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Record of Decision Declaration

SI TE NAME AND LOCATI ON

Sangano Weston/ Twel vem | e Oreek/ Lake Hartwel | PCB Contam nati on
Superfund Site - Operable Unit Two
Pi ckens, Pickens County, South Carolina

STATEMENT OF BASI S AND PURPCSE

Thi s deci si on docunent presents the selected renedial action for the Sangano Wéston/ Twel venil e
Creek/ Lake Hartwel |l PCB Contamination Superfund Site - Operable Unit Two ("Sangamo OU2") in Pickens
County, South Carolina, which was chosen in accordance with CERCLA, as anended by SARA, and, to the
extent practicable, the National Contingency Plan. This decision is based on the Admi nistrative
Record for the Site.

The State of South Carolina concurs with the sel ected renedy.

ASSESSMENT OF THE SITE

Actual or threatened rel eases of hazardous substances fromthis Site, if not addressed by inplenenting
the response action selected in this ROD, may present an inmminent and substantial endangernent to
public health, welfare, or the environnent.

DESCRI PTI ON OF THE REMEDY

This Operable Unit is the final action of two Qperable Units for the Site. Qperable Unit One
addressed the | and-based source areas which included the Sangano Weston Plant and six satellite

di sposal areas. This action, Qperable Unit Two, addresses the sedinment, surface water, and biol ogi cal
m grati on pathways downstream fromthe source areas. This action addresses the primary PCB hunman
exposure pathway by mtigating the consunption of PCB contam nated fish harvested from Lake Hartwel | .

This maj or conponents of the sel ected renedy include:
e Continuation of the existing fish consunption advisory on Lake Hartwell;

e Public education programdesigned to increase awareness of advisory and methods to
prepare/ cook fish to reduce quantity of contam nants consuned;

e Continued nmonitoring of aquatic biota and sedi ment to support continuance and/or justify
nmodi fications to existing fish advisory; and

e Regulation of Twelvenmile Creek Inpoundrments that will facilitate burial of contam nated
sedinent while nmtigating adverse inpacts to Lake Hartwell water quality.

STATUTORY DETERM NATI ONS

The selected remedy is protective of human health and the environment, conplies with federal and state
requirenents that are legally applicable or relevant and appropriate to the renedial action, and is
cost-effective. This renedy utilizes permanent solutions and alternative treatment technol ogies to
the maxi mum extent practicable. This renedy does not satisfy the preference for treatnent as a

princi pal elenment based upon the excessive costs associated with renmoval, treatment and di sposal

of approximately 4.7 mllion cubic yards of PCB contam nated sedi nent spread out over approxinately
730 acres.

Because this remedy will result in hazardous substances remai ning onsite above heal t h-based | evel s, a
review will be conducted no | ess often than every five years after comencenent of remedial action to
ensure that the remedy continues to provi de adequate protection of human health and the environnent.

John H. Hanki nson, Jr. Dat e
Regi onal Admi ni strator
EPA - Region |V
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1.0 SITE NAME, LOCATION, AND DESCRI PTI ON

The Sangano Weston/ Twel vemi |l e Creek/Lake Hartwel |l Pol ychl ori nated Bi phenyl (PCB) Contami nation Site -
Operable Unit Two (hereinafter referred to as "the Sanganmo O site") is located in Pickens County,
South Carolina. The Sanganmbo QU2 Site conprises the sedinment, surface water, and biological mgration
routes downstreamfromthe Sangano Weston Plant and satellite disposal areas that have site rel ated
PCB- contami nati on. The Sangano Weston Plant and satellite disposal areas constitute Operable Unit one
of the Site.

Lake Hartwel | was constructed by the Savannah District U S. Arny Corps of Engineers (COE) between 1955
and 1963 by dammi ng the Savannah, Seneca, and Tugal oo Rivers. Figure 1-1 provides an illustration of
the 56,000 acre Hartwel | Reservoir |ocated on the CGeorgi a-South Carolina border. The OJ2 study area

i ncl udes approximately 40 streammles of Twelvemle Creek and its tributaries, the Twelvem|le O eek
Arm of Lake Hartwell, and portions of the Keowee and Seneca R ver Arnms of Lake Hartwel|l down to the
Route 37 (Rt. 37) bridge just south of denson, South Carolina. Figure 1-2 provides an illustration
of the Sangano QU2 study area. The primary focus of QU2 is centered on this area; however, sanples
were col |l ected throughout Lake Hartwel| during the QU2 investigations including that portion of the
reservoir between Rt. 37 and Hartwel | Dam

2.0 SITE H STORY AND ENFCRCEMENT ACTI VI TI ES

Sangano Weston, Inc., owned and operated a capacitor nmanufacturing plant in Pickens, South Carolina
from 1955 to 1978, near the headwaters of Lake Hartwell. The plant nmanufactured several varieties of
capacitors, including electrolytic, mca, and power factor capacitors as well as potentioneters.

Schl unberger Industries, Inc. (SIl) is the current owner of the plant site, as a result of a nerger
with Sangano Weston in 1989.

The pl ant used several varieties of dielectric fluids in its manufacturing processes, including
PCB-containing dielectric fluids. PCBs reportedly enhanced the perfornmance and durability of the
fluids. The PCBs used for this application were primarily Aroclors 1242, 1254, and 1016. Waste
di sposal practices fromthe Sangano Plant included | and-burial of off-specification capacitors and
wast ewat er treatment sludges on the plant site and at the six satellite disposal areas. PCBs were
al so discharged with effluent directly into Town Creek, which is a tributary of Twelvemnmle C eek.
Twelvemle Creek is a najor tributary of Lake Hartwell. The use of PCBs was terninated by Sangano
Weston in 1977 prior to an EPA ban on PCB use in January 1978.

Esti mates of the type and quantities of PCBs received, used, and discharged by Sangano Weston were
derived by revi ewing Monsanto Corporation shipping records, Sangano Weston records, interviews with
Sangano Weston enpl oyees, engineering and anal ytical reports conpleted by firns under contract to
Sangano Weston, and EPA docunments. Figures 2-1 and 2-2 provide a graphical illustration of the PCBs
received at the Sangano Plant and an estinate of PCBs discharged to Town Creek, respectively.

<I M5 SRC 0494178>
<I M5 SRC 0494178A>
<I M5 SRC 0494178B>

The average quantity of PCBs used by Sangano Weston ranged from 700,000 to 2,000,000 |bs/yr from 1958
to 1977. Data indicate that an estimated 3 percent of the quantities received and used were

di scharged to Town Creek. This approach |leads to an estimated cumul ative di scharge of PCBs into Town
Creek of over 400,000 |bs through 1977.

H storical surficial and core sedinment studies of the Twelvenmle O eek watershed and Lake Hartwell
were conducted by several entities including the South Carolina Department of Health and Environnent al
Control (SCDHEC), COE, EPA, RMI (for Schlunberger), and several d enson graduate students. These
studies were initiated in 1976 by SCDHEC and occurred intermittently through the md to |ate 1980s.
PCB concentrations in surficial sedinents were highest fromsanples collected near the plant's

di scharge point on Town Creek and generally decreased with increasing distance downstreamfromthe
Sanganp Weston Plant Site. PCB concentrations in sedinment core sanples were highest in sanples
collected fromthe Twel venile Creek Arm of Lake Hartwell. PCB concentrations generally increased to
maxi mum at a depth of 10-30 cm

In the md-1970s, SCDHEC and EPA di scovered that fish fromcertain areas of Lake Hartwell were
contami nated with PCBs at |evels above the U S. Food and Drug Admi nistration (FDA) safe tol erance



limt of 5 ppm (5 nmy/kg). SCDHEC originally issued a health advisory in 1976 that warned the public
against eating fish fromthe Seneca River Armof Lake Hartwell north of State H ghway 24 (Hwy 24) and
Twel vemil e Creek (Figure 1-1). FDA lowered the PCB tol erance level to 2 ppm (2 ng/kg) in 1984. As a
result, SCDHEC nodified the original health advisory in 1985 to state the follow ng:

1) Al fish taken fromthe Seneca River Armof Lake Hartwell north of SC Hw 24 and Twel venile Creek
shoul d be rel eased and not eaten;

2) Al fish larger than three (3) Ibs. taken fromthe remai nder of Lake Hartwell should be rel eased
and not eaten; and

3) Fi shing is not prohibited but SCDHEC advi ses that these fish not be eaten due to the presence of
el evated levels of PCBs. Sw nmmng, boating, and other related activities are not restricted by
this advisory.

This advisory remains in effect, and signs warning agai nst eating fish have been posted at the
majority of the public boat [aunch and recreation areas in South Carolina since 1987.

SCDHEC has conducted studies in Lake Hartwell since 1976 to evaluate the |evels of PCB contam nation
in fish. Their results indicate that PCB concentrations in non-migratory fish (i.e |argenouth bass,
catfish) collected within the Twel vem | e Creek enbaynent remain above the FDA 2 ng/ kg tol erance |evel
with no apparent decrease over time. PCB concentrations in these non-mgratory species generally
decreased with increasing distance fromthe source area. However, migratory species (i.e.

hybri d/striped bass) collected at all stations in the |ake had el evated | evel s of PCBs which
frequently exceeded the 2 ng/kg tolerance level. There was no apparent decrease in mgratory fish
ti ssue PCB concentrations over tinmne.

In 1987, based upon the EPA Hazard Ranking System SCDHEC nonitoring prograns, and acconpanyi ng
concerns of citizens in the area, the Sanganp Site was proposed for inclusion on the National
Priorities List (NPL). The Sangano Site was finalized on the NPL in February 1990. As a result, EPA
i ssued special notice to SIl in April 1990 for perfornmance of a Renmedial Investigation and Feasibility
Study (RI/FS). Since SII declined to conduct the RI/FS, EPA assuned the lead-role in perfornming the
RI/FS at the Sangano QU2 Site and fornally initiated the process in Septenber 1990. The RI/FS process
for O was divided into two separate studies, a Sedinent Investigation and Biological |nvestigation,
whi ch were conducted concurrently. The Sedi ment Investigation was conducted by the Cak Ridge, TN

of fice of Bechtel Environmental under the funding and direction of EPA. The Biol ogical Investigation
was conducted by the Savannah District of the U S. Arny COE, under funding and direction provided by
EPA.

3.0 HGLIGHTS OF COWMUN TY PARTI Cl PATI ON

EPA held an Q2 Rl Kick-Of Public Meeting at the Liberty (South Carolina) Senior H gh School
Cafeteria on May 9, 1991 to present the approach for the Phase | Sedinment Rl and overall Biol ogical
Investigation strategy. On March 3, 1992, a public neeting was held at the Ramada Inn in O enson, SC
to discuss the Phase | Sediment |nvestigation results, planned approach for the focused Phase ||

Sedi nent | nvestigation, and provide an update on the Biological Investigations. The Final Renedial

I nvestigation Reports (Sedinent and Biol ogi cal conmponents) and a sumrary fact sheet were released to
the public in May 1993. A public neeting was held on June 3, 1993 at the Ramada Inn in denson to
present the findings fromthe conpleted investigations and the Baseline R sk Assessnent.

The Draft Feasibility Study Report and a summary fact sheet were released to the public in February
1994 in an effort to facilitate greater public involvenent in the renedy sel ection process at the
Sangano QU2 Site. On March 28, 1994, a public forumwas held at the Strom Thurnond Institute on the
Cl ermson University Canpus to discuss the various renedial alternatives under consideration in the
Draft FS Report.

The Final FS Report, Proposed Pl an Fact Sheet, and all other site-specific docunents EPA relied upon
to devel op the Proposed Plan were arranged in an Administrative Record and rel eased to the public in
April 1994. The Adnministrative Record was mai ntained and available for public review at the EPA
Records Center in Region IV, and the following five information repositories: The Village Library in
Pi ckens, SC, Pickens County Public Library in Easley, SC; R M Cooper Library at O enson University,
SC, Hart County Library in Hartwell, GA, and the Corps of Engineers Lake Hartwell Natural Resources
Managenment Center near the Damin Hartwell, GA



Concurrent with the public release of the Proposed Plan, a notice of availability of the

Adm ni strative Record was published in the Greenville News and Anderson | ndependent on April 11, 1994;
the Athens Daily, Easley Progress, Hartwell Sun, and Pickens Sentinel on April 13, 1994; and the

d enson Messenger Journal Tribune on April 16, 1994. A public comment period was held fromApril 11
t hrough May 11, 1994. A Proposed Plan Public Meeting was held on April 19, 1994 at the Ramada Inn in
Clemson, SC. At this meeting, representatives fromEPA the Savannah District CCE, and SCDHEC

di scussed the site conditions, the remedial alternatives under consideration and presented the

rati onal e behind the preferred alternative. During this neeting, a request for an extension to the
public comment period was nade. As a result, the public comrent period was extended until June 10,
1994. The notice of this extended public coment period was published in the Geenville News on May
2, 1994.

A response to comrents received during this 60-day public comment period is included in the
Responsi veness Sunmary, which is attached to this Record of Decision (ROD) as Appendix B. This
deci si on docunent presents the selected renedial action for the Sangano QU2 Site in Pickens County,
South Carolina, chosen in accordance with CERCLA, as anended by SARA, and in accordance with the
Nati onal Contingency Plan. The decision for this Site is based on materials in the Admnistrative
Record and conments received during the public comrent peri od.

4.0 SCCPE AND ROLE OF RESPONSE ACTI ON

Due to the size and conplexity of the Sangano Site, and in order to sinplify the investigation and
response activities, EPA divided the Site into two discrete study areas known as Qperable Units (OUJs).
Operable Unit One (QU1) consists of the | and-based source areas, including the Sangano Weston Pl ant
Site and six satellite disposal areas in Pickens County used for the disposal of solid wastes
containing PCBs (Figure 1-2). The six satellite disposal areas are located in rural areas within a
3-mle radius of Pickens and have the follow ng designations: Breazeale, Cross Roads, Dodgens, John
Trotter, N x and Wl born. EPA selected the remedy for QU1 in a ROD signed on Decenber 19, 1990. Under
a Consent Decree negotiated with EPA, Schlunberger initiated renedial action at QUL in Novenber 1993.
This included the excavation of waste and PCB contam nated soils fromthe six satellite disposal areas
and transportation of the excavated materials to tenporary storage facilities at the former Sangano
Plant Site. A treatnment systemw ||l be built and tested at the plant at which time the contaninated
material will be treated by neans of |ow tenperature thermal desorption. In addition, groundwater
recovery and treatment systems will be installed at the plant site and at applicable satellite areas.

Qperable Unit Two (QU2), the subject of this ROD, addresses the PCB-contamination in the sedinents and
aquatic biota of the study area (Figure 1-2). The exposures associated with ingestion of fish
contaminated with PCBs fromall fish sanpling stations in Lake Hartwel| exceeded EPA s acceptabl e
human health risk range. OJ2 represents the final response action EPA expects to inplenent as part of
its overall strategy in renediating the Sanganp Site. This response action addresses the principal
threat posed at the Site which is ingestion of PCB-contam nated fish.

5.0 SUWARY OF SI TE CHARACTER STI CS

Due to the atypical size and conplexity of the Sanganp OJ2 Site, the Sediment and Bi ol ogi cal

I nvestigations generated an i mense and extensive data base. In the interest of brevity, this
information will not be reiterated in this ROD. This section presents a brief, conprehensive overvi ew
of the Sanganpb QU2 Site characteristics as assessed during the Renedial Investigation. The reader is
referred to the Final Renedial Investigation Report (May 1993), Volunes | and Il and/or the Final

Bi ol ogi cal Investigation Report (February 1994) for a nore detail ed account of this subject matter.

5.1 SUWARY COF PHYSI CAL CHARACTERI STI CS

This section presents information concerning the physical characteristics of the study area including
its surface features, surface water hydrol ogy, neteorol ogy, and denographics.

5.1.1 Surface Features

The Sanganp OU2 study area generally consists of sloping to noderately steep uplands that are

di ssected by a well-devel oped drai nage system There are a nunber of snall towns in the area in
addition to the city of denmson. CQutside of the towns and the residential devel opnents al ong the
Hartwel | | akeshore, the countryside is predomnantly rural. Mich of the undevel oped area is forested,
but significant agricultural tracts can al so be found.



The northern portion of the Twelvemle Creek watershed is in the foothills of the Blue Ridge
Mount ai ns, an area characterized by steep, heavily forested slopes and ridges. Twelvenm|le Creek
origi nates near 1,920-ft-high Wal nut Cove Mwuntain, in an isolated area approxinmately 7 nmiles
nort h-nort heast of Pickens, which includes first- and second-order streams with abundant riffles
(Figure 5-1).

The relief is somewhat lower in the vicinity of Pickens and the QU1 source areas. In this portion of
the wat ershed, Twelvenile Creek occurs as a neandering, relatively slownoving, fourth-order stream
wi th abundant pools, sand and gravel bars, and broad fl oodplains that in sone reaches exceed 1,000 ft.
However, approximately 1 mle south of Pickens, the streamvalley narrows and the creek has a |arge
nunber of sharp bends. |In this area, Twelvenile Creek resenbles a nmountain streamwith exposed rocks,
swi ft-moving water, and abundant riffles that in sone |ocations may be considered rapids. Fl oodplains
are generally absent as the creek valley narrows to widths of only 100 to 200 ft., bounded by noderate
to steep slopes that are generally covered with trees and other vegetation. Access to the creek is
difficult and generally linmted to the few bridges in the area. These conditions continue downstream
(south) to the headwaters of Hartwell Lake, just upstreamof the Maw Bridge (Hwy 337 Bridge).

<I M5 SRC 0494178C

The Twelvem |l e OGreek Arm of Lake Hartwel|l is characterized by a narrow channel with steep, heavily
vegetated shoreline with only limted access. The waters in the upper portion of this arm have been

i mpounded and thus water velocities are greatly reduced. There is a sharp bend in the | ake near the
Madden Bridge, but otherw se the channel has a linear, northeast-southwest trend. The |ake becones
progressively wi der downstream reflecting the widening of the former Twel vem |l e Oreek floodplain, and
the nunber and size of inlet coves increases. The |akeshore along the Twelvenmile Creek Armis
general ly undevel oped due to the relief and devel opnent restrictions inposed by the COE, which has
classified much of the western shoreline and the nmajor inlet coves on the eastern shoreline as a
Protected Lakeshore Area. This designation does not necessarily prohibit all devel opnent, but has
served to greatly limt the type and extent of devel opment within this portion of the |ake.

In the downstreamdirection, past the Keowee River confluence, into the Seneca River Abmand finally
into Lake Hartwel |l proper, the shoreline typically becones nore gradually sloped and is nore devel oped
with | ess vegetative cover than the shoreline of the Twelvenile Creek Arm Relief around the main
portion of the lake is much lower, primarily due to the pool elevation, which becones progressively
closer to the hilltops toward the south.

Lake Hartwell was formed by the construction of Hartwell Dam across the Savannah River approximately 7
m | es bel ow the point where the Tugal oo and Seneca rivers converge to formthe Savannah River.
Construction of the dam began in 1955 and was conpleted in 1963. The damis a concrete and earth
structure that spans 18,000 ft across the Savannah River and rises 204 ft above the riverbed at its

hi ghest point. At nornmal pool level, Hartwell Lake extends for 49 mles up the Tugal oo River and 45
mles up the Seneca River and its tributaries (i.e., Twelvenmle Oreek and the Keowee River).

At a normal pool elevation of 660 ft. nean sea |level (MSL), the | ake has an area of 56,000 acres and
| arge expanses of open water, particularly bel ow the point where Twenty-six Mle Creek neets the
Seneca River. Because of the relief and | arge nunber of coves, the |ake has a shoreline of 962 mles.
There are a nunber of large arns in the nain portion of the |ake. The major ones include the Tugal oo
Arm Twenty-six Mle Creek Arm Coneross Creek Arm and Eighteen Mle Creek arm

5.1.2 Surface Water Hydrol ogy

The Sangano OU2 study area is defined by hydrol ogic features; therefore, the surface water hydrol ogy
is one of the nost inportant physical characteristics of the study area. This section presents an
overvi ew of the hydrol ogic characteristics of the Twelvenm|le Creek watershed and Lake Hartwel |, which
are the principal hydrologic units in the study area.

5.1.2.1 Surface Water Hydrology of Twelvenile Creek Wtershed

The Twel vem | e Oreek watershed has an area of 140-m 2 and includes first-, second-, third- and
fourth-order streans. The tributaries to Twelvenile Creek are predominantly first- and second- order
streams. The nmjor tributaries, Town Creek, WIf Creek, R ces Creek, and CGol den Creek, are
third-order streans. Twelvemle CGreek is a third order stream above the nouth of Town Creek; bel ow
this point, Twelvemle Creek is a fourth-order stream Twelvenile Creek is the |ongest stream segnent



in the watershed, which flows southward for approximately 24 miles until reaching the headwaters of
Hartwel | Lake. Wthin this 24-nile reach, approximately 80 tributaries flowinto Twel venile Creek.

The gradient of the Twelvemile Creek basin is represented by the |ongitudinal profile shown in Figure
5-2. The profile extends fromthe confluence of the Mddle and North forks into Hartwell Lake as far
as the RR. 37 Bridge (the downstreamlimt of the study area in Hartwell Lake). Fromthis figure, it
can be seen that the total elevation drop fromthe confluence of the North and Mddle forks to the
headwat ers of the lake is approxi mately 200 ft, which over a distance of 17 mles anmounts to an
average slope of 11.8 ft per mle.

The bulk of the streamflow is derived fromrunoff. Flow data for Twelvenile Creek indicate an
average daily flow of 198 cubic feet per second (cfs), with historical daily flowranging from30 to
5360 cfs. Sedinent in the creek is conposed primarily of sand and has a generally low total organic
carbon content (TOC), ranging fromO0.1 to 3.6 percent. NPDES pernit data indicate that Twel vem | e
Creek receives discharges fromsewage treatnent plants and a snall nunber of industrial facilities.
These di scharges average 1 to 2 million gallons per day. During low flow periods, the permtted

di scharges nmay conprise 10-13 percent of the flowin the creek; during nornal flows, the discharges
conprise less than 2 percent of the flow and becorme negligible during high flow peri ods.

The three i npoundnents on the | ower section of Twelvemle Creek are all of nasonry construction. The
| ower nost i nmpoundnent (Wodside 1) is the largest of the three, with an upper pool elevation of 722
ft MSL and a | ower pool elevation of 684 ft MSL (difference of 38 ft). This inpoundnent was built in
1905. The middl e i npoundrment (Wbodside 1) is |located in the community of Cateechee and was rebuilt in
1937 after it failed in 1934. The mddl e i npoundnent has an upper pool elevation of 760 ft MSL and

a |l ower pool elevation of 736 ft MBL (difference of 24 ft). Both the |ower and mddl e i npoundnents
were constructed by Norris MIIs and are currently owned and operated by Consolidated Hydro of
Geenville, South Carolina. These two inmpoundnents were renovated in 1983-1985 and currently produce
a conbined 2.5 nillion kWhW/yr. In 1984, up to 20 ft of sedinments were flushed fromthe pools behind
the ower and m ddl e i npoundrments. |n Septenber 1993, an estimated 43,000 cubic yards of sedi nent
were flushed from behind the | owernost inpoundment. Currently, sedinents are flushed fromthese pools
approxi matel y bi annual |y.
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The third, or uppernost, inmpoundnment was built in 1926 and is the smallest of the three inmpoundnents,
with an upper pool elevation of 783 ft MSL and a | ower pool elevation of 763 ft MsL (difference of 20
ft). This upper inpoundnent was formerly used for generation of hydroelectric power. The inmpoundnent
was purchased by the Easley-Central Water District in 1962 and is currently used as the intake point
for the Easley-Central Water Plant. Sedinments are flushed from behind the upper inpoundnent
quarterly. Approximately 6 ft of sediments are flushed from behind the inpoundnent during each
flushi ng event.

Surface water in the Twelvemle Oeek basin is currently utilized for drinking water supply, fishing,
and industrial uses. Twelvemle Oeek is classified as a dass B streamaccording to South Carolina
Regul ati ons (Regul ation 61-68, Water dassifications and Standards). Under the regulations, Cass B
waters are defined as being suitable for secondary-contact recreation (fishing, boating, wading) and
drinking water supply (assum ng conventional treatment nethods are used) as well as both agricultural
and industrial uses.

5.1.2.2 Surface Water Hydrology of Lake Hartwell

The surface water hydrology of the Hartwell Lake reservoir is different fromthat described for the
Twel vem | e Creek basin because it is an inpoundnment with a drainage basin 2,088 ni2. Hartwell Lake is
managed by the CCE for flood control and electric power generation, both of which are affected by the
storage capacity of the reservoir, which is 2,550,000 acre-feet of water (equivalent to 830 billion
gallons). Since its construction, the reservoir has become one of the major recreational |akes in the
Sout heast. Current nmanagenent practices therefore consider recreational benefits as well as flood
control and power generation

The CCE nmintains a pool elevation of 660 ft MSL during the recreati on season (sumer); in m d-CQctober
t hrough m d- Decenber the | ake level is dropped 4 ft to a level of 656 ft MSL. The |lake is drawn down
inthe fall in anticipation of the increased rainfall that the area usually receives during the winter
and spring. The annual fluctuations in the | ake commonly exceed 4 ft; peak el evations comonly occur



in April or May. The |lowest recorded nonthly average | ake |level of 643.3 ft MSL occurred in Decenber
1981.

Water flows in the Lake Hartwell systemwere characterized by the inflow and outfl ow data provided by
the COE. These data consist of 30 years of daily inflow and outflow data coll ected between 1962 and
1992. The average nonthly inflowto the |ake for the period 1962-1992 ranged froma | ow of 2,693 cfs
in Septenber to a high of 6,222 cfs in March. Average nonthly outflow fromHartwell Damin the sane

period ranged froma |l ow of 3,034 cfs in Septenber to a high of 5,190 cfs in April. On a yearly
basis, the average nonthly inflow to Hartwel| Lake has been 4,090 cfs; outflow has been 3,997 cfs.
G ven the reported storage capacity of the reservoir (2,550,000 acre-feet or 830 billion gallons), the

estimated hydraulic residence tinme in the |ake is 25 days.

Lake Hartwell is dass A surface water (South Carolina regulations) suitable for prinmary contact
recreation (sw nmng, waterskiing), secondary contact recreation (fishing, boating, wading), drinking
wat er supply, and agricultural/industrial uses. The |lake currently receives a significant |evel of
poi nt and non-poi nt source di scharges. NPDES-permtted discharges include industrial facilities,

el ectric power generating stations, and various sewage treatnent plants. The permtted industrial

di scharges include heavy netals, volatile organi c conpounds, cyanide, phenol, oil and grease, and
textile dyes. Pernitted discharges conprise only 18 nillion gallons per day (approximtely 200 cfs).
Since the reservoir continues to be a source of potable water for a nunber of comunities, these

di scharges apparently have not had an appreci able inmpact on water quality in the | ake.

5.1.3 Meteorol ogy

Pi ckens County has a tenperate climate characterized by mld winters and rel atively abundant rainfall.
The National Wather Service has two precipitation and tenperature gauging stations in the Twelvenile
Creek area, one at Pickens and the other at denson. Table 5-1 summarizes the nonthly nmean
tenperature and precipitation for these two | ocations.

Generally the nean nmonthly tenperature is higher in the sumrer and winter nonths in denson while in
the spring and fall it is higher in Pickens. The average nmonthly precipitation for the Pickens and

Cl enmson stations ranges between 3.5 in. and 6.1 in. Annual precipitation in both denmson and Pi ckens
is more or less evenly distributed throughout the year. The average annual precipitation for Pickens
from 1951- 1992 was 56.04 in. The maxi mum and nini mum annual rainfall events occurred 1964 and 1981,
respectively, when 78.46 in. and 33.40 in. were recorded. In denson, the average annual
precipitation from1911-1992 was 53.23 in. The maxi mum and m ni num annual rainfall events occurred in
1936 and 1925, respectively, when 73.36 and 34.31 in. of precipitation were recorded.

Free water surface evaporation data was obtained for the study area fromthe Evaporation Atlas for the
Contiguous 48 United States (NOAA 1982). These data indicate that annual evaporation from Hartwell
Lake should be in the range of 40 to 41 in. Wth annual precipitation in the area greater than 53
in., Hartwell Lake receives 12 to 13 in. of net precipitation per year.



TABLE 5-1
Monthly Mean Tenperature and Precipitation for denson and
Pi ckens, South Carolinal

Mont h G enson, SC Pi ckens, SC3
Tenp. Precipitation  Tenp. Preci pitation
(°F) (i nches) (°F) (i nches)
January 42.8 5.01 42.0 5.14
February 45. 4 5.01 45, 3 5.12
Mar ch 51.9 5.65 52.5 6. 07
Apri | 60. 6 4.31 61. 2 4.53
May 68. 4 4.12 68. 3 4.60
June 75.7 3.95 74.7 4.53
July 78. 4 4. 86 77.8 4.76
August 77.6 4.57 77.1 4.40
Sept enber 72.7 3.54 71.8 3.64
Cct ober 61.8 3.68 62.0 4.05
Novenber 51.6 3.49 52.4 4.02
Decenber 44.2 4.98 44. 2 4.91

1 Data Source: National dimatic Data Center
2 Reporting Period 1911-1992
3 Reporting Period 1951-1992

5.1.4 Denographics

Denographics and land use in the Hartwel|l Lake area are variable, with small towns and rura
residential devel opment in the Twel venile Creek watershed giving way to | arger towns and nore
concentrated devel opnent in the areas surrounding Hartwell Lake. According to 1990 census data
approxi mately 356,000 people live in the six counties that border Hartwel|l Lake: Anderson, Pickens,
and Cconee counties in South Carolina; and Hart, Franklin, and Stephens counties in Georgia. O this
total, an estimated 297,000 people live in the South Carolina counties; 93,894 live in Pickens County
al one

The nmajor community in the upper portion of the Twelvemle Creek watershed i s Pickens, which had an
estinmated popul ation of 3,042 in 1990. Two communities are |ocated al ong Twel venmil e Creek: Cateechee
(estinmated 1990 popul ation of 158) and Norris (estimated 1990 popul ati on of 884). The town of

G enson, with an estimated 1990 popul ation of 11,096, is the only large community directly on the
shoreline of the lake. CQutside of the snmall towns and communities, the majority of the Twelvenile
Creek watershed (and Pickens County in general) is undevel oped. Mst of the acreage bordering

Twel vemle Creek and its tributaries is either forested or cleared for agricul tural purposes.

The entire Hartwell project, both I and and water usage, is managed by the COE Savannah D strict.
Hartwel | Damwas constructed by the CCE as part of a flood control and hydroel ectric power project.
In addition to these primary uses, Hartwell Lake has devel oped into one of the |argest and nost
popul ar recreational |akes in the southeastern U S. According to a 1989 CCE survey, nore than 15
mllion people visited the | ake, making it one of the three nmost visited CCE | akes in the nation
Data froma recreational area on Twelvem|le Creek indicates that, out of a total of 301,000 visitors,
125,787 visits were made for fishing, 76,892 for boating, 30,310 for water skiing, and 28,139 for

Sswi nmi ng.



Devel opnent al ong the shoreline of Lake Hartwell is at least partially controlled through the COE
Lakeshore Managenent Plan (COE 1989). The CCE controls 23,566 acres above the nornmal pool el evation
of 660 ft MBL. The CCE acreage in effect establishes a buffer zone of variable width around the
entire shoreline. This buffer zone enables the COE to restrict access, devel opment, and the types of
activities pernitted. These restrictions are effected through a systemof pernmits and | and use

all ocations as established in the Shoreline Managerment Plan. |In order to administer the permt
program the shoreline of Hartwell Lake was allocated into four categories: Limted Devel opnent
Areas, Public Recreation Areas, Protected Shoreline Areas, and Prohibited Access Areas

Surface water supplies the bulk of potable water utilized by the residents of Pickens County and
surrounding areas. Currently there are two active water intakes on Twel venile Creek; these intakes
provi de potable water supply to the Pickens Water Plant and Easl ey-Central Water Plant. The Pickens
Water Plant intake point is |ocated near the confluence of the Mddle and north Forks of Twelvenile
Creek. Wthdrawals fromthis intake enable the Pickens Plant to supply 2 to 2.5 ngd of potable water
to approximately 4,000 residents in the Pickens area. The intake for the Easley-Central Water Pl ant
is located in the uppernost of the three inpoundnents on Twelvenmile Creek. According to the

Easl ey-Central Water Plant, withdrawals fromthis intake supply an average of 1.2 ngd of potable water
to approximately 1,100 residents in the plant's service area.

5.2 SEDI MENT | NVESTI GATI ON SUMVARY

Field investigation activities for the sedi ment conmponent of the Sangano OJ2 R were conducted in two
seasonal sanpling events. The initial, Phase | event was conducted during July and August 1991. The
obj ectives of Phase | were to verify extent-of-contanination data from previous investigations and
further characterize the nagnitude and distribution of PCB contam nation in the Twel venm |l e Creek

wat ershed and Hartwel |l Lake. Results of Phase | sanpling were used to define a focused sanpling
program for the second, Phase Il sanpling event. Phase Il was conducted during April and May 1992
The obj ective of Phase Il was to address specific data gaps regarding the extent of PCB contam nation
in sedinents of the upper Hartwel|l Lake reservoir (i.e., Seneca River, Keowee R ver, and Twelvenmle
Creek Arms) and the Twel vem | e Creek watershed

5.2.1 Phase | Investigation

Phase | field sanpling enconpassed an area extending sone 50 miles, fromthe Sangano Wston Plant site
and the satellite disposal areas to the Hartwell Dam A total of 480 sanples, exclusive of quality
assurance/quality control (QY¥ Q) sanples, were collected during Phase | from Twelvenmle Creek, its
tributaries, and Hartwel|l Lake. Phase | sanples included 88 surface water, 341 sedi nent core, and 51
sedi nent grab sanples, at 50 | ocations throughout Lake Hartwell. An onsite field screening nethod,
the Modified Spittler Method (See Section 5.2.3), and offsite Contract Laboratory Program (CLP)

| aboratories were used to anal yze the sanpl es

A stainless steel ponar grab sanpler was used for collecting the surface sedinent sanple. The depth
of sanple collected by the grab sanpler was approximately 10 to 15 cm A representative sanple from
this surface zone was inportant to adequately characterize the horizontal contam nation in the

bi ol ogical ly active zone and to determne the quality of sedinment that was recently deposited. Al 51
grab sanpl es were anal yzed by CLP | aboratories. Four of these sanples were selected for full-screen
Target Conpound List (TCL)/Target Analyte List (TCL) analyses. Ofsite analyses were also conducted
for grain size, TOC, and cation exchange capacity, all which are factors that affect the nobility of
PCBs and ot her contam nants.

Sedi nent core sanples were recovered to a maxi numdepth of 50 cmto characterize the vertical
distribution of PCBs in the sedinment. |In shallow water areas, core sanples were collected by driving
a stainless steel core tube into the sedinment by hand. In deep-water areas, a gravity corer with a
stainless steel liner and core catcher was used to collect the subsurface sanmple. |In both cases,

sedi ment was extruded fromthe top of the core tube at 5-cmintervals and placed in jars marked
according to the depth interval. Al core sanples were analyzed for total PCBs. Split sanples were
coll ected from 19 percent of the sediment cores anal yzed onsite and sent for offsite PCB anal yses at a
CLP | aboratory. This was done to determne the correlation between field and | aboratory anal ytica
resul ts.

Surface water sanples were collected at all 50 |locations. A near-surface water sanple was collected
at all stations by dipping the mouth of the sanple container just beneath the surface of the water
Where wat er depths exceeded 4 to 6 ft, a near-bottom sanple was col |l ected approximately 1 ft above the



sedinent interface using a peristaltic punp and teflon tubing. Al 88 water sanples were anal yzed for
PCBs and TOC at offsite CLP | aboratories. Sanples from4 stations received full scan TCL/ TAL

anal yses. Sel ected surface water sanples were also analyzed for the followi ng water quality
paraneters: total dissolved solids (TDS), total suspended solids (TSS), chloride, flouride, sulfate,
and nitrate-nitrite.

G ven the |arge nunber of sanples collected on the open water of Hartwell Lake, the technical
inpracticality of conducting an accurate location survey utilizing traditional survey nmethods, and the
i nportance of precise sanple locations in determning the nature and extent of contamination in QU2,
sanpl e |l ocation coordinates (latitude/longitude) were determined utilizing a hand-held Magel |l an G obal
Positioning System (GPS). GPS is a network of 24 satellites orbiting the earth at an altitude of
10,900 niles. The satellites and the hand-held receivers both generate a continuous code which all ows
the receiver to calculate howlong it takes the signal to travel fromthe satellite, and then to
extrapol ate the satellites's distance. Once the hand-held receiver gets position information from
three satellites, position coordinates are determ ned by triangul ation.

5.2.2 Phase Il Investigation
During the Phase Il study, a nore extensive sanpling programwas conducted in areas determ ned during
the Phase | study to have the highest PCB concentrations. The Phase Il field sanpling effort focused

on the Keowee River, Seneca River and Twelvenile CGreek Arms of Hartwell Lake as well as Twel vemile
Creek itself. Not including Q¥ QC sanples, 744 sanpl es consisting of 185 surface sedi ment, 550

sedi nent core, and 9 stormevent surface water sanples were collected and anal yzed by field screening
and CLP anal ytical methods. Sanple collection and |ocation techniques were as descri bed under Section
5.2. 1.

Twenty transects with a nmaxi mumof five sedinment coring stations per transect were established across
the | ake and creek bed. The sedinent core stations along each transect were selected follow ng a
review of the bottomdepth profile collected with a bathynmetric profiler. Sedinment grab sanples were
then col |l ected between each transect |ocation. Sedinent was sanpled froma total of 374 |ocations
during the Phase Il study. Conposite surface water sanples were collected fromthe follow ng bridges,
whi ch cross Twel venile Creek and the upper reaches of the Hartwell Lake reservoir: the Maw Bridge
(Rt. 337), Madden Bridge (Rt. 15), Hwy 133 Bridge, Hwy 93 Bridge, and Rt. 37 Bridge. Sanples were
collected fromthese stations followi ng two significant stormevents to evaluate the potential for
resuspensi on of PCBs into the water col um.

5.2.3 Field Screening - Mdified Spittler Method

Bot h phases of the Sediment Investigation utilized the Mddified Spittler Method, a field screening
anal ytical technique, to significantly reduce cost and turnaround tinme on anal yses. Reduced
turnaround tine (approximately 24 hours) enabled sanpling teans to identify |ocations where additional
sanpling was warranted and to evaluate data quality on a real time basis.

The Modified Spittler Method is an EPA-approved field screening technique for quantifying total PCB
concentrations in a sedinment/soil matrix. The technique enploys a gas chromatogram (GC) with an

el ectron capture detector (ECD), and has denonstrated reliability in the quantification of PCB
concentrations in excess of 1 ppm(no/kg). The primary difference in tine and cost between the CLP
procedure and Spittler Method is incurred in the extraction procedure. Using commonly avail abl e

| aborat ory equi pnent, one anal yst can extract 10 to 20 sanples in less than 2 hours. The cost of
GC/ ECD anal ysis using the Spittler Method is between $50 and $100, conpared to approximately $300 for
conventional CLP anal ysis.

A total of 122 sanples were analyzed for PCBs by both the nodified Spittler and CLP nethods during
Phase | and Il. A statistical conparison of the 67 Phase Il sanples anal yzed by both CLP and Spittler
was performed by the EPA Environmental Monitoring Systens Laboratory (EMSL) in Las Vegas, Nevada.
Twenty-ei ght of these sanples were reported as "non-detect” by both anal ytical methods. O the

remai ni ng 39 sanpl es, PCB concentrations reported by Spittler were greater than those reported by CLP
for 35 sanples, 3 sanples analyzed by Spittler were |ess than the concentration reported by CLP, and 1
sanpl e was not detected by Spittler, but was detected by CLP (i.e. fal se negative).

In general, PCBs results obtained by field screening were conservative. N nety percent of the results
were hi gher than those obtained by the CLP nethod, and only one fal se negative was reported. Only one
result was an order of nagnitude greater than the CLP laboratory result. Although correlation



coefficients were low, the data sets were generally in agreenent when the factors affecting
conparability are taken into consideration. The major reasons for poor statistical correlation in
results were attributed to nonhonogeneity of the split sanples and the differences in PCB
quantitation.

Based upon this conparison, the Mdified Spittler Method was found to detect PCBs as well as the CLP
laboratory. It was concluded that the Spittler Method produces data of Data Quality objective (DQO
Level [1/111 when conpared to DQO Level 1V for CLP anal yses. However, the level of data quality
generated by this field screening technique allowed EPA to cost effectively determ ne the nature and
extent of PCB contamination in a study area that enconpassed approxi nately 40 streammles and over
1,000 acres of open water.

5.2.4 Nature and Extent of PCB Contam nated Sedi nent

Previ ous investigations and the Sangano O2 Rl have delineated in detail the distribution and

magni tude of PCB contamination in sediment within the study area. Mst of the contam nated sedi nment
lies within the upper portion of Hartwell Lake, specifically the Twel vem|le Creek Arm and Seneca River
Armopposite the city of denson. Wthin the Twel venm |l e Oreek watershed, mnor |evels of PCB

contam nation have persisted in Town Oreek near the Sangano Weston plant site and in the inpoundnents
associated with the 3 small danms on Twelvenile Creek. Wthin Hartwell Lake, |ocalized accumul ations
of contani nated sedi ment have been detected as far downstreamas the dam w th concentrations

general ly decreasing with increasing di stance dowmnstreamfromthe Twel venile Creek Arm
Concentrations have been decreasing since the md-1980's, reflecting a decline in PCB input to the

| ake as well as the burial and/or dilution of previously deposited sedinent through mxing with clean
sedi ment .

A summary of the significant findings regarding PCB contamination in sedinment for eight subsections of
the study area is presented below. The sedinent investigation results are also graphically
illustrated on Figures 5-3, 5-4, 5-5 at the end of this section. Bridges and | andmarks used in the
description of the study area subsections can be found on these figures or Figure 5-1 and 1-2.

Upper Twel venile Creek Watershed - This section includes segnents of the principal tributaries of
Twel vem | e Creek that coll ect drainage or other discharges fromthe Sanganmo Wston Plant Site and the
six satellite disposal areas. This section also includes Hagood Reservoir and tributary reaches
associated with the M dway Dunp and Easl ey- Pi ckens Landfill. Sanpling conducted for the R and

previ ous investigations supports the follow ng concl usi ons:

e Sedinent contamnation in Twelvenile Creek was linmited to isolated occurrences between the
mout h of Town Creek and the upper (Easley-Central) inpoundnment; PCB concentrations were
typically <1 my/kg.

e PCB-contam nated sedinents remain in Town O eek downstream of the Sangano Weston outfall; R
data show concentrations as high as 6.5 ng/kg.

e The QUL satellite disposal areas represent insignificant sources of PCB contani nation based
on the results of sediment sanpling fromlocations downstream of these areas.

e« Town Creek was confirned as the only tributary contributing PCBs to Twel vernil e O eek,
further substantiating earlier conclusions that the Sangano Weston Plant Site has been the
princi pal source of PCB contam nation released into the Twel vem |l e Creek watershed and
Twel vem | e Creek Armof Hartwell Lake.

Lower Twelvenmile Oreek Watershed - This section includes the three small inpoundnents and the | ower
reach of Twelvenile Creek to the Lay Bridge (just south of the |owernost inpoundrment). Sanpling in
the inmpounded waters and in close proximty downstream of the 3 small dans in the | ower reaches of
Twel vem |l e Creek indicate |ow | evel s of PCB contani nation have persisted and/or continue to accumul ate
in this area. Specific conclusions include the follow ng:

e The upper inpoundnent had the | owest |evels of PCB contam nation anong the 3 inpoundnents;
concentrations were typically below detection limts or <0.5 ng/kg.

e The niddl e (Wodside |) inpoundnent had only |ow | evel s of PCB contam nation (<1 ng/kg),
nost of which was detected in core intervals below 10 cm



e Mre highly contam nated sedi nent has accunulated in the | ower (Wodside I1) inpoundnent;
nost sanpl es had <1 ng/ kg but concentrations ranged up to 6 ng/kg in core sanpl es.

e« Al 3 of the inpoundnents are flushed on a periodic basis to remove sediment and the
slightly contam nated sedi ment detected in these inpoundnments will eventually be rel eased
into the Twel verm|l e Creek Armof Lake Hartwell.

Upper Twelvemle Creek Arm- This section begins at the Lay Bridge and extends south, in a downstream
direction, to Madden Bridge (Route 15 Bridge). Hi storical and Rl data indicate that potentially
significant quantities of PCB-contam nated sedi nrent have accunul ated in the upper portion of the

Twel vem |l e Creek Armof Hartwel| Lake, particularly in the open water section i medi ately above the
Madden Bridge. Specific conclusions include:

e The nost significant accumul ati ons of PCB-contam nated sedi nent coincided with depositional
areas for fine-grained materials; in the upper arm these areas typically occurred in
proximty to the shoreline or in coves.

e The uppernost portion of the arm in the vicinity of Maw Bridge, has only mnor |evels of
contamnation (1-2 ng/kg) due to the higher water velocities and limted sedinentation.

e The open water area upstream of the Madden Bridge represents the principal site for
deposition of contam nated sedinment in the Twel vem |l e Oreek arm concentrations have ranged
as high as 153 ng/kg in historical sanples and to a nmaxi mumof 61 ng/kg in the R sanples.

e The nagni tude of PCB contamination in the upper arm has declined significantly since the
m d-1980's, reflecting the decreased input of PCBs to the |ake and, in the open water area,
burial of the more highly contam nated sedi ment through deposition of several feet of
sedinent with nuch | ower |l evels of contamination. This burial is consistent with results
fromthe HEC 6 sedinent transport nodeling discussed in Section 5.4.

e The vertical extent of contam nation in the open water area was not defined. Gven that the
source of PCB contam nation predated the inpoundnment of the creek and that rel eases
continued for nmany years thereafter, contam nated sedi ment probably extends down to the
original elevation of the |and surface (and forner channel).

Mddle Twelvenile Greek Arm- This section begins at Madden Bridge and extends south to the Hwy 133
Bridge. A variable distribution of lowto noderate |evels of contam nation was identified, with

hi gher concentrations generally limted to depositional areas having finer-grained sediment. Specific
concl usi ons i ncl ude:

e Sedinent PCB concentrations in the mddle portion of the armhave varied over tine, but
since 1985 have consistently been greater than 1 ng/kg and in nost cases greater than 3
ny/ kg.

e R data show surface sediments contam nated with 1-3 mg/ kg of PCBs and slightly higher
concentrations in deeper sedinment from core sanples.

e The nore highly contaninated sedi nent was encountered in sanples from depositional areas
such as Moore Bend and the open water area upstream of the H ghway 133 Bridge.

e PCB concentrations in sanples collected fromdepositional areas show a downward trend since
1988, indicating decreased input of PCBs into the |ake and that nore highly contam nated
sedi nents have either been buried, resuspended and transported away, or diluted through
m Xi ng with cl eaner sedi ments.

e Aternating sequences of vertically increasing or decreasing contam nation observed in the
majority of sedinent cores fromthe Twel vem |l e Creek armconplicate the interpretation of
the vertical extent of contamination. This vertical extent was not defined in the niddle
segnent of the arm

Lower Twelvenmle Creek Arm- This section begins at the Hw 133 Bridge and extends south to the U S
Hw 123 Bridge adjacent to Censon. The |lower portion of the Twelvenile Creek armhas al so been a
depositional area for contam nated sedi ment, as evidenced by the wi despread PCB contami nation in this




area. A summary of the nmjor findings include:

R data show PCB concentrations in surface sediments generally in the range of 1-2 ny/kg;

hi gher concentrations were detected in core sanples, with maximuns in the 18-21 ng/ kg range.
Concentrations generally decreased with increasing di stance downstream but |ocalized

accunul ations of more highly contam nated naterial were identified.

The vertical limts of contami nation generally occurred in the upper 30-40 cmof sedinent in
nost of the historical and R sedi nent cores.

The nore highly contaninated sedinment in the |ower armwas usually detected in sanples
collected fromwithin or in close proxinmity to the former submerged channel of Twelvenile
Cr eek.

A decline in sedinent PCB concentrations was observed at the nmouth of Twel vem | e Creek,
reflecting the influence of the Keowee River arm which has a nuch hi gher average flow than
Twel vem | e Creek.

PCB concentrations in the shallow sedinent (0-15 cn) of the | ower arm have declined
significantly, reflecting the decreased input of PCBs and/or that the nore highly

cont am nat ed sedi ment detected in previous investigations is getting buried by or diluted
through m xing with cl eaner sedinent.

The persistence of relatively high levels in deeper sedinment (down to 40 cm supports
concl usi ons based on the HEGC-6 nodeling that only linmted amounts of sedinentati on occur in
the |l ower portion of the Twelvenmle Creek arm

Keowee Arm - The Keowee Armis a branch of Lake Hartwel| that nmeets the Twel venmile Creek Armj ust
north of Aenmson. H storical data and the Phase |/Phase Il sanpling results fromthe Keowee R ver Arm
indicate the foll owi ng:

R data have shown generally |ow | evels of contamnation (<2 ng/kg) in the lower part of the
Keowee arm nost likely related to hydrodynamc interactions with the Twel vem |l e Creek or
Seneca River arms.

H storical data included higher |evels of contamination (6-7 ng/kg) in core sanples
collected fromlocations farther upstreamin the Keowee arm possibly indicating an

addi tional PCB source in the upstream portion of the Keowee arm This contam nation is
probably not related to the Twel venile Creek source because of its occurrence several mles
upstreamin the Keowee arm and because flow in the Keowee is several tinmes greater than fl ow
in Twelvemle Oreek. Data were insufficient to characterize the nmagnitude or determ ne the
| ocation of this source.

Seneca River Armi Upper Section of Hartwell Lake - This section begins at the Hwy 123 Bridge and

extends south to the Route (Rt) 37 Bridge. PCBs were detected throughout this area as concl uded

bel ow.

Surficial sediments had contamination in the range of 1-2 ng/kg everywhere except the
excavat ed channel opposite the denson University diversion structures.

Deeper contam nati on was encountered in the forner Seneca River channel and the open water
area just upstreamfromthe H ghway 37/ Sout hern Railroad enbanknent. Deposition of nore
hi ghl'y contam nated sedi ment near the H ghway 37 enbankment was attributed to the

hydr odynam ¢ i nfluences associated with the constriction of the channel at this |ocation.

Resi dual PCB contanination likely exists in the former Seneca River channel |ocated on the
western edge of the d enmson University canpus, behind the diversion structures.

The vertical extent of contami nation was defined and generally limted to depths of 20-40
cm A good correlation between the depth of contamination in cores collected in 1988 and
for the R (in 1991-1992) indicate that only linmted sedimentati on has occurred in this
portion of the |ake during this 3 to 4-year period.



e« Maxi num PCB concentrations in sedinent core sanples declined fromlevels of 16 to 18 ng/kg
in 1988 to concentrations of 5 to 11 ng/kg in 1991/1992; explanations for the decline, if
predicted | ow sedinmentation rates are accurate, include spatial variability in the
distribution of contam nation and continued nixing of the vertical sedinent profile.

Lake Hartwel|l Proper - This section includes the remai nder of Lake Hartwell, beginning at the Rt 37
Bri dge and extending south to the Hartwell dam H storical sanpling in this area indicate that PCB
contami nation has mgrated as far downstreamas the Hartwell dam This was not confirmed during the
RI. The occurrence and magnitude of PCB contamination in Lake Hartwell declined significantly
downstream of the confluence of the Seneca River Armand Twenty-six Mle Oeek, reflecting the input
of significant quantities of uncontam nated sediment from Twenty-six Mle Creek and the various other
tributaries. The najority of w despread contanination in the lower part of the |lake was limted to
concentrations below 1 ng/kg.

5.2.5 Qher Contam nants in Sedi nent

A limted nunber of sedinent grab and core sanples were collected for full-screen TCL/ TAL anal yses.
No significant contam nants other than PCBs were detected in these analyses. Specific conclusions
i ncl ude:

« No volatile organic contam nants were detected in any of the sanples other than an estimated
concentrati on of acetone (2200J ug/kg) in one duplicate sanple.

e A nunber of semvolatile organic conpounds were detected in one of the sanples, nostly in
|l ow, estimate concentrations that were not indicative of significant contam nation.

e Several unidentified semvolatile organic conpounds were reported in sedinments at 4 sanpling
stations, ranging in concentration from2 ng/kg to 200 ng/ kg. These conpounds were nost
l'i kel y petrol eum hydrocarbons related to urban run-off or boating discharges of fuel and
oil.

e Several pesticide conpounds (DDE, DDD, and DDT) were al so detected, in |ow, estinated
concentrations of 0.0024 to 0.053 ny/kg.

e Mtals analyses did not identify any sedinent with el evated concentrations of heavy netals;
the following metals were not detected: antinony, arsenic, cadm um nercury, selenium
and thorium
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5.2.6 Summary of Surface Water |nvestigations

Surface water quality investigations have focused on the presence of PCBs in waters downstream of the
Sanganop Wston Plant Site, the QUL offsite disposal areas, and/or the Mdway dunp and Easl ey-Pi ckens
landfill. Relevant conclusions fromthese historical investigations and the R studies include:

e The nost frequent and highest |evels of PCB contamination (1.7-20.3 ug/l) were detected in
surface water sanples collected fromlocations downstream of the Sangano Weston outfall on
Town Creek.

e PCBs were either not detected or present in concentrations <1 pug/l in surface water sanples
col l ected fromdrai nage ditches and tributaries associated with the QUL offsite disposal
areas (Breazeale, Cross Roads, Dodgens, Trotter, and Wl born di sposal areas). These areas
are apparently not rel easing appreciable |evels of contam nation to Twelvenile Creek or its
tributaries.

e Based upon NPDES data, PCB concentrations in discharge fromthe Sangano Weston wast ewat er
treatnment plant outfall on Town Oreek during the mid-1970's averaged 13 ug/l and ranged as
hi gh as 235 pug/l; NPDES nonitoring data fromthis outfall for 1992 reported PCB
concentrations in the range 0.4 to 40.3 ug/l. This continued release of PCBs to Town Creek
and the downstream portions of OJ2 are expected to term nate once the QUL renedi al action at



the Sanganp Weston plant site has been conpl et ed.

e PCBs were not detected in any of the surface water sanples collected for Phase | of the R;
detection linmts for these unfiltered sanples ranged from1.2 to 1.3 pg/l.

e Alimted nunber of these R sanples were also anal yzed for full TCL anal yses; no volatile
organi cs, extractabl e organi c conpounds, pesticides or cyanide were detected, and inorganic
(metal s) concentrations were not indicative of contam nation

e PCBs were not detected in any of the stormevent sanples collected for Phase Il of the Rl;
detection limts for these unfiltered sanples ranged from1.2 to 1.3 pg/l.

5.3 BIOLOG CAL | NVESTI GATI ON SUMVARY

Field activities for the Biological Investigations were conducted by the CCE in the Spring 1991, 1992
and 1993. The field activities were divided into two individual study areas; the Twel venmile Creek
wat er shed and Lake Hartwell. The specific nethods enpl oyed and results fromthese two investigations
are summari zed in the foll owi ng sections.

The information gathered fromthe Biological |nvestigations conducted in the Twel venmle Creek

wat ershed further support the conclusions made in the sediment conponent of the Rl that: 1) the
Sangano Plant Site is the primary source of PCB contanination in Twelvenile Creek; and 2) the
contribution of PCB contamination in the Twel vem|le Creek watershed fromthe six satellite disposa
areas is negligible. The aquatic biota in Twel vem | e O eek appear to have suffered fromthe influence
of man's activities. A though PCBs have likely contributed to these perturbati ons producing

curmul ative effects, other factors have no doubt had an additional inpact on these aninals at the
popul ati on and comunity | evels.

Fish in Lake Hartwel| continue to be contam nated with PCBs often at |evels that exceed the FDA safe
tolerance limt of 2 ng/kg. PCBs appear to be the only pollutant of concern in Lake Hartwell fish
The hi ghest concentrations of PCBs in fish are located in the Twelvenmile Ceek Arm PCB
concentrations in fish species that are generally non-nigratory decrease both downstream and farther
fromthe Twelvemle Oeek Arm Mgratory fish species have PCB concentrations that are simlar

t hroughout the reservoir and are hi gh enough to be a concern

PCBs were detected at all levels of the food chain in both the Twel venm | e O eek watershed and Lake
Hartwel | .  Pathways for PCB uptake in aquatic biota of Lake Hartwell include ingestion through the
food chain and contact, nost likely through the gills. Exposure results from PCBs being adsorbed to
sedinents and transported down Twel vermil e Creek into Lake Hartwel|.

The health of fish in Lake Hartwell does not appear to be affected at the popul ation |level for fish
that have PCB concentrations at the current levels (around 5 ng/kg). However, there is evidence that
as concentrations increase to greater than 20 ng/ kg fish health can be affected. Largenouth bass was
the target species used during these investigations. The sensitivity or tolerance of other fish
species to PCB contanmination is not known.

5.3.1 Twelvenile Creek Watershed I nvestigations

Field investigations in the Twel vem |l e C eek watershed were conducted during Spring 1992 to: 1)
deternine the concentration of PCBs in one primary sport fish species and one bottom feedi ng speci es;
2) assess the condition of the fish community by determining the Index of Biotic Integrity (I1Bl); 3)
assess the condition of the macroinvertebrate comunity by using Benthic Rapid Bi oassessnent

techni ques; 4) assess fish health of redbreast sunfish by using bioindicators and the Health
Assessnent Index (HAI); 5) assess conposition and fate of harvest to determne public utilization by
using a creel survey; and 6) deternine on-going PCB contam nation due to transport of drifting organic
matter and bi oaccurul ation by a sedinent dwelling, filter feeding organism the freshwater clam
(Corbicul a fluninea).
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Twel ve sanpling stations were established in Twelvenile Creek and three uncontam nated tributaries.

These sanple stations are shown in Figure 5-6. The length of each station was from0.3 to 0.5 mles
to enconpass gross habitat types and ensure adequate sanple size. Stations were pernanently marked



with "Carsonite" markers located in the creek bank at the upper and |ower boundaries. Al 12 stations
were not involved in each sub-el ement of the overall investigation (i.e. PCB tissue analysis, |Bl,
HAI) .

Twenty fish were collected for PCB contaninant anal ysis fromeach of the stations in the Twelvenile
Creek watershed and one tributary reference site. Redbreast sunfish (Lepom s auritus) were used as a
sport fish species for assessment of human health and environnental risk. Redbreast sunfish were
chosen based on abundance and |ikelihood of use by anglers. Ten redbreast were collected per site.
Ten northern hogsauckers (Hypenteliumnigricans) were collected per site to determ ne PCB
concentrations in a bottomfeeding species to assess environnmental risk. Northern hogsuckers were
sel ected based on abundance and tropic level. Largenouth bass and bluegill were substituted for
redbreast sunfish at three stations.

Concentrations of PCBs in fish collected in the Twel venil e Creek watershed were highest in Town Creek
and Twelve Mle Ceek. Four of the 12 stations sanpled had PCB val ues exceeding 2.0 ng/ kg. Three of
these stations (5, 8, and 12) were downstreamfromthe Sangano Plant Site. Station 4, the other
station having high PCB val ues, was | ocated just upstreamfromthe confluence of Town Creek and

Twel vem | e Creek and was probably affected by fish migrating fromboth creeks. Stations upstream from
station 4 could not be affected by migration due to a | ow head dam | ocated at the upper boundary of
station 4. Mean PCB concentrations ranged froma high of 12.5 ng/ kg for northern hogsuckers in Town
Creek to a low of 0.88 ng/kg in redbreast sunfish in Twelvemle Creek for stations downstream fromthe
Sangano Plant Site. The remaining stations located in tributary streans or upstreamfromthe Sangano
Plant Site had | ower PCB concentrations in fish than those | ocated downgradient fromthe plant site.

Several non-di agnostic studi es which enployed a netric/index systemwere conducted to assess the
health or condition of individuals, populations and/or communities in the Twel vem | e O eek watershed.
The bent hi ¢ macroi nvertebrate community of Twel venile Creek watershed was eval uated using EPA' s rapid
bi oassessnment protocols. Sanples were collected at a reference site and the remaining sites shown on
Figure 5-6. Eight of the nine stations sanpled in the Twelvenile Creek drainage were classified as
noderately inmpaired. Station 11, |ocated upstream of the Sangano Plant site on Town Creek, was
classified as non-inpaired and had high values for taxa richness and exhi bited an abundance of
intolerant taxa. Sites immedi ately downstream of the Sangano facility exhibited evidence of greater
inpairnent than did upstreamor tributary sites.

The I ndex of Biotic Integrity (I1Bl) was used to assess the general health of the fish commnity in the
Twel vem | e Creek watershed. The IBl index is based on a set of metrics determ ned from speci es
conposi tion and abundance for a fish community. These netrics focus on basic ecol ogi ca
characteristics of the fish fauna and have been used effectively in streamnonitoring prograns for the
past decade. N ne stations in the Twelvenile Creek watershed and three reference sites were sanpl ed.
The 1Bl was effective for ranking the reference sites as expected based on no identifiable inpacts at
station 1 (1Bl 40), known inpacts of agricultural runoff at station 2 (1Bl 30), and a known poi nt
source discharge at station 3 (IBl 12). Therefore, it appeared appropriate to use the IBl to assess
the relative health of fish populations in the Twel vem |l e Creek watershed wi th confidence

The I Bl scores indicated that all stations sanpl ed have been inpaired to some degree. NMbst stations

t hroughout the watershed were classified as either "fair" or "good" indicating noderate negative
effects on the fish comunities that could have resulted from habitat degradation fromman's
activities. Only the two reference stations 2 and 3 that were identified as having known inpacts and
station 5, located in Twelve Mle Creek downstream from Town Creek, were classified as "poor" or "very
poor." The IBI classification at station 5 ("poor") and a conparison of relative health between
sanpl e stations and reference stations indicated that station 5 has been severely inpacted. Both

habi tat degradati on and water quality inpacts including PCB contamination likely contributed to this
adver se i npact.

Bot h the macroinvertebrate and fish communities have been inpaired throughout the Twel venile Creek
wat ershed. Assumabl y, these inpairments have resulted from PCB di scharges, habitat degradation
particularly siltation due to erosion fromdevel opnent, siviculture and agriculture, and poor water
quality fromboth point and non-point di scharges throughout the watershed

The Health Assessnent I ndex (HAI) was enployed to assess the health of redbreast sunfish at sel ected
stations in the Twel venile Creek drainage and a reference site. HAl is an autopsy based index that
uses divergence fromthe normal of various organs, tissues and bl ood paraneters to evaluate fish
health. The HAl scores for redbreast sunfish were variable throughout the watershed ranging from39.3



to 62.7. Station 12 located in Town Creek i medi ately downstream fromthe Sangano site had the | owest
HAI score, 39.3, indicating healthy fish at this site

It is not evident fromevaluating the HAl scores that the health of redbreast sunfish has been
effected by PCB contam nation. HAl scores were variable throughout the drai nage. However, scores in
the range seen during this investigation were not considered high. It is likely that health probl ens
that woul d mani fest thenselves to visual inspection through autopsy do not occur in fish contam nated
at the lower PCB concentrations seen in redbreast sunfish in the Twel vem | e Creek drainage.

Drift net sanples were used to collect detritus (floating organic matter) in Town Creek downstream of
the Sangano site and in Twelvenile Creek at Lay Bridge. Additionally, cages of "clean" Corbicul a
flum nea (fresh water clans) were placed at these sites for 28 days to determne rates of

bi oaccunul ati on of PCBs by analyzing the nmuscle tissue. Drift net sanples of coarse particul ate
matter collected from Town Creek, imedi ately downstream of the Sangano Plant Site had detectable PCB
concentrations ranging from0.066 to 0.51 ng/kg. PCB concentrations in corbicula collected at this
station ranged fromO0.75 to 0.88 ng/kg. Corbicula collected fromthe station i medi ately downstream
of the Lay Bridge had PCB concentrations that ranged fromO0.45 to 0.57 ng/kg. Fromthese results, it
can be concl uded, that even though PCBs have not been detected in water sanples collected fromthe
study area, transport of PCBs down Town Creek and Twel vemle Creek is occurring

5.3.2 Lake Hartwell Investigations

Studies in Lake Hartwel|l were conducted during Spring 1991, 1992, and 1993 to: 1) determine the

concentration of PCBs in primary sport and forage fish species; 2) assess fish health of |argenouth
bass using bioindicators and HAl; 3) determ ne PCB concentrations in seston and nacroi nvertebrates;
and 4) assess conposition and fate of harvest to determine public utilization using a creel survey.

Fi sh species selected for Lake Hartwell contaminant anal ysis included: 1) sport and/or conmmerci al
species, 2) fishes that seasonally occupy different habitats or exhibit seasonal mgrations, and 3)

primary forage species. Species selected for collection and analysis were: |argenouth bass, hybrid
bass, channel catfish, threadfin shad (Dorosona petenense), gizzard shad (Dorosoma cepedi anun,
bl ueback herring (Al osa aestivalis), and bluegill (Lepom s macrochirus).

A total of 134, 144, and 144 fish were collected fromsix |ocations throughout Lake Hartwell during
spring 1991, 1992, and 1993, respectively. These six stations are illustrated on Figure 5-7 and were
selected to represent a gradient of PCB contamination in fish ranging fromthe nost inpacted (SV-107
in the Twel vemi |l e Creek enbaynment) to a background | ocation (SV-641) in the Tugaloo Arm These fish
were anal yzed for PCB concentrations in standard U.S. FDA fillets with skin on, de-scaled with rib
cage (except for catfish where the skin was renoved). Additionally, the 60 |argenouth bass collected
in 1991 were anal yzed for priority pollutants. Conposite sanples of forage fish, including bluegill,
threadfin shad, gizzard shad, and bl ueback herring, were collected from SV-107 (highly inpacted),
SV-532 (internediate zone), and SV-641 (background).

PCB concentrations in fish have historically been highest in the Twel vem|le Ceek Armof Lake Hartwell
(SV-107) and decrease in a downstreamdirection. This is expected since PCBs enter Lake Hartwell
bound to sedinents that are transported down Twel venmile Creek, as discussed in Section 5.2 of this
ROD. Results of PCB anal yses collected from 1990-1993 for |argenouth bass, channel catfish, and
hybrid bass are graphically illustrated on Figures 5-8, 5-9, and 5-10, respectively. These years were
conpar abl e since anal yses were conpleted in the same nanner. Although 4 years of data may be
insufficient to justify neaningful trend analysis, PCB | evels decreased significantly in |l argenouth
bass at SV-107 (Figure 5-8). This trend was not significant at other stations. As in past sanples,
PCB |l evel s in | argenouth bass decreased in a downstreamdirection. PCB concentrations in channel
catfish have al so decreased at stations farther fromthe source in Twelvenile Creek (Figure 5-9).
However, there has been little change in the PCB concentrations in channel catfish over the past 4
years
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The distribution of PCB concentrations in hybrid bass throughout the | ake remains a concern. Hybrid
bass collected farther fromthe source in Twelvem |l e Creek have higher PCB concentrations than other
speci es, often exceeding the FDA tol erance level of 2 nmg/kg (Figure 5-10). This is thought to be a
result of their mgratory behavior and is also seen in the sanples of walleye, another mgratory
speci es having high concentrati ons of PCBs (nmean 3.48 ng/kg) from SV-642 at Hartwel |l Dam



Contami nants other than PCBs were not identified at concentrations of concern nor were they widely
distributed. A conparison of the priority pollutants to the established USFDA action |evels showed
that no chem cal exceeded any of the safe tol erance standards except PCBs. Priority pollutants having
no standards were conpared to SCDHEC s fish tissue trend data base. CQut of 60 |argenouth bass there
were 17 different conpounds (nostly petrol eum and organi c sol vents) that occurred only once in a
single fish and several others that occurred only twice. There was no pattern of contanination and
PCBs are considered the only contam nant of concern.

Forage fish species had mean PCB concentrations ranging from3.00 ng/kg in threadfin shad to 12.43

ng/ kg in gizzard shad at SV-107. PCB concentrations in forage fish decreased at stations farther from
the Twelvem |l e Creek Arm This supports the hypothesis that migratory species bioaccurul ate PCBs
while located in the upper Seneca R ver rather than through the food chain as forage species mgrate
out of the nore heavily contam nated area.

The effects of PCB contam nation on fish health and reproductive conpetence in Lake Hartwell were
exam ned utilizing the HAI, biological indicator anal yses, and age and growth anal ysis. Largenouth
bass were the target fish species sanpled. Conparisons of fish health using the HAI as the indicator
were nade anong all six stations sanmpled in Lake Hartwell in 1992 and 1993. Differences in the HA
were seen between stations. Station SV-107 consistently had the highest HAl score for each year
sanpled. Station SV-106, the cl osest downstream station, also had high HAl scores. During 1992,
these two stations exceeded 80 while stations farther from Twel vem |l e CGreek ranged from42 to 65.
Fish from Twel venil e Creek (SV-107) and Martins Oreek (SV-106) had the highest occurrence of fatty
liver conditions. Accumulation of fat in the liver can be associated wi th exposure of fish to PCBs.
The remai ning stations had a greater percentage of normal livers with little occurrence of fatty
livers. Although HAl scores only indicate the relative health of fish wi thout indicating cause,
decreases in the HAl scores with distance fromthe source was consistent with declines in PCB
concentrations in fish at these stations.
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Bi ononi toring using biological indicators of fish health and reproductive conpetence was conducted at
both Twel vem |l e CGreek and Lake Hartwel |l study sites. The selected suite of bioindicators neasured in
this investigation included, anong others, organ dysfunction, nutritional status, gonadal analyses,
detoxi fication enzymes, and concentrations of reproductive steroids. The redbreast sunfish was the
target species in the Twel verm |l e O eek watershed, while |argenouth bass was the target species in Lake
Hartwel | . Bioi ndi cator anal yses conducted in Twel venmil e Creek indicated that PCB contam nation
probably contributes, but is not the sole cause of inpacts on fish health. There was evi dence of

bi ochem cal and physi ol ogi cal differences between Lake Hartwel| stations with |argenouth bass

coll ected from SV-107 exhi biti ng abnormal responses to several bioindicators. The nost obvious
physi ol ogi cal difference in | argenouth bass between stations related to the functions of the |iver
Additionally, age and growh anal ysis indicated that |argenouth bass from SV-107 had a slower growth
rate and were | ess plunp having | ower weights per unit of |ength.

Cages of clean corbicula were deployed for 28 days at two locations in the Twel venile Creek Arm of
Lake Hartwel | to evaluate the uptake of PCBs by this filter feeding organism The between the Maw
(Hwy 337) and Madden (Hwy 15) Bridges and near the | ower end of Twelvemle Ceek Arm just above the
Keowee River confluence. PCBs were detected in corbicula nuscle tissue at concentrations ranging from
0.48 ng/ kg at the lower Twelvenmile Creek Armstation to 0.56 ng/kg at the goose-neck bend station.
Adult mayflies were also collected fromthe Twelvemle Creek Arm just above the Hwy 133 Bridge and
were found to have 2.6 ng/ kg of PCBs.

5.3.3 Assessnent of Resource Use

Public utilization of the fishery resources was assessed by creel surveys on Twelvem | e Creek and Lake
Hartwel|. Twelvenile Creek was surveyed at maj or access points upstreamto the confluence of the

M ddl e Fork and North Fork. Lake Hartwell was divided into eight sanpling areas that allowed anal ysis
of angler use relative to PCB concentrations in fish within each area. Additionally, interviews

provi ded data fromwhich to evaluate the economc inportance of the resource. The interviews also

i ncl uded questions to assess how fishernen used or consumed their harvest and fisherman awareness of
the health advisory. These questions were the sane for both the Lake Hartwell and the Twel venile
Creek creel survey.



Angl er use of Twelvenile Creek appeared to be mininmal. Only 21 interviews were obtained during this

investigation. Some anglers were interviewed nore than once indicating there may be a small |ocalized
group of anglers that frequent Twelvenmile Creek. Mst anglers interviewed were | ocated at bridge
crossings near the confluence of Twelvenile Creek and Lake Hartwell. They were encountered from March

t hrough August only. There was evidence of sone fishing in nore upstreamareas fromthe presence of
the types of trash that is custonarily associated with bank fishermen. However, anglers were not
encountered at these |ocations indicating | ow use

Most anglers (66% do consune fish caught in Twelvem|le Greek. Channel catfish and sunfish made up
nost of the harvest. Consunption estimates for those anglers that indicated they ate fish were higher
for Twelvenile Creek (37 g/day) than for Lake Hartwell (28 g/day). However, the total estimated
harvest for Twelvemle Creek in 1992 was only 116.2 kg (256 |bs.).

Public utilization of the fishery resources in Lake Hartwell was al so assessed by creel survey. A
total of 415,839 fish were caught in 728,489 angl er-hours of effort. A total of 239,726 (58% were
rel eased, while 176,112 fish wei ghing 115,320 kg (253, 703 Ibs.) were harvested. The top five species
sought included | argenouth bass, anything, striped bass, hybrid bass, and crappie. Largenouth bass
and crappi e conprised the | argest percentage by nunmber of fish harvested, while |argenouth bass and
hybri d bass conprised the | argest percentage by weight.

The number of fish harvested was greatest in areas which conprised the Twel venile Creek, Keowee R ver
and Seneca R ver Arms which enconpass the nost heavily contam nated portion of Lake Hartwell and rnuch
of the area under the nost extreme advisory. Additionally, the Seneca R ver Armarea had the highest
harvest by weight. By weight, 29% of the |argenouth bass, 48% of the hybrid bass, and 66% of the
striped bass harvested from Lake Hartwel| came fromthe Seneca River Arm Despite the advisory
concerning fish consunption, anglers continue to harvest the |argest portion of fish from Lake
Hartwel | fromthe areas nost affected by PCB contam nation

Ei ghty-five percent of all anglers responding were aware of the fish consunption advisory. Sixteen
percent had stopped eating fish because of the advisory. Sixty-seven percent of anglers interviewed
indicated they ate fish fromLake Hartwell. The mean nonthly per capita consunption for Lake Hartwell
anglers that eat fish was estimated to be 0.85 kg (1.86 Ibs). The mean nonthly per capita consunption
estimate for the Twelvenmile Creek Arm the nost contaminated area, was 0.9 kg (2 | bs) near the |ake
aver age

The heal th advisory on fish consunption appeared to influence consunptive habits of |ess than
one-fourth of the anglers interviewed. Mst anglers cited other reasons why they had stopped eating
fish caught fromLake Hartwell. Mbst anglers indicated that they practiced catch-and-rel ease
presunmably for sport reasons. Sone anglers indicated that a stronger advisory, a ban on fishing
seeing people get sick fromeating fish and/or docunentati on of increased contam nati on woul d af f ect
their fish consunption habits

5.4 CONTAM NANT FATE AND TRANSPCORT SUMVARY

An integral conponent of the Sanganb Q2 Rl was to devel op predictions regarding the continued
deposition, mgration, and accurul ati on of PCB contanminants in the sedinent, water, and aquatic biota
of Lake Hartwell. These predictions were acconplished through the use of specialized nurerical - based
nodel s that considered the environmental processes and contam nant characteristics that control PCB
m gration and accumul ation as well as the intermedia transfer and degradation of PCBs.

Thi s conprehensive nodeling effort focused on changes to an approximate 10 mle reach of the

Twel veml e Oreek Arm of Lake Hartwell over a 30-year period and consisted of: 1) future sedi nent
transport/ deposition using the HEG-6 conputer nodel, "Scour and Deposition in R vers and Reservoirs,
Version 4.0", which was devel oped by the Hydrol ogi c Engi neering Center of the COE, 2) future PCB fate
and transport using the "Water Quality Analysis Simulation Program (WASP-4), Version 4.0" devel oped
and supported by EPA; and 3) future aquatic bioaccurul ati on nodeling using the "Food and G || Exchange
of Toxic Substances (FCGETS), Version 3.0" devel oped by EPA. The results of these nodeling efforts are
sunmari zed bel ow.

5.4.1 Future Sedinentation

The obj ective of sedinent transport simulation was to deternmine rates at which presently contam nated
sedinents would be buried by relatively clean sedinents fromtributary drai nages over the next 30



years. This sinulation assunes that the historic hydrologic flow regi ne and sedi ments | oading to the
system remai ns unchanged. An overview of sedinentation regines within the Twel vem |l e Creek Arm and
upper Seneca Armis sumarized below. Figure 5-11 provides a bed profile of the Twel vem|le Ceek Arm
Figure 5-12 provides an illustration of the average sedinent burial rates as predicted by the HEC 6
nodel

The nodel identified three distinct sedinent transport reginmes. The first regine extends fromjust

bel ow t he Wbodsi de Il inpoundnent (Transect T19) to a point approxi mately 2,400 ft upstreamof the Maw
Bridge (Transect T16). This reach is upstreamof the backwater influence of the Hartwell inpoundnent
(normal pool elevation of 660 ft MsL) and, therefore, behaves as a river. Energy gradients, bottom
shear stresses, and turbulence intensities are relatively large in this reach; sedinment transport
potential is therefore high and sedinents of all sizes, sand included, are carried by the flow aa
suspended sedinent. The HEC-6 results predict excess sediment transport potential, resulting in a
smal | amount of scour along this reach

The second regi me extends fromupstreamof the Maw Bridge to just above the Hawy 133 bridge; this reach
represents a zone of transition froma high energy fluid environnent (river) to a | ow energy
environnent (lake). As the transition fromriver to |ake occurs, energy gradi ents, bottom shear
stresses, and turbul ence levels all decrease, resulting in high rates of sedinent deposition (1.43 to
13.12 cmyr) as all of the sand and nost of the silt conming into the reservoir are deposited (clays
remai n as suspended sedi nent and continue downstream). The nodel predicted a 30-year accumul ation of
nearly 10 ft of sedinment in some areas. Sedinentation in this area results in the formation of a
delta that advances into the inpoundnent over time, nmoving the headwater |ocation further into the

i npoundnent as well (See Figure 5-11). Wth a continuous supply of sedinent fromthe watershed, this
delta eventually will advance bel ow Madden Bri dge

<I M5 SRC 0494178MW>
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The third regi ne extends fromupstream of the Hw 133 bridge to the Hw 37 bridge, which narks the
downstream extent of the system nodeled. Hydraulically, this portion of the system behaves as an

i mpoundnent with | ow energy gradi ents and turbul ence | evels. This quiescent environnent favors

sedi nent deposition; however, only small deposition depths and burial rates are predicted because nost
of the sand and silt load is deposited upstream and only slowsettling, clay-sized particles are
avai |l abl e for deposition downstream Mst of the clay entering this reach is deposited, resulting in
predi cted deposition depths ranging fromO to 54 cmand average burial rates of 0 to 1.8 cmyr

5.4.2 Future Sedinment and Water Quality Trends

Future PCB fate and transport in the Twel vermle O eek/Hartwell Lake system was nodel ed usi ng the WASP4
code devel oped by EPA. The nodeling was conducted to predict the fate and transport of PCBs in the
Twel vemil e Oreek/ Hartwel | Lake system over the next 30 years. This work was conducted to assist in
the extrapol ation of PCB data collected in the present investigation to future conditions. An
overview and results of the water quality nodeling study are summari zed bel ow. Figures 5-13, 5-14,
5-15, and 5-16 provi de predicted PCB concentrations in surface sedinent initially, at 10 years, 20
years, and 30 years, respectively.

Results fromthe WASP4 sinmul ations reflect a relatively conplex cycling of PCBs through the system
Initially, PCB concentrations are relatively high in upstream surface and bottom sedi nent segnents.
Over tine, clean sedinment fromthe upstreamtributary is deposited over the contam nated sedi nents,
which results in burial and dilution of the contam nated sedi ments. Because sedi nent resuspensi on and
deposition can occur simultaneously, sone contam nated sedi nents from upstream segnents i s resuspended
in the water columm, where advection and di spersion transport themfurther into the inpoundnent.

These cont ani nated sedinents are then redeposited. Because suspended sedi ment concentrations decrease
with increasing distance into the inmpoundrent, the rate at which redeposited sedinents are buried is
much smal l er than at points upstream where they origi nat ed.
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The net result of these transport processes is (1) a significant reduction in PCB concentrations in
the surface and bed sedinments in the upper and niddle portions of the system and (2) an increase in
PCB concentrations in surface and bed sedi nents near the lower end of the system Surface and bottom
sedi nents upstream of the Haw 133 bridge, which had initial PCB concentrations ranging from1,600 to
10,000 nug/L, are predicted to decrease to near zero levels within the first 5 years. This reduction
in concentration is due to burial by clean sediments derived fromupstreamreaches along with renoval
by sedi nent resuspension.

In the mddle reach of the systembetween the Hw 133 bridge and the Hw 93 bridge, PCB concentrations
al so decrease over tinme for the sane reason but at a nmuch slower rate. |Initially, concentrations in
this mddl e reach ranged between 1,800 and 23,000 ug/L. The range is reduced to 400 to 8,000 ug/L
after 5 years, 50 to 2,800 ug/L after 10 years, and 0 to 40 pg/L after 30 years. Surface and bottom
sedinents |ying between the Hay 93 bridge and the Hw 37 bridge show PCB concentrations increase over
time. Initially, concentrations in these segments ranged between 400 and 1,400 nug/L; after 30 years,
concentrations in these segnents are predicted to range up to 8,800 pg/L. This predicted
concentration increase is attributed to hydrodynam c influences associated with the Hw 37 enbanknent.

5.4.3 Bioaccunul ation and Future Fi sh Concentrations

Aquati ¢ bi oaccurul ation nodel i ng was conducted to predict future PCB levels in the fish of the

Twel vem | e Oreek/Hartwel | Lake systemusing the FCETS nodel. This work was conducted to assess: (1)
how PCB | evel s in fish would change over the next 30 years if the contam nated sedinments were |eft
unmanaged, and (2) how long it would take for levels to drop below the current FDA tol erance |evel of
2 ng/ kg in several species. The results of the aquatic bioaccunul ati on nodeling study are sunmari zed
bel ow. Figure 5-17 provides a graphical summary of this effort.

FGETS is a tinme-dependent nodel that predicts whol e-body fish residues at specified points in tine.
The out puts of the nodel are averaged residues for each year of the fish's life. FGETS can predict
chem cal uptake by fish through two principal pathways: (1) directly fromwater via respiration, and
(2) through consunption of contam nated food and sedi nments. For hydrophobi c organi c chem cals, such
as PCBs, the second pathway is known to be the nore significant one.

Appl i cation of the FGETS nodel requires the construction of a conceptual mnodel, which includes

sel ection of a representative food web. Three species of fish were chosen to be included in the
representative food web, based on the species present in Hartwell Lake, the availability of data for
calibration, and the potential for human exposure. Largenmouth bass was sel ected as the top predator
for the food web nodel, since it is the nost frequently harvested species and currently has the

hi ghest PCB residues for gane (harvest) fish. @G zzard shad and bluegill sunfish were identified as
the two nost inportant forage fish for Hartwell Lake |argenmouth bass. Plankton and bent hos conposed
the lower |evels of the food web. Plankton and benthos were assumed to be in chem cal equilibrium
with the dissol ved- phase PCB concentrations of the water colum and parti cul at e- phase PCB
concentrations of the surficial sedinents, respectively, as predicted by the WASP4 water quality
nodel

<I M5 SRC 0494178S>

Actual nodeling consisted of a long-termsimulation to predict future PCB fish tissue concentrations
over the next 30 years. Results show PCB concentrations in all components of the aquatic

bi oaccunul ati on nodel decreased over the 30-year simulation period (Figure 5-17). PCB concentrations
in plankton and benthos, assuned to be in chemcal equilibriumwi th the water colum and surface

sedi nents, showed a rapid rate of decline consistent with the WASP4 predictions. 1In response to
decreasing water colum and surface sediment PCB | evels, concentrations in fish declined as well.
Mean concentrations in |argenouth bass fillets (10.75 ng/kg initially) declined to 5.16 ng/ kg by year
5 and fell to 1.74 ng/ kg and bel ow the 2.0 ng/ kg FDA tol erance | evel by year 10 (year 2003).

Al t hough the mean | argemouth bass concentration fell belowthe FDA limt by year 10, a |onger period
of tinme is required for concentrations in older age classes to fall belowthe FDA limt. PCB
concentrations in 10-year-old fish, representing the highest age class and | argest fish in the nodel
required 12 years (year 2005) to fall belowthe 2.0 ng/kg FDA limt. By year 30, nean concentrations
in largenmouth bass fillets are expected to be very low, with a nean val ue of 0.025 ng/ kg predicted.



6.0 SUWARY CF SI TE R SKS

CERCLA directs EPA to protect human health and the environnment fromcurrent and potential exposure to
hazar dous substances at the Sangano OR2 Site. The Baseline Ri sk Assessnment provides the basis for
taking action and indicates contam nants and the exposure pat hways that need to be addressed by the
Renedi al Action. |t serves as an indication of what risks the Site poses if no action were taken. A
Basel i ne Ri sk Assessnent was conducted to evaluate the potential current and future human health and
ecol ogi cal inmpacts associated with exposure to PCBs in sedinment and fish. This section of the RCD
contains a sunmmary of the results of the Baseline R sk Assessnent conducted for this Site. Tables
utilized and referenced in this discussion are included at the end of this Section to facilitate the
readability of this Section.

6.1 CONTAM NANTS CF CONCERN

The Baseline Ri sk Assessnment focused only on PCBs as the chemical of potential concern. As described
in Section 5.0, full-screen anal yses were conducted on a limted nunber of sediment and fish tissue
(bi ol ogical) sanples. These anal yses did not detect appreciable quantities of volatile organic
conmpounds (VCOCs), semvolatile organic compounds (SVCCs), pesticides, and/or inorganics (netals).

The human heal th exposure pathways that were quantitatively eval uated under this Baseline R sk
Assessment were as follows:

1) Ingestion and dermal absorption of PCBs in shallow sediment by a child and an adult at:

e The upper section of Twelvenmle Oeek Arm
e The upper Twelvemn|le O eek Watershed,

e The Hagood Reservoir, and
e | mediately downgradi ent of the Sanganp Plant Site.

2) Ingestion of PCB-contamnated fish by a recreational fishernan.

Sedi nent data were divided into two overall categories in order to best define exposure. These

i ncl uded sedi ment sanple |ocations which were 2.1 m(7 ft) or |less bel ow the water surface, and

sedi nent sanpl e | ocations which were between 2.1 mand 3 m(7-10 ft) below the water surface. As

di scussed previously, the | ake level fluctuates an average of 4 ft, hence exposing additi onal

sedinent. The lower interval was devel oped to evaluate this potential exposure. Table 6-1 summarizes
the information used to cal cul ate sedi ment exposure point concentrations at the four |ocations.
Sedinent data is fromthe Phase | and Phase Il Sedinment |nvestigation.

The risks posed by the ingestion of PCB-contam nated fish were evaluated at all six Lake Hartwell fish
sanpling | ocations (SV-107, SV-106, SV-532, SV-535, SV-642, SV-641). These |ocations are depicted on
Figure 5-7 in Section 5.3 of this ROD. 1In addition, risks posed by the ingestion of fish caught in
the Twel vem | e Creek watershed, tributaries of the watershed, and a background | ocation were
quantified. R sks were evaluated separately by fish species and also for all species conbined to
account for both individuals who nay eat one specie exclusively and individuals who consune all types
of fish. Table 6-2 summarizes the information used to calculate fish tissue exposure point
concentrations at these locations. Fish tissue data are fromthe 1991 and 1992 Bi ol ogi cal

I nvestigations prepared in accordance with standard FDA fillet nethod (i.e. fillet including rib cage
and belly flap with skin on/scales off - except catfish where skin is renoved).

6.2 EXPOSURE ASSESSMENT

For purposes of this Baseline R sk Assessment, it was assuned that in the future the Twel venile
Creek/ Lake Hartwell systemwi Il continue to exist inits present state. Al exposure pathways that
are conpl ete under the current |and-use conditions were al so assuned to be potentially conpl ete under
the future | and-use scenario. The exposure pathways that were quantitatively eval uated under the
current/future use scenarios are described in Section 6.1 of this ROD.

EPA enpl oyed a reasonabl e maxi mum exposure (RVE) approach to estinmate the potential exposures and
associ ated risks at the Sangamb OJ2 Site. The RME is the highest exposure that is reasonably expected
to occur at the Site. The intent of the RVE is to estimate a conservative exposure case that is still
within the range of possible exposures. The calculation of risk posed by exposures to PCBs requires

t he conbi nati on of exposure point concentrations with assunptions regarding frequency, duration, and



magni tude of receptor contact. RMVE exposure point concentrations for sedinent and fish tissue are
listed in Tables 6-1 and 6-2, respectively. The RVE exposure paraneter assunptions for sedi nent and
fish that were used to characterize risk posed by PCBs are listed in Tables 6-3 and 6-4, respectively.
The exposure paraneters for ingestion of fish were derived fromresults the site-specific recreational
angl er survey discussed in Section 5.3.

6.3 TOXIATY ASSESSMENT

For risk assessment purposes, individual chemcals are separated into two categories of chem cal
toxicity dependi ng on whether they exhibit principally carcinogenic (cancer-causing) or
noncar ci nogeni ¢ effects. The carci nogeni ¢ and noncarci nogenic toxicity of PCBs are discussed bel ow.

6.3.1 Carcinogenic Toxicity of PCBs

EPA assi gns wei ght of evidence classifications to potential carcinogens. Under this system chem cals
are classified as follows:

Goup A - Human Carcinogen: Sufficient evidence from human epi dem ol ogi cal studies to support a
causal associ ation between a chemi cal and cancer.

G oup Bl- Probabl e Human Carcinogen: Linited evidence from human epideniol ogi cal studies of
carcinogenicity to humans.

G oup B2- Probable Hurman Carcinogen: Sufficient evidence of carcinogenicity to aninals.

G oup C - Possible Human Carcinogen: Limted evidence of carcinogenicity in aninmals and an absence of
data on humans.

Goup D- Not Oassified: |nadequate evidence of carcinogenicity in animals.
Goup E - No Evidence of Carcinogenicity to Humans

PCBs are classified as a O ass B2 carcinogen, which indicates that there is sufficient evidence from
tests on aninals to |ink exposure of PCBs with carcinogenic effects.

Sl ope factors (SFs) have been devel oped by EPA for estinmating excess lifetime cancer risks associated
with exposure to potentially carcinogenic contam nants. SFs, which are expressed in units of

(rmg/ kg-day)-1 or risk per mlligramper kilogramof dose, are nultiplied by the estimated intake of a
potential carcinogen, in nmg/kg-day, to provide an upper bound estinmate of the excess lifetime cancer
ri sk associated with exposure at that intake level. The term "upper-bound" reflects the conservative
estimate of the risks calculated fromthe SF. Use of this approach makes underestimation of the
actual cancer risk highly unlikely. Slope factors are derived fromthe results of human

epi demi ol ogi cal studies or chronic ani mal bioassay data to which mathenatical extrapol ation from hi gh
to | ow dose and fromani mal to hunman dose has been applied, as well as statistics to account for
uncertainty (e.g. to account for the use of animal data to predict effects on humans). A SF of 7.7
(rmg/ kg-day)-1 for the PCB Arocl or 1260 was obtained fromthe Integrated Ri sk Information System (IR S)
for use in this Baseline R sk Assessnent.

6. 3.2 Noncarcinogenic Toxicity of PCBs

Ref erence doses (RfDs) have been devel oped by EPA for indicating the potential for adverse health
effects from exposure to the contam nants exhi biting noncarci nogenic effects. RfDs, which are
expressed in units of ng/kg-day, are estimates of daily exposure levels for hunmans, including
sensitive populations, that are likely to be without risk of adverse effect. Estimated intakes of
contami nants fromenvironnental nedia can be conpared to the RFD. RfDs are derived from human

epi demi ol ogi cal and ani nal studies to which uncertainty factors have been applied. A chronic RID of 7
X 10-5 ng/ kg-day for the PCB Aroclor 1016 was used in this Baseline R sk Assessnent. This daily
exposure estinmate has been docunented in studies conducted on nonkeys to produce reproductive effects
(reduced birth weights).



6.4 RI SK CHARACTERI ZATI ON

For carcinogens, risks are estinmated as the incremental probability of an individual devel opi ng cancer
over alife-tine as a result of exposure to the contanminants of concern, in this case PCBs. Excess
life-tine cancer risk is calculated fromthe follow ng equation

Risk = CDI x SF

wher e
Ri sk = a unitless probability (i.e. 2 x 10-5) of an individual devel opi ng cancer
c = chronic daily intake averaged over 70 years (ng/kg-day).
SF = sl ope factor, expressed as (ng/kg-day)-1.

These risks are probabilities that are generally expressed in scientific notation (i.e. 1 x 10-6). An
excess lifetine cancer risk of 1 x 10-6 indicates that, as a reasonabl e nmaxi mum esti mate, an
individual has a 1 in 1,000,000 chance of devel oping cancer as a result of site-rel ated exposure to a
carci nogen over a 70 year lifetime under the site-specific exposure conditions for the site. EPA's
generally acceptable risk range is 1 x 10-4 to 1 x 10-6

The potential for noncarcinogenic effects is evaluated by conparing an exposure |evel over a specified
tinme period with a reference dose derived for a sinilar exposure period. The ratio of exposure to
toxicity is called a Hazard Quotient (HQ. An HQ<1 indicates that an individual's dose of a single
contanminant is less than the RFD, and that the toxic noncarcinogenic effects fromthat chenical are
unlikely. The Hazard Index (H') is generated by adding the HQ for all chem cals of concern that
affect the sane target organ within a nmediumor across all nedia to which a given popul ati on may
reasonably be exposed. An HI <1 indicates that, based on the sumof all HQ fromdifferent
contam nants and exposure routes, toxic noncarcinogenic effects fromall contam nants are unlikely.
The HQ is calcul ated as fol |l ows:

Non- cancer HQ = CDI/RfD

wher e

CDI
Rf D

chronic daily intake
ref erence dose

CDI and RfD are expressed in the sanme units (nmg/kg-day) and represent the same exposure
peri od.

The carci nogeni ¢ and noncar ci nogeni c risks associated with direct contact with or incidental ingestion
of PCB contam nated sedi nent and ingestion of PCB-contami nated fish are summarized in Tables 6-5 and
6-6, respectively. Adverse human health risks resulting fromdirect contact or incidental ingestion
with the sedinment are unlikely to occur, however, sedinents are a continuing source of contam nation
in the aquatic biota of the study area. Exposures associated with the ingestion of fish caught from
all sanpling stations resulted in unacceptable risks ranging from10-2 to 10-4. The hi ghest cancer
risk of 4 x 10-2 was cal cul ated for angl ers exclusively consuning |argenouth bass fromthe Twel vemle
Creek watershed. The highest cancer risk for ingestion of all species conbined, 1 x 10-2, was

calcul ated for the Twelvenile Creek Arm The | ake-wi de risk associated with ingestion of all species
conbi ned was 5 x 10-3

6.5 MONTE CARLO

The human health risks presented under Section 6.4 are referred to as the deterministic risks. That
is, the resultant risk is a single value for a single set of specific exposure paraneters. A refined
approach to risk assessnent can be achi eved by taking into account the probability distributions of
possi bl e values for each of the exposure paraneters rather than relying on discrete paraneter val ues.
Such an approach was taken in the Sangano OJ2 risk assessment through Monte Carlo analysis. The
advant age of this approach is that it furnishes nore information of the variability of the full range
of potential risks that may occur.

The fish ingestion pathway was chosen for Monte Carlo anal ysis eval uati on because this pathway is
associated with the highest potential risks. The potential cancer risk associated with exposure to
PCBs was eval uated for ingestion of bass (largenouth and hybrids) |ake-wi de and for ingestion of bass
(largenouth and hybrids) caught in the area associated with the highest PCB concentrations (i.e



SV-107). The node of the risk distribution is of nmost interest when interpreting the fina
distribution of risks since it represents the nost frequently occurring risk. The nost frequently
occurring risk in the distribution, or node, was estimated to be 2 x 10-4 and 3 x 10-4 for ingestion
of | ake-wi de bass and bass at SV-107, respectively. The results of the Monte Carl o anal ysis indicated
that the 1 x 10-2 risk associated with the ingestion of bass fromlocation SV-107 represented the 95th
percentile of high end of the overall risk distribution, while the 5 x 10-3 risk associated with

i ngestion of |ake-w de bass corresponded to the 90-95th percentile of the overall risk distribution

6.6 ECOLOGE CAL R SK ASSESSMENT

An ecol ogical risk assessnment was conducted to evaluate the inpact PCBs may be havi ng on aquatic
receptors (plant, invertebrates, and fish) and terrestrial receptors (birds and manmal s) of the
Sangano OU2 study area. The Biological |Investigations clearly document PCB contami nation at al
level s of the aquatic food web. However, although PCBs appear to be inpacting the fish and

macr oi nvertebrate communities in Twel vem |l e Creek, habitat degradation fromman's influence is likely
causi ng addi ti onal adverse impacts.

A 1990 investigation conducted independently of these R studies provided evidence that fish health
and popul ations can be affected as concentrations in fish increase to an average of 20 ng/ kg and
greater. Results fromthe bioindicator anal yses support the contention that individual |argenouth
bass nmay be inpacted at SV-107 and SV-106, areas closest to the Sangano Plant Site. However, at the
present | evel of PCB concentrations in fish tissue (approximately 5 ng/kg), the data fromthe

Bi ol ogi cal Investigations do not support a conclusion that significant inpacts to the overall health
and the popul ation/community levels to Lake Hartwell fish are occurring

Ecol ogi cal exposures to surface water were not directly evaluated in the ecol ogi cal assessnent because
PCBs were not detected in surface water at detection linmts ranging from1.2-1.3 ug/L during the RI.
Aquatic plants are not likely to suffer adverse inpacts from PCB concentrati ons just below the
detection lint. Aquatic invertebrates that are intimately associated with sedinments (primarily
bent hi ¢ organi sns) may be adversely inpacted in the study area based on a conpari son of PCB
concentrations in sediment to EPA's interimsediment quality criteria for aquatic organisms. Reliable
popul ation estinates for avian species (eastern phoebe, green-backed heron, belted kingfisher, osprey)
and manmal s (mink, otter) that would feed in the study area were not obtainable. Therefore, the
certainty of the extent of any popul ation inpacts caused by PCBs in the study area is unknown.

However, popul ation effects on these terrestrial species is not likely.

6.7 UNCERTAI NTY ASSESSMENT

In any risk assessnent, there is some degree of uncertainty associated with the estimates of hunan and
ecol ogical risks. The primary sources of uncertainty included environmental sanpling, exposure
paraneter estimation and toxicol ogical data. Typically, these uncertainties are conpensated for by
enpl oyi ng conservative assunptions. Consequently, the qualitative and quantitative risk estinates for
Sangano QU2 shoul d not be construed as absolute estimates of risk, but rather as conditional estinmates
based on a nunber of assunptions regardi ng exposure and toxicity.

6.8 SUWARY

The primary human heal th exposure pathway of concern at the Sangano OJ2 Site is the ingestion of fish
contami nated with PCBs. Exposures associated with ingestion of fish caught fromall sanpling

| ocations resulted in unacceptabl e carcinogenic risks ranging from10-2 to 104 and HX® greater than 1
As di scussed under Section 5.4 (Contaminant Fate and Transport) of this ROD, PCB concentrations in
sedinent are predicted to decrease over tine. The inpact of decreasing sedi nent concentrations on
overall risk was evaluated for the ingestion of |argenouth bass at SV-107. The output fromthe

f ood- chai n bi oaccunul ati on nodel (FCETS Section 5.4.3) was utilized in this analysis. It was found
that the total nodeled risk over a 30-year tine frame (2 x 10-3) was not substantially different from
the calculated deterninistic RVE risk of 1 x 10-2. This was |largely because risk over this tine

period is dom nated by the very high risks calculated for the first eight years of exposure. In
actuality, a period of approximately 22 years appears to be required for one-year risks to drop to the
10-2 risk level. It wuld require nore than 22 years for the entire 30-year risks to decline to

< 10-6. Wth respect to noncancer risks, a period of approximately 20 years appears to be required
for the HQto drop bel ow one. After the next 20-30 years, long-termrisk associated with the
consunption of fish harvested from Lake Hartwel|l should be substantially |ower.



Actual or threatened rel eases of hazardous substances for the Sanganbo QU2 Site, if not addressed by
i mpl enenting the response action in this ROD, may present an i nm nent and substantial endangernent to
public health, welfare, or the environment.



a)

b)

c)

TABLE 6-1
PCB Exposure Poi nt Concentrations in Shallow Sedi nent

Areal/ PCB Concentrati on (ng/kg)
| nt erval
Meana 95% Maxi mum
UCL of Det ect ed
Meanb Concentration

Upper 12 Mle Creek Arm

Beneath 0-2.1 m 0.91 1.65
of Lake Water

Beneath 0-3 m 1.51 2.93
of Lake Water

Upper 12 Ml e Creek Watershed

Beneath 0-2.1 m 0.45 0.70
of Lake Water

Beneath 0-3 m 0. 45 0.72
of Lake Water

Hagood Reservoir

Beneath 0-2.1 m 0.29 0. 36
of Lake Water

Beneath 0-3 m 0. 28 0. 33
of Lake Water

Downgr adi ent of Sangano Pl ant

Beneath 0-2.1 m 1.51
of Creek Water

RVE
Exposure
Poi nt
Concentration®

1.65

Arithmetic nmean concentration (including one-half detection

limt for non-detects).

Val ue represents 95th percent Upper Confidence Limt (UCL)

on the arithnetic nean.

RMB=Reasonabl e Maxi mum Exposur e;

value listed is the | ower

val ue of the 95th percent UCL on the arithmetic nean and the

maxi mum det ect ed concentrati on.



Exposure Point Concentrations in Fish

Speci es
Mean
Lar genout h Bass 6.8
Hybri d Bass 1.4
Lar genout h Bass 5.7
and Hybrid Bass
Channel Catfish 5.6
Al Species 5.4
Conbi ned
SV- 106
Lar genout h Bass 3.3
Hybri d Bass 4.7
Channel Catfish 2.5
Al Species 3.6
Conbi ned
SV- 532
Lar genout h Bass 1.7
Hybri d Bass 3.9
Channel Catfish 1.7
Al Species 2.5
Conbi ned
SV- 535
Largenouth Bass  0.80
Hybrid Bass 1.8
Channel Catfish 0. 60
Al Species 1.2
Conbi ned
SV- 642
Largenmouth Bass  0.56
Hybri d Bass 2.3
Channel Catfish 0.71
Al Species 1.3

Conbi ned

TABLE

6-2

PCB Concentrations (ng/kg)
Maxi mum
Det ect ed

95%
UCL of
Mean
SV- 107
8.5

2.0

Concentration

19.

19.

19.

.90

RVE Exposure
Poi nt
Concentration



TABLE 6-2
Exposure Point Concentrations in Fish

Speci es PCB Concentrations (my/kg)
Mean 95% Maxi mum RVE Exposur e
UCL of Det ect ed Poi nt
Mean Concentration Concentration

SV-641 (Lake Background)

Lar germout h Bass 0. 22 0.3 1.2 0.3
Hybri d Bass 2.0 2.8 9.3 2.8
Channel Catfish 0.41 1.4 0.8 0.8
Al Species 0.74 1.1 9.3 1.1
Conbi ned

Al Areas of Lake Hartwell + 12 Mle O eek

Al Species 3.0 3.9 19.7 3.9
Conbi ned
Largermout h Bass 3.2 4.2 19.7 4.2

and Hybrid Bass

12 Ml e Creek Watershed

Largermout h Bass 4.0 25 13.9 13.9
Redbr east 1.7 2.2 7.1 2.2
Sunfi sh

Tributaries of Watershed

Redbr east 0.74 0.2 1.2 0.2
Sunfi sh
Wat er shed ND ND ND ND

Backgr ound



TABLE 6-3
Exposure Paranmeters for |ncidental |ngestion of and Dermal
Contact with Sedinment (Current/Future Use Conditions)

Par anet ers Reasonabl e
Maxi mum Exposur e
Case
Child Adult
Age Period (years) 4-12 >18
Exposur e Frequency (days/year)a 105 75
Exposure Duration (years) 8 30b
Soi|l Ingestion Rate (ng/day)c 138 100
Skin Surface Area Available for Contact (cm?2 700d 1, 230d
Sedi nent to Skin Adherence Factor (ng/cnR)e 1.0 1.0
Der mal Absorption Fraction (PCBs)f 0.01 0.01
Body Weéight (kg)g 27 70
Averagi ng Tine (years)
Car ci nogeni ch 70 70
Noncar ci nogeni ¢ 8 30

a) For children, assunes that children will swim?7 days/week
from Menorial Day to Labor Day (15 weeks) for a total of 105
exposure events/yr. For adults, assumes that adults will
swm5 days/week for sane 15 weeks for a total of 75
exposure events/yr

b) Based upon national upper-bound tine at one residence (USEPA
1991a, 1989a).

c) Value for children is a wei ghted-average ingestion rate,
assunming 4, 5, and 6 year olds ingest sedinent at a rate of
200 ng/day and ol der children ingest sedinment at 100 ng/day
(USEPA 1989a, 1991a). Value for adults is the standard
default val ue recomrended by USEPA (1991a, 1989a)

d) Surface area based on 50th percentile val ues from USEPA
(1985) for feet. Values for child and adult are the tine-
wei ght ed aver ages.

e) Based on USEPA Regi on |V guidance (USEPA 1992hb).

f) Based on USEPA Region |V gui dance (USEPA 1992b).

g) Value for 4-12 year old child is the tine-weighted average
based on data provided by USEPA (1989b). Value for adult is
the standard default val ue reconmended by USEPA (1991a).

h) Based on USEPA (1991a, 1989a) standard assunption for lifetine.



TABLE 6-4
Exposure Paraneters for Ingestion of Fish by Adult
Recreati onal Fisherman (Current/Future Use Conditions)

Par anmet er s Reasonabl e Maxi mum
Exposure Val ue
Fi sh Ingestion Rate (grans/neal)a 357
Exposure Duration (years)b 30

Exposure Frequency by Sanpling Location
(meal s per year)c

Twel vem | e Oreek Watershed 60
SV- 107 30. 6
SV- 106 27.6
SV-532 20.6
SV-535 22.5
SV- 642 37
SV-641 (Lake Background) 22.7
Lake- Wde Average 27.6
Body Wi ghtd 70
Averagi ng Tine (years)
Car ci nogeni ce 70
Noncar ci nogeni ¢ 30

a) Based on the arithnetic nmean of fish ingestion rates
reported for 52 anglers surveyed at Twel vem | e G eek on Lake
Hartwel | .

b) Value is based on the national upper-bound tinme at one
resi dence (USEPA 1991a, 1989a).

c¢) Values based on January to Decenber 1992 data obtained from
Lake Hartwel | Recreational Angler Survey. These values are
the arithmetic mean exposure frequency in neal s/ nonth,
mul tiplied by 12 nonths/year reported for a total of 677
angl ers surveyed at Twel vem | e Creek/Lake Hartwell. Final
report of survey stated that some anglers were intervi ewed
nore than once, indicating that the survey results may
i nclude fishing habits of subsistence fisherman as well as
recreational fisherman.

d) Standard default value provided by USEPA (1991a, 1989a).

e) Based on USEPA (1991a, 1989a) standard assunption for lifetinmne.



TABLE 6-5

Potential Direct Contact R sks Associated with PCB in

Sedi ment
Exposur e Pat hway Upper
Bound
Excess
Lifetime
Cancer
Ri sk
I NCI DENTAL | NGESTI ON OF SEDI MENT
Upper Twel vemile Creek Arm
Child (4-12 years) 2 x 10-6
Adul t 3 x 10-6
Upper Twel vem | e Creek Watershed
Child (4-12 years) 9 x 10-7
Adul t 7 x 10-7
I mredi at el y Downgr adi ent of Sangano Plant Site
Child (4-12 years) 5 x 10-6
Adul t 3 x 10-6
Hagood Reservoir
Child (4-12 years) 4 x 10-7
Adul t 3 x 10-7
DERVAL ABSORPTI ON FROM SEDI MENT
Upper Twel vemile CGreek Arm
Child (4-12 years) 1 x 10-7
Adul t 4 x 10-7
Upper Twel vem | e Creek Watershed
Child (4-12 years) 5 x 10-8
Adul t 9 x 10-8
I medi at el y Downgr adi ent of Sangano Plant Site
Child (4-12 years) 2 x 10-7
Adul t 5 x 10-7
Hagood Reservoir
Child (4-12 years) 2 x 10-8
Adul t 4 x 10-8

HQ for

Noncar -
ci nogeni c
Ef f ect sa

<1 (0.03)
<1 (0.01)

<1 (0.01)
<1 (0.003)

<1 (0.06)

<1

<1
<1

<1
<1

<1
<1

<1
<1

<1
<1

(0.

(0.
(0.

(0.
(0.

(0.
(0.

(0.
(0.

(o.
(0.

02)

006)
001)

002)
001)

0007)
0004)

004)
002)

0003)
0002)



TABLE 6-5
Potential Direct Contact R sks Associated with PCBs in

Sedi nment
Exposur e Pat hway Upper HQ for
Bound Noncar -
Excess ci nogeni c
Lifetime Ef f ect sa
Cancer
Ri sk
DI RECT CONTACT W TH SEDI MENT ( TOTAL)
Upper Twel vemle Creek Arm
Child (4-12 years) 2 x 10-6 <1 (0
Adul t 3 x 10-6 <1 (0
Upper Twel vemi |l e Oreek Watershed
Child (4-12 years) 1 x 10-6 <1 (0
Adul t 8 x 10-7 <1 (0
| medi at el y Downgr adi ent of Sanganp Plant Site
Child (4-12 years) 5 x 10-6 <1 (0
Adul t 4 x 10-6 <1 (0
Hagood Reservoir
Child (4-12 years) 4 x 10-7 <1l (0.
Adul t 3 x 10-7 <1 (O

a) Hazard Quotient >1 indicates exposure to PCBs may result in
adverse health effects. Actual value listed in ().



TABLE 6-6
Potential Health Ri sks Associated with the Ingestion of Fish

Locati on/ Speci es Upper HQ for
Bound Noncar -

Excess  cinogenic

Lifetime Effectsa

Cancer
Ri sk
SV- 107
Lar genout h Bass 1 x 10-2 >1 (50)
Hybri d Bass 3 x 10-3 >1 (10)
Largenmout h Bass and Hybrid Bass 1 x 10-2 >1 (50)
Channel Catfish 1 x 10-2 >1 (50)
Al Speci es Conbi ned 1 x 10-2 >1 (50)
SV- 106
Lar genout h Bass 5 x 10-3 >1 (20)
Hybri d Bass 1 x 10-2 >1 (40)
Channel Catfish 5 x 10-3 >1 (20)
Al Speci es Conbi ned 5 x 10-3 >1 (20)
SV-532
Lar genout h Bass 3 x 10-3 >1 (10)
Hybrid Bass 6 x 10-3 >1 (20)
Channel Catfish 3 x 10-3 >1 (10)
Al'l Speci es Conbi ned 4 x 10-3 >1 (20)
SV-535
Lar genout h Bass 1 x 10-3 >1 (6)
Hybrid Bass 3 x 10-3 >1 (10)
Channel Catfish 9 x 10-4 >1 (4)
Al Speci es Conbi ned 2 x 10-3 >1 (8)
SV- 642
Lar genout h Bass 10-3 >1 (7)
Hybri d Bass 10-3 >1 (30)

Channel Catfish
Al Species Conbi ned

>1 (20)
10-3 >1 (20)

A bhoOoODN
X X X X
S
w

SV-641 (Lake Background)

Lar germout h Bass 3 x 10-4 >1 (1)

Hybri d Bass 3 x 1003 >1 (10)

Channel Catfish 8 x 10-4 >1 (4)

Al Speci es Conbi ned 1 x 10-3 >1 (5)

Al Areas of Lake Hartwell + 12 Mle Creek

Al'l Speci es Conbi ned 5 x 10-3 >1 (20)

Largermout h Bass and Hybrid Bass 5 x 10-3 >1 (20)
Twel vem | e Creek Watershed

Lar germout h Bass 4 x 10-2 >1 (200)

Redbr east Sunfish 6 x 10-3 >1 (30)
Tributaries of Watershed

Redbr east Sunfish 6 x 10-4 >1 (20)
\Wat er shed Backgr ound ND ND

a) Hazard Quotient >1 indicates exposure to PCBs may result in
adverse health effects. Actual value listed in ().



7.0 DESCR PTI ON OF ALTERNATI VES

Based upon the findings of the Rl and associ ated Basel i ne Ri sk Assessnent (hunan heal t h/ ecol ogi cal ),
EPA devel oped renedi al action objectives to support the identification, devel opnent and screeni ng of
remedi al alternatives. These renedial action objectives were:

e« Mtigate continued mgration of PCB-contam nated sedinents into Lake Hartwell by elimnating
rel eases of PCBs into Twelvenile Creek.

e Control or elimnate the downstream m gration of PCB-contam nated sedinent within the
Twel vem | e Creek Arm of Hartwel |l Lake.

e Limt, to the extent feasible, the transfer of PCB contam nants from sedi nent to biota.

e Prevent or ninimze exposure to fish with PCB contanminati on above target risk (or FDA)
| evel s.

Protection of human health is considered the prinmary driver for devel oping and eval uating renedi al
action alternatives. Thorough devel opnent and eval uation of feasible renedial alternatives for the
Sangano QU2 Site required the derivation of cleanup goals for the media of concern: sedinment and
fish. deanup goals were not devel oped for surface water since PCBs were not detected in any sanple

collected during the Rl above the detection limts of 1.2 to 1.3 pg/l. deanup goals for sedinent
and fish were al so necessary to identify areas to be addressed by the range of renedial alternatives
that were evaluated in detail. The Final deanup Goals for sediment and fish, and the supporting

rationale are presented in Sections 7.1 and 7.2, respectively.

The contam nants of concern for the Sanganp QU2 Site are total PCBs. No Aroclor- or congener-specific
distinctions are factored into the evaluation of renedial action alternatives. D scharges fromthe
Sangano Wston Plant into Town Creek included a variety of PCBs consisting predom nantly of Aroclors
1242, 1254, and 1016. Analytical data for the R included both Aroclor-specific concentrations (from
offsite CLP anal yses) and concentrations of total PCBs (fromonsite field screening anal yses).

However, all of the results, findings and conclusions in the Rl were discussed in terns of total PCBs.
The reasons for this approach are as foll ows:

e Anmgjority of the health-based and environnental criteria for PCBs are stated in terns of
total PCBs (i.e., FDA tolerance level).

e EPA uses a carcinogenic slope factor for PCBs that is based on Aroclor 1260; this provides a
conservative indicator of potential health effects for all PCB m xtures.

e Evaluation of contamination in terns of total PCBs was cost-effective; it permtted
collection of a |l arge nunber of sanples and the use of field screening (Mdified Spittler
Met hod) for sediment anal yses.

7.1 FINAL CLEANUP GOAL FOR SEDI MENT

Potential cleanup goals for PCB-contani nated sediment at the Sangano QU2 Site were determ ned through
an evaluation of available criteria and accepted techniques for cal cul ating cl eanup goal s in sedinent.
Thi s approach generated a range of potentially viable cleanup concentrations for the Sangano OU2

sedi nent based on the foll ow ng sources:

e Existing (published) criteria for PCBs in sediment, typically derived fromeither
geogr aphi c- based, background PCB concentrations or biological effects observed or
predicted i n aquatic organi sns.

e Precedents fromother NPL sites where EPA has identified protective sedinent cleanup goals
for PCBs that have been finalized in RODs.

e Site-specific cleanup goals cal culated using EPA's equilibriumpartitioning approach based
on contam nant partitioning between sedi ment and sedi nent pore water, based on protection of
aquatic life.



Fromthis evaluation, three representative sedinent cleanup goals (1 ng/kg, 0.4 ng/kg and 0. 05 ng/kg)
were selected for further analysis. The analysis consisted of an evaluation of the |long-terminpacts
of potential sedinent cleanup goals on PCB concentrations in fish, and ultimately human health via
ingestion of contam nated fish, given that the ingestion of fish is the principal exposure pathway of
concern at the site. This evaluation was conducted utilizing the FGETS bi oaccumul ati on node

di scussed in Section 5.4.3 of this ROD. The rationale for selecting these values is presented bel ow.

« 1 ng/kg - The nost frequently sel ected sedi nent cleanup goal for PCBs at NPL sites based on
a review of the EPA's ROD database. A concentration of 1 ng/kg also represents a
reasonable |lower limt considering technical feasibility and cost.

e 0.4 ng/kg - The mean value for the site-specific sediment quality criteria cal cul ated using
the EPA's equilibriumpartitioning approach; also equal to the Effects Range-Median criteria
based on an eval uation of published criteria associated with biological effects on aquatic
life as reported by the National Cceanic and At nospheric Administration (NOAA).

e« 0.05 ng/kg - Equal to the Effects Range-Low from NQAA based on an eval uati on of published
criteria associated with biological effects on aquatic life; also representative of the nore
comonl y reported background-based sedinment criteria for PCBs.

The time required for 2-8 year old | argenouth bass in the Twelvemle Creek Arm of Lake Hartwell to
achieve 2 mg/ kg for the range of sel ected sedinent cleanup goals are conpared to the baseline
condition in Figure 7-1. As shown in this figure, fish PCB concentrations decline at about the sane
rate regardl ess of the sedinent cleanup goal. Therefore, a final sedinent cleanup goal of 1 ng/kg was
sel ected based on technical feasibility rather than performance or risk-based considerations. This
concentration identified the entire Twelvenmle Creek Arm extending fromthe headwaters of the |ake
downstreamto the confluence with the Keownee Arm as an area to be addressed. This area covers
approximately 730 acres with a total estimated vol ume of 4,722,000 cubic yards (yd3) of contaninated
sedi ment .

7.2 FINAL CLEANUP QAL FOR FI SH

Fi sh ingestion was identified as the primary exposure pathway of concern at the Sangano QU2 Site.
Potenti al renedi ation goals include the FDA tolerance level of 2 ng/kg for PCBs in the edible portions
of fish, and risk-based | evels that consider the fish ingestion exposure pathway. Both of these

opti ons are described bel ow.

The FDA criterion was identified as a contam nant-specific Applicable or Rel evant and Appropriate
Requirenent (ARAR). In addition, the existing health advisory for Hartwell rake is based on the
continuing presence of PCBs in fish in concentrations greater than 2 ng/kg. Selection of risk-based
cl eanup goals for fish were considered by determning the concentration |evels in | argenouth bass that
woul d result in acceptable risk to anglers (through ingestion of the fish) based on EPA's target risk
range of 1 x 10-4 to 1 x 10-6. The acceptabl e concentrations were estimated using the sane

net hodol ogy used for the baseline hunan health risk assessnent and for determining risk levels for the
sedi nent cl eanup goals. A fish tissue concentration of 0.036 ng/kg is associated with a 10-4 risk
0.0036 ng/ kg with a 10-5 risk, and so on

Usi ng EPA' s deterninistic, reasonabl e maxi mum exposure (RVE) approach and site-specific exposure
paraneters, the 30-year carcinogenic risk associated with the FDA criterion of 2 ng/kg results in an
estimated risk of 6 x 10-3. This is well above the upper end of EPA's target risk threshold of 1 x

10-4. It is inportant to note that EPA considers the RME assunptions to be conservative, since they
represent upper confidence limts for a given range of values for a particular risk input paraneter or
variable. It is also inportant to note that consunption of fish fromLake Hartwell (or other sources)

is astrictly voluntary activity.

Use of the risk-based concentrations for fish renediation goals (i.e., 0.036 ng/kg) was deternined to
be technically inpracticable at SV-107 for several reasons. Fish bioaccunulate PCBs fromboth the
wat er colum and food chain; thus, PCB concentrations in sedinment and surface water would |ikely have
to be reduced to levels in the ranges of parts per billion (0.001 ng/kg) or parts per trillion (0.001
1g/ L) to achieve risk-based levels in fish. Reducing surface water and sedi nent concentrations to
these levels is beyond the capability of proven treatnent technol ogies, particularly when the scal e of
the site is taken into consideration. Mreover, as shown in the FGETS nodel i ng, PCB cycling anong
fish, plankton, benthos, sedinent, and surface water greatly conplicates the renoval of PCBs froma



bi ol ogi cal systemonce the contam nants have been introduced. Even if concentrations in sedinent and
surface water could be reduced to | evels commensurate with the risk-based fish concentrations, it
woul d be nmany years before the fish concentrations actually declined to acceptable |evels.
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G ven the existence of an ARAR for PCB concentrations in fish, the technical inpracticability of
establ i shing risk-based cleanup goals, and the classification of fish consunption as a voluntary
exposure, the FDA tol erance | evel of 2 ng/kg was sel ected as the Final deanup CGoal for Lake Hartwell
fish.

7.3 REMEDI AL ALTERNATI VES

Response actions that were identified and passed the screeni ng of technol ogi es and process options
were assenbled into a range of remedial alternatives that included no action, institutional controls,
contai nnent, collection, renoval/disposal, and renoval /treatment/di sposal. These eight renedi al
alternatives were evaluated in detail in the Final March 1994 Feasibility Study Report. A sunmary
description of these alternatives follows. The reader should refer to Final FS Report for a nore
detail ed account of this subject natter

Al alternative cost estinmates are expressed in 1993 dol |l ars and are based upon conceptual engineering
and design. Capital cost consists of direct (construction) and indirect (non-construction) costs
incurred in the first year of operation. Qperation and Maintenance (&) cost refers to long-term
post-construction itens necessary to ensure continued effectiveness of a remedial action. Tota
present worth cost represents that sumof noney, if invested in the base year and dishursed as needed
woul d be sufficient to cover all costs of a renedy over its planned life.

ALTERNATI VE 1 - NO ACTI ON

As required by CERCLA, a no further action alternative was evaluated to serve as the basis for
conparison with other active cleanup alternatives. Under this no-action alternative, no further
remedi al actions for the contam nated sediments or fish at the site would be conducted. The no-action
alternative would not affect the existing health advisory issued by SCDHEC, who woul d be expected to
conti nue the advisory until PCB concentrations in fish tissue decline to | evels below 2 ng/ kg (FDA
tolerance level). The advisory currently warns against the consunption of fish fromthe Seneca R ver
Armof Hartwell Lake above the Hw 24 bridge and fish larger than 3 I'b throughout the entire | ake

The advi sory would be nodified if warranted by future trends regarding PCB levels in fish

Mai nt enance of the fish advisory is assumed to entail the periodic replacement of existing signs that
advi se agai nst fish consunption

As discussed in Section 5.4.3 of this ROD, the nean | argenouth bass PCB concentration is predicted to
fall belowthe FDA limt by year 10. However, a longer period of tine is required for concentrations
in higher age classes to fall belowthe FDA limt. PCB concentrations in 10-year-old fish
representing the highest age class and largest fish in the nodel, required 12 years, or the year 2005
to fall belowthe 2.0 ng/kg FDA limt. For these reasons, it was assuned that the fish consunption
heal th advisory would remain in effect for 12 years.

The no-action alternative would also entail periodic reviews of site conditions to ensure that the
alternative renained protective of human health and the environnent. These reviews woul d be conducted
at |least every 5 years as required by CERCLA

Capital Cost = $7,000
Total &M Cost = $123, 000
Total Present Wrth Cost = $130, 000

ALTERNATI VE 2A - | NSTI TUTI ONAL CONTRCLS

This alternative is a limted action alternative that relies on a series of institutional controls to
prevent or mninize ingestion of contaminated fish tissue, which was identified as the prinary
exposure pathway of concern for the Site. GCenerally, these institutional controls consist of the
foll owi ng conponents:



e Continuance of the Existing Fish Advisory

e Public Education Program- A programwould be initiated to informthe public on available
nmet hods for reducing the intake of PCBs through fish consunption. Specific preparation
handl i ng, and cooki ng techni ques can reduce the quantity of contam nati on consured
Information of this type would be dissem nated to the public through a series of |ocal
public neetings and distribution of an infornational panphlet.

e Fish and Sedinent Mnitoring - In addition to naintaining the current fish advisory, annua
nmonitoring of PCB levels in fish and sedi nent of Twelvem |le Ceek and Lake Hartwel | woul d be
conducted. Results fromthis nonitoring programwould be utilized to support nodifications
to the fish advisory and to nonitor concentrations of PCBs in sedinent and fish over tine.
Results of this programwoul d be made available to the public.

e Regulation of Twelvenile Creek Inpoundnments - A routine schedul e woul d be devel oped for
flushi ng of sedi nent accunul ated behind the 3 small inpoundnents |ocated on Twel venile
Creek. Periodic flushing (nmost recently in Septenber 1993) of a large |oad of sedi ment over
a short period of time has been docunented to have an adverse inpact on the water quality
and aquatic biota of the upper portion of the Twelvenmile Creek Arm These adverse inpacts
are attributed to el evated | evel s of suspended sedi ment and not PCBs. A routine flushing
schedul e would m nimze inpacts to the ecosystem while enhancing burial of nore contam nated
sedinents with cl eaner sediments fromthe Twel vem | e Creek drai nage

Capital Cost = $366, 000
Total O8&M Cost = $2, 842, 000
Total Present Wirth Cost = $3, 208, 000

ALTERNATI VE 2B - FI SHERI ES | SOLATI ON

Alternative 2B is a nore aggressive approach consisting of nmanagenment of the fisheries resource within
the I ake to minimze ingestion of PCB-contam nated fish. The primary control neasure includes
construction of a barrier, or fish fence, to prevent the movement of migratory fish (i.e. striped
bass, hybrid bass, and walleye) into or out of the nost contaminated portions of the reservoir. These
mgratory species represent approximately 50% of the fish harvested by weight fromLake Hartwell.

Pl acenent of the barrier in the vicinity of the Hw 37 Bridge, just south of Cemson, would result in
isolation of the Twelvenile Creek, Keowee R ver, and upper Seneca River Arns, which represent |ess
than 10 percent of the total area of Hartwell Lake. Isolation of these upstreamareas is expected to
result in an accelerated decline in mgratory fish PCB concentrations in the downstream portions of
the reservoir (i.e., the remaining 90+ percent of the |ake). Reduction of fish PCB |evels would allow
for rescinding of the existing health advisories in these areas, returning the majority of |ake areas
to normal use. This approach is consistent with the COE's Best Managenent Practices for Hartwel

Lake, designed to achi eve the nmaxi mum beneficial uses for the reservoir, which include fish and

wi | dlife management and recreational use

The fish isolation barrier would be designed/constructed to neet the foll ow ng performance standards:
e Mnimze safety hazards for boaters and other users of the |ake (i.e. waterskiers);

e Maximze effectiveness to prevent passage of migratory ganme fish through the barrier

e« Alowboats to pass uninpeded to mnimze disruptions of boating traffic on the lake (i.e.
no gate);

e Construct a sem -permanent structure that could be renoved once PCB | evel s decline to
heal t h-based | evel s

e Incorporate value engineering principles to mnimze cost for design and construction
e« Mnimze operations and nai ntenance requirenents and costs

e Design and installation of fish fence will not inpede nornmal |ake usage.



This alternative would require an approxinmate 6 nonth pre-design (treatability type) phase to devel op
a detailed design in accordance with the above performance standards. |f pre-design studies are
successful, full scale construction/installation of this remedy coul d be acconplished in approxi mately
1 year. PCBs would continue to accunulate in the fish upstreamof the fish fence, therefore, fish are
predicted to decline to protective levels (the 2.0 ng/kg FDA tol erance level) in approximately 12
years. By isolating the inmpacted upstream areas, PCB concentrations in mgratory fish fromthe
remai ni ng 90+ percent of the |lake are predicted to decline to the 2 ng/kg level in approximtely 3-4
years.

Lake use restrictions, such as no-wake zones and warni ng signs would be inplenented to prevent damage
to the fence and for boating safety. Aternative 2B also includes the institutional controls
described for Alternative 2A

Capital Cost = $1, 232,000
Total O8&M Cost = $3, 012, 000
Total Present Worth Cost = $4, 244, 000

ALTERNATI VE 3A - CAPPI NG

Alternative 3A involves the isolation of PCB-contam nated sedi nents by placing an 18 inch cl ean

sedi ment cap over the areas with the hi ghest contam nation. The cap would be constructed using fine
sand (mnimumparticle size 0.25 mm) to elimnate the further downstream m grati on of contam nated
sedinent and the transfer of PCBs from sedinent to aquatic biota. The cap would extend 7 miles from
just upstreamof the Maw Bridge (Rt. 337) to the confluence with the Keowee River, just upstream of
Hw 123. The cap woul d cover an area of 730 acres and woul d require approxi mately 1,800,000 yd3 of
sand to construct the cap. Figure 7-2 provides an illustration of the area to capped under this

al ternative.

The cap thickness was designed to mnimze the inpacts associated w th bioturbation and sedi ment
burrowi ng biota (i.e. mayfly). Based upon sedinment transport nodeling for a cap with a mnimm
particle size of 0.25 mm no significant erosion of cap material was observed in areas bel ow t he
Madden Bridge. However in areas above the Madden Bridge (i.e., the "goose-neck" bend area), the node
results showed erosion for all grain sizes tested (i.e., 10, 2, and 0.25 nm). These results indicate
that mai ntenance of the cap would be difficult in the headwaters. Placenent of the cap would be
acconpl i shed using a hydraul i c barge unl oader equipped with a sand spreader. The barge and sand
spreader would |likely be supplied with sand through a slurry pipeline between the barge and the shore
or by a separate hopper barge. A local sand source has been identified near the community of Liberty,
South Carolina. The cost estimate assunes that the sand woul d be transported by truck to the staging
area, converted to a slurry using | ake water, and punped out to the sand spreader barge
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Pl acement of the cap, including design, procurenent, and construction, would require approxi mately 2
years. Once the contam nated sedi nents were isolated beneath the cap, further transfer to biota would
be significantly reduced, and PCB concentrations in the fish in Twel vem |l e O eek Armwoul d decline

at an accelerated rate. A period of 3 to 4 years after cap placenent would be required for the mean
concentration of PCBs in |argenouth bass filets to fall belowthe FDA linit of 2.0 ng/kg. As part of
cap O&M detail ed hydrographi c surveys woul d need to be conducted periodically to assess the integrity
and overal |l performance of the clean sedinment cap. These surveys woul d focus on the upstream segment
of the cap in the area where sedinent deposition and scour processes are nost active.

Alternative 3A also consists of |ake usage restrictions to mnimze erosion of the cap once it is
pl aced and other institutional controls described under Alternative 2A

Capital Cost = $48, 296, 000
Total O8M Cost = $2, 843, 000
Total Present Worth Cost = $51, 139, 000

ALTERNATI VE 3B - SEDI MENT CONTROL STRUCTURE
Al ternative 3B involves the construction of a 1,600 ft. fixed-crest weir near the nouth of the

Twel vemle Creek Arm  The weir would maintain a constant pool elevation of 660 ft MSL in the
Twel vermil e Greek Arm minimzing the scour/erosion and resuspension of contaninated sedinment in the



headwat ers and thereby reducing the downstream m grati on of PCB-contam nated sedi nent into Hartwell
Lake. The constant pool elevation nay al so enhance the burial of these contam nated sedinents in the
upstreamreaches. In addition, the weir would greatly reduce the mgration of fish into and out of
Twel vemile Greek Arm  The | ocation of the sedinent control structure is shown on Figure 7-3.

The weir, or sedinment control structure, would be an effective barrier to the downstream novenent of
suspended bed-|oad sedinents, which are transported just above the sedinent-water interface. The weir
woul d all ow water to flow fromthe Twelvemle Ceek Armto Hartwell Lake but would otherw se be an
effective physical barrier between the two water bodies. The sedinment control structure would not

all ow t he passage of boats or other watercraft, and | akeshore property owners in the Twel venmile Creek
Armwoul d not have direct boating access to or fromHartwell Lake. Mnthly pool elevation data and
the reservoir operating rule curve were used to select the crest elevation for the weir. Based on the
pool elevation data, it is estimated that the pool elevation for Lake Hartwell is above 660 ft MNSL
approxi mately 23 percent of the tine. The sedinment control structure would be constructed of concrete
by utilizing proven cofferdam techni ques.

<I M5 SRC 0494178V>

I mpl erent ation of Alternative 3B, including design and construction of the weir and establishnent of
institutional controls, would require approximately 2 years. Wthin the newy inpounded Twel vemle
Creek Lake, contam nated sedi nents would not be isolated fromthe biota and future contam nant trends
in the fish would be as described under the Alternatives 1 and 2A. The tine to achi eve protectiveness
in the main body of Lake Hartwell (i.e., the approxi mate 90+ percent of the total |ake area downstream
of the sedinent control structure) was assuned to be conparable to that predicted for Alternative 2B
(fish fence), given that both the weir and fish fence would greatly limt the novenent of fish into
and out of the area with the nost highly contam nated sedinment. Using this approach, the FDA

Tol erance Level in nmigratory fish downstream of the sediment control structure would be attained in an
estimated 3 to 4 years after construction of the weir was conpl et ed.

To ensure public safety, watercraft would be restricted fromthe imrediate vicinity of the sedi nment
control structure. Fishing restrictions in the isolated area, as well as institutional controls under
Alternative 2A, would be inplenented to limt consunption of contaminated fish until protective |evels
wer e achi eved.

Capital Cost = $51, 226, 000
Total O8&M Cost = $2, 365, 000
Total Present-Wrth Cost = $53, 591, 000

ALTERNATI VE 3C - OPTI MAL CAPPI NG SEDI MENT CONTROL STRUCTURE

Val ue engi neering techni ques were used to conbi ne el enents of Alternatives 3A and 3B to achi eve
simlar results with significantly |ower costs and reduced inpact to | akeshore residents and property
owners. Figure 7-4 provides a conceptual approach to this alternative

The sedi ment control structure for Alternative 3C consists of a fixed-crest weir simlar in design to
the structure proposed in Alternative 3B. The proposed |ocation for the weir under Alternative 3Cis
approximately 1,000 ft upstream of the Hw 133 bridge. Placenent of the structure at this |ocation
woul d isolate the areas having the highest |levels of PCB contam nation in the sedinment while at the
sane time effectively isolating a smaller portion of the Twelvemle Creek Abmfromthe main | ake
Movi ng the weir upstreamal so allows for its placement at a relatively narrow constriction of the
channel, resulting in a nuch snmaller weir (length-w se) and construction cost. The weir would al so
mai ntai n an upper pool elevation of 660 ft, mnimzing scour and resuspensi on of contam nated sedi nent
in the headwaters of the Twelvemle Creek A’bm This action would mnimze the mgration of

contami nated sedinent into the | ower portion of the Twelvemle Greek Armand Hartwell Lake. The weir
is al so expected to reduce the novenent of fish into and out of the areas of highest sedi ment PCB
cont ani nati on

<I M5 SRC 0494178W

The area downstream of the sedinment control structure to the nmouth of the Twel venile CGreek Armwoul d
be capped under this alternative using the sane performance criteria (e.g., prevent burrowing into
under | yi ng sedi nent), conceptual design paraneters (e.g., 18-in. thick, sand-silt mixture), and
construction methods (i.e., hydraulic sand spreader barge) as described for the Alternative 3A. The



area for capping consists of approxinmately 285 acres and woul d requi re approxi mately 700, 000 yd3 of
material to construct. Cap integrity below the weir would be naintained using riprap and ot her
reinforcing materials to prevent scour fromflow over the top of the weir.

Construction of the sedinent control structure and placenment of the cap would require a period of 2 to
3 years. Upstreamof the weir, contam nated sedinments are not isolated fromthe biota and thus PCB
concentration in fish would continue to exceed the FDA limt of 2.0 ng/kg for the an estimated 12
years. Downstreamof the weir in the Twelvemle Geek Arm cap placenent woul d accelerate the
reduction of PCB levels in fish to protective |evels because contam nated sedi nents have been

isolated, limting further transfer of PCBs to biota. An estinated period of 3 to 4 years (after cap
pl acenent) is required for PCB concentrations to fall belowthe FDA limt of 2.0 ng/kg in the capped
area as well as in the main body of Hartwell Lake. Institutional controls under Alternative 2A and

fishing restrictions upstreamof the sedinment control structure would be inplenented until protective
levels in the fish were achieved.

Capital Cost = $31, 684, 000
Total O8M Cost = $2, 365, 000
Total Present Wirth Cost = $34, 049, 000

ALTERNATI VE 4 - CONFI NED DI SPCSAL FACI LI TY

Alternative 4 involves a rmuch nore rigorous renediation approach than any of the alternatives

di scussed above. This alternative involves renoval by hydraulic dredgi ng of contam nated sedi nent
fromthe Twelvemle Greek Armwi th PCB concentrations greater than 1 ng/ kg foll owed by di sposal of the
dredged material in a Confined D sposal Facility (CDF). The conceptual approach to this alternative
is shown in Figure 7-5.

I npl enentation of Alternative 4 would be a conpl ex undertaking controlled through scheduling and rigid
conformance to procedural requirenments needed to mnimnze environnental inpacts. The follow ng
di scussion provides an overview of the remedial construction activities associated with Alternative 4:

e [Excavate channel - Rerouting the Twelvem |l e Creek Armwoul d begin imrediately south of the
hi gh-tensi on powerline crossing and woul d proceed due south for a distance of approxi mately
1,600 ft. where it would reconnect with the original |ake channel. The rerouted channel

woul d be approxi mately 50 ft. wide at the base with a nmaxi num excavation depth for the
channel at approxinmately 55 ft. Material excavated during the channeling operati on would be
used for construction associated with the COF. Rerouting the channel in this area would
only isolate one shoreline residence on the goose-neck bend.

e Construct Confined D sposal Facility - The COE commonly uses CDFs for disposal of dredged
sedi nents. The goose-neck bend area between Maw and Madden Bridges was sel ected as the
optimumlocation for the followi ng reasons: 1) this area has nost highly contam nated
sedi nents avoiding the need to dredge approximately 1.3 mllion yd3 of material; 2)
approxi mately 113 acres is avail able providing sufficient capacity for disposal of 5 mllion
yd3 of material; and 3) mninal inpacts on existing residents would occur.

e Dredge and punp dredged sedinment into CDF - Sediments fromentire Twelvenmile Creek Armwith
PCB concentrations >1 mg/ kg woul d be renoved via hydraulic dredging and transported to CDF
via pipeline. Sedinent would settle out in COF, while water was returned to the |ake.

e« Conpact/grade pedinment to pronote runoff followed by placenent of soil cap over CDF.
<I M5 SRC 0494178X>

Additional detailed information regardi ng dredgi ng techni ques, dredged material characteristics, and
desi gn of the CDF would be required prior to inplenmentation of Alternative 4. |nplenentation of the
dredging alternative is expected to require a period of 3 to 4 years (including treatability testing,
desi gn, procurenent and construction). Once sedinments with greater than 1 mg/ kg of PCBs have been
renmoved fromthe | ake, the FGETS nodel predicts that the mean PCB concentration in | argenouth bass
fillets would fall belowthe FDAlimt of 2.0 ng/kg in 5 to 6 years. Institutional controls would be
used to limt consunption of contaminated fish until protective |evels were achieved.



Capital Cost = $43, 422,000
Total &M Cost = $3, 487, 000
Total Present Worth Cost = $46, 909, 000

ALTERNATI VE 5 - STABI LI ZATI ON

Alternative 5 is a very conplex and costly alternative that involves renmoval of contani nated sedinents
with PCB concentrations greater than 1 ppmvia a conbination of shallow water excavation and hydraulic
dredging. Contam nated sedinments in the mddle and | ower portions of Twelvenile CGreek Armwoul d be
dredged while the upper portion is dewatered and excavated. The dredged/ excavated sedi nents woul d be
treated by stabilization with cenent and placed in a COF as descri bed under Alternative 4. Fish and
other biota in the upstream segment woul d be collected and destroyed as part of the dewatering
operations. This alternative was evaluated in an attenpt to satisfy the preference for treatnent as a
principal element for selected renedial alternatives at NPL sites.

I npl ementation of Alternative 5 would likely trigger a substantial nunber of ARARs, the nost
significant being the dean Water Act and South Carolina Water O assification Standards. Based on a
volume estinate of 4,722,000 yd3 for excavati on and dredgi ng, expected stabilization production rates,
and the rate at which the confined disposal facility can be filled, inplenentation of Alternative 5
woul d entail a duration of 4 to 5 years. Once the contani nated sedi nent has been renoved, fish PCB
concentrations downstream of the Madden Bridge woul d decline at an accelerated rate, achieving the FDA
tolerance level in approximately 5 to 6 years. The time to achieve protectiveness for this
alternative therefore is 9 to 11 years.

Capital Cost = $581, 957, 000
Total &M Cost = $3, 486, 000
Total Present Worth Cost = $585, 443, 000

8.0 SUWARY CF THE COVPARATI VE ANALYSI S OF ALTERNATI VES

This section docunments the conparative analysis conducted to evaluate the relative perfornmance of each
alternative in relation to each of the evaluation criteria. The purpose is to identify and clearly
under st and the advantages and di sadvant ages of each renedial alternative described in Section 7.0 of
this ROD. As stated in NCP [40 CFR 300.430 (f)], the evaluation criterion are arranged in a

hi erarchal manner that is then used to select a remedy for the site based on the foll owi ng categori es:

Threshold Criteri a: . Overall Protection of Human Health and the Environnent
. Conpl i ance with ARARs

Primary Bal ancing Criteria: . Long-term Ef f ecti veness and Per manence
. Reduction of Toxicity, Mdbility, or Vol une
. Short-term Ef f ecti veness
. I npl ementability
. Cost
Modi fying Criteri a: . St at e Accept ance
. Communi ty Accept ance

The Threshold criteria nust be net before an alternative is eligible for selection as a preferred
alternative in the Proposed Plan and ultimate selection in the ROD. The five Primary Bal anci ng
Criteria provide the basis for determ ning which alternative provides the best bal ance of trade-offs
anmong all others considered. The State of South Carolina has reviewed this ROD and concurs with EPA s
sel ected renedy described in Section 9.0. The State of South Carolina concurrence letter is attached
as Appendix Ato this ROD. Conmmunity Acceptance is addressed in the Responsiveness Summary attached
as Appendix B to this ROD. The follow ng discussion addresses the Threshold and Primary Bal anci ng
Criteria.

8.1 OVERALL PROTECTI ON CF HUMAN HEALTH AND THE ENVI RONIVENT

Overall protection of human health and the environment addresses whether each alternative provides
adequat e protection of human health and the environnment and describes how risks posed through each
exposure pathway are elimnated, reduced, or controlled, through treatnment, engineering controls,
and/or institutional controls.



Conmplexities related to the cycling of PCBs in the biota of Lake Hartwel|l cause residual risk |levels
to remain above 1 x 10-4 regardl ess of which renedial action alternative is inplenented. A reduction
in sedinent PCB concentrations does not result in an imrediate reduction in PCB concentrations in
fish. H gh PCB concentrations in fish during the initial years of the 30-year exposure duration
result in average risk estimates exceedi ng acceptable levels. Therefore, all of the alternatives rely
on institutional controls to mninize exposures to PCB-contam nated fish tissue (limting these
exposures was identified as one of the primary renedial action objectives). These controls include
public education and continuation of the current fishing advisory.

The nost protective alternatives are those that rely principally on engineering rather than
institutional controls to reduce or elimnate exposures, given the uncertainty regardi ng the
performance/reliability of the institutional controls. The renoval/disposal and

renmoval /treat ment/ di sposal actions under Alternatives 4 and 5, respectively, provide the highest |eve
of protectiveness, as the contam nated material is renoved fromthe |ake and isolated in an engi neered
di sposal facility. Aternative 2B entails construction of a fish fence to be designed and constructed
so as to maximze effectiveness while mnimzing operations and mai nt enance; however, additional, pre-
desi gn studi es woul d be needed to devel op the actual design for the structure. Aternatives 3A and 3C
i nvol ve cappi ng actions that should pernmanently isolate the contam nated sediment in all or a najor
portion of the Twelvemle Oeek Arm The capping would be highly protective of hunman health and the
environnent; its reliance on long-termnonitoring and nai ntenance to assure cap integrity is a

di sadvant age but does not conprom se the overall protectiveness or |ong-termeffectiveness of the
action.

8.2 COWPLI ANCE W TH APPLI CABLE OR RELEVANT AND APPROPRI ATE REQUI REMENTS ( ARARS)

Section 121 (d) of CERCLA requires that renedial actions at NPL sites at least attain legally
applicable or relevant and appropriate federal and state requirenents, standards, criteria and
limtations which are collectively referred to as "ARARs", unless such ARARs are wai ved under CERCLA
section 121 (d) (4). Applicable requirenents are those substantive environmental protection
requirenents, criteria, or limtations promul gated under federal or state law that specifically

addr ess hazardous substances found at the site ("contani nant-specific ARARS), the renedial action to
be inplemented at the site ("action-specific ARARS"), the location of the site ("location-specific
ARARs"), or other circunstances at the site. Relevant and appropriate requirenents are those
substantive environmental protection requirenments, criteria, or limtations pronul gated under federa
or state |l aw which, while not applicable to the hazardous substances found at the site, the renedi a
action itself, the site location or other circumstances at the site, neverthel ess address problens or
situations sufficiently simlar to those encountered at the site that their use is well-suited to the
site.

Al of the alternatives rely on natural fate and transport processes to reduce PCB concentrations in
Lake Hartwel |l fish to the FDA tol erance level of 2 ng/kg. Several alternatives include actions

desi gned to speed up the rate at which these natural processes act (i.e. by capping or renoving

contam nated sedinent). No contami nant-specific ARARs for PCBs in sedinent were identified, which |ed
to the identification of To-Be-Considered (TBC) criteria and the selection of a sediment cleanup goa
of 1 ng/kg based on an evaluation of these criteria. Aternatives 3A (Capping), 4 (Confined D sposal
Facility) and 5 (Stabilization) would best achieve the TBC criteria for sedinent. The sedi ment

control structures (Alternatives 3B and 3C) are expected to inmpact PCB concentrations in the sedinment,
but not to the same extent as capping or renoval

Alternatives 4 and 5 would trigger the | argest nunber of and nobst conplex action- and

| ocation-specific ARARs, including the Cean Water Act dredge-and-fill requirenments, South Carolina
requirenents for surface water discharges, and, if PCB concentrations in dredged/ excavated sedi nents
exceed 50 ppm TSCA requirements for handling/storage/treatment/di sposal. The alternatives could be
desi gned and inplemented to attain conpliance with these requirenents. Capping activities under
alternatives 3A and 3C woul d al so trigger Oean Water Act and South Carolina requirenents related to
surface water discharges; conpliance with these requirements would be factored into the design and
inmpl enentation. Action-specific ARARS were not identified for the institutional controls under any
alternative or for construction of the fish fence under Alternative 2B

8.3 LONG TERM EFFECTI VENESS AND PERNMANENCE

Long-term ef fecti veness and pernanence refers to the expected residual risk and the ability of a
remedy to maintain reliable protection of human health and the environment over tine. The criterion



includes the consideration of residual risk and the adequacy and reliability of controls.

Cont ami nant transport and bi oaccunul ati on nodel i ng conducted during the Rl showed that Lake Hartwel |
is a dynanmic systemin which PCB concentrations in sedinment and biota are gradually declining in
response to natural fate and transport processes such as burial by clean sedinment, resuspension and
desorption foll owed by flushing out of the reservoir, and other processes. The nodeling results
indicate that PCB levels in the sedinent will decline belowthe 1 my/kg cleanup goal in 5 to 10 years
(depending on location within Twelvem|le Creek Arm) and that PCB concentrations in fish will decline
to the FDA tolerance level in 12 years. |If the nodeling predictions are accurate, even Alternative 1
(No Action) would eventually result in a permanent solution for the site in approxinmately 12 years,
given that consunption of contam nated fish was the prinary exposure pathway of concern.

Alternatives 2 to 5 rely on institutional controls to prevent exposure to contam nated fish; the
performance and reliability of these controls is dependent on site-specific factors and therefore
difficult to predict. In the context of technol ogy performance and reliability, the fish fence
(Alternative 2B) has not been proven for the sanme scale of application proposed for Sangano OU2.
Capping (Alternatives 3A and 3C) is a proven technol ogy but is dependent on an extensive program of
noni toring and mai ntenance to ensure cap integrity and long-termeffectiveness. Capping of only the
downstream portion of the Twelvem|le Oreek Armunder Alternative 3C would result in a cap that was
easier to nmaintain, and therefore, it should have a hi gher degree of |ong-term effectiveness.

Sedi nent control structures (Alternatives 3B/3C) are also widely used and are | ess dependent on

mai nt enance.

Al t hough dredgi ng and confined disposal facilities are widely recognized as reliable technol ogi es,
further technol ogy evaluation, in the formof pilot-scale treatability studies, woul d be needed to
obtai n design and operating data essential to minimze environnental inpacts. Simlarly,
stabilization treatability studies under Alternative 5 would require further technol ogy evaluation to
determ ne nmaterial handling and process requirenments (e.g., optinmumstabilization mxture).
Treatability studies are al so needed to deternine effluent treatment requirenents for the dewatering
fluids fromthe confined disposal facility or material handling/stockpiling areas.

8.4 REDUCTION CF TOXICITY, MOBILITY, OR VOLUME

Reduction of toxicity, nobility, or volume through treatnent refers to the antici pated performance of
the treatment technol ogies for the renmedy. None of the alternatives has an effect on the toxicity of
the contam nants, expect A ternative 5 which involves treatment by stabilization. Aternative 5 would
acconplish the nost significant reduction in the nmobility of PCBs through a stabilization treatnent
process, followed by disposal in a confined disposal facility. Contaninant nobility would al so be
reduced through disposal in a CDF, with no treatnment, in Alternative 4.

The capping alternatives (Alternatives 3A and 3C) al so acconplish a reduction in contam nant mobility,
but the effect is contingent upon proper maintenance of the cap. Reductions in contam nant nobility
are expected with the sedinent control structures (Aternatives 3B and 3C), prinarily through

nmai nt ai ni ng pool elevation, thereby decreasing scour/erosion in the headwaters. The cappi ng, sedi nent
control structures and fish fence alternatives also reduce PCB transfer to migratory fish by isolating
the contam nated sedi nent (through capping) or restricting the mgration of fish into and out of the
areas with the highest sedinent contam nation (through the fence or weirs). The net result is a
reduction in the level of PCB contamination in | ake-wide mgratory fish.

8.5 SHORT- TERM EFFECTI VENESS

Short-termeffectiveness refers to the period of tinme needed to conplete the remedy and any adverse
i npacts on hunman health and the environnent that nmay be posed during the construction and
i mpl enent ati on of the remnedy.

I npl enentation of Alternatives 1 (No-Action) and 2A (Institutional Controls) would have the | east
impact on the community, workers, and the environment; Alternative 2B has only a slightly greater
inmpact. Alternatives 3A/ 3B/ 3C have greater inpacts on the |local comrunity due to construction of

sedi nent control structures and excessive truck traffic associated with the transportati on of capping
material. The greatest inpacts (and | east short-termeffectiveness) are associated with the nore
aggressive alternatives that entail dredging, re-channeling, and construction of the COF (A ternatives
4/ 5) .



Tabl e 8-1 summari zes the estimated schedule for each alternative, presenting the time required to
implenent, tine required for fish PCB concentrations to decline to protective |evels (FDA tol erance
level), and total time for alternative to achieve protectiveness. Because the nost highly

contam nated sediment is concentrated in a relatively small, upstreamportion of the |ake that
represents |less than 10 percent of the reservoir area, separate estimates are shown for the time to
attain FDA levels and tine to achieve protectiveness in both this upstreamportion (i.e., the

Twel vem | e Creek/ Seneca River Arn) and in the main body of Hartwell Lake. The inpact on a given
alternative with regard to protective |evels throughout the lake is an inportant consideration given
the significant resource potential of the reservoir. It is inportant to note that the tine required
for inplenentation includes design, procurenent, and construction but does not consider the tinme

bet ween i ssuance of the Proposed Plan/signing of the ROD and initiation of the Renedial Design

The tabl e shows that isolation or renmoval of the nost highly contam nated sedi nent, through fisheries
i sol ation, capping, sedinent control structures, or dredging often has a nuch greater effect on PCB
level s in downstream areas than within the Twelvemle Geek Arm This response is nostly due to the
inmpact of limting or preventing the novenent of migratory fish into and out of the areas with the
nore hi ghly contam nated sedi nent (| ake-w de, non-mgratory fish have exceeded the FDA | evels on an
infrequent and isolated basis while mgratory fish have typically had PCB | evel s higher than 2 ng/kg).
Accel erated declines in PCB | evel s woul d be expected for alternatives involving capping or renoval

ot herwi se, PCB reductions woul d be acconplished only through natural fate and transport processes
condi ti ons.

The nost favorable alternatives with regard to the estimated tinme to achieve protectiveness woul d be
Alternatives 2B and 3A; fisheries isolation (Alternative 2B) is nmore quickly inplenented and therefore
leads to a slightly faster reduction in PCB levels in the main body of Hartwell Lake but the capping
alternative would have a nuch greater effect in the Twelvenm|le Ceek/ Seneca River AAm |If nore than 1
to 2 years el apse between the signing of the ROD and the initiation of the Renmedial Design, the
dredging alternatives (Alternatives 4/5) will not achieve protectiveness appreciably faster than that
obt ai ned under baseline (no-action) conditions



Table 8-1
Estimated Tinme to Achi eve Protectiveness

TIME FOR FISH TO ATTAIN FDA LEVEL  TIME TO A
PROTECTI VENESS( 4)

(yrs)
TIME TO TWELEM LE
ALT. I MPLEMENT( 1) CREEK/ SENECA MAI N BCDY OF
BODY OF
NO. DESCRI PTI ON (yrs) R VER(2) ARM HARTWELL LAKE( 3) R
HARTWELL LAKE
2 No action 0 12 12
2A Institutional 0.5 12 12
2B Fisher Isolation 1 12 3-4
3A Cappi ng 2 3-4 3-4
3B Sedinment Control Structure 2 12 12
3C Optinmal Cappi ng/ Sedi nent 2-3 3-4 (downstrean) 3-4
Control Structure 12 (upstream
4  Confined Disposal Facility 3-4 5-6 5-6
5 Stabilization 4-5 5-6 5-6

NOTE: (1) Includes tinme needed for pre-design studies, procurenent, and constr
bet ween Proposed Pl an/ Record of Decision and initiation of
Renedi al Desi gn.

(2) Twelvemle Creek Armonly; FCGETS nodeling results indicate that fish
ng/ kg) in approxinmately 12 years under baseline conditions;
none of the alternatives will extend the period required for this to
period to achi eve protectiveness of greater than 12 yrs).

(3) Downgradient of the Twelvenmile Creek Arm (i.e., main body of Hartwel
decline nore rapidly for actions involving isolating, capping or renoval
of contam nated sedinment (Alternatives 2B, 3A-C, 4 and 5). It was a
conparabl e to that observed in the Twel vemle Geek Armfor
Al ternatives involving capping (3-4 yrs) or renoval of the sedi nent
verify this estimated.

(4) Duration only; based on estinated time to i npl enent rermedy and durat
to decline to FDA | evel, based on the FGETS nodel i ng
results presented in Section 3.3 and assunptions regarding mgratory



8.6 | MPLEMENTABI LI TY

Alternatives 1 and 2A woul d be the nost readily inplenentable; the nain activity associated with the
institutional controls under Alternative 2A (and other alternatives) involves planning and

coordi nation with COE, SCDHEC, and ot her agencies. Alternative 2B (Fish Fence) woul d be somewhat nore
conmplex to inplenent, prinmarily due to the predesign testing to assess the suitability of various

desi gns.

Alternatives 3A, 3B, and 3C represent an internediate range of inplenentability. Capping and weirs
have been successfully constructed at a wide variety of sites and conditions at Hartwell Lake and
shoul d not present any unusual difficulties. The reduced scale of the area to be capped and size of
weir for Alternative 3C would sinplify both design and construction activities associated with these
i ndi vi dual conponents. A limtation to Alternative 3A and, to a | esser extent, 3C, concerns the
avail ability and transportation |logistics of as much as 1.8 mllion yd3 of capping naterial. Froma
t echni cal and engi neering perspective, construction of the fixed crest weirs for Alternatives 3B and
3C shoul d be nmuch nore inplenmentable than capping due to the |ikelihood of encountering problenms with
the capping materials

The nost difficult alternatives to inplenent, in terns of both technical and administrative
feasibility, would be Alternatives 4 and 5; both involve dredgi ng, which is a widely used technol ogy,
but they would still require considerable predesign testing and evaluation to optim ze operations and
mni mze environnmental inpacts. Construction of the confined disposal facility in what is currently a
| arge body of open water and rechanneling the Twelvenile Creek Armthrough a forested ridge would al so
present a nunber of technical challenges, while not insurmuntable, the challenges do make
inplenentation of Alternatives 4 and 5 considerably nore conplex than the other renedial alternatives
These alternatives would al so have the greatest administrative requirenents due to the need to fulfill
permt-related requirements related to Cean Water Act dredge-and-fill permts, South Carolina NPDES
permts, and possibly other permtted activities.

8.7 COsT

Costs for each alternative were provided under Section 7.3 of this ROD. Alternative 5 is the nost
expensive alternative to inplenent, and is considered cost prohibitive. The nore aggressive
alternatives (Alternatives 3A/3B/3C/4) that involve engineering controls to satisfy the renedia
action objectives have total present worth costs that generally range from $30-50 million

Al ternative 2B achi eves protectiveness in the nmain body of Lake Hartwell in a shorter anount of tine
than the other nore aggressive and passive (Alternatives 1/2A) alternatives for only an additional $1
mllion over the cost of Alternative 2A (estinmated present worth cost of $3,208,000). The No-Action
alternative is the | east expensive.

9.0 THE SELECTED REMEDY

This section of the ROD discusses EPA's selected renedy in detail for the Sangano QU2 Site. EPA has
selected Alternative 2A - Institutional Controls to address the contaninated sedinents and fish at the
Site. The selected renedial alternative for the Sanganbo OJR Site consists of the follow ng
conponents: 1) continuation of existing fish advisory; 2) public education program 3) future

sedi nent and aquatic biota nonitoring; and 4) regulation of the Twelvem |l e Creek |Inmpoundnents. These
primary conponents are di scussed bel ow.

9.1 CONTI NUATI ON OF EXI STI NG FI SH ADVI SOCRY

The existing fish advisory on Lake Hartwell shall remain in effect. Signs warning agai nst consum ng
fish have been posted at the najority of the public boat |aunch and recreati on areas since 1987

Figure 9-1 provides an illustration of the posted advisory. The advisory is currently maintained by
SCDHEC, and SCDHEC wi |l renmain responsi bl e for managenent, supervision, and admnistration of the fish
consunption advisory in the future. The advisory will be nodified if warranted by future trends
regardi ng PCB concentrations in fish. Mbdifications shall be fully supported and justified by the
annual nonitoring programdiscussed in Section 9.3 of this ROD.

Mai ntaining the fish advisory will likely entail the posting and repl acenment of signs describing the
advi sory at access points along the shoreline. For purposes of enhancing the effectiveness of the
advi sory, additional signs may be posted. Additional activities designed to increase public awareness
of the existing fish consunption advisory are discussed in Section 9.2 of this ROD.



As discussed in the Section 5.4.3, FCGETS bi oaccunul ati on food-chai n nodeling, the nean PCB
concentration in 2-8 year old largenouth bass is predicted to fall belowthe FDA limt by year 10.
However, a longer period of tinme is required for concentrations in higher age classes to fall bel ow
the FDA limt. PCB concentrations in 10-year-old fish, representing the highest age class and | argest
fish in the nodel, required 12 years to fall belowthe 2.0 ng/kg FDA limt. For these reasons, it was
assuned that the fish consunption health advisory would remain in effect for a mninumof 12 years, or
the year 2005

9.2 PUBLI C EDUCATI ON PROGRAM

Proper preparation of contami nated fish can reduce the quantity of contam nation consuned.
Contaminants (PCBs) are generally stored in fatty tissue (i.e., belly flap, strip along the backbone
and lateral line, and skin). By renoving these areas when cleaning the fish, individuals can
substantially reduce their intake of PCBs. Broiling, baking, and grilling fish al so provides

addi tional risk reduction. Many states, including Georgia, provide fish preparation suggestions to
the public in panmphlets and other publications on state fishing regulations; South Carolina currently
does not .

EPA shal | devel op a panphl et that outlines nethods, including those described above, for reducing the
i ntake of contanminants through fish consunption. This panphlet will be distributed to the genera
public and to frequent Lake Hartwel|l resource users. The nost effective nethod of distribution to the
general public is to provide the panphlet to everyone who purchases a fishing |license. Thus, all
establ i shments that sell fishing licenses in the Hartwell Lake area will be supplied with the

panphl ets, as will marinas and selected retail establishments (i.e., convenience stores) in the area.
In addition to the panphlets, advertisenents will be placed periodically in newspapers fromall of the
counties surrounding the lake. The advertisenents will reiterate the potential risks associated with
consunption of PCB-contami nated fish from Lake Hartwell

Printed information regarding the fish advisory will also be supplenented with periodic public
neetings hosted by EPA, SCDHEC, and the CCE. Public neetings will begin the first year follow ng
signing of the ROD and will be held at a minimumof 5-year intervals. The public meetings will serve
to update the general popul ation on PCB concentration trends in sedinment and fish as well as the
latest estimates of PCB-related risks resulting fromconsunption of contam nated fish. Analytica
results fromthe annual nonitoring programdescribed in Section 9.3 and the five-year reviews, as
required by CERCLA, will be dissenmnated to those attending these neetings, local citizens, and
frequent | ake users. The neetings would al so provide a forumfor public input into the

deci si on- maki ng process regarding continued institutional controls for the | ake. The proposed
locations for these neetings include:

« Anderson, S.C

e Cateechee/Norris S. C
¢« (denson, S.C

e Hartwell, G

¢ Seneca, S.C



Figure 9-1
Current Lake Hartwell Fish Advisory

ATTENTI ON

FI SH CONSUMPTI ON ADVI SORY- LAKE HARTWELL
S. C. DEPARTMENT COF HEALTH AND
ENVI RONVENTAL CONTROL ( SCDHEC)

* ALL FI SH TAKEN FROM THE SENECA Rl VER ARM OF LAKE HARTWELL
NORTH OF SC H GHWAY 24 AND 12 M LE CREEK SHCOULD BE RELEASED
AND NOT EATEN

e ALL FI SH LARGER THAN THREE (3) POUNDS TAKEN FROM THE REMAI NDER
OF LAKE HARTWELL SHOULD BE RELEASED AND NOT EATEN.

* FISH NG IS NOI' PRCH BI TED BUT SCDHEC ADVI SES THAT THESE FI SH
NOT BE EATEN DUE TO THE PRESENCE OF ELEVATED LEVELS OF
POLYCHLCORI NATED BI PHENYLS (PCBs). SWM M NG BOATI NG AND OTHER
WATER RELATED ACTI VI TI ES ARE NOT RESTRI CTED BY THI S ADVI SCRY.

FOR ADDI TI ONAL | NFORVATI ON,
CONTACT SCDHEC AT:

COLUMBI A GREENVI LLE ANDERSON
734- 5300 242-9850 225-3731



The above public education programrepresents a baseline approach. EPA, COE, and SCDHEC wil |
periodically evaluate the overall approach and effectiveness of this programby soliciting public
comrent and input fromLake Hartwell resource users. GCreel surveys, sinilar to those conducted as
part of the Biological Investigation, may also be utilized as a nechanismto obtain information from
angl ers on Lake Hartwell. The public education programis expected to evolve while attenpting to
identify the nost productive method(s) for reaching the targeted audi ence. EPA, in close consultation
with SCDHEC and the CCE shall nodify the public education program as required

9.3 AQUATI C BI OTA AND SEDI MENT MONI TORI NG

This section describes the program of annual nonitoring of PCB levels in the fish, corbicula, and
sedi ment of Lake Hartwell and the Twel vem | e O eek watershed.

9.3.1 AQUATIC BI OTA MONI TORI NG

In the interest of consistency and to support trend anal ysis, fish sanmples will be collected fromthe
sane 6 Lake Hartwell stations that have been utilized historically by SCDHEC and al so during the

Bi ol ogi cal Investigation. These stations are shown on Figure 9-2 and are generally described as

foll ows:

e SV-107 Twelvenile Creek Armof Lake Hartwell in the vicinity of County Road 37; Pickens
County, SC.

e SV-106 Seneca River Armof Lake Hartwell in the vicinity of Martin Creek; Anderson County,
SC.

e SV-532 Seneca River Armof Lake Hartwell in the vicinity of Ei ghteen MIle Creek; Anderson
County, SC.

e SV-535 Andersonville Island area of Lake Hartwell near the confluence of the Tugal oo and
Seneca Rivers; Anderson County, SC

e SV-641 Tugaloo River Armof Lake Hartwell in the vicinity of Interstate |1-85; Cconee County,
SC.

e SV-642 Open water area of Lake Hartwell in the vicinity of Hartwell Dam Anderson County,
SC.

Fi sh sanpl es shall be collected annually in the spring using gill nets and/or electrofishing

techni ques. Hybrid bass (weight class 3.0-5.0 I bs.), largenouth bass (weight class 1.5-3.0 I bs.) and
channel catfish (weight class 2.0-4.0 Ibs.) will be collected fromthe above 6 stations in Lake
Hartwel|. In past sanpling events, 10 hybrid bass, 10 | argenmouth bass, and 4 catfish were collected
at each station to calculate a representative nean. The adequacy of these respective nunbers in
determining a representative nean concentration in fish tissue is currently under revi ew by SCDHEC.
In any event, sanpling conducted pursuant to this ROD will at a ninimminclude 10 hybrid bass, 10

| argenouth bass, and 4 catfish. Gane fish shall be prepared in accordance with the standard US FDA
fillet method i.e., fillet including rib cage and belly flap with skin on and scales off - except for
catfish where skin is renoved.). Al fish shall be analyzed for the PCB conponent of EPA s Tar get
Conpound List (TCL).

Forage fish, consisting of gizzard shad/ bl ueback herring, threadfin shad and bluegill, shall be
collected at stations SV-107, SV-532, and SV-641. Forage fish will be collected concurrently with
ganme fish sanpling di scussed above using el ectrofishing techniques. Sanples will consist of whole
body conposite sanples for each species. Al forage fish sanples shall be analyzed for PCBs. Data
generated fromthe forage fish collection and anal yses shall be utilized to support future food-
chai n nodeling activities.

<I M5 SRC 0494178Y>

In addition to fish sanpling in Lake Hartwell, corbicula (fresh water clans) baskets will be placed at
6 locations in Twelvem|le Oreek for 28 days each in the spring of each year to determ ne current PCB
loading into the Twelvenile Creek system The sanpling |ocations for corbicula baskets are shown on
Figure 9-3. Corbicula baskets will be deployed concurrent with the fish sanpling activities described



above. After 28 days, baskets shall be recovered and anal yzed for PCBs.
9.3.2 SEDI MENT MONI TORI NG

Sedi nent monitoring | ocations are shown in Figures 9-4 and 9-5. Sedi nent sanples shall be collected
annual ly from 15 locations in Hartwell Lake and 5 |locations in the watershed. Sedinents will be

coll ected using a ponar dredge. Stations SD-001 through SD-005 in the Twel vem|le Creek watershed wll
be discrete sanples. For the remaining 15 locations in Lake Hartwell, a transect shall be established
at each station and 5 grab sanples will be collected along the transect. These 5 sanples shall be
conposited to provide a nmean concentration of PCBs in surface sedinents froma given transect. Sanple
and transect |ocations shall be established with sufficient accuracy to enable collection of future
sanpl es fromsane |ocations. Details of the sedinent sanple locations in Twel vem|le Creek and Lake
Hartwel | are presented in Table 9-1

Al sedinent and aquatic biota nonitoring shall continue under the direction of EPA. Data fromthe
annual nonitoring will allow EPA, SCDHEC and CCE to continue ongoing efforts to eval uate contam nati on
trends in the sedinment and biota. These trends will be used to support decisions to nodify the

advi sory, in response to PCB concentration trends in the fish. Annual nonitoring results shall be
summari zed and di ssem nated to the public in support of the public education program described under
Section 9.2. For purposes of the cost estinmate described in Section 9.6, it was assunmed that this
annual nonitoring programwi |l continue for a mnimmof 15 years fromsignature of the ROD.

9.4 REGULATI ON OF TWELVEM LE CREEK | MPOUNDMVENTS

The Federal Energy Regul atory Commi ssion (FERC) regul ates hydroel ectric facilities in the U S
Currently, the nmiddle and | ower inpoundnents on Twel venile Creek, Whodside | and Il, respectively, are
non-1icensed hydroel ectric inpoundrments based on the date of construction and navigability of

Twel vem | e Oreek. These i nmpoundnents effectively trap a large portion of the sedinent |oad from

Twel vem | e Creek, and as a result, are flushed periodically to renove sedinment and to restore storage
capacity within the impoundnments. Hi storically, these trapped sedi ments have contained high | evel s of
PCBs. However, the R and subsequent sanpling in response to a recent flushing event (Septenber 1993)
have shown that nore recent sedi ment accumul ati ng behind the small dams has relatively |ow | evel s of
PCB contamination (1 to 3 ng/kg). These |ow concentrations confirmthat PCB-contam nated sedi nents
continue to flow down Twelvenmile Oreek into Hartwell Lake, but the magnitude of this contam nant fl ux
is small.

Al t hough flushing of these inpoundnents is not currently contributing appreciable quantities of PCB
contamination to the Twelvem |l e Creek Armof the |ake, the rel ease of the equivalent of a half-year's
sedinent load (or nore) during a short tine period (typically Iess than 1 week) has been documented to
have potentially significant adverse effects on water quality in the upper portion of the Twelvenile
Ceek Arm  The influx of sedinent in the nost recent flushing event (Septenber 1993) was observed to
result in a notable fish kill in Twelvemle Oeek bel ow the i npoundnents and in the upper portion of
the Twelvemle Creek Arm This was attributed to elevated | evel s of suspended sedi ments and not PCBs.
Simlar and possibly nore damaging effects to benthic organisnms within the upper portion of the
reservoir are also likely to occur

The frequency at which these inpoundments are flushed is based primarily on an operations schedul e
establ i shed by the owner/operator rather than hydraulic or other technical constraints. To nminimze
the negative inpacts on water quality, and to facilitate burial of relatively nore contaninated

sedi nents downstream EPA's selected renedy shall include the devel opnent of a routine schedule for
sluicing of all three inpoundrments (i.e., Wodside | and Il, and Easley-Central Water District).
Quarterly flushing of these inpoundnents is thought to be adequate to mninmze the negative inpacts.

<I M5 SRC 04941787>
<I M5 SRC 04941781>
<I M5 SRC 04941782>



TABLE 9-1
Sedi ment Sanpl e Locations in Twel vem | e Creek Watershed and
Arm of Lake Hartwell

Station ID Locati on
SD- 001 Town Creek downstream of Sanganmo Weston
outfall - same l|ocation as corbicul a basket 2
SD- 002 Twel vem | e Creek upstream of Wl f O eek

confluence - sane |ocation as corbicul a basket 3

SD- 003 Wl f Creek downstream of Breazeale site - sanme
l ocation as corbicul a basket 4

SD- 004 Twel vem | e Creek at Easl ey-Central inmpoundnent -
same | ocation as corbicul a basket 5

SD- 005 Twel vemil e Oreek at Lay Bridge
SD 006 Maw Bri dge

SD- 007 - 009 Bet ween Maw and Madden Bri dges

SD 010 Madden Bri dge

SD- 011 Bet ween Madden and Hwy 133 Bri dges
SD- 012 Hw 133 Bridge

SD- 013 Mout h of Twel venmile Creek Arm

SD- 014 Bet ween US 123 and Hwy 93 Bridges
SD- 015 Hwy 37 Bridge

SD- 106 SV-106 fish sanpling station

SD- 532 SV-532 fish sanpling station

SD- 535 SV-535 fish sanpling station

SD- 641 SV-641 fish sanpling station

SD- 642 SV-642 fish sanpling station



Prelimnary discussions with Consolidated Hydro, Inc., owners/operators of Wodside | and II, have
indicated a willingness to conply with this requirenent. It is estimated that approxi mately $200, 000
in capital inprovements to the gating nechanisms are necessary to fulfill the objectives of this
component of EPA's selected renedy. Conpliance with the routine schedul e shall be nonitored by
SCDHEC. In addition, water quality and sedinent nmonitoring will be conducted on downstream areas
during the sluicing events to facilitate nodification of the schedul e as needed.

9.5 FIVE YEAR REVI EW&

As required by CERCLA, 5-year reviews will be conducted to ensure that the alternative remains
protective of human health and the environnent. The results of the annual nonitoring studies shall be
incorporated into the 5-year reviews. The 5-year reviews shall continue at intervals no |less often
than 5 years followi ng signature of this ROD until protectiveness has been achieved.

9.6 COST ESTI MATE

Tabl e 9-2 provides a cost breakdown, by conponent, of Alternative 2A - Institutional Controls. The
estimated total present worth cost for EPA s sel ected renedy is $3, 208,000, which includes $366, 000 of
capital costs.

TABLE 9-2
Cost Estimate for EPA's Sel ected Remedy, Alternative 2A-
Institutional Controls

Remedy Conponent/ Capi t al &M Cost &M Cost Present
Cost Item Cost (%) ($/yr.) ($5/yrs.) Worth
Cost (9$)
Fi sh Advi sory $4, 000 $1, 000 $12, 000
Publ i ¢ Education $33, 000 $25, 000 $314, 000
Bi ota & Sedi nent $132, 000 $1, 202, 000
Moni t ori ng
Twel veni | e COreek $200, 000 $200, 000
| npoundnent s
5- Year Revi ews $28, 000 $60, 000
Subt ot al $204, 000 $166, 000 $53, 000 $1, 788, 000
Engi neeri ng 10% $20, 000 $17, 000 $5, 000 $179, 000
Pr ocur erment 5% $10, 000 $8, 000 $3, 000 $89, 000
Construction
Managenent 15% $31, 000 $25, 000 $8, 000 $268, 000
Subt ot al $265, 000 $216, 000 $69, 000 $2, 324, 000
Indirects/Profit $40, 000 $32, 000 $10,000 $349, 000
Subt ot al $305, 000 $248, 000 $79, 000 $2,673, 000
Cont i ngency 20% $61, 000 $50, 000 $16, 000 $535, 000
TOTAL $366, 000 $298, 000 $95, 000 $3, 208, 000

10. 0 STATUTCRY DETERM NATI ONS

This section of the ROD describes how EPA's sel ected renmedy, Alternative 2A - Institutional Controls,
neets the statutory requirenents as delineated in Section 121 of CERCLA

10. 1 PROTECTI ON OF HUVAN HEALTH AND THE ENVI RONVENT

The extent to which EPA" selected remedy is protective of human health and the environnment is directly
dependent upon the effectiveness of the institutional controls that are the principal conponents of
this response action. The reliability of the institutional controls in limting exposure is difficult
to predict due to the significance of site-specific denographic factors governing the likely response
of the public to the advisory and other conponent of this remedy that are designed to |limt exposures
Ri sks posed by the primary exposure pathway, ingestion of PCB contam nated fish, are declining due to
natural fate and transport processes, primarily the burial of contam nated sedi ment. Baseline



nodeling activities predict that PCB concentrations in |argemouth bass fillets would decline to the
FDA tolerance limt in approximately 12 years (year 2005).

Ef fective inplenmentation of the institutional controls described in Section 9.0 of this ROD woul d
limt exposures until PCB contam nation dropped to these protective levels. Therefore, this
alternative is considered to be adequately protective of human health and the environment.

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

The only applicable requirenent identified for the selected renedy is the contam nant-specific ARAR
governi ng PCB concentrations is fish. Continuation of the existing fish advisory in conjunction with
t he aggressive public educati on program addresses the FDA requirenment governing consunption of PCB
contam nated fish.

No sedi nent-rel ated, contani nant-specific ARARS were identified. TBC and health-based criteria for
sedinent were identified in the discussions of ARARs and sedi nent cl eanup goals. Alternative 2A does
not attain the TBC or health-based levels directly, but these |levels would be attained through natural
sedi nentati on processes in the reservoir. Depending on the area of the Twelvenile Creek Arm the

sel ected TBC sedi nent cleanup goal of 1 ng/kg will be attained in a period of 5-10 years.

10. 3 COST EFFECTI VENESS

EPA believes this remedy will mnimze risks posed to hunman health and the environment at an estinated
cost of $3,208,000. Conplexities related to the cycling of PCBs in the aquatic biota of Lake Hartwell
cause residual risk levels to remain above acceptabl e | evel s regardl ess of which renedial alternative
is inplenmented. The nost effective neans to limt exposure to PCB-contaminated fish is by the
effective inplenentation of the prinmary conponents of EPA s selected renedy, Aternative 2A -
Institutional Controls. Therefore, in terns of risk-reduction for noney spent, Alternative 2Ais the
nost cost-effective renmedial alternative that was evaluated in detail by EPA

10. 4 UTI LI ZATI ON OF PERVANENT SCLUTI ONS AND ALTERNATI VE TREATMENT TECHNOLOGE ES TO THE
MAXI MUM EXTENT PRACTI CABLE

EPA has determned and the State of South Carolina has concurred with EPA's determ nation that the
sel ected renedy represents the naxi mum extent to which permanent solutions can be utilized in a
practi cabl e manner for Operable Unit Two of the Sangano Site. Engineering controls and treatnent
technol ogies did not offer a significant advantage in terms of overall risk reduction for the cost.
EPA and the State have determined that the selection of Alternative 2A - Institutional Controls,
provi des the best bal ance of trade-offs in terms of the five balancing criteria, while also
considering the statutory preference for treatnment as a principal element and comunity acceptance.
The sel ected remedy addresses the primary risk associated with Sangano OU2, the ingestion of PCB
contaminated fish, by the nost effective means practicabl e.

10. 5 PREFERENCE FOR TREATMENT AS A PRI NCl PAL ELEMENT

EPA' s sel ected renedy does not satisfy the preference for treatnent as a principal elenent due to the
excessive costs (>$500 mllion) associated with renmoval, treatnment and di sposal of approximately 4.7
mllion cubic yards of PCB contam nated sedi ment spread out over approxinmately 730 acres. Moreover,
alternatives that involved aggressive engineering controls to contain, renove, and di spose of PCB
cont am nat ed sedi ment ranged from $30-$50 nmillion without offering a significant advantage in terns of
overal | risk reduction.

11. 0 DOCUMENTATI ON OF SI GNI FI CANT CHANGES

Pursuant to the requirenments of Section 117(b) of CERCLA, this section of the ROD docunents and

di scusses the reasons for significant changes nade to the selected renedy fromthe tine the Proposed
Pl an was released to the public to the final selection of the renedy in this ROD. For reference, the
Proposed Plan is attached to this ROD as Appendix C. Specific witten and/or oral coments received
during the formal 60-day public comment period held fromApril 11 through June 10, 1994 are di scussed
in the Responsiveness Summary (Appendi x B).

EPA's preferred alternative, as delineated in the Proposed Plan, was Alternative 2B - Fisheries
Isolation. In addition to the Institutional Controls under Alternative 2A, Alternative 2B al so



invol ved the construction of a fishery isolation barrier ("fish fencer") to prohibit the novenent of
mgratory fish into or out of the area of Lake Hartwell with the highest PCB concentrations in
sedinent. Placenment of the fish fence near the Hw 37 Bridge, just south of O enson on the Seneca
River A’bm would result in isolation of |less than 10 percent of the total area of Lake Hartwell.

I solation of these upstream areas was expected to result in accelerated declines in PCB concentrations
in mgratory fish in the downstream portions of Lake Hartwell (i.e. the remaining 90+ percent of the

| ake).

The reasons supporting EPA's preference for Alternative 2B were sinply: 1) Mgratory species
represent approximately 50% of the fish harvested by weight fromLake Hartwell. Accel erated
reductions of PCB concentrations in these fish, for the magjority of Lake Hartwell, would achieve a

hi gher degree of protection by elininating, or at the very least, mnimzing exposures to this group
of mgratory fish; 2) Reduction in fish PCB levels would allow for rescinding of the existing fish
advi sories in the areas downstreamof the fish fence, in an accelerated tine frame, thus returning the
majority of Lake Hartwell to its highest beneficial use; 3) The incremental cost to inplenent
Alternative 2B was only approximately $1 mllion over that of Aternative 2A

Moder at e, yet unwavering public opposition was expressed to EPA's preferred alternative at the
Proposed Plan public meeting held in denmson, SCon April 19, 1994. This and subsequent conments
recei ved during the public comrent period suggest that the general consensus supports Alternative 2A
and/ or no-further action. |In sumary, the reasons supporting public opposition to Alternative 2B were
essentially two-fold. First, the public does not believe EPA is capabl e of designing, constructing
and installing a safe fishery isolation barrier that would neet the specified performance standards
(See Section 7.3) at the estimated cost. Secondly, given the fact that Institutional Controls provide
the nost reliable nmechani smfor reduci ng exposures to PCB contam nated fish, the incremental cost for
constructing a fish fence is not justified.

EPA has given serious consideration to the concerns that were voiced by the public. In response to

t hese concerns, EPA, in close consultation with SCDHEC and the Savannah District Corps of Engineers,
has selected Alternative 2A - Institutional Controls as the Final renedial alternative for the Sangano
QR Site.



Appendi x
Proposed Plan Fact Sheet <text is truncated on right side of page>

UNI TED STATES ENVI RONVENTAL PROTECTI ON AGENCY
SUPERFUND PROPCSED PLAN FACT SHEET

SANGAMD WESTON TWELVE M LE CREEK/ LAKE
HARTVWELL PCB CONTAM NATI ON SUPERFUND SI TE-
OPERABLE UNIT TWD

Pi ckens County, South Carolina

A nunber of terns specific to the Superfund process (printed in bold print
end of this publication.

I NTRCDUCTI ON
PROPOSED P

The Region IV office of the United States MEE

Envi ronment al Protection Agency has for

devel oped this Proposed Plan Fact Sheet for SANGAMOD-

the Sangano Weston/ Twel venil e SUPERFUND

Creek/ Lake Hartwel | Pol ychl ori nated Tuesday,

Bi phenyl (PCB) Contam nati on Superfund 7:

Site - Operable Unit Two ("Sangano OU2 RAMAD

Site") in Pickens County, South Carolina. Uus. 76

This Proposed Plan is issued to present the C enson,

alternatives that EPA has considered to

address PCB contanination in the sedi nnent

and aquatic biota of the Sangarmo QU2 Site.

More specifically, the purpose of this EPA, in consulta

Proposed Plan is to: Di stact of the U

Engi neers (COE)

I |dentify the preferred alternative for Departnent of He
remedi al action at the Site and explain the Control (SCDHEC)
rationale for that preference; remedy for the S

public conmment p

I Describe the other renedial options i nformation subm
considered in detail in the Final Feasibility been reviewed an
St udy Report; encouraged to su

al ternatives, an

I Solicit public review of and conment on supports these a
all of the alternatives described; and Renedi al Proj ect

of this publicat

I Provide information on how the public presented in a R
can be involved in the renedy sel ection could differ fro
process at the Sangano QU2 Site. dependi ng upon n

EPA recei ves dur
comrent peri od.

EPA is issuing this Proposed Plan as part of of the sedinments,

its public participation responsibilities under biota fromthe San
Section 117(a) of the Conprehensive Town Creek through
Envi ronment al Response, Conpensation well into the Twel
and Liability Act (CERCLA, nore Hartwel | . During

comonl y known as Superfund). This fact was di scovered tha
sheet summarizes infornation that can be of Late Hartwell c
found in greater detail in the Renedi al exceeded the recom
I nvestigation/Feasibility Study (R /FS) by the U S. Food a
Reports and other site-rel ated docunents (U S. FDA). Subse
contained in the Adm nistrative Record, a fish consunption
|l ocated at the established infornmation i ssued in 1976 and

repositories. The reader is referred to the SCDHEC i n 1985 as



information repositories listed at the end of
this publication for a nore detail ed account
of this subject matter

S| TE BACKGROUND

From 1955 to 1987, Sangano Weston, Inc

owned and operated a capacitor eaten

manuf acturing plant in Pickens, South
Carolina, near the headwaters of Lake
Hartwell. In its nmanufacturing processes,
Sangano used several varieties of dielectric
fluids which contained PCBs. Wste

di sposal practices fromthe Sangano Pl ant
included | and burial of off-specification
capacitors and wastewater treatnent sludges
on the plant site and at six satellite disposa
areas. PCBs were discharged with untreated
effluent directly into Town Creek, which is
a tributary of Twelvenile Creek.

Twelvemile Creek is a najor tributary of
Lake Hartwell. It is estinmated that over
400, 000 I bs. of PCBs were released into the
Twel vemil e Oreek systemuntil the use of
PCBs were discontinued prior to an EPA ban
in January 1978. Schl unberger Industries,
Inc. (SIl) is the current owner of the plant
site, as a result of a nerger w th Sangano
Weston in Decenber 1989.

H storical sanpling events conducted by
SCDHEC, CCE, and EPA docunented the
presence of w despread PCB contam nation

Field sanpling and analysis for the sedi ment
conponent of the Q2 R was perforned in
July and August 1991 (Phase |) and Apri

and May 1992 (Phase I1). The sedinment

i nvestigation included the collection and
anal ysis of over 1,100 sedinent cores and
grab sanpl es to adequately characterize the
hori zontal and vertical distribution of PCB
contamnation in the sedinents of the study
area. The sedinent investigation determ ned
that most of the PCB-contam nated sedi ment
lies within the upper portion of Lake
Hartwel |, specifically the Twel venile O eek
Arm PCB concentrations of surficia
sedinents (i.e. grab sanples) were typically
less than 5 parts per mllion (ppm, but

hi gher concentrations up to 61 ppmwere
detected in the deeper sedinments (i.e. core
sanples). Figure 3 illustrates average

sedi nent PCB concentrations for an
approximate 10 mle reach extending from
Maw Bridge(Rt. 337)to the Rt 37 Bridge at

t he sout hernnost boundary of the focused
Q2 study area.

Field sanpling and analysis for the
bi ol ogi cal component of the QU2 R was
conducted in the Spring of 1991 and 1992.
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Largenout h bass, catfish, and hybrid bass
were coll ected and anal yzed from 6 stations
in Lake Hartwell. These stations are
illustrated on Figure 4. The bi ol ogi ca
investigation determned that fish in the
Twel vem | e Oreek drai nage and Lake

Hartwel | are contamnated w th PCBs, often
at levels that exceed FDA's safe tol erance
level of 2 ppm Furthernore, caged fresh
wat er clams and forage fish (small, young
fish) accumul ated PCBs over a relatively
short period of time which confirned the
presence of food chain and respiratory
transport nechani sms. PCB concentrations
in sedentary fish (i.e. |argenmouth bass,
catfish) are highest in the Twelvem |l e Creek

SUMVARY CF SI TE RI SKS

CERCLA directs EPA to protect hunman

health and the environment from current and
potential exposure to hazardous substances at
the Site. A Baseline Ri sk Assessnment was
conducted to evaluate the potential current
and future human health and ecol ogi ca

i npacts associated with exposure to PCBs in
sedi ment and fish. The human exposure

pat hways which were quantitatively

eval uat ed under current and future |and-use
conditions included: 1) Ingestion and dermal
absorption of PCBs in the shallow sedi nment

by a child and an adult; and 2) |Ingestion of
PCB- contam nated fish by a recreati ona
fisherman. PCBs were not detected in the
surface water during the Rl and therefore
this medi umwas not evaluated in the risk
assessnent .

EPA eval uated PCBs according to their
potential to produce either cancer and/or
noncancer health effects. The carcinogenic
ri sk range EPA has set for Superfund

cl eanups to be protective of human health is
1 X 10-4 to 1 X 10-6. For exanple, a cancer
risk of 1 X 10-6 indicates that an individual
has a 1 in 1,000,000 (or 1 in 10,000 for 1 X
10-4) increnmental chance of devel opi ng
cancer as a result of site-related exposure to
a carcinogen over a 70 year |ifetine under
the specific exposure conditions at the Site.
EPA generally uses the cumul ative

benchmark risk level of 1 X 10-4 for al
exposures relating to a particular nediumto
trigger action for that medium Noncancer
exposure estinmates were devel oped using

EPA reference doses to cal cul ate a Hazard
Quotient (HQ. A HQgreater than 1
indicates that PCBs are present at
concentrations that could produce harnful
effects.
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at the population level for fish that have
PCB concentrations around 5 ppm

However, there is evidence that as
concentrations increase to greater than 20
ppm fish health can be effected.

Based upon the results of the Baseline Ri sk
Assessnent, it was concluded that actual or
threatened rel eases of hazardous substances
fromthis Site, if not addressed by the
preferred alternative or one of the other
active measures considered, nmay present a
current or potential inmminent and/or
substanti al endangerment to public health,
wel fare, or the environnent.

SUMVARY COF ALTERNATI VES

Thor ough devel opnent and eval uati on of
feasible remedial alternatives for the
Sangano QU2 Site required the derivation of
cl eanup goal s for the media of concern:

sedi nent and fish. d eanup goals were not
devel oped for surface water since PCBs were
not detected in any sanple collected during
the RI above the detection limts of 1.2 to

1.3 ppb.
to identify areas to be addressed by EPA's
preferred alternative. The final cleanup
goal s are di scussed bel ow.

Fi nal Sedi nent C eanup Coal -
Concentration of 1 ppmwas sel ected based
upon technical feasibility.
of 1 ppmidentified the entire Twelvenmle
Creek Arm extending fromthe headwaters
of the | ake downstreamto the confluence
with the Keowee Arm as an area to be
renedi at ed
730 acres with a total estimated vol ume of
4,722,000 cubic yards of contam nated

sedi ment .

woul d be conducted. The existing fishing

advi sory woul d continue and 5-year reviews
woul d be conducted to assess sedi nent/fish
PCB concentrations and associated risks to
human health and the environnent.

Due to the conpl ex, dynamc nature of the
Lake Hartwel | system significant changes in
the nature and extent of contamination are
expected over time even under the no-action
scenario. A conprehensive nodeling effort
consi sting of sedinment transport, water
quality and contam nant transport, and food-
chai n bi oaccunul ati on was conducted during

the Rl to predict the future fate and transport

of PCBs in sedinents and aquatic biota of
the study area
nodel i ng exerci se are inportant

consi derations when eval uating the no-action
alternative. For this reason, the predicted

Cl eanup goal s were al so necessary
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results of the baseline nodeling activities are

sunmmari zed bel ow.
Fut ure Sedi ment ati on

The objective of sedi nent nodel i ng was
determne the rates at which presently
cont am nat ed sedi ments woul d be buried
relatively clean sedinments fromtribut
drai nages over the next 30 years. Ave
sedi ment burial rates for the 30 year

simulation are presented in Figure 7

Substantial rates of sedinent deposition are

predicted from Maw Bridge (Rt. 337) to
above the Hwy 133 Bridge. Al of the
and nost of the silt coming into the
reservoir fromthe Twel vem | e O eek

to

by
ary
rage

j ust
sand

drai nage are deposited in this reach with a

predi cted 30-year accurul ation of near
feet of sediment in sone areas. This
deposition pattern is favorabl e since
concentrati ons have historically been
in sedinents fromthis portion of the
area

PCB concentrations in ol der |argenouth bass

ly 10

PCB
hi gher
st udy

enbanknent .
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i npact on the
This alternative is alimted action alternative biota of the u
that relies on a series of institutional controls Twelvemle Cre

to prevent or mnimze ingestion of
contam nated fish tissue, which was

identified as the primary exposure pathway
, these

of concern for the Site. Generally
institutional controls consist of t
foll ow ng:

e Public Education Program- A progr

would be initiated to informthe public on
avai | abl e met hods for reducing the intake

of PCBs through fish consunption

Specific preparation, handling, an
cooki ng techni ques can reduce the
quantity of contam nati on consuned
Information of this type would be

di ssemnated to the public through a series
of local public neetings and distribution

of an informational panphlet.

e Fish and Sedinent Mnitoring - In

addition to maintaining the current fish
advi sory, annual nonitoring of PCB |evels
in fish and sedi nent of Twelvemle O eek

he

am

d

and Lake Hartwel|l woul d be conducted
Results fromthis nonitoring program

woul d be utilized to support nodifications

i mpacts are at
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to the fish advisory and to nonitor
concentrations of PCBs in sedi nment and
fish over tine. Results of this program
woul d be made available to the public.

e Mnimze safety hazards for boaters and
other users of the lake (i.e. waterskiers);

« Maxi m ze effectiveness to prevent passage
of mgratory gane fish through the
barrier;

e Allow boats to pass uni npeded to
m nimze disruptions of boating traffic on
the | ake (i.e. no gate);

e« Construct a sem -pernmanent structure that
coul d be renoved once PCB | evel s
decline to health-based |evels;

e Incorporate val ue engineering principles to
m nimze cost for design and construction;
and

e Mnimze operations and nai nt enance
requi renents and costs.

Lake use restrictions, such as no-wake zones
and warni ng signs would be inplenented to
prevent damage to the fence and for boating
safety. Aternative 2B al so includes the
institutional controls described for

Al ternative 2A

Capital Cost = $1, 232,000
Total O8M Cost = $3, 012, 000
Total Present Wrth Cost = $4, 244, 000

Alternative 3A: Capping

Under this alternative, an 18 inch cl ean
sedi nent cap woul d be pl aced over the
entire Twelvenile Creek Armto elimnate
the further downstream nigration of

contam nated sedi nent and the transfer of
PCBs from sediment to aquatic biota. The
cap woul d extend fromjust upstream of the
Maw Bridge (Rt. 337) to the confluence with
the Keowee River, just upstream of Hwy

resulting in the physical isolation of a nmuch
smal l er area than Alternative 3B. A simlar
cl ean sedi ment cap as described under
Alternative 3A wul d be placed bel ow t he
wei r and extend downstreamto the nouth of
the Twelvemle Greek Arm The area to be
capped under this alternative is

approxi mately 285 acres. |Institutional
controls under Alternative 2A and fishing
restrictions for the isolated area would be
i mpl enented until protective levels in the
fish were achi eved.
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Capital Cost = $31, 684, 000
Total &M Cost = $2, 365, 000
Total Present Worth Cost = $34, 049, 000

Alternative 4. Confined D sposal Facility

Alternative 4 involves a much nore rigorous
renedi ati on approach than any of the

al ternatives discussed above. Under this
alternative, contami nated sedinments fromthe
Twel vermile Creek Armwith PCB
concentrations greater than 1 ppm woul d be
removed by hydraulic dredging. Al dredged
sedi nents woul d be placed in a near-shore
confined disposal facility (CDF) located in
the "goose neck"” bend area between the

Maw (Rt. 337) and Madden (Rt. 15)

Bridges. Twelvemle Ceek would then be
diverted around the CDF via a physically
rerouted channel. institutional control
woul d be used to linit consunption of
contam nated fish until protective |evels
wer e achi eved.

Capital Cost = $43, 422, 000
Total &M Cost = $3, 487, 000
Total Present Worth Cost = $46, 909, 000

Alternative 5: Stabilization

Alternative 5 is a very conplex and costly
alternative that involves renoval of
cont am nated sedi nents with PCB

The first two criteria are referred to as
threshold criteria and nust be met for an
alternative to be eligible for selection. The
next five criteria are referred to as bal anci ng
criteria and are used to wei gh najor trade-

of fs anong alternatives. The final two
criteria, state and community acceptance, are
referred to as nodifying criteria and are
addressed during the proposed Pl an conment
period. The follow ng discussion briefly

eval uates the rel ative performance of each
alternative to the evaluation criteria.

Overall Protection of Human Health and the
Environnent - It is inportant to note that
conplexities related to cycling of PCBs in
the biota of Lake Hartwel|l cause the residual
risk levels to remain above EPA s threshol d
of 1 X 10-4 regardl ess of which renedi al
alternative is inplemented. A reduction in
sedi mrent PCB concentrati ons does not result
in an inmredi ate reduction in PCB
concentrations in fish. H gh PCB
concentrations in fish during the initial years
of the 30-year exposure duration result in
average risk estimates exceedi ng acceptabl e
levels. Therefore, the nost effective
measures to mnimze exposures to PCB-
contam nated fish tissue are institutional

used to limt con
fish until protec

Capital Cost = $5
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Total Present Wor
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controls (i.e. public education

of fish advisory).

conti nuation

However, the nost protective alternatives
rely principally on engineering rather than
controls to reduce or elimnate

institutional
exposur es,

gi ves the uncertainty regarding

the performance/reliability of institutiona

controls.

Alternatives 3A and 3C i nvol ve

cappi ng actions that woul d pernmanently

isolate the contam nated sedinent in al

or a

maj or portion of the Twelvem|le Creek Arm
The nore aggressive alternatives 4 and 5
provi de an even hi gher |evel of

Reducti on

of Toxicity.

Mbbi 1 ty,

- Alternative 5 woul d acconplish the nost

si gni fi cant

reduction in the nobility of PCBs

through a stabilization treatment process
foll owed by disposal in
alternatives (Alternatives 3A3C) also
acconplish a reduction in contam nant

mobility,

but the effect

CDF. The cappi ng

i s contingent upon

proper mai ntenance of the cap. The

sedi ment contro

structures (A ternatives

3B/ 3C) and fish fence (Alternative 2B)
woul d be the nost effective in limting

contam nant nobility related to the mgration

of fish into and out of the areas with the
hi ghest sedi ment contam nation

Short-term Ef fectiveness -

Alternatives 1 (No-Action) and 2A

(I'nstitutional Controls) would have the |east

i npact on the conmmunity,

envi ronment ;

slighly greater inpact.
3A/ 3B/ 3C have greater inpacts on the |oca
comunity due to construction of sedi ment

control

wor kers, and the

Alternative 2B has only a

Al ternatives

structures and excessive truck traffic

associated with transportation of capping

mat eri al

The great est

i npacts (and | east

short-term effectiveness) are the nore

aggressive alternatives that entai

re-channel i ng and construction of the CDF
(Alternatives 4/5).

Table 1 at the end of this publication
sunmari zes the estimated schedul e for each

alternative

i mpl enent

tol erance

prot ectiveness.
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tine required for fish PCB
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| evel, and tot
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This information is presented

for the focused Sangano OU2 study area
(Twel venmi | e Creek/ Seneca River Arm) as
well as the main portion of Lake Hartwel |
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coment

EPA' S PREFERRED ALTERNATI VE

In summary, based upon the information

avail able at this time, EPA is proposing
Alternative 2B - Fisheries |solation, which

al so includes those activities described under
Al ternative 2A. Placenent of the fish fence
in the vicinity of the Hw 37 Bridge woul d
result in isolation of the Twel venm | e Creeks
Keowee Ri ver and upper Seneca River

Arns, which represent |ess than 10 percent

of the total area of Lake Hartwell Isolation
of these upstreamareas is expected to result
in an accelerated decline in mgratory fish
PCB concentrations in the downstream

portions of the reservoir (i.e. the renaining
90+ percent of the lake). Mgratory species
represent approxi mate 50% of the fish
harvested by wei ght from Lake Hartwell
Reduction of fish PCB | evels would allow

for rescinding of the existing fish advisories
in these areas, returning the majority of |ake
areas to nornal use. This approach is
consistent in the COE's Best Managenent
Practices for Lake Hartwell, designed to

achi eve the nmaxi num beneficial uses for the
reservoir, which include fish and wildlife
managenent and recreational use

Alternative 2B - Fisheries Isolation

represents the best bal ance anong the

criteria used to eval uate the other
alternatives. Alternative 2B is believed to be
protective of human health and the

environment, would attain ARARs, would be

cost effective and would utilize permanent

sol utions and resource technol ogies to the

Admini strative Record - A file which contains al
i nformation used by the EPA to naeke its decision on Units
the sel ection of a response action under CERCLA
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This file is required to be available for public review mllion oun
and a copy is to be established at or near the site

usually at the information repository.

is maintained in a central location such as a regiona
EPA and/or state office.
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A duplicate file pool, the w

Pol ychl ori nat ed Bi phenyl s
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Basel i ne Ri sk Assessnent - An assessnent which
| ubri cants,
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provi des an eval uation of the potential risk to human car bo
health and the environment in the absence of renedi al conpo
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break down.
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Conpensation and Liability Act (CERCLA)-

bi accunul ati on process. EPA

al t hough

and a

A federal |aw passed in 1980 and nodified in 1986
by the Superfund Anendnents and Reaut hori zation

Act (SARA). The Act created a trust fund, known as
Superfund to investigate and cl ean up abandoned or
uncontrol | ed hazardous waste sites

Hazard Ranking System - A scoring systemused by

EPA to evaluate relative risks to public health and the
environment. A score is calcul ated based on actual or
potential rel ease of hazardous substances through al
medi a present (i.e. the air, soils, surface water,

sedi nents, groundwater). |If a site scores above 28.5,
the site is proposed for inclusion of the National
Priorities List.

Informati on Repository - Materials on Superfund
specific site located conveniently for |oca
resi dents.

Macroi nvertebrates - Small animal s | acking
backbones found in sedinments of water bodies.

Nati onal Contingency Plan - The Federal regul ation

that gui des the Superfund program

National Priorities List (NPL) - EPA's list of
uncontrol | ed or abandoned hazardous wastes sites
eligible for |ong-termcl eanup under the Superfund
Remedi al Program

FOR MORE | NFCRVATI ON CONTACT

Renedi al Proj ect Managers
Qperable Unit Two - Craig Zeller
Operable Unit One - Bernie Hayes

Communi ty Rel ati ons Coordi nat or
Cynt hia Peuri f oy
AT

U S. Environmental Protection Agency - Region |V

North Superfund Renedi al Branch

345 Courtland Street, N E., Atlanta, GA 30365

1- (800) 435-9233, or (404) 347-7791
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C. M chael Al exander
Savannah District Fishes Biologist
U S. Arny Corps of Engineers
Richard B. Russell Lake
4144 Russell Dam Drive
El berton, GA 30635
(706) 283-8731
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Ri chard Haynes, D strict Engi neer
South Carolina Departnment of Health & Environnenta
2600 Bull Street, Colunbia, South Carolina 29201
(803) 734-5487
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| NFORVATI ON REPCSI TORI ES

The Administrative Record for the Sangano Site is available for review a

The Village Library Pi ckens Coun
Mai n Street Easl ey Branc
Pi ckens, SC 29671 110 West Fir
(803) 859-9679 Easl ey, SC 2
(803) 859-96
R M Cooper Library Hart County
Cl emrson University Benson Stree
d enson, SC 29634- 3001 Hartwel |, GA
(803) 656-5174 (706) 376-46

US. Arny Corps of Engineers
Lake Hartwell Natural Resources Managenent Center
Hartwel |, Ceorgia
(706) 376- 4788

<I M5 SRC 04941783>
<I M5 SRC 04941784>
<I M5 SRC 04941785>
<I M5 SRC 04941786>
<I M5 SRC 04941787>
<I M5 SRC 04941788>
<I M5 SRC 04941789>



Table 1
Estimated Ti me Required to Achi eve Protectiveness
Sangano QU-2 FS

TIME FOR FI SH TO ATTAI N FDA LEVEL
PROTECTI VENESS( 4)

(yrs)
TIME TO TVELVEM LE

ALT. I MPLEMENT( 1) CREEK/ SENECA MAI N BODY COF
BODY OF

NQ. DESCRI PTI ON (yrs) RIVER(2) ARM  HARTWELL LAKE(3
HARTVELL LAKE

1 No action 0 12 12

2A Institutional Control 0.5 12 12

2B Fisheries Isolation 1 12 3-4

3A Capping 2 3-4 3-4

3B Sedinent Control Structure 2 12 3-4

3C Optimal Capping/ Sedi nent 2-3 3-4 (downstrean) 3-4

Control Structure 12 (upstream
4 Confined Disposal Facility 3-4 5-6 5-6
5 Stabilization 4-5 5-6 5-6

NOTE: (1) Includes tinme needed for pre-design studies, design, procure
include tinme between Proposed Pl an/Record of Decision Initiation of Renedial
Desi gn.

(2) Twelvenile Creek Armonly; FGETS nodeling results indicate t
level (2 ng/kg) in approximately 12 years under baseline conditions; none
of the alternatives will extend the period required for this
period to achi eve protectiveness of greater than 12 yrs).

(3) Downgradient of the Twelvemle Geek Arm (i.e., main body of
decline nore rapidly for actions involving isolation, capping or renoval of
contam nated sedinent (Al ternatives 2B, 3A-C, 4 and 5). It
conparable to that observed in the Twelvemle Creek Armfor Aternatives
i nvol ving capping (3-4 yrs) or renoval of the sedinment (5-6
estimate.

(4) Duration only; based on estinated tinme to inplenent renmedy a
levels to decline to FDA | evel, based on the FGETS nodeling results
presented in Section 3.3 and assunptions regarding mgratory



USE TH S SPACE TO WR TE YOUR COMMENTS

Your input on the Proposed Plan for the Sangano Superfund Site - OJ2 i
hel pi ng EPA select a final renedy for the site. You may use the spac
your comrent, then fold and nail. A response to your comment wll be

REQUEST TO BE PLACED ON THE SANGAMO WESTQN, | NC./ TVWELVE M LE CREEK/ LAKE
HARTWELL SI TE MAI LI NG LI ST

If you would like to be placed on the nailing list for the Sangano Sit
this formand return to: Cynthia Peurifoy, Community Rel ations Coordi
IV, North Superfund Renedial Branch, 345 Courtland Street, Atlanta, Ge
cal | 1-800-435-9233.

ADDRESS:

TELEPHONE:

AFFI LI ATI ON:




