow, and

these were used in the calculation of the soil lead PRG for residential |and use
Age I nt ake (ug/ day)
6-11 Month 1.82
1 year 1.90
2 years 1.87
3 years 1.80
4 years 1.73
5 years 1.83
6 years 2.02
Resul ts

Usi ng the inputs discussed above, the | EUBK nodel was used to find the concentration of lead in soil which
corresponded to a 5%risk of exceeding a blood | ead value of 10 ug/dL in children age 0-84 nonths. The
resulting value (the PRG for lead in soil) is about 630 ppm

It is inportant to realize that this point estinmate of the soil PRGfor lead in residential area is uncertain
and that a range of other PRG val ues are plausible, depending which conbination of input paraneters are
assuned to be nost appropriate for the site. Appendix B presents a discussion of this uncertainty in the
residential PRG and indicates that values in the range of 600-1,200 ppmare plausible

3.2 PRGs for Wrkers

Because the EPA | EUBK nodel was devel oped to eval uate young chil dren exposed under |ong-termresidential
conditions (EPA 1994a), this nodel is not suitable for estimating PRG val ues for workers. There are severa
met hods whi ch have been proposed for evaluating | ead exposure in adults, including nodels devel oped by Bowers
et al. (1994), O Flaherty (1993), and the State of California (CEPA 1992). O these, the nodel of Bowers et
al. is nost nearly consistent with the approach enployed in the I EUBK nodel, and is the EPA-recomrended
interi mapproach for evaluating | eads exposures in adults (EPA 1996b).

Basi ¢ Equati on

The Bowers nodel predicts a geonetric nmean blood |l ead | evel (PbB G by summ ng the "baseline" geonetric mean
bl ood | ead | evel (PbB GV 0) (that which would occur in the absence of any occupation exposures to soil or
dust) with the increment in blood |ead that is expected as a result of occupational exposure to soil or dust.
The latter is estimated by nmultiplying the be conservative, the value of GSD, was taken to be equal to GSD p.
That is, a GSD value of 1.54 was used to estimate the full distribution of blood-lead values in the exposed
popul ati on.

Based on this value, the target geonetric nmean PbB for the wonan of child-bearing age is 5.46 ug/dL
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Resul ts

Based on the paranmeters summarized in Table 3-1, the levels of lead in soil that will be protective for adult
on-site workers are:

Popul ati on PRG for Lead (ppm
NCl - Wor ker s 5600
Cl - Vorkers 930

3.3 Uncertainty in the PRG val ues

As di scussed above, it is inportant to stress that there is substantial uncertainty in the soil |ead PRG

val ues cal cul ated for both residential children and for on-site workers. These uncertainties are related to

| ack of know edge regarding true soil and dust intake rates, |lack of certainty in the true absorption
fraction for |lead, and uncertainty in the true level of health risk posed by |ow |evel |ead exposures to
children and fetuses. In addition, there is uncertainty associated with the accuracy of the nathematica
nodel s used to make the cal cul ations (the | EUBK nodel and the Bowers nodel). These "nodel uncertainties”

ari se because human exposure, absorption, distribution and clearance of |ead are very conplicated and dynam c
processes, and any mat henatical nodel which seeks to quantify the processes nmust al ways be an
over-sinplification. In addition, many of the pharmacokinetic parameters relating to | ead netabolismin
humans are difficult to study and measure, so there is uncertainty whether the values used in the nodels are
accurate. Because of these uncertainties, the PRG val ues cal cul ated for |ead should not be thought of as a

cl ear boundary between acceptabl e and unacceptable soil |evels. Rather, values bel ow the PRG shoul d be vi ewed
as very likely to be protective, with a gradually decreasing probability of protection as val ues exceed the
PRG

<I MG SRC 98078DB>



4.0 REFERENCES

Bowers TS, Beck BD, Karam HS. 1994. Assessing the Rel ationship Between Environmental Lead Concentrations and
Adult Bl ood Lead Levels. R sk Analysis 14:183-189.

CDC. 1991. Preventing Lead Poi soning in Young Children. US Department of Health and Human Services, Centers
for Disease Control.

CEPA. 1992. California Environnental Protection Agency, Departnent of Toxic Substances Control. Suppl enental
Qui dance for Hunman Health Miultinmedia R sk Assessnent of Hazardous Waste Sites and Permitted Facilities,
Sacranento, California.

EPA. 1990. U S. Environnental Protection Agency, Technical Support Document on Lead. ECAO Cl N 757.
G ncinnati, OH EPA Ofice of Environmental Criteria and Assessnent O fice. Septenber.

EPA. 1991a. U S. Environnmental Protection Agency, Ofice of Solid Waste and Energency Response. Human Health
Eval uati on Manual, Suppl enmental Quidance: "Standard Default Exposure Factors". Washington, D.C. OSVER
Directive 9285. 6-03.

EPA. 1991b. U. S. Environmental Protection Agency, Ofice of Solid Waste and Emergency Response. Role of the
Basel i ne Ri sk Assessnent in Superfund Remedy Sel ection Decisions. Washington, D.C. OSWER Directive 9355. 0-30.

EPA. 1991d. U S. Environnmental Protection Agency, Ofice of Emergency and Renedi al Response. R sk Assessnent
Qui dance for Superfund. Volume |. Human Heal th Eval uation Manual (Part B, Devel opnent of R sk-Based
Prelimnary Renediation CGoals). EPA Document EPA/ 540/ R-92/003.

EPA. 1994a. U S. Environmental Protection Agency, Ofice of Energency and Renedi al Response. Qui dance Manual
for the Integrated Exposure Uptake Biokinetic Mddel for Lead in Children. EPA Publication No. 9285.7-15-1.

EPA. 1994b. U.S. Environmental Protection Agency, Technical Review Wrkgroup for Lead. Commrents and
Recommendat i ons on a Met hodol ogy for Estimating Ri sk Associated with Acute Lead Exposures at Superfund Sites.

EPA. 1994c. Revised Interim Soil Lead Quidance for CERCLA Sites and RCRA Corrective Action Facilities. U S
Envi ronnental Protection Agency, Ofice of Solid Waste and Enmergency Response. MenorandumfromE liot P.
Laws. Assistant Administrator. July 14, 1994.

EPA. 1995a. U S. Environmental Protection Agency, Region 8 Superfund Technical Section. Standard Operating
Procedure. Eval uating Exposure from | ndoor Dust.

<I M5 SRC 98078DC>

EPA. 1995b. U. S. Environmental Protection Agency, Region 8 Superfund Technical Section. Evaluation of the
Ri sk fromLead and Arsenic. Sandy Snelter Site, Sandy, U ah.

EPA. 1996a. U.S. Environmental Protection Agency. Region 8 Superfund Technical Section. Bioavailability of
Lead in Soil and Slag fromthe Mirray Snelter Superfund Site.

EPA. 1996b. Recommendati ons of the Technical Review Wrkgroup for Lead for an Interim Approach to Assessing
Ri sks Associated with Adult Exposures to Lead. U. S. Environnental Protection Agency, Technical Review

Wor k-group for Lead. Decenber, 1996.

Goyer RA. 1990. Transpl acental Transport of Lead. Environ. Health Perspect. 89:101-105.

O Flaherty EJ. 1993. Physiologically Based Mddel s for Bone-Seeking El ements. |IV. Kinetics of Lead D sposition
in Humans. Toxicol. Appl. Pharmacol. 118:16-29.

Pirkle JL, Brody DJ, Qunter EW Kraner R A Paschal DC, Flegal EM Matte TD,. 1994. The Decline in Bl ood Lead
Levels in the United States. The National Health and Nutrition Exam nation Surveys. JAVA 272:284-291.

Weis, CP, Henningsen G Gfffin S. 1996. Prelimnary Bioavailability Values for Arsenic in Soil and Slag from
the Murray Snelter Superfund Site. Meno from Christopher P. Wis, Gerry Henningsen and Susan Giffin to
Bonni e Lavel | e, dated 8/19/96.

Roy F. Weston, Inc. (VWESTON). 1997. Baseline Human Health Ri sk Assessment for the Murray, Smelter Superfund
Site. Report prepared by Roy F. Wston, Inc. for the USEPA Region VIIIl. April, 1997.

<I MG SRC 98078DD>



APPENDI X A

REVI SI ON OF DI ETARY LEAD | NTAKES
I'N | EUBK MODEL

MEMORANDUM

TO Bonni e Lavel l e
Renedi al Project Manager
Mirray Snelter Site

FROM Susan Giffin, PhD. DABT
Regi onal Toxi col ogi st
Program Support G oup

SUBJECT: Revision of Dietary Lead Intakes in | EUBK Model

This menmorandumis in response to ASARCO s request to update the dietary |lead intake default values in the
| EUBK Model for the Murray Snelter Site. As you are aware, the IEUBK dietary | ead intake val ues are based on
FDA Total Diet Study data from 1986 to 1988. A nunber of scientific papers have been published recently by
Dr. Ellis @Qnderson (Qunderson, 1995) and Dr. Mchael Bolger (Bolger et al. 1996) of the U S. FDA which
contain nore recent information fromthe FDA's Total Diet Studies. These papers |list the nean daily intake of
lead fromthe diet for the years from 1986-1991.

| spoke with Dr. Rob Elias of the USEPA who was responsible for the dietary | ead i ntake conponent of the
| EUBK nodel. He indicated it would be appropriate to use the nore recent FDA data to update the dietary input
values in the I EUBK nodel. As you may note fromthe FDA papers, dietary intakes are provided for children
6-11 nonths of age and 2 years of age. The next age group studied are teenagers 14-16 years of age. The | EUBK
nodel contains age-adjusted dietary |lead intakes for each year up to 7 years of age. This is because the age
groups other than 6 nonths and 2 years were extrapolated. Oiginally, Dr. Elias did this by using the
information fromthe FDA Total D et Studies of 1986-1988 and the data fromthe Pennington studies of 1975 on
food consunption rates for each age group. ASARCO is proposing to performthis extrapolation by a sinpler
rati o net hod between the ol der | EUBK nodel values and the nmore recent FDA data. Dr. Elias indicated that this
was a satisfactory nethod and woul d probably not yield significantly different results fromthe nore
conpl i cated met hod of conbining the FDA data with food consunption rate data. Dr. Elias did indicate that he
wi Il be updating the dietary intake conponent of the | EUBK nodel in the near future. Those val ues may be
slightly different fromthose proposed here, because he will be conbining the nost recent FDA data with a new
1996 study on food consunption rates in the U S, which is just conming out. Using the nore recent FDA data to
update the | EUBK nodel values results in the foll ow ng intakes:
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Age Dietary Lead | ntake (ug/day)
6-11 nos 1.82
1 year” 1.90
2 years 1.87
3 years* 1.80
4 year s* 1.73
5 years* 1.83
6 years* 2.02

"Derived fromI|EUBK 99d value for 1 year divided by the ratio of the | EUBK 99d value for 6 nonths/ 1990-91
FDA data for 6 nonths
*Derived fromI|EUBK 99d value for that age divided by the ratio of the I EUBK 99d val ue for 2 years/1990-91
FDA data for 2 years

Wien these nore recent values are input to the | EUBK nodel the current PRG range of 550 -1100 ppmwill be
changed to 630-1260 ppm
Ref er ences

Bol ger, PM Yess, NJ, @underson, EL, Troxell, TC and Carrington, CD. 1996. Identification and Reduction of
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El ements, and G her Chem cals. Journal of AQAC International Vol. 78, No. 6, 1353-1363.
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APPENDI X B

PRELI M NARY REMEDI ATI ON GOALS
FOR THE MURRAY SMELTER SI TE

VEMDRANDUM

TO Bonni e Lavell e
RPM Mirray Snelter Site

FROM Susan Giffin, PhD. DABT
Regi onal Toxi col ogi st

SUBJECT: Preliminary Renmediation Goals for the Muirray Snelter Site

Devel opment of risk-based prelimnary remedi ati on goals (PRGs) are part of the risk assessnment process.
The first step involves a baseline risk assessnent whi ch uses contam nant concentrati ons and exposure
variables in conjunction with toxicity criteria, to estimte exposure and risk for a defined population at a
Site. At lead sites, a risk assessnent is conducted by inputting contam nant concentrations into a sinulation
nodel , the Integrated Exposure Uptake Biokinetic (1EUBK) Mdel, which predicts blood |ead levels in children
6 nmonths to 7 years of age. If greater than 5% of those blood | ead | evel s exceed 10 ug/dl, the risk is
consi dered to be unacceptable. R sk-based PRG cal cul ations are basically the reverse of the risk assessnent
cal cul ati ons. These cal cul ati ons use a sel ected acceptable risk (e.g., no nore than 5% > 10 ug/dl) and
exposure variables to estimate a desired contam nant concentration.

A single PRG could be estimated for the site using the | EUBK nodel with single values for both default and
site-specific paraneters. Using the data fromthe 1996 Basel i ne R sk Assessnent for the Miurray Smel ter
Superfund Site, (e.g., |EUBK nodel default values except for a site-specific Geonmetric Standard Devi ation of
1.4, a soil/dust correlation coefficient of 0.35 and a soil/dust bioavailability of 35% this single PRG
woul d be 550 ppm However, we know there is variability and uncertainty in both anal ytical measurenents
(e.g., bioavailability estimates, soil concentration. etc.), as well as popul ati on behavi or and exposure. For
exanmpl e, all children do not ingest the exact same anount of soil, or spend 100% of their tine in one
| ocation. Concentrations of |ead in house dust are not identical for each home. These are exanpl es of
variability. Use of randomy collected soil sanples to predict the true value of |ead concentrations in the
soil is an exanple of uncertainty. Therefore, devel opnent of PRG s which attenpt to capture this uncertainty
and variability convey nore information about risk at a site, than a single PRG estimate.

EPA-Region 8 is currently in the process of quantitating this uncertainty in the risk estinate and PRG
estimate for the Mirray Snelter Site via a Monte Carlo analysis. This is a conpl ex process, however, and wl |
not be conpleted until late Spring 1997. In the interim a nmore sinplified approach nay be useful. This
approach | ooks at the variability around the estimate of the mean val ues which are used as inputs to the
I EUBK nodel. As you are aware, the default inputs to the | EUBK nodel represent average or typical values for
i ntake and uptake. Rather than evaluate all of the IEUBK nodel inputs, it is nore efficacious to evaluate
those which nost significantly affect the outcone. At the Murray Snelter Site the lead in soil and house dust
are the nost significant sources of exposure. Fromthis exposure pathway, the variables which inpact soil and
dust exposure the most are (1) bioavailability, (2) the correlation between |lead in soil and house dust, and
(3) soil ingestion rate. Based on site-specific data fromthe swi ne bioavailability study and the paired soil
and dust concentrations, the variability around the nean estimates for (1) and (2) are fairly small. This
variability would result in PRGs which ranged from500 - 640 ppm However. based on information from
techni cal docunents for the National Anbient Air Quality Standard (NAAQS) for |ead, the Quidance Manual for
the 1 EUBK Model and information fromthe Anaconda Chil dhood soil ingestion study, the variability surrounding
the nean estinmate for soil ingestion is fairly significant. At the Murray Smelter site it results in a range
of PRGs from550 - 1100 ppmfor lead in soil. As you are aware, the | EUBK nodel was utilized originally by
the Ofice of Air Quality Planning and Standard (QAQPS) for the devel opnent of the | ead NAAQS. Rather than
utilizing a single value for soil ingestion, the nodel enployed a range of average estimates. As part of the
techni cal docunentati on of the NAAQS, these were reviewed and approved by the EPA s Sci ence Advi sory Board.
These ranges are docunented in the 1989 QAQPS report, "Review of the National Anbient Air Quality Standards
for Lead: Exposure Analysis Methodol ogy and Validation" and the 1994 Qui dance Manual for the | EUBK Model for
Lead in Children. It wasn't until the nodification of the | EUBK nodel by the Superfund program that the

maxi mum value in that range was selected as the single soil ingestion input for the EUBK nodel. In addition
a recent soil ingestion study conducted by Dr. Edward Cal abrese fromthe University of Massachusetts for
children at the Anaconda Smelter site, yielded simlar estimates of variability around a mean soil ingestion

rate. The four best tracers resulted in average estinmates ranging from89 - 126 ng/day w th upper and | ower
95% confidence limts around the averages ranging from15 to 218 ny/day.

<I M5 SRC 98078DG>



In summary, the quantitation of variability surrounding the mean soil ingestion rate is based on
technically sound scientific data. The precedence for it's use is the devel opnent of the NAAQS for lead. In
addi tion, various points along the range have al so been used on a site-specific basis at both the Leadville
and Butte NPL sites. By using a range of PRGs which take into account the variability in mean soil ingestion
rates, nore realistic information is conveyed about the variability surroundi ng | ead exposure and risk from
soil and dust. The range does not inply that there is greater risk at the high end of the range, and |ess
risk at the low end of the range. Instead, it suggests that any point on the range can represent EPA' s risk
goal of no greater than 5% exceedance of 10 ug/dl.

At Murray, the PRPs have suggested that the 1988 dietary default val ues of the nodel be updated and that
an in vitro bioavailability study be conducted. In terms of how these new data may affect the PRG range of
550 - 1100 ppm the updated dietary information will provide only a small inpact. The new range will be 600 -
1200 ppm Depending on the results of the in vitro study, the change could range fromninimal to significant.
Changes in bioavailability are linear with changes in PRG estinates, provided soil lead is the only or major
source of exposure. For exanple a reduction in bioavailability from30%to 15%will result in a doubling of
the PRG estimate.
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APPENDI X C
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As per your request, | have taken a prelimnary |ook at the determ nation of ACLs for arsenic in ground
water at the Murray Snelter Site. | have focused ny effort on arsenic as this analyte is the driver for any
ri sk determnations fromthe ground-water pathway at the Site. ACLs for other anal ytes can easily be
det ernmi ned based on this work for arsenic.

I will provide a discussion of the concepts utilized in this ACL determ nation and then provide the
prelimnary ACL results based on various scenari 0s.

ALTERNATE CONCENTRATION LIM TS AS APPLI ED TO THE SI TE

Gound water at various locations on the Murray Smelter Site is contaminated with arsenic at ppml evels.
There are potentially three distinct plunes which have migrated a relatively short di stance downgradi ent of
the source areas. These plumes show zones of high arsenic concentrations with a significant drop-off in nost
cases to background levels over a relatively short distance. The plunes are present in the water-table
aqui fer of the terrace and fill deposits near Little Cottonwood Creek as well as within the floodplain
deposits of the Greek. The ultimate fate of the arsenic-contam nated ground water is discharge to Little
Cot t onwood Cr eek.

Historically, inpacts to the Oreek from Site-specific contam nati on have been present. Mnitoring over
ti me has shown | evel s of arsenic approaching and exceedi ng the anmbient water quality criteria (AWX) of 190
ppb. However, recent studies have shown that this surface-water contam nation can be attributed to discharges
froma drainage conduit that is present at the State Street bridge. This conduit has been found to run
southward along State Street and to have an armthat runs through the Site in the area of the forner Baghouse
where one of the arsenic plunes is present. Therefore, the mechani smfor nmeasurable contam nant mgration to
Little Cottonwood Oreek | ooks to be ground-water seepage fromthe Baghouse plune into the drai nage conduit
with rapid transport to its discharge point at the State Street bridge.

SARA allows for the setting of ACLs for contam nants where "1) there are known and projected points of
entry of such ground water into surface water, 2) on the basis of measurenents or projections, there is or
will be no statistically significant increase of such constituents from such ground water in such surface
water at the point of entry or at any point where there is reason to believe accunul ati on of constituents nmay
occur downstream and 3) the renedial action includes enforceable nmeasures that will preclude hunman exposure
to the contam nated ground water at any point between the facility boundary and all known and projected
points of entry of such ground water into surface water". Since the inpacts to Little Cottonwood Creek are
presently believed to be attributable to the drainage conduit pathway, ACLs are applicable at the Site
However, it is reconmended that a contingency plan be developed in the event that renedial actions to stop
contami nant mgration in the drainage conduit do not result in significant reductions in contam nant
concentrations in Little Cottonwood Creek.

ACLs at the Site will then be devel oped for the protection of surface-water quality in Little Cottonwood
Creek. The AWX of 190 ppb will be applied to this determ nation. The | ogic behind this deternmination is to
assure that arsenic-contam nated ground water upon discharge to Little Cottonwood Creek will be diluted by
streanfl ow such that the AWQXC i s never exceeded in the Creek. The determination is sinply a mass bal ance
cal cul ati on based on theoretical ground-water and surface-water flow conditions.

If this ACL approach is accepted as the remedial action for contaminated ground water at the Site, then
the point of conpliance for maintenance of the ACL is within the water-table aquifer adjacent to Little
Cottonwood Creek. That is a line of nonitoring wells conpleted within the water-table aquifer will have to be
installed on the floodplain along the Creek and be routinely nonitored for the contam nants of concern.

PRELI M NARY ALTERNATE CONCENTRATI ON LI M T DETERM NATI ON FOR THE SI TE

| have | ooked at a nunber of hydrol ogic scenarios -- all based on Site-specific data in this prelimnary
ACL deternination. In all scenarios | considered the zone of contaninated ground-water discharge potentially
inmpacting the Creek to be the stretch fromSW2 downstreamto SW3 or a distance of approxinately 3500 feet.
This assunption is based on a conbined anal ysis of the ground-water flow directions and contam nant plume
distributions at the Site; if both the Baghouse and Arsenic Storage Bin plumes were to migrate to the O eek,
based on the existing ground-water flow information, their discharge and inpacts to the Creek woul d occur
between SW2 and SW3. Also, in all scenarios | have only considered ground-water discharge to the Creek from
the Site or south side as the Site-specific database focuses on this ground-water flow system this is a
conservative assunption as based on the conceptual nodel for the area a conponent of ground-water flow from
the north discharging to the Creek will exist. Lastly, a background arsenic level in surface water of 0.007
ppm was used; this was the maxi mnum val ue detected in sanples from SW2 where nost of the sanpling results



were bel ow the detection limt of 0.005 ppm | will summarize each scenario and the ACL for arsenic result.
Scenario 1

Under Scenario 1 the deterninations of ground-water flow and surface-water discharge utilized in
ground-water flow and solute transport nodeling for the Site Characterization and Feasibility Study reports
were input into a nass bal ance equati on. The values for ground-water flow fromthe Site to the Oreek range
fromO0.02 to 1.92 cfs based on this analysis. A lowflow discharge rate for Little Cottonwod C eek was
estimated based on Site-specific data to be 3.0 cfs.

Usi ng the above val ues for flow conditions, the background arsenic |evel, and the AWQC criteria, the ACL
for arsenic under this scenario would range fromO0.476 to 27.6 ng/l. (See attachment for cal cul ations.)

Scenario 2

Under Scenario 2 determ nations of ground-water flow and surface-water discharge to be utilized were
based on ny assessnment of the Site-specific database. Data used included that fromthe Site Characterization
and Feasibility Study reports as well as the quarterly nonitoring programresults. The eval uation focused on
ground-water flow within the floodplain alluviumof the Creek. The hydraulic conductivity for M¥112 was used
and the hydraulic gradient was determ ned based on ground-water flow between MW 112 and Well 2. The val ue for
ground-water flow fromthe Site to the Creek was deternined to be 0.0075 cfs based on this analysis. A
| owfl ow di scharge rate for Little Cottonwood Creek was estimated based on Site-specific data for SW2 to be
2.5 cfs.

Usi ng the above values for flow conditions, the background arsenic level, and the AWX criteria, the ACL
for arsenic under this scenario would be 61.2 ng/l. (See attachnent for cal cul ations.)

DI SCUSSI ON COF ALTERNATE CONCENTRATION LIM T RESULTS

The results of this exercise are ACLs for arsenic at the Site ranging fromO0.476 to 61.2 ng/l. In theory
these ACLs if attained at the POC shoul d assure that the AWX of 190 ppb is not exceeded in Little Cottonwood
Creek due to contam nated ground-water discharge fromthe Site. These val ues are conservative in that no
ground-wat er di scharge fromnorth of the Site was considered in this determ nation.

Based on the existing database for the Site, only the | owest determ ned ACL (0.476 ng/l) is exceeded in
nonitoring points (monitoring wells or hydropunch sanple sites). The other val ues exceed any detected
concentrations on-Site.

These ACLs show a range of over two orders of magnitude (0.476 to 61.2 ng/l). This range provides an
indication of the levels of uncertainty in this type of determination. As a result, it is inperative that if
this ACL approach is accepted as the renedial action for contam nated ground water at the Site, then a
significant nonitoring network needs to be established within the water-table aquifer on the floodplain al ong
the Greek. This network will need to be routinely nonitored for the contam nants of concern.

If you should have any questions, please feel free to contact ne at x6595.



ACL CALCULATI ONS

Scenario 1

AWXC: C AWQC = 0. 19 ppm

Background Surface-VWater: C BKG = 0. 007 ppm (SW2 maxi mum

G ound-Water Fl ow QGV= K A (FS nodel i ng wor k)
K=5ft/d K =154 ft/d
i =0.008 ft/ft i =0.028 ft/ft
A = 43,200 ft 2 A = 43,200 ft 2
QGN=0.02 cfs QGW= 1.92 cfs

Surface-Water Fl ow Q SW= 3.0 cfs (Esti mat ed)

ACL Q SWC BKG + Q GAC ACL = (Q SW+ Q GWC AWXC

For Q GWN= 0.02 cfs (3.0 cfs) X (0.007 ppm) + (0.02 cfs)C ACL = (3.0 cfs +
0.02 cfs) X (0.19 ppm
C ACL= 27.6 ppm
For Q GA = 1.92 cfs (3.0 cfs) X (0.007 ppm + (1.92 cfs)C ACL = (3.0 cfs +

1.92 cfs) X (0.19 ppm
C ACL = 0.476 ppm

Scenario 2

AW C AWQC = 0.19 ppm

Background Surface-\Water: C BKG = 0. 007 ppm (SW2 nmaxi mum

G ound-Water Fl ow QGN= K A
K=14 ft/d (MNM 112 slug tests)
i = 0.0012 ft/ft (1/97 ground-water flow between

MM 112 and Vel -2)

A = 38,500 ft 2 (A=DbX =11 ft X 3500 ft)
Q GW= 0.0075 cfs

Surface-\Water Fl ow Q SwW= 2.5 cfs (Esti nat ed)

ACL Q SWC BKG + Q GAC ACL = Q SW+ Q GN C AWXC

(2.5 cfs) X (0.007 ppm) + (0.0075cfs)C ACL = (2.5 cfs +
0. 0075 cfs) X (0.19 ppm
C ACL= 61.2 ppm
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As per your request, | have taken a final look at the determination of an ACL for arsenic in ground water
at the Murray Snelter Site. ACLs for other analytes can easily be determ ned based on this work, if
necessary.

I will not provide a thorough discussion of the concepts of the ACL determination as this information is
detailed in nmy nenorandumon this subject to you dated Novenber 5, 1997. | will provide the ACL results based
on the various scenarios detailed in that neno.

AN ALTERNATE CONCENTRATION LIM T FOR ARSENI C AS APPLI ED TO THE SITE

An ACL for arsenic at the Site will be devel oped for the protection of surface-water quality in Little
Cott onwood Creek. The Wah Agricultural Water Standard of 0.1 ppmfor arsenic will be applied to this
deternination. The |logic behind this determination is to assure that ground water contam nated with arsenic
upon discharge to Little Cottonwood Creek will be diluted by streanflow such that the 0.1 ppm concentration
is not exceeded in the Creek. The determnation is sinply a mass bal ance cal cul ati on based on theoretical
ground-water and surface-water flow conditions.

ALTERNATE CONCENTRATI ON LIM T DETERM NATI ON FOR THE SI TE

| have | ooked at a nunber of hydrol ogic scenarios - all based on Site-specific data in the ACL
deternmination. In all scenarios | considered the zone of contaninated ground-water discharge potentially
inmpacting the Creek to be the stretch fromSW2 downstreamto SW3 or a distance of approximately 3500 feet.
This assunption is based on a conbined anal ysis of the ground-water flow directions and contam nant plume
distributions at the Site; if both the Baghouse and Arsenic Storage Bin plumes were to mgrate to the O eek,
based on the existing ground-water flow information, their discharge and inpacts to the Creek woul d occur
between SW2 and SW3. Also, in all scenarios | have only considered ground-water discharge to the Creek from
the Site or south side as the Site-specific database focuses on this ground-water flow system this is a
conservative assunption as based on the conceptual nodel for the area a conponent of ground-water flow from
the north discharging to the Creek will exist. Lastly, a background arsenic level in surface water of 0.007
ppm was used; this was the maxi mrum val ue detected in sanples from SW2 where nost of the sanpling results
were bel ow the detection limt of 0.005 ppm | will summarize each scenario and the ACL for arsenic bel ow

Scenario 1

Under Scenario 1 the determnations of ground-water flow and surface-water discharge utilized in
ground-water flow and solute transport nodeling for the Site Characterization and Feasibility Study reports
were input into a nass bal ance equati on. The values for ground-water flow fromthe Site to the Oreek range
fromO0.02 to 1.92 cfs based on this analysis. A lowflow discharge rate for Little Cottonwod Creek was
estimated based on Site-specific data to be 3.0 cfs.

Usi ng the above values for flow conditions, the background arsenic |evel, and the Agricultural Standard,
the ACL for arsenic under this scenario would range fromO0.245 to 14.05 ng/l. (See attachnent for
cal cul ations.)

Scenario 2

Under Scenario 2 determ nations of ground-water flow and surface-water discharge to be utilized were
based on ny assessnment of the Site-specific database. Data used included that fromthe Site Characterization
and Feasibility Study reports as well as the quarterly nonitoring programresults. The eval uation focused on
ground-water flow within the floodplain alluviumof the Creek. The hydraulic conductivity for M¥112 was used
and the hydraulic gradient was determ ned based on ground-water flow between MW 112 and Well 2. The val ue for
ground-water flow fromthe Site to the Oreek was deternmined to be 0.0075 cfs based on this analysis. A
| owfl ow di scharge rate for Little Cottonwood Creek was estimated based on Site-specific data for SW2 to be
2.5 cfs.

Usi ng the above values for flow conditions, the background arsenic |evel, and the Agricultural Standard,
the ACL for arsenic under this scenario would be 31.1 ng/l. (See attachnent for cal cul ations.)

DI SCUSSI ON COF ALTERNATE CONCENTRATION LIM T RESULTS

The results of this exercise are ACLs for arsenic at the Site ranging fromO0.245 to 31.1 ng/l. In theory
these ACLs if attained at the POC should assure that the Utah Agricultural Standard for arsenic of 0.1 ppb
are not exceeded in Little Cottonwood Creek due to contam nated ground-water discharge fromthe Site. These
val ues are conservative in that no ground-water discharge fromnorth of the Site was considered in this
det erm nati on.



The arsenic ACLs show a range of over two orders of magnitude (0.245 to 31.1 ng/l), This range provides
an indication of the levels of uncertainty in this type of determination. As a result, it is inperative that
if this ACL approach is accepted as the renedial action for contanminated ground water at the Site, then a
significant nonitoring network needs to be established within the water-table aquifer on the floodplain al ong
the CGreek. This network will need to be routinely nonitored for the contam nants of concern

If you should have any questions, please feel free to contact nme at x6595



ARSENI C ACL CALCULATI ONS
Scenario 1

Ut ah Agricultural Standard: C AG = 0-1 ppm

Background Surface-VWater: C BKG = 0. 007 ppm (SW2 maxi mum
G ound-Water Fl ow QGV= K A (FS nodel i ng wor k)
K=5ft/d K =154 ft/d
i = 0.008 ft/ft i =0.028 ft/ft
A = 43,200 ft 2 A = 43,200 ft 2
Q GN=0.02 cfs QGN=1.92 cfs
Surface-Water Fl ow Q SW= 3.0 cfs (Esti mat ed)
ACL: Q SWC BKG + Q GAC ACL = (Q SW+ Q GW C AG
For Q GWN= 0.02 cfs (3.0 cfs) X (0.007 ppm) + (0.02 cfs)C ACL = (3.0 cfs +

0.02 cfs) X (0.1 ppm
C ACL = 14.05 ppm

For Q GW= 1.92 cfs (3.0 cfs) X (0.007 ppm + (1.92 cfs)C ACL = (3.0 cfs +

1.92 cfs) X (0.1 ppm
C ACL= 0. 245 ppm

Scenario 2

Ut ah Agricultural Standard: C AG = 0.1 ppm

Background Surface-\Water: C BKG = 0. 007 ppm (SW2 nmaxi mum

G ound-Water Fl ow QGN= K A
K=14 ft/d (MW 112 slug tests)
i = 0.0012 ft/ft (1/97 ground-water flow between

MM 112 and Vel -2)

A = 38,500 ft 2 (A =DbX =11 ft X 3500 ft)

Q GW= 0.0075 cfs
Surface-\Water Fl ow Q SwW= 2.5 cfs (Esti mat ed)
ACL Q SWC BKG + Q GAC ACL = (Q SW+ Q GN C AG
(2.5 cfs) X (0.007 ppm) + (0.0075 cfs)C ACL = (2-5 cfs +

0.0075 cfs) X (0.1 ppm
C ACL = 31.1 ppm



